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Official NFPA Definitions

Adopted Jan. 23, 1964: Revised Dec. 9, 1969. Where variances to these definitions
are found, efforts to eliminate such conflicts are in process.

SHALL is intended to indicate requirements.

SHouLD is intended to indicate recommendations or that which is advised
but not required.

APPROVED means acceptable to the authority having jurisdiction. The National
Fire Protection Association does not approve, inspect or certify any installations,
procedures, equipment or materials nor does it approve or evaluate testing labora-
tories. In determining the acceptability of installations or procedures, equipment
or materials, the authority having jurisdiction may base acceptance on compliance
with NFPA or other appropriate standards. In the absence of such standards,
said authority may require evidence of proper installation, procedure or use. The
authority having jurisdiction may also refer to the listings or labeling practices of
nationally recognized testing laboratories, * i.e., laboratories qualified and equipped
to conduct the necessary tests, in a position to determine compliance with ap-
propriate standards for the current production of listed items, and the satisfactory
performance of such equipment or materials in actual usage.
*Among the laboratories nationally recognized by the authorities having jurisdiction in
the United States and Canada are the Underwriters’ Laboratories, Inc., the Factory Mutual
Research Corporation, the American Gas Association Laboratories, the Underwriters’ Lab-

oratories of Canada, the Canadian Standards Association Testing Laboratories, and the
Canadian Gas Association Approvals Division.

LisTep: Equipment or materials included in a list published by a nationally
recognized testing laboratory that maintains periodic inspection of production of
listed equipment or materials, and whose listing states either that the equipment
or material meets nationally recognized standards or has been tested and found
suitable for use in a specified manner.

LaBELED: Equipment or materials to which has been attached a label, symbol
or other identifying mark of a nationally recognized testing laboratory that main-
taina periodic inspection of production of labeled equipment or materials, and
by whose labeling is indicated compliance with nationally recognized standards
or testa to determine suitable usage in a specified manner.

AvuTtHORITY HAVING JURISDICTION: The organization, office or individual re-
sponsible for “‘approving’ equipment, an installation, or a procedure.

Statement on NFPA Procedures

This material has been developed in the interest of safety to life and property under the
published procedures of the National Fire Protection Association. These procedures are de-
signed to assure the appointment of technically competent Committees having balanced
representation from those vitally interested and active in the areas with which the Committees
are concerned. These procedures provide that all Committee recommendations shall be pub-
lished prior to action on them by the Association itself and that following this publication these
recommendations shall be presented for adoption to the Annual Meeting of the Assoeiation
where anyone in attendance, member or not, may present his views. While these procedures
assure the highest degree of care, neither the National Fire Protection Association, its members,
nor those participating in its activities accepts any liability resulting from compliance or non-
compliance with the provisions given herein, for any restrictions imposed on materials or
processes, or for the completeness of the text.

Copyright and Republishing Rights
This publication is copyrighted © by the National Fire Protection Asso-
ciation. Permission is granted to republish in full the material herein in laws,
ordinances, regulations, administrative orders or similar documents issued by
public authorities since the text is tentative at this time. All others desiring per-
mission to reproduce this material in whole or in part shall consult the National
Fire Protection Association,
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Standard for
Dry Chemical Extinguishing Systems

NFPA No. 17 — 1973

FOREWORD

The dry chemical systems described in this Standard are de-
signed to discharge dry chemical from fixed nozzles and piping,
or from hose lines by means of an expellant gas. The intent of
the Standard is to present the design considerations applicable
to these systems.

Because the flow of dry chemical (solid particles suspended in
a gaseous medium) does not follow general hydraulic theories,
most of the flow principles have been determined experimentally.
The dry chemicals produced by various manufacturers are usually
not identical in all characteristics and each manufacturer designs
equipment for use with a specific dry chemical. Therefore,
system design principles applicable to the products of one manu-
facturer are not applicable to the products of another manufacturer.
As a result it is not practical to mnclude system design details as a
part of this Standard.

It is now generally accepted that the flame extinguishing proper-
ties of dry chemicals are due to the interaction of the particles
to stop the chain reaction that takes place in flame combustion.
Dry chemicals vary in their flame extinguishing effectiveness.
Multipurpose dry chemical owes its effectiveness in extinguishing
fires in ordinary combustibles such as wood and paper to the
formation of a glow-retarding coating over the combustible material.
For additional information on dry chemicals and their extinguish-
ing characteristics see Appendix A-112.

An asterisk (*) following the number or letter designating a
paragraph indicates explanatory material on that paragraph in
the Appendix.
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INTRODUCTION

1. Purpose. This Standard is prepared for use and guidance to
those charged with the purchasing, designing, installing, testing,
inspecting, approving, listing, operatmg or mamtammg dry chemi-
cal fire extinguishing systems, in order that such equipment will
function as intended throughout its life.

2. Scope. This Standard includes minimum requirements for dry
chemical fire extinguishing systems which discharge dry chemical
from fixed nozzles and piping or from hose lines by means of ex-
pellant gas. It contains only the essentials and suggestions to make
the Standard workable in the hands of those skilled in this field.
Portable dry chemical equipment is covered in the Standard for
the Installation of Portable Fire Extinguishers (NFPA No. 10),
and in Recommended Good Practice for the Maintenance and
Use of Portable Fire Extinguishers (NFPA No. 10A).

Only those skilled in this field are competent to design and in-
stall this equipment. It may be necessary for many of those
charged with the purchasing, inspecting, testing, approving, oper-
ating, and maintaining this equipment to consult an experienced
fire protection engineer, competent in this field, in order to effec-
tively discharge their respective duties.

The Appendix contains material that will aid in the understand-
ing and application of this Standard.

3. Definitions. For the purpose of clarification, the following gen-
eral terms used with special technical meanings in this Standard
are defined.

AuTHORITY HAVING JURISDICTION is the organization, office, or
individual responsible for “approving” equipment, an installation,
or a procedure.

Note: The phrase “authority having jurisdiction” is used in NFPA
standards in a broad manner since jurisdictions and “approval’” agencies
vary as do their responsibilitiecs. Where public safety is primary, the
authority having jurisdiction may be a federal, state, local, or other
regional department or individual such as a fire chief, fire marshal,
chief of a fire prevention bureau, labor department, health department,
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building official, electrical inspector, or others having statutory authority.
For insurance purposes, an insurance inspection department, rating
bureau, or other insurance company representative may be the authority
having jurisdiction. In many circumstances the property owner or his
delegated agent assumes the role of the authority having jurisdiction;
at government installations the commanding officer or a departmental
official may be the authority having jurisdiction.

CaLcuLATION AND DEsien refers to the process of computing,
with the use of equations, graphs, or tables, the system characteristics
such as flow rate, nozzle pressure, and pressure drop. This in-
formation is not required for listed pre-engineered systems.

Dry CuewmicaL is a powder composed of very small particles
usually of sodium carbonate, potassium bicarbonate, urea-based
potassium bicarbonate, potassium chloride, or monoammonium
phosphate with added particulate material supplemented by spe-
cial treatment to provide resistance to packing, resistance to
moisture absorption (caking) and the proper flow capabilities.

ENGINEERED SyYSTEMs are those requiring individual calculation
and design to determine the flow rates, nozzle pressures, quantities
of dry chemical, and the number and types of nozzles and their
placement in a specific system.

Muvrtipurpose Dry CHEMICAL is usually monoammonium phos-
phate-base and is effective on fires in ordinary combustibles, such
as wood or paper, as well as on fires in flammable liquids, etc.

PrE-ENGINEERED SysTEMs (SOMETIMEs KNowN As “PAcKAGE”
SysTEMs) are those having predetermined flow rates, nozzle pres-
sures, and quantities of dry chemical. These systems have the spe-
cific pipe size, maximum and minimum pipe lengths, flexible hose
specifications, number of fittings and number and type of nozzles,
prescribed by a nationally recognized testing laboratory. The haz-
ards protected by these systems are specifically limited as to type
and size by a nationally recognized testing laboratory based upon
actual fire tests.
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CHAPTER 1.
GENERAL INFORMATION AND REQUIREMENTS

11. General Information

111. Scope. Chapter 1 contains general information and the
design and installation requirements for all features that are gen-
erally common to all dry chemical systems.

*112. Dry Chemical. Systems are designed on the basis of the
flow and extinguishing characteristics of a specific make and type
of dry chemical. The type of dry chemical used in the system shall
not be changed unless proved to be changeable by a nationally rec-
ognized testing laboratory, recommended by the manufacturer of
the equipment, and approved by the authority having jurisdiction.

CAUTION: Types of dry chemical shall not be mixed.
Mixtures of certain dry chemicals will generate dangerous pres-
sures and will form lumps.

113. Use and Limitations. Dry chemical extinguishing systems
are useful within the limits of this Standard in extinguishing fires
in specific hazards or equipment, and in areas where rapid flame
knockdown is essential.

1131. Some important types of hazards and eauipment that dry
chemical systems can satisfactorily protect include:

1. Flammable or combustible liquids.

2. Combustible solids having burning characteristics similar to
naphthalene and pitch, which melt when involved in fire.

3. Flammable liquids, combustible liquids, or combustible
gases released from transfer or loading facilities.

4. Electrical hazards such as transformers or oil circuit
breakers.

5. Textile operations subject to flash surface fires. Where bi-
carbonate base dry chemical is used, water shall be provided to
extinguish possible smoldering or deep seated fire.

6. Ordinary combustibles such as wood, paper, or cloth using
multipurpose dry chemical when it can reach all surfaces involved
in combustion.

7. Kitchen hoods, ducts and associated range-top hazards
such as deep fat fryers. See also Section 341. For other specific
details, see Vapor Removal From Cooking Equipment (NFPA
No. 96).

1132. Dry chemical systems will not extinguish fires where the
following materials are actively involved in the combustion pro-
cess:
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1. Chemicals containing their own oxygen supply such as
cellulose nitrate.

2. Combustible metals such as sodium, potassium, magne-
sium, titanium, and zirconium. Dry powder systems listed by a
nationally recognized testing laboratory for combustible metal
fires may be used.

3. Deep-seated or burrowing fires in ordinary combustibles
where the multipurpose dry chemical cannot reach the point
of combustion.

1133. Before dry chemical extinguishing equipment is con-
sidered for use to protect electronic equipment or delicate elec-
trical relays, the effect of residual deposits of dry chemical on the
performance of this equipment shall be evaluated.

1134. Upon exposure to temperatures in excess of 250°F or rela-
tive humidity in excess of 50 percent, the use of multipurpose dry
chemical may form deposits on machinery, such as carding equip-
ment in textile operations, which may be difficult to remove.

114. Types of Systems. The types of systems recognized in this
Standard include:
Total Flooding Systems — Chapter 2
Local Application Systems — Chapter 3
Hand Hose Line Systems — Chapter 4

115. Systems Protecting One Or More Hazards. Systemns may
be used to protect one or more hazards or groups of hazards as pro-
vided in the following paragraphs.

1151. Where, in the opinion of the authority having jurisdiction,
two or more hazards may be simultaneously involved in fire by
reason of their proximity, the hazards shall be protected by individ-
ual systems installed to operate simultaneously, or by a single
system designed to protect all hazards that may be simultaneously
involved.

1152. Where hand hose lines may be used on a hazard that is
also protected by a fixed system, separate dry chemical supplies shall
be provided.

1153. A single dry chemical supply shall be used for both a hand
hose line system and a fixed nozzle system only if the hazards pro-
tected by the two systems are separated so that the hand hose lines
cannot be used on the hazard protected by the fixed nozzle sys-
tem, and the probability of fire occurring simultaneously in both
hazards is slight.
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12, Personnel Safety

121. Hazards to Personnel. The discharge of large amounts of
dry chemical may create hazards to personnel such as reduced
visibility and temporary breathing difficulty.

122. Safety Requirements. In total flooding systems where
there is a possibility that personnel may be exposed to a dry
chemical discharge, suitable safeguards shall be provided to en-
sure prompt evacuation of such locations, and also to provide
means for prompt rescue of any trapped personnel. Such safety
items as personnel training, warning signs, discharge alarms, pre-
discharge alarms, and respiratory protection should be considered.
In local application systems where the dry chemical is likely to
discharge upon personnel, such as in loading racks discharge
alarms, special personnel training shall be provided.

*123. Electrical Clearances. All system components shall be so
located as to maintain minimum clearances from live parts.

13. Specifications, Plans and Approvals

131. Specifications. Specifications for dry chemical fire extin-
guishing systems shall be drawn up with care under supervision
of a competent person, and with the advice of the authority hav-
ing jurisdiction. To ensure a satisfactory system, the following
items shall be in the specifications.

1311. The specifications shall designate the authority having
jurisdiction and indicate whether plans are required.

1312. The specifications shall state that the installation shall
conform to this Standard and meet the approval of the authority
having jurisdiction.

1313. The specifications shall include the specific tests that may
be required, if any, to meet the approval of the authority having
jurisdiction, and indicate how the cost of testing is to be borne.

1314. These specifications shall indicate the hazard to be pro-
tected and shall include such information as physical dimensions,
combustibles, air handling equipment, heat sources, etc.

132. Plans. Where plans are required, the responsibility for their

preparation shall be entrusted only to competent persons.

1321. These plans shall be drawn to an indicated scale or be
suitably dimensioned, and shall be made so that they can be easily
reproduced.
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1322. These plans shall contain sufficient detail to enable the
authority having jurisdiction to evaluate the hazard or hazards, and
to evaluate the effectiveness of the system. The details on the
hazards shall include materials involved, the location and arrange-
ment, and the exposure to the hazard.

1323. The details on the system shall include sufficient informa-
tion and calculations on the amount of dry chemical; the size,
length and arrangement of connected piping, or piping and hose;
description and location of nozzles so that the adequacy of the
system can be determined. Flow rates or nozzles used shall be
provided for engineered systems. Information shall be submitted
pertaining to the location and function of detection devices, oper-
ating devices, auxiliary equipment and electrical circuitry, if used.
Sufficient information shall be indicated to identify properly the
apparatus and devices used.

133. Approval of Plans. Where plans are required, they shall
be submitted to the authority having jurisdiction for approval
before work starts.

1331. Where field conditions necessitate any substantial change
from the approved plan, the corrected as-installed plans shall be
submitted to the authority having jurisdiction for approval.

134. Approval of Installations. The completed system shall be
tested by qualified personnel as required by the authority having
jurisdiction. These tests shall be adequate to determine that the
system has been properly installed and will function as intended.
Only listed equipment and devices shall be used in these systems.

1341. The installer shall certify to the authority having juris-
diction that the installation has been made in accordance with the
approved plans and the listing of a nationally recognized testing
laboratory.

1342. Approval tests shall include a discharge of expellant
gas through the piping and nozzles. Observations for serious gas
leakage and for continuity of piping with free unobstructed flow
shall be made. Observations shall be made of the flow of expellant
gas through all nozzles. Piping shall not be hydrostatically tested.
Where pressure testing is required, it shall be by means of a dry
gas. The labeling of devices with proper designations and instruc-
tions shall be checked.

1343. After any tests, care shall be taken to see that all piping

and nozzles have been blown clean, using compressed air or nitro-
gen if necessary. Care also shall be taken to see that the system
is properly charged and placed in the normal “set” condition.
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14. Operation and Control of Systems

141. Methods of Actuation. Systems shall be classified as auto-
matic or manual in accordance with the following methods of
actuation:

1. Automatic Operation. Operation that does not require
any human action.

2. Normal Manual Operation. Operation of a system requir-
ing human action where the device used to cause the operation is
located near the hazard so as to be easily accessible at all times (see
subsection 1434). Operation of one control shall be all that is
required to bring about the full operation of the system.

3. Emergency Manual Operation. Operation of the system by
human means where the device used to cause operation is fully
mechanical in nature and is located on the device being controlled
or on its mounting assembly. “Fully mechanical” may incorporate
use of the system pressure to complete operation of the device.

142. Detection of Fires. Fires or conditions likely to produce
fire shall be detected by visual (human senses) or by automatic
means.

1421. Reliance on visual detection shall be permitted only with
permission of the authority having jurisdiction where fires or con-
ditions likely to produce fires can be readily detected by such
means.

1422. Automatic detection shall be by a listed or approved de-
vice that is capable of detecting and indicating heat, flame, smoke,
combustible vapors, or an abnormal condition in the hazard, such
as process trouble, that is likely to produce fire.

1423. An adequate and reliable source of energy shall be used in
detection systems.

143. Operating Devices. Operating devices include expellant
gas releasing mechanisms, dry chemical discharge controls, and
shutdown equipment.

1431. Operation shall be by listed mechanical, electrical, or
prneumatic means. An adequate and reliable source of energy shall
be used.

1432. All operating devices shall be designed for the service they
will encounter, and shall not be readily rendered inoperative or
susceptible to accidental operation. Devices shall be normally de-
signed to function properly from —40 F to +150 F, or marked
to indicate temperature limitations,



GENERAL INFORMATION AND REQUIREMENTS 17-11

1433. All devices shall be designed, located, installed, or pro-
tected so that they are not subject to mechanical, environmental or
other conditions that would render them inoperative.

1434. The normal manual control for actuation shall be located
so as to be conveniently and easily accessible at all times including
the time of the fire. The control shall cause the complete system to
operate.

1435. All valves controlling the release and distribution of dry
chemical shall be provided with an emergency manual control.
This does not apply to slave cylinders. It is possible for the normal
manual control to qualify as emergency manual control if pro-
visions of section 141 are satisfied.

1436. Manual controls shall not require a pull of more than
40 Ib. (force) nor a movement of more than 14 in. to secure
operation.

1437. Means shall be provided for checking the amount of ex-
pellant gas to assure that it is sufficient for the proper operation of
the system.

1438. All shutdown devices shall be considered integral parts
of the system and shall function with the system operation. If the
expellant gas is used to pneumatically operate these devices, then
the gas must be taken prior to its entry into the dry chemical tank.

1439. All remote manual operating devices shall be identified
as to the hazard that they protect.

144. Supervision. Where supervision of any or all of the fol-
lowing is provided, it shall be arranged to give indication of fail-
ure; the automatic detection system, the electrical actuation cir-
cuit, the electrical power supply.

145. Alarms and Indicators. Alarms and/or indicators are used
to indicate the operation of the system, hazard to personnel, or
failure of any supervised device or equipment. The devices may be
audible or visual. The type, number, and location of the devices
shall be such that their purpose is satisfactorily accomplished. The
extent and type of alarm and/or indicator equipment shall be
approved.

1451. An alarm or indicator shall be provided to show that the
system has operated, that personnel response may be needed, and
that the system is in need of recharge.
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1452. Alarms indicating failure of supervised devices or equip-
ment shall give prompt and positive indication of any failure and
shall be distinctive from alarms indicating operation or hazardous
conditions.

15. Dry Chemical Supply

151. Quantity. The amount of dry chemical in the system
shall be at least sufficient for the largest single hazard protected,
or for the group of hazards which are to be protected simul-
taneously.

152. Quality. The dry chemical used in the system shall be
supplied by the manufacturer of the equipment. The character-
istics of the system are dependent upon the composition of the
dry chemical and the type of expellant gas, as well as upon other
factors, and, therefore, 1t is imperative to use the dry chemical pro-
vided by the manufacturer of the system and the type of expellant
gas specified by the manufacturer of the system.

1521. Where carbon dioxide or nitrogen is used as the expellant
gas, it shall be of good commercial grade, free of water and other
contaminants that might cause container corrosion. In general,
carbon dioxide obtained by converting dry ice to liquid will not
be satisfactory unless it is properly processed to remove excess
water and oil. Carbon dioxide used as an expellant gas shall meet
the following specifications:

1. The vapor phase shall not be less than 99.5 percent carbon
dioxide with no detectable off taste or odor.

2. The water content of the liquid phase shall not be more
than 0.01 percent by weight (—30 F dew point).

3. Oil content shall not be more than 10 ppm by weight.

153. Reserve Supply. Where a dry chemical system protects
multiple hazards by means of selector valves, sufficient dry chemical
and expellant gas shall be kept on hand for one complete recharge
of the system. For single hazard systems, a similar supply shall
be kept on hand if the importance of the hazard is such that it can-
not be shut down until recharges can be procured. A fully charged
reserve unit permanently connected to the system is desirable and
may be required by the authority having jurisdiction.

154. Storage. The original dry chemical supplied with the
system is contained in the dry chemical chamber. Storage of
charging supplies of dry chemical shall be in a constantly dry area,
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and the dry chemical shall be contained in metal drums or other
containers which will prevent the entrance of moisture even in small
quantities. Prior to charging the dry chemical chamber, the dry
chemical shall be carefully checked to determine that it is in free-
flowing powdery condition, and the pressure or weight of the
expellant gas shall be checked as stipulated by the manufacturer to
determine that it is above the required minimum.

1541. The dry chemical tank and expellant gas assemblies shall
be located near the hazard or hazards protected, but not where
they will be exposed to a fire or explosion in these hazards.

1542. The dry chemical tank and expellant gas assemblies shall
be located so as not to be subjected to severe weather conditions,
or to mechanical, chemical, or other damage. When excessive
climatic or mechanical exposures are expected, suitable enclosures
or guards shall be provided.

1543. The dry chemical tank and expellant gas assemnblies utiliz-
ing nitrogen shall be located where the ambient temperature is
normally between —40 F and 120 F. Assemblies utilizing carbon
dioxide shall be located where the ambient temperature is normally
between 32 F and 120 F. Exposure extremes of short duration can
be tolerated. Otherwise, methods shall be provided for maintaining
the temperatures within the ambient ranges given.

Note: Systems for use at higher or lower temperatures can be
specially designed.

1544. The dry chemical tank and expellant gas assemblies shall
be located where they will be easy to inspect, maintain and service.

16. Distribution System

*161. Pipe and Fittings. The piping for a dry chemical system
embodies distinctive features necessitated by the characteristics of
the agent. Threaded pipe and fittings shall be galvanized malleable
iron, galvanized steel, stainless steel, copper, or brass. Black steel
pipe with welded joints may be used when the atmosphere is
relatively noncorrosive. Special corrosion resistant materials should
be used for corrosive atmospheres. Steel pipe shall not be less
than Schedule 40 and brass and copper pipe shall be not less
than the approximate Schedule 40 wall thickness (regular pipe)
for pipe sizes of 6 in. or less.

1611. Cast iron pipe and fittings shall not be used.

1612. Tubing shall not be used for dry chemical distribution.

1613. Flexible piping (hose) shall be used only in accordance
with the listings of a nationally recognized testing laboratory as they

are stated for specific dry chemical fire extinguishing systems. See
Appendix A-161.
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1614. Piping for systems to be installed for protection of cryo-
genic liquid spill fires shall be protected from submergence in the
liquid, localized liquid impingement, and the simultaneous expo-
sure to cryogenic liquid and flame temperatures. Where the dry
chemical supply lines are installed underground within the poten-
tial spill area, the individual branch lines shall be brought up
through insulated sleeves. The insulated sleeves shall be extended
above the maximum anticipated cryogenic liquid accumulation
depth. Any sub-branching abovegrade shall also be protected
against localized impingement by the cryogenic liquid.

*162. Arrangement and Installation of Pipe and Fittings. Piping

shall be installed in accordance with good commercial practices.

1621. All piping shall be laid out to produce the desired dry
chemical flow rate at the nozzles, and care shall be taken to avoid
possible restrictions due to foreign matter and faulty fabrication
and/or improper installation.

1622. The piping system shall be securely supported and shall
not be subject to mechanical, chemical, or other damage. Where
explosions are possible, the piping system shall be hung from sup-
ports that are least likely to be displaced.

1623. Pipe shall be reamed and cleaned before assembly, and
after assembly the entire piping system shall be blown out with
dry gas before nozzles or discharge devices are installed. The use
of pipe-thread compound or tape is not recommended.

163. Valves. All valves shall be listed for the intended use,
particularly in regard to flow capacity and operation. Selector
valves shall be of the quick-opening type, allowing essential free
passage of the dry chemical without restriction.

1631. Valves shall not be easily subject to mechanical, chemical,
or other damage.

164. Discharge Nozzles. Discharge nozzles shall be listed for the
use intended, in accordance with subsequent chapters.

1641. Discharge nozzles shall be of adequate strength for use with
the expected working pressures.

1642. Discharge nozzles shall be of brass, stainless steel, or other
corrosion-resistant materials, or be protected inside and out against
corrosion. They shall be made of noncombustible materials, and
shall withstand the expected fire exposure without deformation.
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extension of the hazard protected by the system. A suitable gas
discharge test shall be made when this inspection indicates it to be
advisable. (See 181.)

1812. The inspector’s report, with recommendations, if any,
shall be filed with the owner or with whomever is designated by
the owner.

1813. Between the regular service contract inspection or tests,
the system shall be inspected visually or otherwise by competent
personnel, following an approved schedule.

1814. At least semiannually, all expellant gas containers shall
be checked by pressure or weight against the required minimums.

1815. At least semiannually, all stored pressure dry chemical
containers shall be checked by pressure and weight against the
required minimums.

1816. Except for stored pressure systems, at least annually the
dry chemical in the system storage container shall be sampled from
the top center and also near the wall to determine the existence of
lumps harder than will be friable when dropped from a height of
4 in.

182. Maintenance. These systems shall be maintained in full
operating condition at all times, Use, impairment, and restoration
of this protection shall be reported promptly to the owner and the
authority having jurisdiction.

1821. Any troubles or impairments shall be corrected at once
by competent personnel.

183. Instruction. All persons who may be expected to inspect,
test, maintain, or operate dry chemical fire extinguishing systems
shall be thoroughly trained and kept thoroughly trained in the
functions that they are expected to perform.

1831. Training programs shall be established that are ap-
proved.
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CHAPTER 2. TOTAL FLOODING SYSTEMS
21. General Information

211. Description. A total flooding system consists of a supply
of dry chemical permanently connected to fixed piping, with fixed
nozzles arranged to discharge dry chemical into an enclosed space
or enclosure about the hazard,

212. Uses. This type of system may be used where there is a
permanent enclosure about the hazard that is adequate to enable
the required concentration to be built up. The total area of un-
closable openings shall not exceed 15 percent of the total area of
the sides, top, and bottom of the enclosure.

2121. Consideration shall be given to the elimination of prob-
able sources of reignition because the extinguishing action of a dry
chemical flooding system is transient.

2122. Deep-seated fires involving solids subject to smoldering
shall be protected by multipurpose dry chemical systems where
the dry chemical can reach all surfaces involved in combustion.
Bicarbonate-base dry chemicals shall not be used for protection
against this type of fire.

213. General Requirements. Total flooding systems shall be
designed, installed, tested, and maintained in accordance with the
applicable rules in Chapter 1 and with the additional rules set
forth in this chapter.

22. Hazard Specifications

221. Enclosure. In the design of total flooding systems the char-
acteristics of the enclosure shall be considered as follows:

2211. The total area of unclosable openings for which no com-
pensation is provided shall not exceed. 1 percent of the total area
of the sides, top, and bottom of the enclosure. Unclosable openings
having an area in excess of 1 percent and not exceeding 5 percent
shall be compensated for by the provision of additional dry chemi-
cal. Unclosable openings having an area in excess of 5 percent of
the total enclosure area and not exceeding 15 percent shall be
screened by local application of additional dry chemical. See 2341.

222. Leakage and Ventilation. The effectiveness of the flooding
system depends upon obtaining an extinguishing concentration of
dry chemical. The leakage of dry chemical from the protected
space shall be minimized.
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2221. Where possible, openings such as doorways, windows, etc.,
shall be arranged to close before, or simultaneously with, the start
of the dry chemical discharge, or 2341 shall be followed.

2222. Where forced air ventilating systems are involved, they
shall either be shut down and/or closed before, or simultaneously
with, the start of the dry chemical discharge, or 2342 shall be
followed.

23. Dry Chemical Requirements and Distribution

*231. General. The factors which must be considered in the
total flooding of enclosed spaces with dry chemical are minimum
quantity of dry chemical required, the minimum rate of flow of
dry chemical, and the limitations of spacing of the nozzles. In the
case of pre-engineered systems, the rate of flow need not be con-
sidered since it is governed by the piping and nozzle limitations
verified by a nationally recognized testing laboratory.

2311. The quantity of dry chemical and the flow rate shall be
sufficient to create a fire extinguishing concentration in all parts of
the enclosure.

2312. The nozzles shall be placed so as to provide not less than
the minimum design concentration of dry chemical in all parts of
the enclosure. For fires in ordinary combustibles where multipur-
pose dry chemical shall be used for protection, additional dry
chemical applied by local application may be required in order to
protect adequately all exposed surfaces.

2313. The nozzles shall be located so that the discharge will not
be obstructed.

232. Volume Allowances. In calculating the net volume to be
protected, allowance may be made for permanently located struc-
tures, etc., that materially reduce the volume.

233. Rate of Application. In engineered systems the minimum
design rate of application shall be based on the quantity of dry
chemical and the maximum time to obtain the design concentration.
In pre-engineered systems, these factors are established for specific
volume and other conditions given in the listing of such systems by
nationally recognized testing laboratories. See Appendix, A-231.

2331. In engineered systems, the rate of application shall be such
that the design concentration in all parts of the enclosure shall be
obtained within 30 seconds.
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234. Compensation for Special Conditions. Additional quan-
tities of dry chemical, and additional nozzles if necessary, shall be
provided to compensate for any special condition that may adversely
affect the extinguishing effectiveness of the system.

2341. Unclosable openings having areas in excess of 1 percent of
the total area of the sides, top, and bottom of the enclosure, and not
exceeding 5 percent, shall be compensated for by the use of sup-
plemental dry chemical in the proportions of not less than 0.5 Ib.
per sq. ft. of unenclosed opening, applied through the regular dis-
tribution system. When the unclosable openings have areas exceed-
ing 5 percent of the total of the sides, top, and bottom of the
enclosure, and not exceeding 15 percent, compensation shall be
furnished by additional dry chemical in the proportion of not less
than 1 Ib. per sq. ft. of unclosed opening, applied simultaneously
by location application over the openings. A system that is listed
by a nationally recognized testing laboratory for or including pro-
tection of unclosable openings may be used in lieu of the above.

2342. For ventilating systems that will not be shut down, sup-
plementary dry chemical shall be added to the protected volume
through the regular distribution system. The supplementary dry
chemical shall be added at the point or points of air inlet and shall
be in proportion to the volume of air removal during the period of
dry chemical discharge, calculating as if it were additional volume
to be protected. Pre-engineered systems listed for restaurant hood
and duct protection are suitable for use with or without shutdown
of the ventilation system or closure of dampers.
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CHAPTER 3. LOCAL APPLICATION SYSTEMS
31. General Information

311. Description. A local application system consists of a supply
of dry chemical permanently connected to a system of fixed piping
with nozzles arranged to discharge directly onto the fire.

312, Uses. Local application systems may be used for the ex-
tinguishment of fires in flammable or combustible liquids, gases, and
shallow solids such as paint deposits, where the hazard is not en-
closed or where the enclosure does not conform to the requirements
for total flooding. Application of dry chemical may be from nozzles
mounted on the tank side or from overhead nozzles.

3121. Examples of hazards that may be successfully protected
by local application systems include dip tanks, quenching oil tanks,
spray booths, oil-filled electrical transformers, vapor vents, deep-fat
fryers, etc.

313. General Requirements. Local application systems shall
be designed, installed, tested, and maintained in accordance with
the applicable requirements in Chapter 1 and with the additional
requirements set forth in this chapter.

32. Hazard Specifications

321. Extent of Hazard. The hazard shall be so isolated from
other hazards or combustibles that fire will not spread outside the
protected area. The entire hazard shall be protected. The hazard
shall include all areas that are or may become coated by combustible
or flammable liquids or shallow solid coatings, such as areas subject
to spillage, leakage, dripping, splashing, or condensation, and all
associated materials or equipment such as freshly coated stock,
drainboards, hoods, ducts, etc., that might extend fire outside or
lead fire into the protected area. Protection of the entire hazard
.may require the combined use of local application and total flooding
systems such as in restaurant kitchens where the deep-fat fryers
can be protected by local application systems and the space above
the grease filters in the hood can be protected by a combination
local application — total flooding system.

322. Location of Hazard. The hazard may be indoors, partly
sheltered, or completely outdoors. It is essential that the dry chemi-
cal discharge be such that winds or other strong air currents do not
impair the protection.
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33. Dry Chemical Requirements and Distribution

331. General. The factors which must be considered are the
minimum quantity of dry chemical required, the minimum flow rate
of dry chemical, the nozzle distribution patterns, the limitations
of placement of nozzles with respect to flammable liquid surfaces,
and possible obstruction of the dry chemical distribution patterns.
In the case of the pre-engineered systems, the rate of flow need
not be considered since it is governed by the pipe and nozzle limita-
'fi‘orésl verified by a nationally recognized testing laboratory (see

231).

332. Draft Conditions. The quantity of dry chemical, the dry
chemical flow rate, and the number of nozzles shall be sufficient to
extinguish fires under the most severe wind or the most severe draft
conditions expected in the hazard area.

3321. The maximum allowable draft condition shall be that
specified by a nationally recognized testing laboratory.

333. Nozzde Placement. The nozzles shall be placed so as to
provide an extinguishing concentration of dry chemical over the
entire hazard during discharge.

3331. The nozzles shall be placed about (tankside) and/or above
(overhead) the flammable liquid surface within the limits of the
listing in order to prevent splashing during discharge.

334. Coated Surfaces. Although it is recognized that fires on
coated surfaces are less severe than fires in deep layer flammable
liquids, such areas shall be treated as if they were deep layer flam-
mable liquid areas because no distinction has been made in this
standard.

335. Duration of Discharge. The minimum effective discharge
time varies with the required minimum quantity of dry chemical
and the minimum application rate. In the case of pre-engineered
systems, these factors need not be considered since they are governed
by the piping and nozzle limitations gathered by a nationally
recognized testing laboratory. In the case of engineered systems,
the minimum discharge time shall be increased to compensate for
any hazard condition that would require a longer discharge period
to assure complete extinguishment. However, hot saponifiable fats
do not require an extended discharge period when sodium bi-
carbonate-base dry chemical is the extinguishing agent.
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Note: Sodium bicarbonate is decomposed by heat to form carbon
dioxide, water vapor, and sodium carbonate. The latter reacts with
saponifiable fats to form soap and simultaneously releases additional car-
bon dioxide. The resulting soap-foam forms a lasting blanket over the
hot fat and prevents both flame ignition and autoignition.

34. Special Considerations

341. Where systems protect hazards which are normally heated,
such as deep fat fryers, char broilers, upright broilers, griddles and
ranges in kitchens, or wax tanks, the power or fuel supply to
heaters shall be shut off automatically upon actuation of the ex-
tinguishing systems.
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CHAPTER 4. HAND HOSE LINE SYSTEMS
41. General Information

411. Description. Hand hose line systems consist of a hose and
nozzle assembly connected, by fixed piping or directly, to a supply
of dry chemical. A separate dry chemical supply can be provided
for hand hose line use, or, dry chemical can be piped from a central
storage unit which may be supplying several hose lines or fixed
manually or automatically operated systems (see 1152 and 1153).

412. Uses. Hand hose line systems may be used to supplement
fixed nozzle fire protection systems or to supplement portable fire
extinguishers for the protection of specific hazards for which dry
chemical is a suitable extinguishing agent. These systems shall not
be used as a substitute for dry chemical fire extinguishing systems
equipped with fixed nozzles except where the hazard cannot be
adequately or economically provided with fixed nozzle protection.
The decision as to whether hose lines are applicable to the par-
ticular hazard shall rest with the authority having jurisdiction.

413. General Requirements. Hand hose line systems shall be
installed and maintained in accordance with the applicable pro-
visions of Chapters 1, 2, and 3, except as outlined below.

42. Hazard Specifications

421. Hand hose line systems may be used to combat fires in all
hazards covered under Chapter 1 except those which are inacces-
sible and beyond the scope of manual fire fighting.

43. Location and Spacing

431. Location. Hand hose line stations shall be placed so that
they are easily accessible and have hose lines long enough to reach
the most distant hazard that they are expected to protect. In general
they shall be located so that they are not exposed to the hazard.

432. Spacing. If multiple hose stations are used, they shall be
spaced so that any area within the hazard may be covered by one
or more hose lines,

433. Actuation. Manual actuation shall be possible at each hose
line station.
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44. Dry Chemical Requirements

441. Rate and Duration of Discharge. The rate and duration
of discharge, and consequently the amount of dry chemical, shall
be determined by the type and potential size of the hazard. A hand
hose line shall have a sufficient quantity of dry chemical to permit
its effective use for a minimum of 30 seconds. The discharge of
dry chemical also depends upon the minimum flow rate required to
prevent surging and interrupted discharge. An unusually low flow
rate will cause the dry chemical to separate from the expellant gas
while within the pipe and/or hose, resulting in uneven flow from
the nozzle. These values for minimum flow rate shall be confirmed
by a nationally recognized testing laboratory.

442. Provision for Use by Inexperienced Personnel. The pos-
sibility of these hose lines being used by inexperienced personnel
shall be considered and adequate provision made so that there will
be a sufficient supply of dry chemical to enable them to effect
extinguishment of fires in the hazards that they are likely to en-
counter.

443. Simultaneous Use of Hose Lines. Where simultaneous use
of two or more hose lines is possible, a sufficient quantity of dry
chemical shall be available to supply the maximum number of
nozzles that are likely to be used at any one time for at least 30
seconds and at the appropriate flow rates.

45. Equipment Specifications

451. Hose. Hose lines on systems shall incorporate hose listed
for this use. Normally, identifying marking on the hose will indicate
the acceptability of the hose for this purpose.

452. Nozzle Assemblies. Nozzles shall be so designed that they
can be handled by one man and shall incorporate a quick-opening
shutoff arrangement to control the flow of dry chemical.

453. Hose Line Storage. The hose shall be coiled on a hose reel
or rack so that it will be ready for immediate use without the
necessity of coupling and may be uncoiled with a minimum of
delay. If installed outdoors, it shall be protected against the
weather.

454. Charging the Hose Line. Operation of hand hose line
systems depends on manual actuation and manipulation of a dis-
charge nozzle. Speed and simplicity of operation is essential.

4541. The hose lines shall be cleared of dry chemical immediately
after use.
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4542. The pressurizing valve shall remain in the open position
during the entire fire fighting operation.

46. Training

461. Successful extinguishment of fires with hand hose lines is
greatly dependent upon the individual ability and technique of the
operator. All personnel who are likely to use this equipment shall
be kept properly trained in its operation and in the fire fighting
techniques applicable to this equipment.
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APPENDIX

A-112. Agent Characteristicss A dry chemical extinguishing
agent is a finely divided powdered material that has been specially
treated to be water repellent and capable of being fluidized and
free-flowing so that it may be discharged through hose lines and
piping when under expellent gas pressure. Dry chemicals cur-
rently in use may be described briefly as follows:

1. Sodium Bicarbonate (NaHCQ;)Based Dry Chemical

This agent consists primarily of sodium bicarbonate and is suit-
able for use on all types of flammable liquid and gas fires (Class B)
and also for fires involving energized electrical equipment (Class
C).

Its effect on fires in common cooking oils and fats is particularly
good, as in combination with these materials the sodium bicar-
bonate based agent reacts to form a type of soap (saponification),
which floats on the liquid surface such as in deep fat fryers and
effectively prevents reignition of the grease.

Sodium bicarbonate base dry chemical is not generally recom-
mended for the extinguishment of fires in ordinary combustibles
(Class A), although it may have a transitory effect in extinguishing
surface laming of such materials.

2. Dry Chemicals Based on the Salts of Potassium

Commercially available agents are essentially potassium bi-
carbonate (KHCO;), potassium chloride (KCL), and urea based
potassium bicarbonate (KC,N,H,0,). All three agents are suitable
for use on all types of flammable liquid and gas fires (Class B) and
also for fires involving energized electrical equipment (Class C).

It is generally recognized that salts of potassium are more effec-
tive in terms ot chemical extinguishing mechanisms than sodium
salts in extinguishing Class B type fires ‘except those in deep fat
fryers and in cooking equipment.

Dry chemicals based on the salts of potassium are not generally
recommended for the extinguishment of fires in ordinary com-
bustibles (Class A), although they may have a transitory effect in
extinguishing surface flaming of such materials.

3. Multipurpose Dry Chemicals

This agent has as its base monoammonium phosphate (NH H,-
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PO,) and is similar in its effect on Class B and Class C fires to the
other dry chemicals. However, it does not possess a saponification
characteristic and unlike the other dry chemicals it does have a
considerable extinguishing effect on Class A materials. The agent,
when heated, decomposes to form a molten residue which will
adhere to heated surfaces. On combustible solid surfaces (Class A)
this characteristic excludes the oxygen necessary for propagation
of the fire.

4. Foam-Compatible Dry Chemicals

The above types of dry chemical may be compatible with the
mechanical foams. Foam compatible dry chemicals are “listed” by
nationally recognized fire testing laboratories. Foam-liquid con-
centrates “listed” by these same laboratories are tested to insure
that they will meet these compatibility features. It is thus im-
portant that when foams are used to supplement dry chemicals,
only “listed” compatible dry chemical-foam concentrates be used.

Extinguishing Mechanisms: The detailed mechanisms by which
dry chemical agents extinguish fires have not been completely
determined. However, it is generally accepted that the Primary
Extinguishing Mechanisms include interruption of the chain re-
action sequence by chemical reactlons, reduction of liquid fuel
evaporation rates by reduction in flame radiation at the liquid
surface, and inerting effects due to reduction of oxygen concentra-
tion within the active fire zone. Secondary Extinguishing Mecha-
nisms may include heat absorption effects (particularly at high dry
chemical concentrations), additional cooling effects due to the for-
mation of water vapor by the pyrolysis processes, additional inert-
ing effects due to the formation of carbon dioxide by the pyrolysis
of the dry chemical, and fire retardant effect due to surface coatings.

The effectiveness of the chemical reaction mechanisms differs
with the currently used dry chemical agents and is believed to
be the primary reason for the differences in overall effectiveness
of the different agents at critical extinguishing flow rates. The
physical mechanisms, such as reduction of the flame feedback
radiation and reduction of oxygen concentrations, are significantly
influenced by dry chemical concentrations in the flame zone as
well as the dry chemical agent physical properties. The more im-
portant extinguishing mechanisms are discussed in more detail in
the following paragraphs.

The flame chain reaction sequence is a detailed set of chemical
reactions in an oxidative combustion process. The rates at which
the various reactions occur determine the extent of pyrolysis. The
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reactions are best illustrated in terms of a simple hydrocarbon such
as methane, CH,, where the probable reactions are as follows!:

2CH, + 20, 2CH; + OH + 30 + H Chain Initiation
CH; + 0,2 H,CO + OH )
20, 4+ 2H~=>» 20H + 20

CH, + OH->CH, + H,0

H,CO + O> HCO + OH + Chain Propagation
HCO->H + CO

CO +OH-=>CO,+H

40OH > 2H,0 + O ]
CO + 0> CO, o o
CO + 20H=> CO, + H,0 Chain Termination

The basic scheme involves initiation of the chain reaction, in
this case, the generation of CH,, OH, O and H radicals. These
radicals react with fuel materials and oxygen resulting in the
generation of species which in turn react to produce more radicals.
In this way, the chain reaction propagates itself. Normal termina-
tion of the chain reaction occurs when the radicals necessary to
propagate the chain reaction are destroyed through recombina-
tion or by chemical reaction.

It is widely accepted that two basic mechanisms are involved
in the chemical extinguishing action of a dry chemical and that
their contribution to the overall extinguishing effectiveness differs
with each type of dry chemical agent. However, both mechanisms
are based upon the ability of the agent to cause termination in the
chain reaction of the fuel oxidizer combination.

One chemical mechanism involves the increase in the extin-
guishing effectiveness that is observed with decreasing median
particle size. This is most generally discussed in terms of the total
surface area of all the particles, or specific surface area, rather than
median particle size. In general, the higher the specific surface
area, the more effective the agent within the constraints imposed
by hardware considerations. The argument advanced is that, de-
creasing the median particle size (increasing the specific surface
area) affords more active surface for radicals generated in the
flame to recombine on, thus accelerating the termination of the
chain reaction occurring within the flame. The other chemical
mechanism involves the formation of chemical species capable
of reacting with chain propagating radicals?. It is believed that
finely divided salts containing Na or K, because of a high surface
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area, exhibit good heat transfer characteristics resulting in vapor-
ization of the highly reactive metal, or metal hydroxide, which
can efficiently scavenge H or OH radicals in the chain reaction
propagation in the flame, resulting in chain termination. In
general, the chemical extinguishing reactions become more ener-
getically favorable as the atomic weight of the metal jon increases
within the Metals of Group IA of the Periodic Table.

The level of effectiveness of agents based upon monoammonium
phosphate, NH,H,PO,, which has been found to be slightly less
than that of agents based on potassium salts, cannot readily be
explained by the foregoing theories. The reaction of this material
with flame radicals is energetically less probable. It is more likely
that a complex reaction sequence, involving a complex form of
the anion (H,PO,) occurs. This material can undergo extensive
endothermic (energy absorbing) reactions which tend to cool the
flame and affect the chain reaction sequence by removing energy
from the system. An increase in effectiveness with increasing
specific surface is also observed with this material.

In addition to the interruption of the flame process by chemical
chain breaking and formation of chemical compounds, dry chemi-
cals also utilize mechanical disturbance to aid in extinguishing
flames. This characteristic can be readily observed in Class B
fires when the dry chemical particles come between the fuel source
and the burning vapors. A noticeable heat shielding effect is also
apparent since the dry chemical particles prevent some re-radia-
tion of the flames to the fuel source, thus reducing the rate at
which combustible vapors are produced. The softening and adhe-
sive characteristics of monoammonium phosphate dry chemical,
when heated, serve as an added mechanical disturbance to the
Class A type fire by coating burning materials with an impervious
layer.
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A-121 Hazards to Personnel: Dry chemical fire extinguishing
agents are considered nontoxic from a physiological point of view.
However, as with any finely divided material; they may produce
mild irritation effects especially when used in an enclosed area.
In general, these effects are neither serious nor permanent.



17-30 DRY CHEMICAL EXTINGUISHING SYSTEMS

For more specific guidance on individual dry chemical extin-
guishing agent components and their hazards to personnel (TLV
values), consult the dry chemical manufacturer.

A-123. Clearance to Live Electrical Apparatus

General. As used in this Standard, “clearance” is the air
distance between dry chemical equipment, including piping and
nozzles, and unenclosed or uninsulated live electrical components
at other than ground potential.

The clearances given are for altitudes of 3,300 ft. or less. At
altitudes in excess of 3,300 ft., the clearance shall be increased at
the rate of 1 percent for each 330 ft. increase in altitude above
3,300 ft.

Clearance. Clearance shall not be less than that given in the
following Table.

The clearances are based upon minimum general practices re-
lated to design Basic Insulation Level (BIL) values. To coordinate
the required clearance with the electrical design, the design BIL of
the equipment being protected should be used as a basis, although
this is not material at nominal line voltages of 161 kv or less.

Table A-123

Clearance From Dry Chemical Equipment
To live Uninsulated Elecirical Components

Nominal Line Nominal Voltage Design BIL Minimum
Voltage To Ground Clearance
kv kv kv inches
15 9 110 6
23 13 150 8
345 20 200 12
46 27 250 15
69 40 350 23
115 66 550 37
138 80 650 44
161 93 750 52
196-230 114-132 { 900 { 63
1050 76
287-380 166-220 1175 87
1300 98
1550 120
5 290 1675 131
00 { 1800 { 142
290-400 1925 153
500-700 2100 168
2300 184




