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No. I5
Water Spray Systems for Fire Protection.

Standards for Water Spray Systems for Fire Protection, formerly
“Water Spray Nozzles and Extinguishing Systems,” first prepared by the
Committee on Manufacturing Hazards, were tentatively adopted in 1939, with
final adoption in 1940. Subsequently, these standards were placed under the
jurisdiction of the Committee on Special Extinguishing Systems and a new
edition was adopted in 1947. Subsequent to the 1947 edition, the committee
organization was further changed to place primary responsibility in the hands
of the Committee on Water Spray, under the general supervision of the
General Committee on Special Extinguishing Methods. The text presented
below is that last revised in 1947, subject to additional changes to bring the

1947

titles of cross references up to date.

This standard has been adopted by the NBFU (Pamphlet No. 15) in
editions dated 1940, 1947 and 1950. The NBFU editions of 1947 and 1950 do

not include all of the illustrations.
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4 WATER SPRAY SYSTEMS FOR FIRE PROTECTION

FOREWORD.

Fundamentally, water spray consists of a discharge from a device
capable of separating the water into spray. The basic principles involved
in its use for fire protection are not new; however, it is only recently that
devices to produce water spray have become readily available. Experience
has indicated the worth of both fixed water spray systems and portable
water spray equipment. Because of the wide variations in the character-
istics of water spray nozzles including discharge patterns, velocities, dis-
tances of projection, etc., and because of the many variables involved in
hazards to be protected, fixed water spray systems must be competently
designed, installed and maintained. It is equally important that portable
water spray equipment be carefully selected and positioned in relation to
the hazard or equipment protected. Iurthermore, such equipment must
be applied in a manner not only to extinguish or control a fire but also
to protect the operator.

The standard sets forth four major types of systems, namely, those
designed for extinguishment, for control of fire, for exposure protection or
for fire prevention. The first step in considering water spray is the deter-
mination of which one or more of these four major purposes will apply
The type of nozzle, the amount of water required, the unit rate of discharge,
the nature and extent of the coverage and drainage are factors which
will vary with the purpose of the system.

Although it has been recognized that water spray systems are par-
ticularly effective on most flammable liquid fires; experience has shown
that water spray systems are effective on most of the combustible solids
and on fires in electrical equipment. The type of water spray system
required for any particular hazard will depend on the nature of the hazard
and the form of protection desired. The most satisfactory practice would
be to have tests conducted on full or sufficiently large scale to determine
the most efficient system and/or equipment to use in extinguishing or
controlling fires involving any specific material or equipment. Although
water spray has a wide application it is essential that its limitations be
recognized.

SECTION 1.
ARTICLE 10.
GENERAL INFORMATION.

*11.00 Introduction.

11.10 Purrose—These standards are in general the minimum require-
ments for the installation of water spray protection and are prepared to cover
the design, construction and maintenance of such systems and for the guid-
ance of inspection departments having jurisdiction and others concerned in
judging the acceptability of an installation of this type.

11.20 ScopE—These standards are limited to rules for the design,
construction, maintenance and test of fixed systems and portable equipment
for the apphcatlon of water spray for fire protection purposes and to
advisory comment regarding its use and limitations.

*11.30 DerInNrtioNs—A spray nozzle is a device from which a definite
pattern of water spray is discharged. This may include special directional
nozzles, hollow or solid cone pattern, ordinary type sprinkler heads, window
sprinklers or others.

*See appendix.



GENERAL INFORMATION 5

Note: For simplification all types will be referred to simply as,
spray nozzles, selection of a particular type being dependent on study
of the individual hazard.

*11.31 An applicator is a portable device for manually placing a water
spray nozzle or nozzles in position to extinguish, control or prevent a fire.

12.00 Uses.

*12.10 GeneraL Purroses—Water spray is applicable for protection
of specific hazards and equipment and may be installed independently of or
supplementary to other forms of fire protection systems or equipments.
Water spray systems are not ordinarily intended to replace automatic
sprinklers. In general, water spray may be used effectively for any one
or combination of the following purposes:

1. Extinguishment of fire,
2. Control of fire.

3. Exposure protection.

4. Prevention of fire.

*12.11 Extinguishment of fire by water spray is accomplished by cooling,
smothering from the steam produced, emulsification of some liquids, dilution
in some cases, or a combination of these factors.

1212 Control of fire is accomplished by an application of water spray
to the burning materials producing controlled burning. The principle of
control may be applied where combustible materials are not susceptible
to complete extinguishment by water spray, or where complete extinguish-
ment is not considered desirable.

12.13 Effective exposure protection is accomplished by application of
water spray directly to the exposed structures or equipment to remove or
reduce the heat transferred to them from the exposing fire. Water spray
curtains are less effective than direct application but may, under favorable
conditions, provide some protection against fire exposure through subdivision
of fire areas. Unfavorabie conditions may include such factors as windage,
thermal updrafts and inadequate drainage.

1214 PreventioN oF Fire. Start of fire is prevented by the use of
water sprays to dissolve, dilute, disperse, or cool flammable materials.

12.20 Hazarps—Water spray protection is, in general, acceptable for
hazards involving:
1. Gaseous and liquid flammable materials.
2. Electrical hazards such as transformers, oil switches and
notors.
3. Ordinary combustibles such as paper, wood and textiles.
4. Hazardous solids.

Note: See also “Limitations,” Paragraph 12.30.

*12.30 LimitatioNs—There are limitations in the use of water spray
which must be recognized. Such limitations involve the nature of the
equipment to be protected, the physical and chemical properties of the
materials involved and the environment of the hazard.

12.31 Because of the importance and the technical complexity of
hazards usually protected by water spray, each application will require study
by persons experienced in water spray protection.

¢See appendix.
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13.00 ' Plans and Specifications.

13.10 REQUIREMENTS—Spray system layout and installation should be
entrusted to none but fully experienced and responsible persons. Before
fixed water spray systems or portable equipment is installed or existing
equipment remodeled, complete working plans and specifications should be
submitted for approval to the inspection department having jurisdiction.
Any material deviation from the approved standards will require special
permission from the inspection department. Plans shall be drawn to an
indicated scale, show all essential details and shall be made so they can
be easily reproduced to provide the necessary copies or prints. Information
whiclhh may be required includes designed purpose of system, friction loss
calculations, tests of available water supply, detailed layout of piping,
locations of heads and hanging. and accurate and complete layout of the
entire hazard to be protected.

14.00 Approvals.

1410 Prior to determining the purpose of water spray system under
consideration, the inspection department having jurisdiction shall be con-
sulted. All plans and specifications pertinent to the installation shall be
approved by the inspection department having jurisdiction prior to installa-
tion. The inspection department shall be consulted as to devices and ma-
terial. All equipment shall be approved for the particular application
intended. Before asking final approval of a water spray system by the
inspection department having jurisdiction, the installing company should
furnish a written statement to the effect that the work has been completed
and tested in accordance with approved plans and specifications.

SECTION IL
ARTICLE 20.
FIXED WATER SPRAY SYSTEMS.

21.00 Fixed Systems—General.

21.10 DescriprioN—Fixed water spray systems consist of fixéd piping
and spray nozzles -connected to an approved water supply. The flow of
water shall be automatically controlled, except that under special conditions
the inspection department having jurisdiction may permit manual control.

#21.20 Use—Fixed piping systems are preferred for the protection of
specific hazards and for all installations where the degree of hazard makes
prompt application necessary. Fixed piping systems may be designed for
extinguishment, control, exposure protection or fire prevention according
to the need and the suitability of this type of protection.

21.21 The data available indicate that the general clearances between
any portion of the equipment and live electrical apparatus should not be
less than as given in the following table, and whenever possible these
clearances should be increased.

*See appendix.




FIXED WATER SPRAY SYSTEMS 7

Voltages Distance Voltages Distance

Up to 7,500 6 in. 73,000 to 88,000 52 in.
7,500 to 15,000 12 in. 88,000 to 110,000 64 in.
15,000 to 25,000 17 in. 110,000 to 132;000 © 77 in.
25,000 to 37,000 24 in. 132,000 to 154,000 89 in.
37,000 to 50,000 32 in. 154,000 to 187,000 106 in.
50,000 to 73,000 44 in. 187,000 to 220,000 124 in,

21.30 Size—Individual hazards should be protected by single systems
except that the discharge capacity of any one system should not exceed
that specified in Paragraph 22.10. The extent of a water spray system s
dependent on many factors including the nature of hazard or combustibles
involved, amount and type of equipment to be protected, adequacy of other
protection, and the size areas to be protected which may be involved in a
single fire. Fire areas may be properly subdivided by spacing, by fire walls
or diking, by special drainage, by water curtains, or by combinations
of these factors. Wherever practicable fire areas should be subdivided to
facilitate protection of each subdivision by a separate, individually controlled
water spray system. In cases where two or more systems are required for
protection of a single fire area, the discharge capacity of each system
must be limited as prescribed in paragraph 22.10. Particular care should
be taken to place control valves in locations accessible during a fire.

*21.40 DrAainacE—Adequate drainage shall be provided to promptly
and effectively dispose of all water discharged from fixed water spray
systems, portable hose streams and spilled liquids. Each fire area wherein
flammable liquids may be involved must be drained separately, using properly
trapped drains in connections to disposal systems. As a general rule, the
capacity of a drainage system at gravity flow for a specific fire area should
be at least equal to the discharge capacity of the water spray system at
maximum possible nozzle pressure. Where the drainage system also handles
cooling water, surface or other drainage, or where hose protection is con-
sidered necessary to supplement fixed water spray protection, additional
drainage capacity should be provided. If the drainage system handles
flammable liquids, particularly those which are insoluble or only partly
soluble with water, a separator or burning pit located at a safe point
should be installed.

21.50 LocatioNn oF VaLves—Each system shall be provided with a
shut-off valve so located as to be readily accessible during fire in the area
the system protects, a severe exposure fire or, for systems installed for fire
prevention, during the existence of the contingency for which the system
ts installed.

22.00 Water Supplies.

22.10 Size or SystEM—No single system shall be of such size as to
discharge in excess of 1,500 gal. per min. calculated at the minimum pressure
for which the nozzles are designed except by special permission of the
inspection department having jurisdiction. Segregated hazards (those so
separated from other hazards as not to be subject to the spread of fire
from such other hazards) should be protected by separate systems. ‘A
system shall be defined as that water spray equipment under the control
of one valve.

*22.20 RatE oF DiscaarRGE—The discharge rate per unit of area to be
protected will depend on whether the spray system is installed for extin-
guishment of fire, control of fire, -exposure protection or prevention of
fire, and upon the characteristics of the materials involved.

“See appendix.



8 WATER SPRAY SYSTEMS FOR FIRE PROTECTION

%2230 QuanTtiTy—Water supplies must be adequate in quantity to
supply all the spray nozzles likely to be put into operation for a period of
time sufficient for the particular hazard and conditions involved. The
discharge shall be figured at the calculated nozzle pressures but in no
case less than the minimum design pressure for the particular nozzle used.

2240 PressURE—The water pressure available at the control valve
shall at least be such as to produce the minimum pressure at the spray
nozzles for which the system lias been designed. Before installation of
equipment, flow tests shall be made to determine that sufficient pressure is
available at rates of discharge calculated to be ample for all the spray
nozzles which would operate during any fire.

*¥22.50 Sources—Fixed equipment should be fed from a cennection to
sprinkler or other recognized fire protection water supplies. A single con-
nection having adequate capacity for one system, may be acceptable for
more than one system, providing such systems are segregated by adequate
fire stops. The inspection department having jurisdiction shall be consulted
to determine the adequacy of such supplies.

Nore: Where automatic operation of fire pumps is required, closed
circuit controls in accordance with standards of the N.F.P.A. for
the Installation and Operation of Centrifugal Fire Pumps are required.

2251 It is of vital importance that water supplies be selected which
provide water as free as possible from foreign materials.

*22.60 STRAINERS—Strainers approved specifically for use in water
spray systems shall be provided. Strainers shall be capable of removing
from the water all solids of sufficient size to obstruct the spray nozzles.
In addition, the strainers shall be capable of continued operation without
serious increase in head loss for a period estimated to be ample when con-
sidering the type of protection provided, the condition of the water and
similar local circumstances. Strainers should be installed so as to be
accessible for cleaning during the emergency. Dual type strainers or
equivalent may be necessary if water supplies are badly contaminated.

2270 Fire DeparTMENT ConNNEcTiONs—Fire department connections
for fixed water spray systems may be required by the inspection department
having jurisdiction. Careful consideration should be given to such factors
as the purpose of the system, reliability, capacity and pressure of the water
system. The possibility of serious exposure fires and similar local conditions
may also be important factors. Where a fire department may be required
to draft from supplies containing foreign materials, additional strainers
in the fire department connection may be required.

*22.80 Frusuainc—DBefore connection the systemi supply piping should
be flushed at a rate of flow producing a velocity of not less than ten feet
per second for a period of time sufficient to insure thorough cleaning.

23.00 System Piping.

. 2310 MateriaLs—Piping shall be of steel, galvanized in accordance
with current American Standards or equal corrosion resistant treatment.
Specific conditions may require the use of more effective protection.

23.20 Size—As effective protection is dependent on having adequate
pressure and quantity of water available at the spray nozzles, each system
requires individual consideration as to the size of the piping. The inspection
department having jurisdict_ion may require for approval, submisson of
complete computations showing pressure drop in all system piping. Fric-

*See aprendix.



FINED WATER SPRAY SYSTEMS 9

tion losses in pipe and fittings shall be determined by the Hazen & Williams
formula using a value of 120 (Stanley Earle, Factory Mutual Labora-
tories, suggests 105. Thomas H. Bacon, Canadian Underwriters, suggests
100) for “C.” Pipe sizes should be so selected as to produce proper nozzle
pressure for all nozzles.

23.30 InstaLLaTioN—The installation standards for water spray sys-
tem piping shall be the applicable sections of the N.F.P.A. “Standards for
the Installation of Sprinkler Equipments” except as herein modified. Weld-
ing in accordance with A.S.A. Code for pressure pipe is permissible when
it can be done without introducing fire hazards. This may require galvaniz-
ing of sections involving welded parts after fabrication. Special care should
be taken to insure that the openings are fully cut out and that no obstruc-
tions remain in the waterway. All underground supply piping after the
deluge valve shall be pitched ¥5 in. in 10 ft. to drain in the same manner
as the abovementioned standards specify for aboveground piping. Provision
shall be made to drain said underground and overhead piping. The supply
piping to nozzles which protect a hazard in a fire area shall not pass over
another hazard.

23.31 Main headers should preferably be installed underground or at
least as near as possible to ground level as protection against the effects
of possible fire, explosion or mechanical injury.

2340 Frusming—All system piping shall be flushed where practicable,
otherwise cleanliness shall be determined by visual examination.

24.00 Valves, Fittings and Hangers.

2410 Varves—All valves are to be of a type approved for the pur-
pose. Readily accessible drain valves shall be provided for low points in
underground and aboveground piping. Lever operated gate valves are not
acceptable.

2420 All pipe fittings shall be American Standard for the pressure
class involved but not less than 175 lbs. rating. Iron fittings shall be
malleable in dry sections of the piping exposed to possible fire. Automatic
control valves, shut-off valves and strainers of approved types may be cast
iron. All fitting subject to stress in self-supporting systems shall be steel
or malleable iron.

24.30 HanceErs—AIl hangers must be of approved types. Tapping
or drilling of load bearing structural members is not generally permitted.
However, attachments may be made to existing steel or concrete structures
and equipment supports. Where systems are of such a nature that the
usual methods of supporting pipe for fire protection purposes cannot be
used, the piping shall be supported in such a manner as to produce the
strength equivalent to that afforded by such usual means of support. All
supports in the fire area involved should be protected by the system.

2440 Test GAGE—A test gage connection shall be provided at the

highest or at the most remote point on the system, whichever is calculated
to show the least pressure under normal flow conditions.

25.00 Spray Nozzles.

*25.10 SeLectioN—The selection of spray nozzles shall be made with
proper consideration given to such factors as physical character of the
hazard involved, draft or wind conditions, material likely to be burning,
and the general purpose of the system.

*See appendix.



10 WATER SPRAY SYSTEMS FOR FIRE PROTECTION

It is required that piping be hydraulically calculated and sized, and if
necessary that spray nozzle orifices be varied in size in order to obtain
uniform water distribution and to allow for loss of head in water supply
piping. Orifices should not be less than 14 in. in diameter unless considera-
tion be given to the installation of individual strainers for each nozzle it
plugging is to be prevented when the water supply is not .exceptionally
clean and diversion of the spray by a fire updraft is to be held to a minimum.

A test of the water supply is recommended before the size of orifices
is selected. A uniform solid cone pattern of water distribution with angle
of discharge sufficiently flexible to provide coverage without excessive
wastage of water is required for directional spray nozzles. In general, the
maximum discharge angle should not exceed 120° if forceful projection
is to be assured.

25.20 CorrosioN—Where corrosion, coating or loading is likely, spray
no;zles should be properly protected. The use of corrosion and fire-
resistant materials is advised.

#2530 Sepacinc—The protection provided by the nozzles shall fully
include the hazard (area or volume) and where required in special cases
shall have a coverage well in excess of that of the hazard.

25.31 Spray nozzles shall be spaced in accordance with their actual
discharge patterns.

25.32 Spray nozzles should be placed to provide direct impingement
of spray upon burning surfaces and/or surfaces to be cooled. Care should
be taken to avoid any obstruction to the distribution of water.

25.40 Positron—Spray nozzles may be placed in any position necessary
to obtain proper coverage of the protected area, structures or equipment.
Special care should be exercised in placement of spray nozzles protecting
pipe lines handling flammable liquids under pressure where such protection
is intended to extinguish or control fires resulting from leaks or ruptures.
See Paragraph 12.30 on Limitations and Paragraph A-12.30.

26.00 Operation and Control of Systems.

*26.10 AuTtomaric SysTEMs—Systems of this type are automatic in
operation. They may be used for extinguishment of fire, control of fire,
exposure protection or fire prevention.

*26.11 Control of automatic valves for water spray systems shall be
accomplished by methods recognized in the standards for other extinguish-
ing systems. Systems which depend for operation on electric thermostats,
relays, circuits or other similar equipment should be so arranged that such
equipment is normally energized or completely supervised in such a manner
that failure will result in system operation or positive notification of the
abriormal condition.

26.12 Automatically controlled valves shall be as close as accessibility
permits to the hazard protected, so that a minimum of piping between the
automatic control valve and the spray nozzles is required.

26.13 Manual tripping devices shall be provided for all automatic
control valves. Such tripping devices shall be so located as to be readily
accessible in the event of fire or possibility of fire. They shall be plainly
marked to indicate their purpose.

26.14 Manual devices may actuate the automatic control valve by
mechanical, pneumatic, electric or other approved means. If a remote
manual device is mechanically operated, the length of the cable shall not

¢See appendix.



FIXED WATER SPRAY SYSTEMS - 11

exceed thirty feet and there shall be not more than three changes in direc-
tion. The manual device shall be amply strong to prevent breakage.

26.15 Where a hazard protected by an automatic spray system is in
a sprinklered area, the water spray system should be designed to operate
before the sprinkler system.

26.20 MANUAL Systems—Systems of this type consist of fixed piping
and spray nozzles connected to an approved water supply controlled by
manually operated valves. Manual systems may be installed only -with
specific permission of the inspection department having jurisdiction. These
shall be installed in conformity with all the particulars of the standards for
automatic systems, except that the control valve will be operated by manual
mechanisms. When an approved automatic control valve arranged for
manual operation is not used, the valve shall be of a type approved for
automatic sprinkler service. If an outside post indicator valve is used
with approval of the inspection department having jurisdiction, the handle
or handwheel shall be permanently attached in operating position, and such
control valves shall be so located as to be easily accessible in case of fire
or other emergency.

27.00 Alarms.

2710 LocaL AvrarmMs—Automatic alarms shall be provided on all
water spray systems except that on manually operated systems they may
be omitted by permission of the inspection department having jurisdiction.
Alarms shall conform to the standards governing alarm apparatus for
sprinkler equipment, including requirements of thermostatically operated
systems for automatic alarms independent of waterflow.

28.00 Acceptance Tests.

28.10 Pressure TEesTs—All piping shall be subjected to a two-hour
hydrostatic pressure test at 200 Ibs. per sq. in. or 50 Ibs. in excess of the
maximum pressure anticipated, whichever is greater, in general conformity
with the standards of the N.F.P.A. for installation of sprinkler equipment.
All horizontal piping shall be checked to determine if proper drainage pitch
is provided.

28.20 OpcraTING TEsTs—Before acceptance, fixed water spray systems
shall be subjected to such tests as may be required by the inspection depart-
ment having jurisdiction. Wherever practicable these tests shall include
operation of all devices and equipment installed as part of the system.

28.30 DrscHARGE TEsTs—Approval and acceptance of water spray
systems should be subject to flow tests where conditions permit, in order
to insure that the hazard is fully protected in conformance with the design
specification, that the nozzles are so adjusted as to give the most efficient
coverage, and to determine the flow pressures, actual discharge capacity, and
other operating characteristics.

29.00 Maintenance.

29.10 WaTErR SuppLIES—Proper precautions should be taken to insure
that water supplies are kept turned on and are in full operating capacity
condition at all times in accordance with other standards of the N.F.P.A.
governing water supplies for automatic fire protection equipment.

29.20 STRAINERS—Strainers should be thoroughly inspected and
cleaned after each operation or flow test. Inspection and cleaning should be
performed at intervals of not more than six months.
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29.30 Prring—All piping shall be examined at regular intervals to de-
termine condition. Frequency of inspections will be dependent upon local
conditions and should be at intervals of not more than one year. This should
include tests to determine that proper drainage pitch is maintained for piping.

29.31 Flow tests of open head spray systems shall be made at such in-
tervals as deemed necessary by the inspection department having jurisdiction,
wherever such tests are practicable.

2940 ControL VALVES AND DEvicEs—Automatic control valves and
heat-actuated devices shall be tested at least twice a year by qualified inspec-
tors acceptable to the inspection department having jurisdiction.

Note: An inspection contract with the installer of the equipment
for test and examination at regular periods is advisable.

2941 Manual tripping devices and valves, including O. S. & Y. gate
and post indicator valves, shall be operated at least once each six months.

29.42 Where normally opened valves are closed following system opera-
tion or test, suitable procedures should be instituted to insure that they are
reopened and that the system is promptly and properly restored to full
normal operating condition. Drain flow tests should be made after valves are
reopened.

29.50 Spray NozzreEs—All spray nozzles shall be inspected for exter-
nal loading and corrosion and cleaned, if necessary, at intervals of not more
than six months. Local conditions may requxre such inspection and cleaning
more frequently and may require internal inspection.

29.51 After each operation open spray nozzles equipped with individual
screens shall be removed and the spray nozzle and screen cleaned.

SECTION III.
ARTICLE 30.

PORTABLE WATER SPRAY EQUIPMENT.
31.00 Portable Equipment—General.

*#31.10 DescriprioN—Portable water spray equipment consists of one
or more water spray nozzles attachable to hose or such devices as playpipes
or applicators. This equipment may be designed to permit the discharge of
either a spray or a solid stream.

3120 Use—Portable water spray equipment may be used to supple-
ment fixed fire protection systems, or alone for the protection of specific
hazards, or in place of solid stream equipment under suitable conditions.

31.21 Portable water spray equipment may be supplied by fixed fire
protection equipment water supplies, hose standpipe systems, hydrant systems
or with fire department apparatus.

31.30 LimitaTions—Portable water spray equipment should not be
used as a substitute for automatic sprinklers, fixed water spray or other fixed
fire extinguishing systems.

31.31 Applicators shall not be used around energized electrical equip-
ment.

*See appendix.
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31.32 Combination nozzles equipped for solid stream discharge shall not
be used around energized electrical equipment.

32.00 Water Supplies.

32.10 For StanpripE aAND Hose SuppLYING PoRTABLE WATER SPRAY
EquipMENT—Water supplies for standpipe and hose systems supplying
portable water spray equipment shall conform to Section V of the N.F.P.A.
Standards for the Installation of Standpipe and Hose Systems, except that
minimum pressures required shall be the minimum pressures necessary for
the satisfactory operation of the particular spray nozzle used.

3220 For OtmEr PorTaBLE WATER SpraY EQUIPMENT—With the
approval of the inspection department having jurisdiction, portable water
spray equipment may be supplied by automatic sprinkler, or other recog-
nized fire protection water supplies, where they are adequate to supply this
additional equipment.

32.30 StrAINERS—Strainers approved specifically for use in water spray-
systems shall be provided where possibilities of foreign material in water sup-
ply or other factors, such as extremely small orifice sizes in nozzles, require
the use of strainers.

32.31 Strainers shall be capable of removing all solids from the water
which are of sufficient size to obstruct the spray nozzles. In addition, the
strainers shall be capable of continued operation without serious increase in
friction loss for a period of time estimated as ample, considering the type of
protection provided, the condition of the water, and similar local conditions.

33.00 Installation of Portable Water Spray Equipment.

33.10 This equipment shall be installed to conform to the N.F.P.A.
Standards for the Installation of Standpipe and Hose Systems, except that
approved pressure reducing devices shall not reduce the pressure below that
necessary for the satisfactory operation of the water spray nozzles used.

3320 Hose—Approved hose suitable for the maximum working pres-
sure shall be used. ’

33.21 Only rubber-lined hose shall be used.

Note: Unlined fabric hose should not be used as fabric from lin-
ing may be carried by the water and obstruct the nozzle.

33.30 CoupLINGS

. (a) For use with water pressures under 200 p.s.i., hose couplings,
fittings and portable water spray equipment shall be provided with National
_Stazndgtr(%1 Hose Threads, except where conformity to local standard threads
is desired.

(b) For use with water pressure over 200 p.s.i., couplings, fittings,
and portable water spray equipment shall be provided with couplings of such
design as to prevent the use of standard hose and low pressure water spray
equipment on such high pressure water supplies.

34.00 Acceptance Tests.

34.10 Pressure TEsT—At the time of installation standpipe and hose
systems supplying water spray equipment shall be tested and proved tight
at a hydrostatic pressure at least 25 per cent in excess of the highest normal
working pressure to which they will be subjected. Tests should be for a
2-hour duration. Pressure should be taken at the base of the system.
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34.20 OreraTING TEsT—Before acceptance, portable water spray equip-
ment and systems supplyx.ng such equipment shall be subject to such tests as
may be required by the inspection department having jurisdiction.

Note: Where standpipes or connections are built in the walls or
partitions, the above tests should be made before they are covered or
permanently concealed.

34.30 Frow Test—The inspection department may require actual flow
tests from the highest or _most remote outlet on the system to determine the
adequacy of water supplies.

35.00 Maintenance. ,

. 35.10 Periopic InspEcTION—Systems shall be kept in operating con-
dition at all times. Systematic periodic inspection of all portions of the
standpipe and hose system is essential.

- 35.20 Water SuppLies—Proper precautions should be taken to insure
‘that water supplies are kept turned on and in full operating condition at all
times.

35.30 Varves—The valves in the main connections to the sources of
water supply shall be opened at all times. The hose valves at the hose stations
should be frequently examined to see that they are tight.

35.31 Leakage at the hose valves may be detected by inspections of the
drip cocks at the valves. Drip cocks should be tested to see that they are not
clogged with dirt or sediment.

3540 StraiNers—Strainers should be thoroughly inspected and cleaned
after each operation and flow test. Inspection and cleaning should be per-
formed at intervals of not more than six months.

35.50 DrscuarceE TEsT-—An annual test of standpipe and hose systems
shall be made by delivering the required quantity of water at the required
pressure through hose lines from the topmost outlet of the standpipe.

35.60 Hose StatioNns—The hose stations should be frequently inspected
to see that the fire hose is properly stored and that all of the equipment is in
place and in good condition. The hose should be removed at intervals and
new gaskets installed in the couplings both at the hose valves and at the
spray nozzles.

Note: For further details see the National Fire Protection Asso-
ciation’s pamphlet, “Care of Fire Hose.”

3570 Seray Nozzies AND APPLICATORS—AIl portable water spray
equipment shall be inspected and cleaned at intervals of not more than six
months. Local conditions may be such as to require more frequent cleaning
and inspection.

35.71 Alfter each operation portable water spray equipment should be
inspected and cleaned.

APPENDIX.
GENERAL INFORMATION.

A-11.00 Other Pamphlets.

The following pamphlets of the N.F.P.A. deal with subjects related to
water spray protection systems. They also appear in National Fire Codes
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Vol. IV, Extinguishing and Alarm Equipment, published by the NFPA.

Sprinkler Equipment (No. 13).

Standpipe and Hose Systems (No. 14).

Centrifugal Fire Pumps (No. 20).

Water Tanks for Private Fire Protection (No. 22).

Fire Department Hose Connection (No. 23).

Outside Protection. (Underground piping systems supplying water for
fire extinguishment (No. 24).)

Valves Controlling Water Supplies for Fire Protection (No. 26).

Central Station Protective Signaling Systems for Watchmen, Fire
Alarm and Supervisory Service (No. 71).

Proprietary, Auxiliary and Local Systems for Watchmen, Fire Alarm
and Supervisory Service (No. 72).

" \\g;z;t)erprooﬁng of Floors and Drainage and Installation of Scuppers

(No. 92).

Care and Maintenance of Sprinkler Systems (No. 13-A).

Water Charges (No. 292-M).

Control of Water Waste from Private Fire Protective Equipment
(No. 293-M).

Operation and Maintenance of Steam Fire Pumps (No. 21).

Use of Automatic Sprinkler Systems by Fire Departments (No. 294-M).

National Standard Fire Hose Couplings.

Pamphlets on the above listed subjects can be secured from Inspection
Departments having jurisdiction or from the NFPA.

A-11.30 Spray Nozzles.

_Following are pictures of representative types of spray nozzles showing
typical patterns of discharge:

AlL30. A spray nozzle discharge showing the pattern of the spray. Numbers
on wall indicate distance from nozzle in feet.
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Spray head. “‘fog’’ type, wide
angle. angle.

Spray head. deflector type, wide
angle. angle.

Spray head, turbulent type, narrow Spray head, turbulent type, wide
angle. angle.

A.11.30. Representative types of spray nozzles showing typical patterns
of discharge. Lines are one foot apart.
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A-11.31. Spray nozzle in operation on a typical applicator.
A-11.31 Applicators.

An applicator consists of a tube or pipe with spray nozzle or nozzles
attached to one end and with means of connecting to hose at the other.
The applicator may have any special form or attachments required by local
(f:onditions. Applicators are usually available in lengths of three to twelve
eet.

A-12.10 Purposes.

The following is a list of typical hazards which have been protected by
fixed water spray systems. This list is intended as a guide to illustrate the
type of hazard protected by water spray, but is not intended to include all
hazards which may be successfully so protected.

Extinguish- Control of Fire Exposure Fire
Type of Hazard ment of Fire Fire Protection Prevention

Coarse Fine Coarse Fine Coarse Fine Coarse Fine
Spray Spray Spray Spray Spray Spray Spray Spray

AIRPLANE MANUFACTURE
Engine test cells X x
Jet propulsion test cells X X
CHEMICAL MANUFACTURE
Still columns (including
supports) x - x x
Condensers, heat ex-
changers, etc. % x x x
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Extinguish- Control of Fire Exposure Fire
Type of Hazard ment of Fire Fire Protection Prevention

Coarse Fine Coarse Fine Coarse Fine Coarse Fine

Spray Spray Spray Spray Spray Spray Spray Spray

CrEMIicAL MANUFACTURE (cont.)
Kettles, autoclaves, re-

actors and digestors X X X <
Oil heating equipment,

including Dowtherm and

Merrill Oil and areas  x X X X X
Storage Tanks X x x X
Equipment structures

and supports X X X X
Valve manifolds X x x X
Pumps x x X x
Grouped piping, pipe racks

and loading racks x x > X
Elevated tanks, cooling

towers and supports x X X X
Filter presses X X X X X
Centrifuges X x X x X
Nitrocellulose Products  x X X x

EvectricaL EguipMENT (See paragraphs 31.31 and 31.32)

Transformers x x x x x x X x
Oil-filled switches, etc. x X x x X x
Motors X N x X
Generators x X X x
Lubricating oil lines X X N N X x X
PowpeErR M ANUFACTURE
Rolls X x x X X X
Machining Equipment x x x x x x
Shell Loading N x x X x x
Presses X X X x x X
Drying X X - X X X x
Extrusion x X x x X x
General Handling X x N x X X
REFINERIES
Fractionating towers N X x x
Loading platforms and

racks x x x X
Pipe Lines X x x x
Pump Houses N X X X
Manifold Pits X X X X
Separator Tanks X x X . x
Storage Tanks x x x X
SHIPBOARD
Engine Room, fire

room and bilges N X N X X X X X
Ammunition magazines X X X X
Powder hoists and gun

turrets X X X X
MI1SCELLANEQUS
Dry Sulfur Storage X X X X x x

Driers and QOvens X x
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Extinguish- Control of Fire Exposure Fire
Type of Hazard ment of Fire Fire Protection Prevention
Coarse Fine Coarse Fine Coarse Fine Coarse Fine
Spray Spray Spray Spray Spray Spray Spray Spray

MiscELLANEOUS (cont.)

Paper laminating process x x
Soap Powder, drying

equipment x
Aluminum rolling mills  x x
Air conditioning filters x x
Soya bean extraction

plants X b
Small container storage

areas x x x x
Spreaders, callandars, and

coating machines, includ-

ing pre-dip and post-dip x x
Churn and mixing rooms x X
Cloth dust collectors x x
Tanks-quench, dip

and degreasing X x
Oil Cellars x x
Cooking kettles and

tanks as linseed,

soya and varnish X x

A-12.11 Extinguishment.

ExTiNcuisHMENT BY SurractE CooLiNe—If the surface of the material
is cooled below the temperature at which it will give off sufficient vapor to
support combustion, the fire will be extinguished. Liquids with flash point
below the temperature of the water spray particles are not affected by these
particles and vapors continue in sufficient quantities to support combustion.
Thus, such materials cannot be extinguished by surface cooling alone. The
efficiency of the cooling effect depends on complete coverage, by water spray,
of the entire surface. .

EXTINGUISHMENT BY' SMOTHERING FROM STEAM Propucep—When water
expands into steam its volume is increased approximately 1,700 times. If
sufficient steam is generated by the heat of the fire, oxygen is displaced or
excluded and the fire is extinguished by this smothering action. The amount
of steam created depends on the intensity of the fire and the extent of the
smothering effect is determined by this factor. In cases where oxygen is
liberated in the material itself when heated, smothering is not an extin-
guishing factor.

EXTINGUISHMENT BY EMULSIFICATION—When two immiscible liquids,
such as oil and water, are agitated together, one liquid may be dispersed
within the other in the form of minute droplets, thus forming an emulsion.
This occurs in many instances when water spray strikes the surface of burn-
ing oils or similar flammable materials with which water will not mix. Such
emulsions, in general, will not burn. Therefore, the effect is to make the
surface of the material temporarily 1ncombust1b]e In some light oils and
liguids it is believed the emulsification is extremely temporary, being present
only during actual application of water spray. With more viscous materials
it may persist for some time and thus safeguard against the danger of
flashback.
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ExTiNGUISHMENT BY DiLurtioN—Flammable materials which are soluble
in water may, in some instances, be extinguished by dilution. The percentage
of dilution necessary to effect extmgmshment varies greatly and the volume
of water spray and the time necessary for extinguishment will vary
accordingly.

ExTiNcUiIsHMENT BY OTHER Facrors—Fire in certain flammable mate-
rials which are heavier than water, such as asphalt, tar, carbon disulfide and
some nitrocellulose solutions, can be extinguished by the formation of a con-
tinuous film created by the application of water spray to the surface of the
mixture.

Certain materials are said to burn when they chemically decompose.
Such decomposition may be accompanied by the evolution of smoke and the
presence of flame. Some of these cases require no oxygen for the decompo-
sition to continue and, in certain cases, it may continue under water. It is
possible that water spray can be used on some of these materials and produce
extingunishment as a result of rapid cooling below the temperature at which
the chemical decomposition can be self-sustaining.

A-12.30—A careful study should be made of the physical and chemical
properties of the materials for which water spray protection is being con-
sidered to determine the advisability of its use.

The flashpoint, specific gravity, viscosity, miscibility and solubility of the
material, temperature of the water spray and the normal temperature of the
hazard to be protected are all factors which must be given consideration.

In general, gaseous and liquid flammable materials with flashpoints below
the general range of 100° to 125° F. are difficult to extinguish with water
spray and, under many conditions, extinguishment may be undesirable as the
existence or continued evolution of unburned gases or vapors may result in
the development of extremely dangerous fire and explosion hazards.

The following are a few typical limitations which may be used as a guide
in considering water spray installations:

Where water supply is inadequate and/or unreliable.

Materials reacting violently with water or producing hazardous materials
when reacted with water.

Liquids in open containers without adequate overflow and drainage
facilities.

Open contamers of ﬂammab]e liquids at elevated operating temperatures
above 250°

Where a boil-over hazard is serious, such as in materials at high tem-
perature and those with wide distillation range.

Where direct application of water spray may cause serious damage
or failure of equipment operating at high surface temperatures (usually
over 500° F.).

A-21.20—Fixed water spray systems are generally required to control
fires adequately in process and storage equipment areas containing flammable
liquids, solids or gases under the following conditions: (1) the fire hazard
and/or value of the materials justifies such an installation; (2) the area
is congested; (3) hose streams cannot be brought into play promptly or
the area may not be approached safely at the distance required for hose
stream protection.

Liquid contents of large tanks cannot be vaporized within minutes as
can the contents of smaller tanks. Thus, tanks above 15 feet in diameter
containing ordinary (stable) flammable llquldS, if adequately vented, accessi-
ble to hose streams and otherwise suitably protected may not require fixed
water spray installations although vessels below 15 feet in diameter, con-
taining the same flammable material may require such protection.
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Figure 1.

The contents of uninsulated vessels under average plant conditions,
when enveloped by flame will absorb heat at a rate of at least 20,000
B.t.u. per hour per square foot of surface, wetted by the contents. Un-
wetted, uninsulated steel equipment absorbs heat rapidly and failure occurs
from over-pressure and/or overheating, when such equipment is exposed
to fire. Figure 1 shows a time-temperature curve showing the length of
time required for vessels of different sizes containing volatile materials to
have their contents heated to "100° F. from a starting temperature of
70° F. for tank contents and 60° F. for the tank steel (See Fig. 7, A-22.20
C (a)) for heat absorption rates when water spray is used.

Figures 2 and 3, indicating several aspects of the types and extent of
hazards protected by fixed water spray systems, are shown on pages 156
and 157.

A-21.40—Drainage—In general, there are four methods of drainage
(1) grading, (2) diking, (3) trench, and (4) underground or enclosed
drains, the application of which must be determined by the extent of the
hazard and the degree of protection desired.

GrapING—AIl areas which contain flammable liquids or into which is
likely to be discharged large quantities of water, should be properly graded
for drainage. For this purpose, concrete surfacing is most desirable. How-
ever, other hard surfacing or crushed rock is acceptable.

Dixinc—Areas containing large volumes of flammables such as storage
areas should be properly diked in accordance with the Standards: of the
N.F.P.A. Figure 4 is based on N.F.P.A. requirements and will serve to
illustrate the necessary features of adequate diking.

TreNcH—General specifications for drainage trench and recovery
systems installation, which is a desirable drainage arrangement for storage
and equipment areas, are listed on page 24.
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Fl1G. 2
TYPICAL ARRANGEMENT OF OPEN HEAD SPRAY SYSTEMS FOR OUTSIDE EQUIPMENT

A. Purrose oF DraiNAGE TRENCH

(a) To remove from the area and promptly and effectively dispose
of all accidentally spilled liquids and water discharged from fixed spray
systems and/or hose streams.

(b) To provide, by means of partial closure of trench top, a basin
within which ignited flammable liquids may be safely consumed by controlled
burning without seriously exposing adjacent equipment.

(c) To act as a container for retention of acc1dental]y spilled, unig-
nited high value liquids for salvage purposes.
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F1G. 3
TYPICAL SPRAY SYSTEM FOR STRUCTURE SHOWING LOCATION OF NOZZLES

B. CoNsTRUCTION OF DRrRAINAGE TRENCH

(a) Drainage trench should be constructed of reinforced concrete,
except that “Haydite,” “Waylite” or equal, aggregate should be used in
pre-cast trench cover.

(b) The minimum size of any drainage trench should be 3 ft. wide and
1 ft. 6 in. deep. In no case should the depth exceed the width.

(¢) Whether the closed portion of the trench top is precast or
constructed of grating and steel plate, the open section should be equal
to one-third the width of the trench, located centrally. Distance from either
edge of the open area of the top to either inside wall should not be less
than 12 inches. Open section should be covered with 114 in. steel walkway
grating.

(d) Sumps should be poured monolithically with trench. Water-
tight bonds should be provided for joining concrete tank pad to trench.

e) Where piling is required in the construction of concrete pad,
it should also be used for support of trench and sump.

(f) Slope of trench floor to sump should be a minimum of one per
cent. '
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A21.20.

Typical installation to protect storage tanks.
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equipment.
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FIG. 4
STANDARD DIKES FOR FIELD STORAGE TANKS

C. Drainace Trencu Carpacity REQUIREMENTS
(a) Flowing: (Surface area served by the trench).
1. 750 g.p.m. per 2,400 sq. ft—drainage from fire hose discharge, plus

2. 1,500 g.p.m. per 2,400 sq. ft. (maximum)—drainage where fixed
water spray systems are installed, plus

3. Normal surface drainage.
(b) Holding: (Total trench volume).

1. Should be equal to the total capacity of largest vessel in the area,
served by the trench, plus 10 per cent.
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2. Holding capacity may be disregarded for water insoluble liquids
where individual drains are provided to an interceptor where such insolubles
may be separated and retained.

3. Where individual drains, separators, or interceptors are not used,
shutoff valves should be provided for each trench system to prevent acci-
dentally spilled materials from polluting public waterways.

D. Tanx Paps ano Curss

~ (a) Tank pads, if used, should be constructed of concrete and sloped
toward trench with at least a two per cent grade.

(b) Concrete curbs should be provided around the perimeter of the
tank pad or process area and between groups served by a common trench,
to confine accidental liquid spillages to their respective areas.

(c) Curbs should be formed .in a concave manner to throw back
sudden wash of flammable liquid from a large spill.

E. SeparaTors AND INTERCEPTORS—Separators and interceptors should
be designed to remove from drainage systems water insoluble liquids which
may be either reclaimed or destroyed. In any event, these materials which
are usually flammable and/or toxic are thus prevented from entering public
waterways. Separators should be installed in locations sufficiently remote
from processing and storage areas to be beyond the range of fire exposure.

F. Un~perGrROUND OR ENcLoSED Drains—The capacity of the system
should be equivalent to required flowing capacities of the drainage trenches
connected to it, plus any additional drains on the system, plus drainage for
any anticipated future developments which may be required. All points
of connection should be sealed (see detail of sump, Figure 4), to prevent
propagation of flame through the drainage system. A skimming device is
useful for removing objectionable materials from the water surface in the
sump.

G. GexeraL (See Figs. 5 and §).

(a) Drainage trenches should be installed to serve to divide two
rows of tanks or equipment, one row on each side, so that run-off from any
vessel will enter directly into trench without exposing adjacent vessels.

(b) Where holding capacity is not a factor, small quantities of water
may be directed into trench continuously to keep it clean and to assure a
positive seal in the sump at all times.

(c) The installation of piping in drainage trenches should be avoided.
Where it is necessary for pipe to enter or leave a drainage trench, passage
should be through the grating; if through walls, the openings should be
vapor-tight.

(d) The drainage system and grating shall be kept clean and free
of debris.

A-22.20—The rate of discharge required to extinguish or control a
fire will vary with the degree of hazard involved. The rate of discharge
per unit of area to be protected will depend on whether the spray’ system
is to be used for (a) extinguishment, (b) control, (c) exposure protection
or (d) prevention, and shall be consistent with the requirements of the
inspection department having jurisdiction.

A. EXTINGUISHMENT—For extinguishment of flammable liquid fires,
as represented by kerosene or diesel oil, the minimum unit rate of water
a%)plication should not be less than that forming the basis for the approval
of the particular nozzle involved. Unit rates may vary from 0.20 to 0.75
g.p.m. per sq. ft. Deviations above or below these limits may be expected
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DRAINAGECOSYSTEM DETAILS FOR TANK AREAS

NTAINING FLAMMABLE LIQUIDS
with other materials and conditions. The minimum rate necessary to accom-
plish the desired results should be used. The discharge pressure available
should be not less than the minimum on which approval is based.

Types of nozzles and their proper placement must be such as to afford
complete and uniform coverage with as little surface agitation as possil?le,
and with as little induced draught effect as possible. Unnecessarily high
pressures should be avoided.

For extinguishment of less flammable liquid fires as represented by the
heavier oils, the unit rate of water application can be lowered. Coverage
should be complete but need not be so uniform and less care is necessary
to avoid undue surface disturbance.

Minimum pressures should be in accordance with individual nozzle
approvals, but excessive pressures are not so harmful.

B. ControL—For control of fires in very volatile liquids, the gases
from most of which are heavier than air where extinguishment is impossible
with water (benzol, for example), or where it is preferable to let the gases
burn rather than escape (butadiene, for example), present indications are
that satisfactory performance should be obtained with a rate of 0.25 to 0.50
g.p.m. per sq. ft. with emphasis on prevention of undue agitation of the
burning liquid surface and on prevention of undue air entrainment but with
less emphasis on uniformity of coverage.

C. Exposure ProtectioN—For exposure protection a minitnum average
rate of discharge of 0.20 to 0.25 g.p.m. per sq. ft. should be satisfactory.
the lower the rate of discharge the greater the necessity for complete
coverage and competent engineering. It is desirable that nozzles be as close
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as possible to the surface to be protected, possibly a maximum of two
feet, to minimize the loss of water from draughts and the pre-heating of
the water. On high vertical walls a considerable allowance for “run-down”
may be made in laying out protection for the lower portions of these walls.
For vertical tanks raised off the ground on supports complete direct coverage
should be figured for the lower end of the tank. All supporting structures
for tanks should be completely protected.

a. Tanks—It has been established that vessels enveloped with flame
may be expected to absorb heat at a rate of at least 20,000 B.tu. per hr.
per sq. ft. of exposed surface wetted by tank contents. See “Requirements
for Relief of Overpressure in Vessels Exposed to Fire,” J. J. Duggan, C. H.
Gilmour, P. F. Fisher; Transactions of the AS.M.E., January, 1944,
pages 1-53; “Venting of Tanks Exposed to Fire,” N.F.P.A. Quarterly,
October, 1943 ; and Rubber Reserve Company Memorandum 89, “Heat Input
to Vessels.” Obviously, the application of water spray to a vessel enveloped
by fire will reduce the heat input rate. This reduction is to a value on the
order of 6,000 B.t.u. per hr. per sq. ft. of exposed surface wetted by the
contents when the unit rate of water application is 0.2 gal. per min. per
sq. ft. of exposed surface. The 6,000 B.t.u. rate was also established in
Rubber Reserve Company Memorandum 123, “Protection of Vessels Ex-
posed to Fire.” Figure 7 shows the estimated time for volatile liquid
contents of atmospheric storage tanks to reach the boiling point when
absorbing heat at 6,000 B.t.u. per hr. per sq. foot. This may be compared
with the figure shown in Figure 1, A-21.20 to show the benefits derived from
water spray systems.

b. Structural Steel—Generally, structural steel should be protected
by nozzle arrangements similar to those used for standard sprinkler pro-
tection, giving special consideration to vertical members (which can be
protected by a 4 in. or 34 in. orifice, window type sprinkler, discharging
into the web of the structural column) and other irregular structural mem-
bers. Allowance should be made for “run-down” irom one level to another
in the case of multiple level, open (grating floor) structures. Total water
discharge rates should be comparable to those from deluge type sprinkler
systems for a given area covered.

c. Grouped Piping, Valve Manifolds, Pumps, Etc—All grouped piping,
valve manifolds, pumps, etc., in hazardous areas should be fully covered
by water spray protection to prevent failure or damage to same from a
fire. Usually 14 in. orifice nozzles adequately spaced and discharging at
ordinary pressures will suffice for this type of protection.

d. Prevention—For fire prevention use no generalization can be made
for the necessary unit rate of water application. For air washing the rate
will be low with emphasis on fineness of water drops and a wide distribu-
tion pattern; for wall opening protection the rate will also be low but with
emphasis on a high velocity, narrow pattern, large drop discharge, which
will completely box in the opening and set up a draught through the opening
counter to the natural draught expected.

A-22.30—The quantity of water reserved solely for the operation of
fixed spray systems may be calculated with reasonable accuracy by deter-
mining the sum of the discharge rates in g.p.m. for all nozzles on the
system as determined in Paragraph 22.10 and multiplying this figure by
the number of minutes considered to be sufficient for the duration of dis-
charge. Ample factor of safety shall be added to the total thus obtained.
When only a limited water source is available it is considered good practice
to provide sufficient water for a second operation of the system so that
the protection can be re-established without waiting for the supply to be
replenished.
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