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Low-, Medium-, and High-Expansion Foam 

2010 Edition 

This edition ofNFPA 11, Standm·d for Lour, Medium-, and High-Expansion Foam, was prepared 
by the Technical Commiuee on Foam. It was issued by the Standards Council on October 27, 
2009, with an effective daLe of December 5, 2009, and srupcrsedes al l previous editions. 

This edition of NFPA 11 was approved as an American Nalional Standard on December 5, 
2009. 

Origin and Development of NFPA 11 
NFPA committee acthity in this field dates from I 921. when the Committee on Manufac­

turing Risks and Special Hazards prepared standard on foam as a section of the general 
Sumdard on Prot«tton of Fm Hazards. lncidrnt to tht USI' of \'olnliks m Manufactunng Procmes. 
SubsequentJ) the standards were successh·el) under the jurisdiction of the Committee on 
Manufacturing Ha1ards and the Committee on Special Extinguishing System . prior to the 
present commiuee organization. The present text supersedes the prior edilions adopted in 
1922, 1926. 1931 , 1936, 1942, 1950, 1954, 1959, 1960, 1963, 1969, 1970, 1972, 1973. 1974, 
1975, 1976, and 1978. It also supersedes the 1977 edition ofNFPA II B. 

The 1983 edition was completely rewritten to include all the material former!) contained 
in NFPA 11 B, Standardo11 SyntMlic and Combi1udAgm1 SJfltms. The standard was re,ised in 1988 
and again in 199-1 to more clearly state the requirements and to separate mandatOI") require­
ments from ad\.iSOf) text. 

The standard was re,ised for the 1998 edition to include requirements for foam systems 
for marine applications and to prO\ide guidance relating to the environmental impact of 
foam:.)~tcm db<.harges. 

The 2002 edition was revised to address mixing of foam concentrates and to clarify re­
quirements related to foam concentrate pumps. Rec.1uirements for medium- and high­
expansion foam systems were included. 

The 2005 edition was reorganized to provide the r-equirements for low-, medium-, and 
high-expansion foam, to better incorpo•·ate Lhe requirements of NFPA 11A. 

The 20 I 0 edition adds a new chapter to address com pressed air foam systems. Unenforce­
able terms were 1 emoved to comply with the Manual of SI)•U! for NFPA Ttclmiral Committu 
DQ(tl ltltTliS. 

NFPA und N.ttional Fire Protccuon ·~•<o<i.ttol:ln arc rcgmrrcd Jradcrnarksoftht' National Fire: Pr,>trcucm Associ;uion. Qum(}. \1-~S<.tthu;.cu.s 02169. 
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IMPORTANT NOTE: 71ris NFPA document is made available for 
use subject to important notices and legal disclaimers. These notices 
and disclaimers appear in all publications containing this document 
and may be found under the heading "Important Notices and Dis­
claimers Concemi11g NFPA Documents." 17rey can also be obtained 
on request from NFPA or viewed at www.11jJJa.org/disclaimers. 

NOTICE: An asterisk ("') following the number or letter 
designating a paragraph indicates that explanatory material 
on the paragraph can be found in AnnexA. 

Changes other than editolial are indicated by a vertical 
mJe beside the paragrapb, table, or figure in which the 
change occutTed. These rules are included as an aid to the 
user in identifying changes from lhe previous edition. Where 
one or more complete paragraphs have been deleted, the de­
letion is indicated by a bullet (• ) between the paragraphs that 
remain. 

A reference in brackets [ ] following a section or paragraph 
indicates material that has been extracted from another NFPA 
document. As an aid to the user, the complete title and edition 
of the source documents for extracts in mandatory sections of 
the document at·e given in Chapter 2 and those for extracts in 
informational sections are given in Annex I. Extracted text 
may be edited for consistency and style and may include the 
revision of iJ1temal paragraph references and other refer­
ences as appropriate. Requests for interpretations or revisions 
of extracted texc shall be sent ro the technical committee re­
sponsible for the source document. 

Information on referenced publications can be found in 
Chapter 2 and Annex I. 

Chapter 1 Adminisu·ation 

1.1"' Scope. 

1.1.1 This standard covers the design, installation, operation, 
testing, and maintenance oflow-, medium-, and high-expansion 
and compressed air foam systems for fire protection. 

1.1.2 It is not the intent of this standard to specifY where 
foam protection is required. 

1.2 Purpose. 

1.2.1 This standard is imended for the use and guidance of 
lhose responsible for designing, installing, testing, inspecting, 
appmving, listing, operating, or maintaining fixed, semifixed, 
or portable low-, medium-, and high-expansion and com­
pressed air foan1 fire-extinguishing systems for intedor or ex­
terior hazards. 

1.2.2 Nothing in this standard is intended to restrict new 
technologies or alternative an·angements, provided the level 
of safety presct·ibed by the standard is not lowered. 

1.2.3 Low-, medium-, and high- expansion foam systems are 
intended to provide property protection and not life safety. 

1.3 Application. This standard is not applicable to the follow­
ing types of systems: 

(1) Cl1emical foams and systems (considered obsolete) 
(2) Deluge foam-water sprinkler or spray systems (See NFPA 1 6.) 
(3) Foam-water closed-head sprinkler systems (See NFPA 16.) 
( 4) Combined agent systems 
(5) Mobile foam apparatus (See NFPA 1901.) 
(6) Class A foan1 and systems (See NFPA 1150.) 

1.4 Retroactivity. The provisions of this standard reflect a con­
sensus of what is necessary ro provide an acceptable degree of 
protection from the hazards addressed in this standard at tbe 
time tlhe standard was issued. 

1.4.1 Unless otherwise specified, the provisions of this stan­
dard shaJJ not apply to fuciliues, equipment, stn.1ctures, or in­
staUations that existed or were approved for construction or 
installation prior to lhe effective date of the standard. Where 
specifi.ed, the provisions of this standard shall be reo·oactive. 

1.4.2 In those cases where the authority having jurisdiction 
determines that the existing situation presents an unaccept­
able degree of risk, the authority having jurisdiction shall be 
permitted to apply retroactively any portions of d1is standard 
deemed appropriate. 

1.4.3 TI1e reu·oactive requirements of this standard shall be 
permitted to be modified if their application clearly would be 
impractical in me judgment of dle authority having jurisdic­
tion, and on ly where it is clearly evident that a reasonable 
degree of safety is provided. 

1.5 Equivalency. Nothing in this standard is intended to pre­
vent the use or systems, methods, or devices of equivalen t or 
superior quality, su·ength. fire resistance, effecliveness, dura­
bility, and safety over those prescribed by this standard. 

1.5.1 Technical documentation shall be submiued to the au­
thority having jurisdiction to demonstrate equivalency. 

1.5.2 The system, method, or device shall be approved for the 
intended purpose by the authority havingjurisdiction. 

1.6 Units and Fotmulas. Metric units of measurement in Litis 
standard are in accordance with the modernized metric sys­
tem k.nown as rJ1e Imernational System of Units (Sl ). The liter 
unit, which is not pan of but is recognized by Sl, is commonly 
used in intemational fire protection. Conversion factors for 
this unit are found in Table 1.6. 

Table 1.6 Metric Units of Measure 

Name of Unit Unit Symbol Conversion Factor 

liter L 1 gal= 3.785 L 
liter per minute per L/ min·m2 1 gpm/ ft2 = 

square meter 40.746 L/ min·m2 

cubic decimeter dm3 1 gal= 3.785 dm3 

pascal Pa 1 psi= 6894.757 Pa 
bar bar 1 psi= 0.0689 bar 
bar bar 1 bar=l05 Pa 
kilopa.~cal kPa 1 psi = 6.895 kPa 

Note: For additional conversion.s and information. see IEEE/ 
ASTM 5110. 
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Chapter 2 Referenced Publica tions 

2.1 General. The documents or portions thereof listed in Lllis 
chapte1· are referenced within this standard and shaH be con­
sidered pan of the requirements of lhis document. 

2.2 NFPA Publications. National Fire Protection Association, 
1 Batterymarch Park, Quincy, MA02169-747l. 

NFPA 13, Standa1·d f01' the Installation ofSjninklerS)•stems, 2010 
edition. 

NFPA 15, Stand{-l!rtl for Water Spmy Fixed Systems for Fire Protec­
tion, 2007 edition. 

NFPA 16, Standard for the Installation of Foam-Water Sprinkler 
andFoam-WaterSpray Systems, 2007 edition. 

NFPA 20, Standard f01' the lnstaUation of Stat·ionmy Pumps for 
Fin:Protection, 2010 edition. 

NFPA 24, Standard for the Installation of Private Fire Service 
Mains and TheirAfJfrtl!'tenances, 2010 ediLion. 

NFPA 30, Flammable and Ccmbustible Liquids Code, 2008 edi­
tion. 

NFPA 7r?>, NationalElect1·ical Code®, 2008 ecli tion. 
NFPA 7zP, Ncttional Fire Alarm and Signaling Code, 2010 edi­

tion. 
NFPA 1150, Stcmdm·d on Foam Chemicals for Fires in Class A 

Fuels, 2010 edition. 
NFPA 1901, StandardforAutomotiveFin:Appaml'us, 2009 edi­

tion. 
NFPA 1961, Standard on Fire Hose, 2007 edition. 

2.3 Other Publications. 

2.3.1 ANSI Publications. American National Standards Insti­
tute, Inc., 11 West43rd St., 4th Floor, New York, NY 10036. 

ANSI Bl.20.1, Pipe Threads, 1992. 

ANSI B 16.1 , Cast hrm PijJe Flanges and Flanged Fittings, 1989. 

ANSI Bl6.3, Malleable h·on TMeadedFitlings, 1992. 

ANSI Bl6.4, Oraylmn Tlu-eacleltFiltings, 1992. 

ANSI B16.5, PifJe Flanges andFlangecl Fittings, 1996. 

ANSI B16.9, Factmy-Made Wrought Steel B·uttwelding Fittings, 
2001. 

ANSI B16.ll, ForgrdFittings, Socket-Welding and Throoded, 2001. 

Al'\lSI B16.25, Buttwelding Ends, 1992. 

2.3.2 API Publkations. Americ,;m Pen·oleum Institute, 1220 L 
Street, N.W., W.ashington, DC 20005-4070. 

API 607, Testing oJValves- Fire 1)tJe-Testing Requin~ments, 2007. 

API 650, Welded Steel Tanks for Oil Storage, 1998. 

2.3.3 ASME Publications. American Society of Mechanical 
Engineers, Th•·ee Park Avenue, New York, NY 10016-5990. 

Boiler and Pressttre Code, 2007. 

2.3.4 ASTM Publications. ASTM International, 100 Ban 
Harbor Drive, P.O. Box C700, West Conshohocken, PA 19428-
2959. 

ASTM A 53, Standard Sj>ecification for Pipe, Steel, Black and 
Hot-DipjJed, Zinr-CcCLted, Welded mul Soomless, 2001. 

ASTMA 105, Standard Specification for Cmvon Steel Forgings for 
PifJing Applications, 2001. 
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ASTM A 106, Standard Specification for Seamless Carbon Steel 
Pipe for High-TemperatuTe Se1vice, 1999. 

ASTM A 135, Standard Sf>ecijicat.ion for Electric RR.sista.nce­
Welded Pipe, 2001. 

ASTM A 182, Standard Sjle~·ification f01· Fo1gl'd or RoUed Alley­
Steel Pipe Flanges, Forged Fittings, and Valves mul Parts f01· High­
Temf>erature Se1vice, 200 L. 

ASTM A 216, Standard Specification for Steel Castings, Ca1·bon, 
Suitahle for Fusion Welding for High-'l'entperature Service, 1998. 

ASTM A 234, Standa1-cl Specification for PifJing Fittings of 
W1l1ught Ca.1·bon Steel andAUoy Steel.for Moderate and Elevated Teln­
peratm·es, 200 l. 

ASTM A 312, StandaTd Specification for Seamless and Welded 
Attstenitic Stainless Steel Pipes, 200 l. 

ASTM A 395, Standard Specification .fot Ferritic Ductile lmn 
Pressure-Retaining Castings for Use at Elevated Temperatures, 1999. 

ASTM A 795, StandaTd Specification f"QT Blach and Hot-Dif>ped, 
Zinc-Cealed, (Gfllvaniud) Welded and Seamless Steel Pipe for Fire 
Protection Use, 2000. 

IEEE/ASTM ST 10, American Nati01wl Sttmdm·dfo,· Use of the 
International System of Units (SJ): T!te Modern Metric System, 2002. 

2.3.5 AWS Publication. American Welding Society, 550 N.W. 
Lej eune Road, Miami, FL 33126. 

AWS Dl0.9, Standard for the Qualification of Welding Pmce­
dttres and Welclers for Piping and Tubing, 1980. 

2.3.6 IEEE Publication. lrtstitute of Eleclrical and Electron­
ics Engineers, Three Park Avenue, 17lh Floor, New York, NY 
10016-5997. 

IEEE 45, Recommendecl Practice for Electric Installations, 1983. 

2.3.7 IMO Publkatioo. International Maritime Organiza­
tion, 4AlbertEmbankment, London SEl 7SR. 

Safety of Life at Sea, SO lAS Regulations ll-2/4.3 and 4.3.5. 

2.3.8 UL Publication. Underwl;ters Laboratories Inc., 333 
Pfingsten Road, Northbrook, IL 60062-2096. 

UL 162, Standm·d .for Sa:fcty Foam Equifmumt and Liquid Con­
CIIIttmtes, 1994 with revisions through September 8, 1999. 

2.3.9 Other Publications. 

Mmriam-Webster~ Collegiate Dictionary, 11th edition, Merriam­
Webster, Inc., Sptingfield, MA, 2003. 

2.4 References for fu'1racts in Mandatory Sections. 

NFPA 10, Standatdf01·Porl.able Fb-e Extinguishers, 2010 edition. 
f\.TFPA 30, Flammable and Combttstible Liquids Code, 2008 edi· 

tion. 

Chapter 3 Definitions 

3.1 General. The definitions contained in lhis chapter shaH 
apply to the terms used in this standard. Where terms are not 
defined Ln this chapter or within another chapter, they shall 
be dle.fined using their ordinarily accepted meanings within 
the comext in which they are used. Merriam-Webster~ Collegiate 
Dictionar;\ 11th edition, shall be t.he source for the ordinal'ily 
accepted meaning. 
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3.2 NFPA Official Definitions. 

3.2.1 *Approved. Acceptable to the authority having jurisdic­
tion. 

3.2.2* Authority Having Jurisdiction (AHJ). An organization, 
office, or i~ndividual responsible for enforcing the require­
ments of a code or standard, or for approving equipment, 
materials, an installation, or a procedure. 

3.2.3 Labeled. Equipment or materials to which bas been 
attached a label, symbol, or other identifying mark of an orga­
nization that is acceptable to the authority having jurisdiction 
and concerned ~with product evaluation, that maintains peri­
odic inspection of production of labeled equipment or mate­
rials, and by whose labeling the manufacturer indicates com­
pliance with appropriate standards or performance in a 
specified manner. 

3.2.4* Listed. Equipment, materials, or services included in a 
Jist published by an organization that is acceptable to the au­
thority having jurisdiction and concerned with evaluation of 
products or services, that maintains periodic inspection of 
production oflisted equipment or materials or periodic evalu­
ation of se1vices, and whose listing states that either the equip­
ment, material, or service meets appropriate designated stan­
dards or has been tested and found suitable for a specified 
purpose. 

3.2.5 Shall. Indicates a mandatory requirement. 

3.2.6 Should. Indicates a recommendation or that which is 
advised but not required. 

3.2.'7 Standard. A document, the main textofwhich contains 
only mandatol)' provisions using the word "shalf' to indicate 
requirements and which is in a form generally suitable for 
mandatory reference by another standard or code or for adop­
tion into law. Nonmandatory provisions shall be located in an 
appendix or annex, footnote, or fine-prim note and are not to 
be considered a part of the requirements of a standard. 

3.3 General Definitions. 

3.3.1 Combustible Liquid. A liquid that has a closed-cup flash 
poim at or above 37.8•C (lOO•F). [30, 2008] 

3.3.1.1 Combustible Liquid ClassificatioiL 

3.3.1.1.1 Class II. A liquid that has a closed-cup flash 
point at or above 37.8•c (100°F) and below 6o•c 
(140. F). [30 , 2008] 

3.3.1.1.2 Class lilA. A liquid that has a closed-cup flash 
point at or above 6o•c (140.F). but below 93•c (200. F). 
[30, 2008] 

3.3.1.1.3 Class IIIB. A liquid that has a closed-cup flash 
point at or above 93•c (200.F). [30, 2008) 

3.3.2* Concentration. The percent of foam concentrate con­
tained in a foam solution. 

3.3.3 Coupled 'Wlter-Motor Pump. A correctly designed posi­
tive displacement pump in the water supply line coupled to a 
second, smaller, positive displacement foam concenu·ate 
pump lO provide proportioning. 

3.3.4 Discharge Device. A device designed to discharge water 
or foam-water solution in a predetermined, fLxed, or adjust­
able pattern. Examples include, but are not limited to, sprin­
klers, spray nozzles, and hose nozzles. 

3.3.4.1 Ait-Aspirating Discharge Devices. Devices specially 
designed to aspirate and mix air into the foam solution lO 

generate foam, followed by foam discharge in a specific 
design pattern. 

3.3.4.2 Compressed Air Foam Discharge Device. A device 
specifically designed to discharge com pressed air foam in a 
predetermined pattern. 

3.3.4.3* Non-Air-Aspirati11g Discharge Devices. Devices de­
signed to provide a specific water discharge pattern. 

3.3.5 Discharge Outlet. 

3.3.5.1 Fi:xed Foam Discharge Outlet. A device permanen r.ly 
auached to a tank, dike, or other containment structure, 
designed to inu·oduce foam. 

3.3.5.2* Type I Discharge Outlet. An approved discharge 
outlet that conducts and delivers foam gently onto the liq­
uid slll·face without submergence of d1e foam or agitation 
of the surface. 

3.3.5.3 Type II Discharge Outlet. An approved discharge 
ou tlet that does not deliver foam gently onto the liquid 
surface but is designed to lessen submergence of the foam 
and agitation of the surface. 

3.3.6* Eductor (Inductor). A device that uses the Venturi prin­
ciple Ito introduce a proportionate quantity of foam concen­
u-ate into a \'later stream; the pressure at tl1e tl1roat is below 
atmospheric pressure and will draw in liquid from atmo­
spheric storage. 

3.3.6.1 * In-L·i11e Educror. A Venturi-type proportioning de­
vice that meters foam concentrate at a fixed or v-ariable 
concenu-ation into the water su·eam at a point between the 
water source and a nozzle or other d ischarge device. 

3.3.7 E.xpansion. The ratio of final foam volume to original 
foam solution volume. 

3.3.8 Flre. 

3.3.8.1 Clll$sA. A fire in ordinary combustible matel'ials, 
such as wood, cloth, paper, rubber, and many plastics. 
[10, 2010] 

3.3.8.2 Clli$S B. A fire in flammable liquids, combustible 
liquids, petroleum greases. tars, oils, oil-based paints, sol­
vents, lacquers, alcohols, and flammable g-ases. 

3.3.8.3 Clli$S C. A fire that involves energized elecu·ical 
equipment where the electrical resistivity of the extinguish­
ing media is of importance. 

3.3.9 Flammable Liquid. A liquid that has a dosed-cup flash 
point that is below 37.8•c ( l OO.F) and a maximum ...apor pres­
sure o£2068.6 mm Hg (40 psia) at 37.s •c (lOO. F). [30, 2008] 

3.3.9.1 Flammable Liquid Clll$sification. 

3.3.9.1.1 Class I. A liquid that has a closed-cup flash poim 
below 37.s•c (I oo•F) and a vapor pressure not exceeding 
2068.6 mm Hg (40 psia) at 37.s•c (100°F). [30, 2008] 

3.3.9.1.2 Clll$s IA. A liquid that has a closed-cup flash 
poim below 22.s•c (73.F) and a boiling point below 
37.8· c ooo· F). [3o, 2oosJ 

3.3.9.1.3 Class lB. A liquid that has a closed-cup flash 
point below 22.8•c (73.F) and a boiling point at or above 
37.8•C (IOO. F) . [30, 2008] 
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3.3.9.1.4 Class IC. A liquid t.bat has a closed-cup flash 
point at or above 22.s•c (73. F) but below 37.s·c (100°F). 
[30, 2008] 

3.3.10* Foam. A stable aggregation of bubbles of lower den­
sity than oil onvater. 

3.3.10.1 C()mpressedAir Foam (CAF) . A homogenous foam 
produced by the combination of water, foam concentrate, 
and air or nitrogen under pressure. 

3.3.11 Foam Chamber. See 3.3.5.1, Fi.xed Foam Discharge 
Outlet. 

3.3.12* Foam Concentrate. A concentrated liquid foaming 
agent as received from the manufacturer. 

3.3.12 .1 * AlcohoirResistant Foam Concentrate. A concentrate 
used for figh ring fires on \vater-soluble mateiials and other 
fuels destructive to regular, AFFF, or FFFP foams, as well as 
for fires involving hydrocarbons. 

3.3.12.2* AqueousFilm-FonningFoam Concentrate (AFFF). A 
concentrate based on fluorinated surfactants plus foam sta­
bilizeJ-s to produce a fluid aqueous film for suppressing 
hydrocarbon fuel vapors and usually diluted with water to a 
1 percent, 3 percent, or 6 percent solution. 

3.3.12.3* Film-Forming Fluoroproteill Foam Com:e11tmte 
(FFFP). A protein-foam concentrate that uses fluorinated 
surfactants to produce a fluid aqueous film for suppressing 
hydrocarbon fuel vapors. 

3.3.12.4 Film-Fonni11g Foam. A concentrate that when 
mixed at its nominal use concentration will form an aque­
ous film on hydrocarbon fuels. The hydrocarbon fuel typi­
cally used as a minimum benchmark for ftlm fonnation is 
cyclohexane. 

3.3.12.5* Fluoroproteill Foam Conce11h·ate. A concentrate 
very similar to protein-foam concentrate but with a syn­
thetic fluorinated surfactant additive. 

3.3.12.6* Medium- ami High-Evpansiou Foam Coucentrate. A 
concentrate, usually derived from hydrocarbon surfac­
tants, used in specially designed equipment to produce 
foams having foam·lO·solution volume ratios of20:1 to ap­
proximately 1000:1. 

3.3.12.7* Protei11 Foam Co11centrate. Concentrate consist­
ing ptimari ly of products from a protein hydrolysate, plus 
stabilizing additives and inhibitors to protect against freez­
ing, to prevem corrosio11 of equipmem and containers, to 
resist bacterial decomposition, to control viscosity. and to 
otherwise ensure readiness for use under emergency con­
ditions. 

3.3.1 2.8 Sy, thetic Foam Co11centrate. Concentrate based on 
foaming agents other than hydrolyzed proteins and includ­
ing aqueous film-forming foam (AFFF) concentrates, 
medium- and high-expansion foam concentrates, and 
other synthetic foam concentrates. 

3.3.12.8.1 * Other Syntlretic Foam Concentrate. A concentrate 
based on hydrocarbon surface active agents and listed as a 
wetting agent, foaming agent, or both. 

3.3.13 Foam Concentrate Type. A classification of a foam con­
centrate that includes the chemical composition as defined 
under foam concenu-ate (see 3.3.12), including the use per· 
cemage, the minimum usable temperature, and the fuels on 
which the concentrate is effective. 
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3.3.14 Foam Generators. 

3.3.14.1 Foam Geuerators - Aspirator Type. Foam genera­
tOrs, fixed or portable, in which jet streams of foam solu­
tion aspirate sufficient amotmts of air that is then en­
trained on the screens to produce foam, and which usually 
produce foam with expansion ratios of not more than 
250:1. 

3.3.14.2* Foam Geuerators - Blower 'Pjpe. Foam genera­
tors, fixed or portable, in which the foam solution is dis­
charged as a spray onto screens through which an air­
stream developed by a fan or blower is passing. 

3.3.15 Foam Injection. 

3.3.15.1 Semisubsurface Foam l njectio11. Discharge of foam 
a[ d1e liquid surface within a storage tank from a floating hose 
that rises from a piped container near the rank bottom. 

3.3.15.2 Subsurface Foam lnjectiou. Discharge offoam into 
a storage tank from an outlet near the rank bottom. 

3.3.16* Foam Solution. A homogeneous mixtm-e of 'vater and 
foam concentrate in the correct proportions. 

3.3.16.1 Premixed Foam Solutio11. Solution produced by in­
troducing a measured amount of foam concentrate into a 
given amount of water in a storage tank. 

3.3.17 Foam System '!ypes. 

3.3.17.1 Compressed Air Foam System (CAFS). A system em­
ploying compressed air foam discharge devices or hoses 
auachcd to a piping system through which foam is trans­
ported from a mi.xing chamber. Discharge of CAFS begins 
with automatic acwation of a detection system, or manual 
actuation tl1at opens valves permitting compressed air 
foam generated in the mixing chamber, w flow through a 
piping system and discharged over the area served by the 
discharge devices or hoses. Hazards that compressed air 
foam systems are permitted to protect include flammable 
liquids as defined in 3.3.9 and combustible liquids as de­
fined in 3.3.1. Compressed air foam systems are not permit· 
ted to be used on the following fire hazards: (1) Chemicals, 
such as cellulose nitrate, that release sufficient oxygen or 
other oxidizing agents to sustain combustion; (2) Ener­
gized unenclosed elecuical equipment; (3) Water-reactive 
metals such as sodium, potassium, and NaK (sodium­
potassium alloys); (4) Hazardous water-reactive materials, 
such as triethyl-aluminum and phosphorous pentoxide; 
and (5) Liquefied flan1mable gas. 

3.3.17.2 Fixed System. A complete installation in which 
foam is piped from a central foam station, discharging 
through fixed delivery outlets to the hazard to be protected 
with permanently installed pumps where required. 

3.3.17.3* Mobile System. Any type of foam-producing unit 
that is mounted on wheels and that is self-propelled or 
towed by a vehicle and can be connected to a \vater supply 
or can utilize a premixed foam solution. 

3.3.17.4 Portable System. Foam-producing equipment, 
materials, hose, and so forth tl1at are transported by hand. 

3.3.17.5* Semifixed System. A system in which the hazard is 
equipped with £xed discltarge outlets connected to piping 
that terminates at a safe distance. 
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3.3.18* Foam-Generating Methods. Methods of generation of 
air foam including bose su·eam, foam nozzle, and medium­
and high-expansio11 genenttors, foam maker, pressure foam 
maker (high back pressure or forcing type), 01· foam monitor 
stream. 

3.3.18.1 Compressed Air Foam-Genemting Method. A method 
of generating compressed air foam recognized in this stan­
dard using a mixing chamber to combine ai1· or nitrogen 
under pressure, water, and foam concenlrate in the correct 
proportions. The resulting compressed air foam flows 
through piping or hoses to the hazard being protected. 

3.3.19* Handline. A hose and nozzle that can be held and 
directed by hand. 

3.3.20 Monitor. 

3.3.20.1 * Fixed M onitor (Cannon). A device that delivers a 
large foam stream and is mounted on a stationary suppon 
that either is elevated or is at grade. 

3.3.20.2 Portable Monitor (Cannon). A device that delivers 
a foam monitor stream and is mounted on a movable sup­
port or wheels so it can be transported to the fhe scene. 

3.3.21 Nozzle. 

3.3.21.1 * Foam Nozzle or Fixed Foam Maker. A specially de­
signed hoseline nozzle or fiXed foam maker designed to 
aspirate air that is connected to a supply of foam solution. 

3.3.21.2* SelfEductiug Nozzle. A device that incorporates a 
venturi to draw foam concenu·are through a short length of 
pipe and/ or flexible tubing connected to the foam supply. 

3.3.22* Pressure Foam Maker (High Back Pressure or Forcing 
'I}pe). A foam maker utilizing the Venturi p1inciple for aspi­
rating air into a stream of foam solution fotms foam under 
presstu·e. 

3.3.23 Proportioning. The continuous introduction of foam 
concenu·ate at the recommended ratio into the water su·eam 
to fonn foam so lution. 

3.3.23.1 * Balanced Pressure Pump. Type Proportioning. A 
foam proportioning system that utilizes a foam pump and 
valve(s) to balance foam and water pressures at a modified 
ventud-type proportionet· located in the foam solution de­
livery piping; a foam concentrate meteting orifice is fitted 
in the foam inlet section of the pmportioner. 

3.3.23.1.1 * In-Line Balanced Pressure Propo1tioning. A foam 
proportioning system utilizing a foam concentrate pump or a 
bladder tank in cOJ!iunction with a listed pressure reducing 
valve. At all desig11 flow rates, the constant foam concentrate 
p1·essure is greater than the maximum water pressure at the 
inlet to the in-line balanced pressme proportion cr. A pressme 
balancing valve integral to the ln-Jlne balanced pressure pro­
portioner regulates the foam concentrate pressure to be bal­
anced to incoming water pressme. 

3.3.23.2* Direct Injection Variable Pump Output Proportion­
·ing. A direct injection proportioning system that utilizes 
flowmeters for foam concentrate and water in conjw1ction 
with a variable output foan1 pump control system. 

3.3.24 Proportioning Methods for Foam Systems. The metl1-
ods of proportioning used to create the conect solution of 
water and foam liquid concentrate. 

3.3.25* Pump Proportioner (Around-the-Pump Propor­
tioner). A system that uses a venturi ecluctor installed in a 
bypass line between the discharge and suction side of a water 
pump and suitable valiable or fiXed orifices to induct foam 
concentJ-ate from a tank or container into the pump suction 
line. 

3.3.26 StreaDL 

3.3.26.1 Foam. Hose Stream. A foam stream from a handline. 

3.3.26.2 Foam Monitor ShY!am. A large capacity foam 
su·eam from a nozzle that is supported in position and can 
be directed by one person. 

3.3.27 Tank. 

3.3.27.1 Balanced Pressure Blnddt!l· Tank. A foam concen­
trate tank fitted with an internal bladder that uses water­
now tlu·ough a modified venturi-type proportioner to con­
trol the foam concentrate injection rate by displacing the 
foam concentrate within the bladderwith water outside the 
bladder. 

3.3.27 .2* Pressw·e Proporlio11ing Tank. A foam concenu-ate 
tank with no bladder that uses waterflow through an 01ifice 
to displace the foam concenu-ate in the tank with water to 
add foam concenu-ate through an orifice into a water line 
at a specified rate. This device is only suitable for foams 
having a specific gravity of at least 1.15. 

Chapter 4 System Components and System 'I}pes 

4.1 * General. This chapter shall provide requirements for the 
co1Tect use of foam system components. 

4.1.1 All components shall be listed for their intended use. 

4.1.2 vVhcre listings for components do not exist, compo­
nents shall be approved . 

4.2 Water Supplies. 

4.2.1 Water Supplies, Including Premixed Solution. 

4.2.1.1 * Quality. 

4.2.1.1.1 The water supply to foam systems shall be permitted 
to be hard or soft, fresh or sal t, but shall be of a quality such 
that adverse effects on foam fonnation or foam stability do not 
occur. 

4.2.1.1.2 No corrosion inhibitors, emulsion breaking chemi­
cals, or any other additives shall be pt·esent without prior con­
sultation with the foam concentrate supplier. 

4.2.1.2>1< Quantity. The water supply shall be of a quantity tO 

supply all the devices that shall be pe1·miued to be used simul­
taneously tor the specified time. 

4.2.1.2.1 This quantity shall include not only the volume re­
quired for the foam apparatus but also water that shall be 
permitted to be used in other fire-fighting operations, in addi­
tion to the nonnal plant requirements. 

4.2.1.2.2 Premixed solution-type systems shall not be re­
quired ro be provided with a continuous water supply. 

4.2.1..3 Pressure. The pressure at the inlet to the foam system 
(e.g., foam generator, air foam maker) under required flow 
conditions shall be at least the minimum pressure for which 
the system has been designed. 
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4.2.1.4* Temperature. Optimum foam production shall be ob­
tained by using water at temperatures berween 4°C ( 40°F) and 
37.8°C (l00°F). 

4.2.1.5 Design. The water system shall be designed and in­
stalled in acc01·dance wim NFPA 24. 

4.2.1.5.1 Strainers shall be provided where solids of a size 
lat·ge enough to obsu-uct openings or damage eqLLipment are 
present. 

4.2.1.5.2 Hydrants furnish ing the water supply for foam 
equipment shall be provided in the required number. 

4.2.1.5.3 Hydrants shall be located as required by the author­
ity having jurisdiction (AHJ). 

4.2.1.6 Storage. Water supply or premixed solution shall be 
protected against freezing in climates where freezing tempera­
tures are expected. 

4.2.2 Water and Foam Concenb-ate Pumps. 

4.2.2.1 When water or foam concentrate pumps are required 
for automatic foam system operation, they shall be designed 
and installed in accordance with NFPA 20. 

4.2.2.2 Controllers in accordance wim NFPA 20 shall not be 
required for manual systems. 

4.3 Foam Concentrates. 

4.3.1 Types of Foam Concentrate. 

4.3.1.1 Foam concenmne shall be listed. 

4.3.1.2"' The concentrate used in a foam system shall be listed 
for use on the specific flammable or combustible liquid to be 
protected. 

4.3.1.3 The limitations of the listing and the manufacturers' 
specifications shall be followed. 

4.3.1.4 Foam concentmtes for protection of hydrocarbon fu­
els shall be one of the following types: 

(1) Protein 
(2) Fluoroprotein 
(3) Aqueous film-forming foam (AFFF) 
(4) Film-forming fluoroprotein (FFFP) 
(5) Alcohol-resistant 
(6) High-expansion 
(7) Medium-expansion 
(8) Others listed for this purpose 

4.3.1.5 Water-miscible and polar flanunable or combustible 
liquids shall be protected by alcohol-resistant concentl'lltes 
listed for this purpose. 

4.3.2 Concenl:irate Sto1-age. 

4.3.2.1 Storage Facilities. 

4.3.2.1.1 Foam concenu·ates and equipment shall be stored 
in a location llOl exposed to me hazard Lbey proteCL. 

4.3.2.1.2 lf housed, foam concentl'lltes and equipment shall 
be in a noncombustible structure. 

4.3.2.1.3 For outdoor nonautomatic systems, l.heAHJ shall be 
permitted to approve the storage of foam concentrate in a 
location off premises where Lhese supplies are available at all 
times. 

4.3.2.1.4 Loading and transportation facilities for foam con­
centrates shall be provided. 
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4.3.2.1.5 Olf-premi.ses supplies shall be of me type required 
for use in the systems of the given installation. 

4.3.2.1.6 At the time of a fire, these off-premises supplies 
shall be accumulated in the required quantities, before the 
equipment is placed in operation, to ensme uninterrupted 
foam production a t the design rate for the required peliod of 
time. 

4.3.2.2* Quantity. The amount of concentrate sh all meet me 
discharge requirements fo1· the largest single hazard protected 
or gL·oup of hazards lhat are to be protected simultaneously. 

4.3.2.3 Foam Concentrate Storage Tanks. 

4.3.2.3.1 Bulk liquid scorage t'anks shall be fab1icated from or 
be lined with materials compatible with the concentrate. 

4.3.2.3.2 The storage tank shall be designed to minimize 
evaporation of foam concentrate. 

4.3.2.3.3* Proportioning systems shall have signage to provide 
instruction on the proper sequence of system shutdown to 
prevent accidental loss of foam concentrate and/or system 
damage. 

4.3.2.4 Storage Conditions. 

4.3.2.4.1 * ln order to enslll·e the conect operation of any 
foam-produci.ng system, the chemical and physical character­
istics of the materials comprising the system shall be taken into 
considera tion in design. 

4.3.2.4.2* Foam conceno·ares shall be stored within the listed 
temperature limitations. 

4.3.2.4.3 Markings shall be provided on storage vessels to 
identify the type of concentJ-ate and its intended concentra­
tion in solution. 

4.3.2.5 Foam Concentrate Supply. 

4.3.2.5.1 Foam Concentrate Consumption Rates. The con­
sumption rates shall be based on the percentage concentrate 
used in the system design (e.g., 3 percent or 6 percent or 
other, if so listed or approved by the AHJ). 

4.3.2.5.2 Reserve Supply of Foan1 Concentrate. 

4.3.2.5.2.1 There shall be a reserve supply of foam concen­
trate to meet design reqt.1irements in order to put the system 
back into service after operation. 

4.3.2.5.2.2 The reserve supply shall be in sepa1-ate tanks or 
compartments, in dmms or cans on the premises, or shall be 
able to be obtained from an approved outside source within 
24 hours. 

4.3.2.6 Auxiliary Supplies. Other equipment necessary to re­
commission the system, such as botdes of niu·ogen or caTbon 
dioxide for premixed systems, also shall be able to be secured. 

4.4 Concentrate Compatibility. 

4.4.1 Compatibility of Foam Concentrates. 

4.4.1.1"' Different types of foam concentl'lltes shall not be 
mixed for sto1-age. 

4.4.1.2 Different brands of the same Lype of concenu-ate shall 
not be mixed unless data are provided by the manufacturer 
and accepted by the AHJ co prove that they are compaLible. 

4.4.1.3 Low-expansion foams generated separately from pro­
tein, tluoroprotein, FFFP, AFFF, and alcohol-resistant concen-
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crates shall be permitted to be applied to a fire in sequence or 
simtlltaneously. 

4.4.2* Foam Compatibility with Dry Chemical Agents. 

4.4.2.1 The manufacturers of the dry chemical and foam con­
centrate to be used in the system shall con fu-m that their prod­
ucts are mutually compatible. 

4.4.2.2 V\'here used, li11titations imposed on either of the 
agents alone shall be applied. 

4.5 Foam Proportioning. The method of foam proportioning 
shall con form to one of the following: 

(1) Self-educting nozzle 
(2) In-line eductor 
(3) Pressure proportioners (with or without bladder) 
( 4) Around-the-pump proportioners 
(5) Direct injection variable output foam pump system 
(6) Coupled-water motor pump 
(7) Balanced pressure pump-type proportioners 

4.5.1 * The proportioning system shall meet d1e listed mini­
mum flow rate based on the minimum and maximum system 
discharge flow rate. 

4.6* Foam Concentrate Pumps. 

4.6.1 The design and materials of consu·ucLion for foam con­
centrate pumps shall be in accordance with NFPA 20. 

4.6.2 Special anention shall be paid to the type of seal or 
packing used. Seals or packing used shall be compatible with 
the foam concentrate. 

4.6.3 A foam concentrate pump shall have the capacity to 
meet the maximum system dem;md. 

4.6.4 To ensure positive injection of concentrates, the dis­
charge pressure ratings of pumps at the design discharge ca­
pacity shall be in excess of the maximum water pressure under 
any condition at the point of concentration injection. 

4.7 Piping. 

4.7.1 Pipe Materials. Pipe within the ha7..ard area shall be of 
steel 01· other a lloy r"ated for the pressure and temperature 
involved. 

4.7.1.1 Steel pipe shall not be less than standard weight 
(Schedule 40 through nominal 12 in. diameter) . 

4. 7 .1.2 Steel pipe shall conform to one of the following stan­
dards: 

(1) ASTMA 135 
(2) ASTMA53 
(3) ASTM A 795 

4.7.1.3 Pipe outside d1e hazard area shall conform to the 
materials allowed by NFPA 24. 

4.7.1.4 Where exposed to corrosive influences, the piping 
shall be corrosion resistant or protected against COlTOsion. 

4.7.1.5 Lightweight pipe [Schedule 10 in nominal sizes 
thTough 12.7 em (5 in.); 3.40 mm (0.134 in.) wall thickness for 
15.24 ern (6 in.); and 4.78 mm (0.188 in.) wall t.hickness for 
20.32 em (8 in.) and 25.4 em (10 in.)] shall be permitted to be 
used in areas where fire exposure is improbable. 

4.7.1.6 Selection of pipe wall thickness shall anticipate inter­
nal pressure, internal and external pipe wall corrosion, and 
mechanical bending requirements. 

• 

4.7.2 Foam System Piping. 

4.7.2.1"' Galvanized pipe shall be used. 

4.7.2.2 Pipe carrying foan1 concentrate shall not be galva­
nized. 

4.7.2.3 Piping in constant contact with foam concentrates 
shall be constructed of material compatible with and not af­
fected by the concentrate. 

4.7.2.4 Piping in constant contact with foam concentrate 
shall not have a detrimental effect on the foam concentrate. 

4.7.2.5 For d1e purpose of computing friction Joss in foam 
solution piping, the following C.values sbaU be used for the 
Hazen-Williams formula: 

(l) Galvanized steel pipe- 120 
•

1 

(2) Other C.values for corrosion-resistant piping materials in 
accordance with NFPA 13 

4.7.3 Fittings. 

4.7.3.1 All pipe fittings shall be ill accordance with one of the 
following: 

(I) ANSIB16.1 
(2) ANSI Bl6.3 
(3) ANSl 816.4 
(4) ANSI B16.5 
(5) ANSI Bl6.9 
(6) ANSI Bl6.ll 
(7) ANSI BJ 6.25 
(8) ASTMA234 

4.7.3.2 Fittings shall not be less than standard weight. 

4.7.3.3 Cast-iron fillings shall not be used where dry sections 
of piping are exposed w possible fire or where fillings are 
subject to stress in self-supporting systems. 

4.7.3.4 Listed rubber or elastomeric-gasketed fittings shall be 
pe1·mitted to be used in fire-e>..-posed areas if the foam system is 
automatically aCLuated. 

4.7.3.4.1 Listed rubber or elastomeric-gasketed fittings sha Ll 
be permitted to be used in fire-exposed areas if the foam sys­
tem is manually actuated and high-temperature-rated extra 
heavy duty grooved fittings and gaskets have been tested in 
accordance with API 607 and meet these criteria within indus­
try standards. 

4.7.3.5* Galvanized fittings shaiJ be used. 

4.7.3.6 Fittings carrying foam concentrate shall not be galva­
nized. 

4. 7.4 Joining of Pipes and Fittings. 

4.7.4.1 Pipe threading shall be in confom1ance with ANSI 
Bl.20.l. 

4.7.4.2 Dimensions of cut- and roll-grooves and outside diam­
eters of piping matelials shall conform to the manufacturers' rec­
ommendations and the approval laboratories' certifications. 

4.7.4.3* Welding shall eonf01m to the requirements of AWS 
010.9. 

4.7.4.3.1 Precautions shall be taken to ensure that d1e open­
ings are fully cut om and that no obstructions remain in the 
water•way. 
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4.7.4.3.2 Precautions shall be taken LO ensure that no gal­
vanic corrosion occurs between piping and filtings. 

4.7.5 Strainers. 

4.7.5.1 Strainers shall be provided where solids of a size large 
enough to obsmtct openings or damage equipment are 
present. 

4.7.5.2 The ratio of the strainer's open basket area to its inlet 
pipe area shall be at least 10:1. 

4.7.5.2.1 The nel open area of the strainer shall be at least 
four times the area of the suction piping. 

4.7.5.2.2 Strainer mesh size shall be in accordance with the 
pump rnanufacwrer's recommendations. 

4.7.6* Valves. 

4.7.6.1 All valves for water and foam solution lines shall be of 
the indicator type, such as OS&Y or posl indicator. 

4.7.6.2 Aucomatic valves fot· foam concentrate lines shall be 
listed for this sen~ce. 

4.7.6.3 Valve specifications for watet· use shall be pet·mitted 
outside the hazard or diked area. 

4.7.6.4 Inside the hazard or cliked area, automatic control 
valves and shutoff valves shall be of steel or other alloy capable 
of withstanding exposure to ftre temperatures. 

4.7.6.5 AU valves required for automatic foam systems shall 
be supenrised in their operating position by one of the follow­
ing methods: 

(1) Electdcal, in accordance with NFPA 72 
(2) Locked 
(3) Sealed 

4.8 System Types. The following four types of sys[ems shall be 
permitted: 

(1) Fixed 
(2) Semil:ixed 
(3) Mobile 
(4) Portable 

4.9 Operation and Control of Systems. 

4.9.1 Methods of Actuation. 

4.9.1.1 Systems shall be permitted to be acwated automati­
cally or manually. 

4.9.1.2 All systems shall have provisions for manual actuation. 

4.9.2 Automatically Actuated Systems. 

4.9.2.1 An automatic system shall be activated by automatic 
detection equ1pment. 

4.9.2.2 Operation shaU be controlled by listed ot· approved 
mechanical, dectdcal, hydraulic, or pneumatic means. 

4.9.2.3 Wher·e operation is automatic, a reliable source of 
energy shall be used. 

4.9.2.4 The need for an alternate power supply shall be deter­
mined by the A.I:-IJ. 

4.9.2.5* Automatic Detection Equipment. 

4.9.2.5.1 Automatic detection equipment- whether pneu­
matic, hydraulic, or electric- shall be provided with supenri­
sion arranged so that failure of equipment or loss of supervis-
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ing air pressure or loss of electric energy results in positive 
notification of the abnormal condition. 

4.9.2.5.2 Small systems for localized hazards shall be permit­
ted ro be unsupervised, subject to approval of the AHJ. 

4.9.2.6* Elecu·ic automatic detection equipment and any au.x­
iliary electdc equipment. if in hazardous areas, shall be de­
signed expressly for use in such areas. 

4.9.2.7 The system shall be permiued to be arranged to shut 
off automatically after a predetermined operating time. 

4.9.2.7.1 Automatic shutdown shall be subject to the ap­
proval of the AHJ. 

4.9.2.7.2 Where automatic shutdown is reqltired, an alarm 
condition shall remain until manually reset. 

4.9.2.8 Detection System. 

4.9.2.8.1 The detection system shall activate a local alarm as 
well as an alarm at a constantly attended location. 

4.9.2.8.2 The detection system's alat·ms also shall be actuated 
when the system is operated manually. 

4.9.3 Manually Actuated Systems. 

4.9.3.1 Controls for manually actuated systems shall be lo­
cated in a place removed from the hazard zone to permit them 
to be operated in an emergency. yet close enough to ensure 
operator knowledge of fu·e conditions. 

4.9.3.2 The location and purposes of the controls shall be 
indicated and shall be related to the operating instructions. 

4.9.4 Equipment. 

4.9.4.1 All operating devices shall be designed for the senrice 
conditions they encounter. 

4.9.4.2 Operating devices shall not be t·endered inoperative, 
or be susceptible to inadvertent operation, by environmental 
factors such as high or low temperawre, atmosphel"ic humid­
ity or pollution, or marine conditions. 

4.9.4.3 Operating device systems shall have means for 
manual actuation. 

Chapter 5 Low-Expansion System Design 

5.1 * Types of Hazards. This chapter shall cover design infor­
mation for the use of low-expansion foam to protect outdoor 
storage tanks, intetior flammable liquid hazards, loading 
racks, diked areas, and nondiked spill areas. 

5.2 Outdoor FLxed Roof (Cone) Tanks. The fo llowing meth­
ods for protecting excedor fixed-roof tanks shall be included 
within this section and shall not be considered to be in any 
order of preference: 

( l ) Foam monitors and handlines 
(2) Surface application with fixed foam discharge outlets 
{3) Subsurface application 
( 4) Semisubsurface injection methods 

5.2.1 Supplementary Protection. In addition to the pdmaJy 
means of protection, supplementary protection shall be pro­
vided in accordance with the requirements found in Section 5.9. 
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5.2.2 Basis of Design. System design shall be based on pro­
tecting the l:allk requiring the largest foam solution flow, in­
cluding supplementary hose streams. 

5.2.3* Limitations. Fixed oudets shall not be used to protect 
horizontal or pressure tanks. 

5.2.4 Design Criteria for Foam Monitors and Handlines. 

5.2.4.1 Limitations. 

5.2.4.1.1 Monitor nozzles shall not be used as the primary 
means of protection for fixed·roof tanks over 18 m (60 ft) in 
diameter. 

5.2.4.1.2 Foam bandlines shall not be pem1itted to be used as 
the primary means of protection for fixed-roof 1anks over 9 m 
(30ft) in diameter or those over 6 m (20 ft) in height. 

5.2.4.2 Foam Application Rates. 

5.2.4.2.1 * To determine actual solution flow requirements, 
consideration shall be given to potential foam losses from 
wind, and other factors shaU be included in the calculations. 

5.2.4.2.2* The design parameters for the use of monitors and 
handline nozzles to protect tanks containing hydrocarbons 
shall be in accordance with Table 5.2.4.2.2. 

5.2.4.3* Tanks Containing Flammable and Combustible Liq­
uids Requiring Alcohol-Resistant Foams. 

5.2.4.3.1 * Water-soluble and certah1 flammable and combus­
tible liquids and polar solvents that are destructive to regular 
(nonalcohol-resistam) foams shall use alcohol-resistam foams. 

5.2.4.3.2* For liquids of a depth greater than 25.4 mm (l in.), 
monitor and foam bose su·eams shall be limited for use with 
special alcohol-resistant foams listed and/ or approved for the 
purpose. 

5.2.4.3.3 In all cases, the manufacturer of the foam concen­
u·ate and the foam-making equipment shalJ be consulted as to 
limitations and for 1·ecommendations based on listings or spe­
cific fil-e tests. 

5.2.4.4 Design Parameters. Where monitors and handline 
nozzles are used to protect tanks comaining flammable and 
combustible liquids requiring alcohol-resistam foams, the op­
eration time shall be 65 minutes at listed application rates, 
unless the foam manufacturer bas established, by fire test, that 
a shorter Lime shall be permitted. 

5.2.5 Design Criteria for Surface Application with Fixed 
Foam Discharge Outlets. 

5.2.5.1 * Fi.xedFoamDischarge Outlets. 

5.2.5.1.1 For the protection of a flammable Liquid contained 
in a vertical fixed-roof (cone) atmospheric storage tank, dis­
charge outlets shall be attached to the t.:1.nk. 

5.2.5.1.2 Where two or more discharge outlets are required, 
the outlets shall be spaced equally around the tank periphery. 

5.2.5.1.2.1 Such outlets shall be individually piped and sepa­
rately valved for isolation outside the dike area in accordance 
with 9.5.1. 

5.2.5.1.2.2 Each outlet shall be sized to deliver foam at the 
minimum application ra.te or higher. 

5.2.5.1.3 Fixed foam discharge out.lets shall be attached at 
t.l1e top of the shell and shall be located or connected to pre­
clude the possibility of the tank contents overflowing into the 
foan1 lines. 

5.2.5.1.4 FLxed foam discharge out.lets shall be attached so 
that disp.lacemen L of the roofwiiJ not subject them to damage. 

Table 5.2.4.2.2 Foam Handline and Monitor Protection for Fixed-Roof St·orage Tanks 
Containing Hydrocarbons 

Hydrocarbon Type 

Flash po.inr between 37.s·c and 6o•c 
(loo•Fand l40. F) 

Flash point below 37.s•c (l oo•F) or 
liquids heated above their flash points 

Crude petrolewn 

Notes: 

Minimum Application Rate 

6.5 0.16 

6.5 0.16 

6.5 0.16 

Minin1um 
Discharge Time 

(minutes) 

50 

65 

65 

(l) Included in this r.able are gasohols and unleaded gasolines containing no more than 10 percem oxygen­
ated additives by volume. Where oxygenated additives content exceeds JO percent by volume, protection is 
normally io accordance with 5.2.4.3. Certain nonalcohol-resistam foams might be suitable for tL~e with fue ls 
containing oxygenated additives of more than I 0 percent by volume. The manufact·urer should be consulted 
for specific listings or approvals. 
(2) Flammable liquids having a boiling point of less than 37.S•C (IOO•f ) might require higher rates of 
application. Suitable rates of application should be detetmined by test. Flammable 1 iquids with a ''~de range 
of boiling points might develop a hear. layer aftet· prolonged burning and then can require application rates 
of8.l L/ min · m2 (0.2 gpm/ ft:!) or more. 
(3) Care should be taken in applying ponable foam su·eams to high-viscosity materials heated above 93.3•C 
(200°F). Good judgment should be used in applying foam to tanks containing hot oils, burning asphalts, or 
burning liquids that have a boiUng poim above the boiling point ofwatet·. Ntllough the compan1tively low 
water content of foams can beneficially cool such fuels ar. a slow rate. it can al.so cattse violent frothing and 
"slop-over' of the t.ank·s contents. 
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5.2.5.1.5 Fixed foam discharge outlets shall be provided with 
seal, frangible tmder low pressure, to prevent entrance of va­
pors into foam outlets and pipelines. 

5.2.5.1.6 Fixed foam discharge o••tlets shall be provided with 
inspection means to allow maintenance and for inspection 
and replacement of vapor seals. 

5.2.5.2 Desigm Criteria for Tanks Containing Hydrocarbons. 

5.2.5.2.1 * Fixed-roof (cone) tanks shall be provided with 
approved fixed foam discharge oUI.lets as indicated in 
Table 5 .2.5.2. 1. 

Table 5.2.5.2.!1. Number of Fixed Foam Discharge Outlets 
for Fixed-Roof Tanks Containing Hydrocarbons or 
Flammable and Combustible Liquids Requiring 
Alcohol-Resistant Foams 

Tank Diameter (or Equivalent Area) 

Ill 

Up to 24 
Over 24 to 36 
Over 36 to42 
Over42 to 48 
Over 48 to 54 
Over 54 to 60 

ft 

Up to 80 
Over 80 to 120 
Over 120 to 140 
Over 140 to 160 
Over 160 to 180 
Over 180 to 200 

Minimum 
Number 

of Discharge 
Outlets 

1 
2 
3 
4 
5 
6 

5.2.5.2.2* Minimum Discharge Tunes and Application Rates. 
Where fixed foam discharge outlets are used for fixed-roof 
(cone) tanks containing hydrocarbons, the minimum dis­
charge times and application rates shall be in accordance with 
Table 5.2.5.2.2. 

5.2.5.2.3 If the apJ>arants available has a delivery rate highe•­
than 4.1 L/min·m (0.1 b'PID/ft2), a proportionate reduction 
in the time figure shall be permitted to be made, provided tl1aL 
the time is not less d1an 70 percent of the minimum discharge 
times shown. 

5.2.5.3* Design Criteria for Tanks Containing Flanunable ancll 
Combustible Liquids Requiring Alcohol-Resistant Foams. 

5.2.5.3.1 Water-soluble and cerrain flammable and combus­
tible liquids and polar solvents that are desu·uctive to 

nonalcohol-resistant foams shall requiJ·e the use of alcohol­
resistant foams. 

5.2.5.3.2* In aU cases, the manufacturers of the foam concen­
rrate and the foam-making equipment shall be consul ted as to 
limitations and for recommendations based on listings or spe­
cific fire tests. 

5.2.5.3.3 Fixed-roof (cone) tanks shall be provided with 
approved fixed foam discharge ourlets as indicated il'll 
Table 5.2.5.2.1. 

5.2.5.3.4 Minimtun Discharge Times and Application Rates. 
Minimum discharge times and application rates for fixed-roof 
(cone) tanks containing flammable and combustible liquids 
requiring alcohol-resistam foams shall be in accordance with 
Table 5.2.5.3.4. 

Table 5.2.5.2.2 Minimtun Discharge Times and Application Rates for Type ll Fixed Foam 
Discharge Outlets on Fixed-Roof (Cone) Storage Tanks Containing Hydrocarbons 

Hydrocarbon Type 

Flash point between 37.8°C 
and 60°C (100°F and 
l40°F) 

Flash point be low 37.8°C 
(100°F) or liquids 
heated above their flash 
points 

Crude petroleum 

Notes: 

Minimtun Application Rate 

4.1 0.10 

4.1 0.10 

4.1 0.10 

Minimtun Discharge 
Time (minutes) 

30 

55 

55 

(I) Included in Lhis table are gasohols and unleaded gasolines containing no more than I 0 percent oxygen­
ated additives by volume. Where oxygenated additives content exceeds 10 percent b)• volume, protection is 
nonnally in accordance with 5.2.5.3. Certain nonalcohol-resistant foams might be sui table for usc with r~uels 
containing oxygenated additives of more than 10 percent by volume. Consult manufacturer for specific 
listings or approvals. 
(2) Flammable liquids having a boiling point of less than 37.s•c (100°F) might require higher rate~ of 
application. Suitable rates of application should be determined by test. 
(31) For high-\~scosity liquids heated above 93.3"C (200•F), lower initial rates of application might be 
desirable to rninimizc frothing and expulsion of Lhe stored liquid. Good judgment should be used in appl)'· 
ing foams lO tanks containing holoils, b\•rning a.sph;jJts, or bl,.li'Tling liqvids that have boiling points above the 
boiling point of water. Although the compara~ively low \llllter comem of foams can beneficially cool such 
liquids at a slow rate, it can also cause violem frothing and "slop-over" of the tan'k·s contents. 
(4) Type l discharge outlets are considered obsolete, and those currently installed become Type U outlets if 
damaged. Refer to A.5.2.5.2.2 for addi tional information and minimum discharge limes for existing Type I 
outlets. 
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Table 5.2.5.3.4 Minimum Application Rates and Discharge 
Tunes for Fixed-Roof (Cone) Tanks Containing Flammable 
and Combustible Liqwds Requiring Alcohol-Resistant Foams 

Application Rate for Specific 
Product Stored 

Consult manufacturer for 
listings on specific product:s 

Notes: 

Minimum Discharge Time 
(nrinutes) 

Type II Foam Discharge 
Outlet 

55 

( I ) Most currently manufacwred alcohol-resistant foams are suitable 
for use with Type lJ fLXed foam discharge outlets. However, some olde1· 
alcohol-resistant foams require gentle surface application b)' Type I 
fixed foam discharge omlets. Consult manufacmrers for listings on 
specific products. 
(2) Type I discharge outlets are considered obsolete, and tl1ose cur­
rently installed become T)'Pe 11 omlets if damaged. Refer toA.5.2.5.2.2 
for additional information and minimum discharge Limes for existing 
Type I outlets. 

5.2.6 Design Criteria for Subsurface Application. 

5.2.6.1 *Subsurface foam injection systems shall be pemlil­
ted for protection of liquid hydrocarbons in venical fLxed­
roof atmospheric storage tanks. 

5.2.6.1.1 Subsurface injection systems shall not be used for 
protection of Class IA hydrocarbon liquids or for the protec­
tion of a lcohols, esters, ketones, aldehydes, anhydrides, or 
other products requiring th.e use of alcohol-resistant foams. 

5.2.6. ll. .2 Foam concentrates and equipment for subsurface 
injection shall be listed for this purpose. 

5.2.6.11..3 Fluoroprotein foam, AFFF, and FFFP for sttbsUI-face 
injection shall ha\·e expansion ratios between 2:1 and 4:1. 

5.2.6.2* Foam Discharge Outlets. 

5.2.6.2.1 The discharge outlet into the tank shall be pem1it­
ted to be the open end of a foam delivery line or productHne. 

5.2.6.2.2 Outlets shall be sized so thalfoam generator discharge 
pressme and foan1 velocity limitations are not exceeded. 

5.2.6.2.3 The foam velocity at the point of discharge into the 
tank contents shall not exceed 3m/sec (10ft/sec) for Class IB 
liquids or 6 m/sec (20ft/ sec) for other classes of liquids un­
less actual tests prove that higher velocities are satisfactory. 

5.2.6.2.4 Where two or more outlets are required, they shall be 
located so that the foan1 u-avel on the surface cannot exceed 30 m 
(100ft). 

5.2.6.2.5 Each outlet shall be sized w deliver foam at the 
minimum application rate or higher. 

5.2.6.2.6 For even foam distribution, outlet:s shall be permit­
led to be shell connections or shall be permitted to be fed 
through a pipe manifold within the tank from a single shell 
connection. 

5.2.6.2.7 Rather than installing additional tank nozzles, shell 
connections shall be permitted to be made in manway covers. 

5.2.6.2.8 Tanks shall be provided with subsurface foan1 dis­
charge outlet:s as shown in Table 5.2.6.2.8. 

Table 5.2.6.2.8 Minimum Number of Subsurface Foam Discharge Outlets for Fixed-Roof 
Tanks Containing Hydrocarbons 

Tank Diameter 

m 

Up to 24 
Over 24 to 36 
Over 36 w 42 
Ove1· 42 £O 48 
Over 48 w 54 
Over 54 to 60 

Over 60 

Notes: 

ft 

Up to 80 
Over 80 ro 120 
Over 120 to 140 
Over 140 to 160 
Over 160 to 180 
Over 180 LO 200 

Over 200 

Minimum Number of Discharge Outlets 

Flash Point Below 
37.s•c (lOO.F) 

1 
2 
3 
4 
5 
6 
6 

Plus l outlet for each 
additional 465 m2 

(5000 fl2) 

Flash Point 37.8•c 
(100°F) or Higher 

1 
1 
2 
2 
2 
3 
3 

Plus 1 oullet for each 
additional 697 m2 

(7500 ft2
) 

(1) Liquids with flash points below 22.s•c (73°F) , combined with boiling points below 3?.s•c (l00°F), 
require special consideration. 
(2) Table 5.2.6.2.8 is based on extrapolation of ftre test data on 7.5 m (25ft), 27.9 m (93ft), and 34.5 m 
(115ft) diameter tanks containing gasoline, crude oil, and hexane, respectively. 
(3) The most viscous fuel t11at has been extinguished by subsurface injection where stored at ambient 
conditions [15.6•c (60. F)] had a viscosity of2000 SSU (440 ccntistokes) and a pour point of -9.4•c (l5.F). 
Subsurface injection of foam generally is not recommended for fuels iliat have a viscosity greater than 440 
centistokes (2000 SSU) at their mininnun anticipated storage temperature. 
(4) ln addition to the conu·of provided by the smoiliering effect of tl1e foam and t.he cooling effect of the 
water in the foam that reaches tl1e surface, fire control and extinguishment can be ·enhanced further by the 
rolling of cool product to the surface. 
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5.2.6.3* Foam Discharge Outlet Elevation. 

5.2.6.3.1 *Foam discharge oullets shall be located so as not to 
discharge into a water bottom. 

5.2.6.3.2 The requirement of 5.2.6.3.1 shall be accomplished 
by having the omlets located at least 0.3 m (1 ft) above the 
highest water Level to prevem destruction of the foam. 

5.2.6.4* Subsurface Injection Back-Pressure Limitations. The 
sizes and lengths of discharge pipe or lines used beyond the 
foam maker and the anticipated maximum depth of the fuel 
lo be pmtected shall be such that the back pressure is within 
the range of pressures under which Lhe device has been tested 
and listed by testing laboratories. 

5.2.6.5 Minimum Dic;charge Tunes and Application Rates. 

5.2.6.5.1 The minimum discharge times and application 
rates for subsurface application on fixed-roof storage tanks 
shall be in accordance with Table 5.2.6.5.1. 

5.2.6.5.2* In cases where liquid hydrocarbons contain foam­
destructive products, the manufacturer of the foam concen­
trate shall be -consulted for recommendations based on list­
ings and/ or approvals. 

5.2.7* Semisubsurface Systems. All equipment used in 
semisubsurface systems shall be listed or approved for this pur­
pose. 

5.3* Outdoor Open-Top Floating Roof Tanks. Outdoor open­
top floating roof tanks shall be as illustrated in Figure 5.3(a) 
through Figure 5.3(d). 

5.3.1 Tanks equipped with the following floating roof types 
shall not be covered in Section 5.3: 

(1) Roofs made from floating diaphragms 
(2) Roofs made from plastic blankets 
(3) Roofs made from plastic or other flotation matelial, even 

if encapsulated in metal or fiberglass 
(4) Roofs that rely on flotation device closures that are easily 

submerged if damaged 
(5) Pan roofs 

5.3.2 Systems for tanks so equipped shall be designed in 
accordance with 5.4.2.2. 

Flexure 

Sealing 
ring 

Tank---+r 
shell 

FIGURE 5.3(a) Pantograph-Type Seal Open-Top Floating 
Roof Tank. 

5.3.3* 'JYpes of Fires Anticipated. 

5.3.3.1 Subsurface and Semisubsurface Injection. Subsurface 
and semisubslll·face ii'Uection shall not be used for protection 
of open-top or covered floating roof tanks because of the pos­
sibility of improper distribution of foam at the fuel surface. 

5.3.3.2 Seal Area Protection. The foam protection facilities 
for an open-top floating roof tank seal area shall be based on 
5.3.2 through 5.3.5. 

Table 5.2.6.5.][ Minimum Discharge Tunes and Application Rates for Subsurface Application 
on Fixed-Roof Storage Tanks 

Hydrocarbon Type 

Flash point between 37.s•c and 60•c 
ooo•F and 140.F) 

Flash point below 37.s•c (lOO.F) or 
liquids heated above their flash points 

Crude petrole1.Ull 

Notes: 

Minimum 
Application Rate 

4.1 0.1 

4.1 0.1 

4.1 0.1 

(I ) The maximum application rate shal l be 8.1 L/min · m2 (0.20 gpm/ ft2). 

Minimum 
Discharge Time 

(minutes) 

30 

55 

55 

(2) For high-viscosity Hquids heated above 93.3"C (200°F), lo1ver initial rates of application might be desir­
able to minimize frothing and expulsion of the stored liqLtid. Good judgment should be used in applying 
foams to tanks comaining hot oils, burning asphalts, or burning liquids that are heated above the boiling 
point of water. Although tbe comparatively low water content of foams can beneficially cool such liquids at a 
slow rate, it can also cause violentfrothi.ng and "slop-over" oftl1e tank's content;~. 
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Hanger 
bar ---­
Curtain 
seal ---

Seal----•·/ ~~ 
envelope 
Sear----YI~ 
support 
ring 

FIGURE 5.3(b) Tube Seal Open-Top Floating Roof Tank. 

Support plate 

Bumper 

FIGURE 5.3(c) Double Seal System for Floating Roofs. 

5.3.4 Methods of Seal Fire Protection. 

5.3.4.1 The following methods for fire protection of seals in 
open·top floating roof 1.anks shall be as required in 5.3.5 
through 5.3.7: 

(1) Fixed discl1arge outlets 
(2) Foam handlines 
(3) Foam monitors 

Stainless 
steel - --tt---'1111 
shunt 

Resilient foam 

FIGURE 5.3(d) Double Seal System for Floating Roofs Using 
Plastic-Foam Log (Secondary Seal). 

5.3.4.2 Supplementary Protection. In addition to the primary 
mean.s of protection, supplementary protection shall be pro­
vided in accordance with the requirements of Section 5.9. 

5.3.4.3* Basis of Design. System design shall be based on pro­
tecting the tank requiting the largest foam solution flow, in­
cluding supplementary hose streams. 

5.3.5 Fixed Discharge Outlets Design Criteria for Seal Area 
Protection. 

5.3.5.1 AppUcation of foam from fixed discharge outlets shall 
be pennitted to be achieved by either of the following two 
methods: 

(1) The frrst metl1od disch;uges foam above the mechanical 
shoe seal, a metal weather shield, or a secondary seal. 

(2} The second method discharges foam below a mechanical 
shoe seal directly onto the flammable liquid, behind a 
metal weather shield directly onto the tube seal envelope, 
or beneath a secondary seal on to the prima1y seal. 

5.3.5. 2* Top-of-Seal Method with Foam Dam. 

5.3.5.2.1 Fixed foam discharge outlets located above a me­
chanical shoe seal, above a tube seal weather shield, or 
above a secondary seal shall be used in conjunction with a 
foam dam. 

5.3.5.2.2 The following shall be permitted to be two methods 
of application of fiXed foam discharge outlets: 

(1) Fixed foam discharge outlets (normally Type U) mounted 
above the top of the tank shell 

(2) Fixed foam discharge outlets mounted on the periphery 
of the floating roof 

5.3.5.2.3* For this application, Lhe fixed foam discharge out­
lets shall not be fiued with a frangible vapor seal device. 
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5.3.5.3 Top-of-Seal System Design. 

5.3.5.3.1 The design parameters for the application of fixed 
foam discharge outlets on top of the seal Lo protect open-top 
floating roof tanks shall be in accordance with Table 5.3.5.3.1 
and Figme 5.3.5.3.1. 

5.3.5.3.2 The requirements specified in Table 5.3.5.3.1 apply 
to tanks containing hydrocarbons or flammable and combus­
tible mate1;a1s reqttiring alcohol-resistant foams. 

5.3.5.3.3 The required minimum application rates specified 
in Table 5.3.5.3.1 shall apply, unless listings for specific prod­
ucts require higher application rates where Type li fixed foam 
discharge outlets are used. 

5.3.5.3.4 If tile application rate is higher than the minimum 
rate specified in Table 5.3.5.3.1, the discharge time shall be 
permitted to be reduced proportionately, provided that the 
reduced rime is not less tl1an 70 percent of the minimum dis­
charge times specified. 

5.3.5.3.5 Below Primary Seal or Weather Shield Method. 

5.3.5.3.5.1 Fixed foam discharge outlets located below either 
a mechatlical shoe seal, a metal weather shield, or a metal 
secondary seal shall use the designs that are illustrated in Fig­
tu·e 5.3.5.3.5.1. 

5.3.5.3.5.2 A foam dam shall be installed if a tube seal is used 
and the top of tlle tube seal is less man 152 mm (6 in.) below 
the top of the pontoon. 

5.3.5.3.6 Below-the-Seal or Weather Shield System. 

5.3.5.3.6.1 The design parameters for the application of 
fixed foam discharge otttlets below the seal (or weather 
shield) to protect open-top floating roof tanks shall be in ac­
cordance with Table 5.3.5.3.6.1. 

5.3.5.3.6.2 The requirements shown in Table 5.3.5.3.6.1 shall 
apply ro tanks contain ing hydrocarbons or flammable and 
combustible materials requiring alcohol-resistant foams. 

5.3.5.3.6.3 Tbe reqttired minimttm application rates shown 
in Table 5.3.5.3.6.1 shall apply unless listings for specific prod­
ucts require highe1· application rates when Type n fixed foam 
discharge outlets are used. 

• 

5.3.5.3.6.4 Below-tlle-seal (or shield) application shall not be 
used witll combustible secondruy seals. 

5.3.5.4 Foam Dam Design Criteria. 

5.3.5.4.1 The foam dam shall be circular and constructed of at 
least No. 10 U.S. standard gauge thickness [3.4 nun (0.134 in.)] 
steel plate. 

5.3.5.4.2 The foam dam shall be welded or otherwise fas­
tened LO the floating roof. 

5.3.5.4.3 The foam dam shall be designed to retain foam at 
the seal area, at a depth to cover the seal area while causing the 
foam to flow laterally to tlle point of seal rupmre. 

5.3.5.4.3.1 Dam height shall be atleast305 mm (12 in.). 

5.3.5.4.3.2 The dam shall extend atleast51 mm (2 in.) above 
a metal secondary seal or a combmrible secondary seal using a 
plastic-forun log. 

5.3.5.4.3.3 Dam height shall be at least 51 mm (2 in.) higher 
than any burnout panels in metal secondary seals. 

5.3.5.4.4 The foam dam shall be at least 0.3 m (1 ft) , b\.Jt not 
more than 0.6 m (2 ft), from the tank shell. 

5.3.5.4.5* To allow drainage of rainwater, the foam dam bot­
tom shall be slotted on the basis of278 mm2 of slot area per m 2 

of dammed area (0.04 in.2 of slot area per ft2 of dammed 
area), resllicting drain slots to a maximum 9.5 mm (%in.) in 
height as shown in Figure 5.3.5.4.5. 

5.3.6* Foam Handline Design Crite1ia for Seal Area Protection. 

5.3.6.1 Foam handlines shall be penniued to be used from 
tl1e windgirder for extinguishment of seal fiJ·es in open-top 
floating roof tanks. 

5.3.6.2 Listed or approved equipment shaU be used. 

5.3.7 Foam Monitor Design C1iteria for Seal Area Protection. 
Monitors shall not be used as the primary means of Ooating 
roof seal fire extinguishmem because of Lhe difficulty of di­
recting foam into the annular space and the possibility of sink­
ing the roof. 

Table 5.3.5.3.1 Top-of-Seal FLxed Foam Discharge Pl'otection for Open-Top Floating Roof Tanks 

Maximum Spacing Between Discharge Outlets 

Minimum Minimum 305 mm (12 in.) 
Applicable Application Rate Di:scharge Foam Dam 
illustration Time 

Seal Type Detail L/ min · m2 gpm/ft2 (minutes) m ft 

Mechanical shoe seal A 12.2 0.3 20 12.2 40 
T ube seal with metal B 12.2 0.3 20 12.2 40 

weather shield 
Fully or partly combustible c 12.2 0.3 20 12.2 40 

secondary seal 
All metal secondary seal D 12.2 0.3 20 12.2 40 

Note: Where the ftxcd foam dischaJge outlets are moumed above the top of Llte tank shell, a foam splash­
board is necessary due lO the effect of winds. 
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24.4 80 
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Approved 
discharge 
device 

DETAIL A - Top-of-seal application 
Foam discharge above mechanical shoe seal 

Floating roof 

DETAIL B-Top-of-seal application 
Foam discharge above metal weather seal 

Approved 
discharge 
device 

Tank 

Combustible fabric or 
metal and combustible 
Iabrie secondary seal 

DETAIL C - Top-of-seal application 
Foam discharge above secondary combustible 

Iabrie seal, or metal with combustible fabric sections 

DETAIL D - Top-of-seal application 
Foam discharge above metal secondary seal 

FIGURE 5.3.5.3 .1 Typical Foam System illustrations for Top­
of-Seal Fire Protection. Both fixed foam (wall-mounted) and 
roof-mounted discharge outlets are shown for illustrative pur­
poses. Although both methods are shown, only one is needed. 

Tank shell 

DETAIL A- Below-the-seal application 
Foam discharge below mechanical shoe seal - no foam dam 

DETAIL B - Below-the-shield application 
Foam discharge below metal weather shield 

Top of seal 152 mm (6 in.) or more below top of floating roof 

Tank 

Foam dam 305 mm (12 in.) 
minimum height 

Foam discharge piping 
Jd!:ii::C.'t::==n:::::::J 

DETAIL C - Below-the-shield application 
Foam discharge below metal weather shield 

Top of seal less than 152 mm (6 in.) below top of floating roof 

Tank 

Alternative 
arrangement 

DETAIL D- Below-t.he·seal application 
Foam discharge below metal secondary seal 

This loam application method is not acceptable if secondary seal Is 
constructed of any combustible fabric sections. 
(Refer to application above seal.) 

FI~URE 5.3.5.3.5.1 Typical Foam System Arrangement IDus­
tratio!DS for Below-the-Seal (or Shield) Application. 
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Table 5.3.5.3.6.1 Below-the-Seal Fixed Foam Discharge Protection for Open-Top Floating 
Roof Tanks 

Minimum 
Application Rate 

Applicable 
lliustration 

Seal Type Detail L/min. m2 gpm/ ft2 

Mechanical shoe A 20.4 0.5 
seal 

Tube seal with B 20.4 0.5 
more tl1an 
152 mm (6 in.) 
between top of 
tube and top of 
pontoon 

Tube seal with less c 20.4 0.5 
than 152 mm 
(6 in.) between 
top of rube and 
top of ponroon 

Tube seal with foam D 20.4 0.5 
discharge below 
metal secondary 
seal* 

*A metal secondmy seal is equivalent to a foam dam. 

Note: Dam height to be at least 
50.8 mm (2 in.) above top of seal 

FIGURE 5.3.5.4.5 Typical Foam Dam for Floating Roof Tank 
Protection . 

5.4* Outdoor Covered (Intemal) Floating Roof Tanks. See 
Figure 5.4. 

5.4.1 Requirements for tanks equipped with the following 
floating roof types shall not be covered in Section 5.4: 

2010 Edition 

Minimum Maximum 
Discharge Spacing Between 

Time Discharge 
(minutes) Outlets 

10 39m (130ft} -
Foam dam not 
required 

10 18m (60ft)-
Foam dam not 
required 

10 18m (60ft) -
Foam dam 
requjred 

10 18m (60ft) -
Foam dam not 
required 

(1) Roofs made from floating diaphragms 
(2) Roofs made from plastic blankets 
(3) Roofs made with plastic or other flotation material, even if 

encapsulated in metal or fiberglass 
(4) Roofs that rely on flota tion device closw·es that are easily 

submerged if damaged 
(5) Pan roofs 

5.4.2 Seal area protection systems shall be permined for the 
following types of roof construction: 

(1) Steel double deck 
(2) Steel pontoon 
(3) Full liquid surface comact, metallic sandwich panel, con­

forming to Appendix H, "Internal Floating Roofs," re­
quirements of API 650 

5.4.2.1 All other types of roof constnlcLion shall require full 
surface protection. 

5.4.2.2 Design for Full Surface Fire. 

5.4.2.2.1 \oVhere t.he basis for design is a full surface .fire, the 
covered (internal) floating roof tank shall be u·eated as 
equivalent to a .fixed-roof (cone) tank of the same diameter 
for the purpose of foam system design. 

5.4.2.2.2 For a full surface fu·e, tl1e foam faci li ties shall be 
designed in accordance with 5.2.3 and Section 5.9, excepl that 
sepa..-ately valved laterals for each foam discharge shall not be 
required. 

5.4.2.2.3 For lhls application, fixed foam discharge oudets 
sbalJ not be firted with a frangible vapor seal device. 

5.4.2.2.4 Subsmface and semisubsmface injection shall not 
be used because of tl1e possibility of improper disu;bution of 
foam. 
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Automatic 
tank gauge piping 

Step-on thief hatch 
located over sample well -+"""""...--..,.. 

Optional overflow vent 

4.06 mm ('AI in.) 
S. S. ground cables 

Automatic gauge float 

Floating roof 

FIGURE 5.4 'l)rpical Covered Floating Roof Tank. 

5.4.2.3 Design for Seal Area Fire. 

5.4.2.3.1 Where the basis for design is a seal fire, the covered 
(inLernal) floating roof tank shall be treated as equivalent to 
an open-top floating roof tank of the same diameter for the 
pw·pose of foam system design. 

5.4.2.3.2 For a seal fire, the foam discharge system shall be 
designed in accordance wirh the requirements specified in 
Table 5.3.5.3.1 utilizing fixed foam discharge outlets. 

5.4.2.3.3 Supplementary Protection. In addition to the pri­
mary means of protection, there shall be provisions for supple­
mentary protection in accordance with the requirements of 
Section 5.9. 

5.4.2.3.4* Basis of Design. 

5.4.2.3.4.1 System design shaU be based on protecting the 
tank requiring the largest solution t1ow, including supplemen­
tary hose streams. 

5.4.2.3.4.2 If the application rate is higher than the minimum 
rate specified in Table 5.2.6.5.1, the discharge time shall be per­
mitted to be reduced proportionately, but shall not be less than 
70 percent of the minimum discharge times specified. 

5.5 Indoor Hazards. 

5.5.1 * This section shall address foam fire-extinguishing sys­
tems, which are imended to protect indoor storage tanks that 
have liquid surface areas of 37.2 m 2 ( 400 fr) or greater. 

Antirotation cable passes 
through fitting bolted to 
rim plate 

Antirotation lug welded to floor 

Tank support column with column well 

Cover access hatch 

Vacuum breaker and actuator leg 

5.5.2 Discharge Outlets. Tanks for stodng liquid hydrocar­
bons shall be fitted with Type IT, tank-moumed fixed foam 
discharge outlets as specified in Table 5.2.6.2.8. 

5.5.3 Minim tun Discharge Tune and Application Rate. 

5.5.3.1 The minimum application rate for indoor hydrocar­
bon storage ranks shall be 6.5 L/min·m2 (0.16 gpm/ft2) of 
liquid surface area. 

5.5.3.2 Minimum discharge Lime shall be as specified in 
Table 5.2.5.2.2 for Type ll fiXed foam discharge outlets. 

5.5 .3.3 If the application rate is higher than the minimum 
rate specified in 5.5.2, the discharge time shall be permitted to 
be reduced propo1·tionately, but not to less than 70 percent of 
the minimum discharge times indicated. 

5.5.4 Design Criteria for Indoor Storage Tanks Containing 
.Flammable or Combustible Liquids Requiring Alcohol­
Resistant Foams. 

5.5.4.1 * Water-soluble and certain Oammable and combus­
tible liquids and polar solvents that are destructive to 
nonalcohol-resistam foams shall require the use of alcohol­
resistalll foams. 

5.5.4.2 In all cases, the manufacturers of the foam concen­
U'ate and the foam-making equipment shall be consulted as to 
limira:Lions and for recommendations based on listings or spe­
cific fire tests. 
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5.6* Loading Racks. 

5.6.1 Wilhin the scope of this srandaxd, loading racks shall be 
defined as being eilher truck or rail car types for the purpose 
of loading or unloading product. 

5.6.2 Total rack size, flammable or combustible products in­
volved, proximity of other hazards ;md exposures. drainage 
facilities, wind conditions, ambient temperatures, and avai l­
able staff all shall be f-actored into the design of a loading rack 
foam system. 

5.6.3 Methods of Protection. The following shall be permit­
ted to be two rnelhods of protecting loading racks: 

(1) Foam-water spdnklcr application utilizing air-aspirating 
foam-water sprinklers or nozzles or non-air-aspirating 
standard sprinklers 

(2) Foam monitors 

5.6.4 Design Criteria for Foam-Water Sprinkler Systems. The 
design criteria for sprinkler systems shall be in accordance 
wir.h NFPA 16. 

5.6.5 Design Criteria for Foam Monitor Protection Systems. 

5.6.5.1 * Areas to Be Protected by Monitor Nozzles. Monitor 
nozzle system design shall be based on r.he total ground area. 

5.6.5.2* The intenL of the design shall be to protect the 
canopy, pumps, meters, vehicles, and miscellaneous equip­
ment associated with the loading and unloading operation in 
the evem of a spill fire. 

5.6.5.3 Minimum Application Rates and Discharge Times. 

5.6.5.3.1 Minimum foam application rates and discharge 
times for loading racks protected by monitor nozzles shall be 
as specified in Table 5.6.5.3.1. 

5.6.5.3.2 If a fue l depth of more Lhan 25.4 mm (l in.) can 
accumulate within the protected area, the application rate 
shall be increased to 6.5 L/min·m2 (0.16 gpm/ft~). 

5.7* Diked Areas - Outdoor. 

5.7.1 For the purpose of this standard, diked areas shall be 
areas bounded by contours of land or physical baniers tl1at 
retain a fuel to a depth greater than 25.4 mm (1 in.). 

5.7.2 Protection of these areas shall be achieved by either 
fixed discharge outlets, li.xed or portable monitors, or foam 
hoselines. 

5.7.3 Methods of Application. vVhere foam protection is used 
for a diked area, it shall be permitted to be accomplished by 
any of the following methods: 

(1) Low-level foam clischarge outlets 
(2) Foam monitors or foam hoselines 
(3) Foam-water spdnklers or nozzles 

5.7.3.1 This list of melhods shall not be considered as being 
in the order of preference. 

5. 7 .3.2 Minimum Application Rates and Discharge Tunes for 
Fixed Discharge Outlets on Diked Areas Involving Liquid Hy­
drocarbons. The tninimtun application rates and discharge 
limes f01· fixed foam application on diked areas shall be as 
specified in Table 5.7.3.2. 

5.7.3.3"' Fixed Foam Discharge Outlets. 

5.7.3.3.1 FLxed foam disd1arge outlets shall be sized and lo­
cated to apply foam uniformly over the dike area at the appli­
cation rate specified in Table 5.7.3.2. 

5. 7.3.3.2 Large dike areas shall be permitted to be subdivided 
to keep the total design solution 1vithin practical limits. 

5.7.3.4 Fixed Foam-Water Sprinklers or Nozzles. 

5.7.3.4.1 \<\'here fixed foam-water sprinklers or nozzles are 
used, the system design shall be in accordance wilh NFPA 16. 

5. 7 .3.4.2* Where foam-waler sprinklers or nozzles are used as 
Lhe primary protection, Lhe design shall include the possibility 
that some of the foam discharge wiU be canied by the wind 
beyond the area of l.he li1el spill. 

5.7.3.5 Fixed Low-Level Foam Discharge Outlets. 

5.7.3.5.1 Fixed low-level foam discharge outlets shall be per­
mitted to be open pipe fittings or directional flow nozzles de­
signed to discharge a compact, low-velocity foam stream onto 
the inner wall of the dike or, where necessary, directly onto the 
dike tloor. 

Table 5.6.5.3.1 Minimum Application Rates and DischaJ-ge Tunes for Loading Racks Protected 
by Foam Monitor Nozzle System'> 

Foam Type 

Protein and 
fluoroprotein 

AFFF,FFFP,and 
alcohol-resist:ant AFFF 
orFFFP 

Minimum Application 
Rate 

L/ min · m2 gpm/ ft2 

6.5 0.16 

4.1 0.10 

Alcohol-resistant foams Consult manufacturer for 
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listings on specific 
products 

Minimum 
DischaJ-ge 

Time 
(minutes) 

15 

15 

15 

Product Being Loaded 

Hydrocarbons 

Hydrocarbons 

Flammable and 
combustible liquids 
reqt1iring 
alcohol-resist:am 
foam 
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Table 5. 7 .3.2 Minimum Application Rates and Discharge Tunes for Fixed Foam Application on 
Diked Areas Involving Hydrocarbon Liquids 

TypeofFoam 
Discharge Outlets 

Low-level foam 
discharge outlets 

Foam monitors 

Minimum Application Rate 

gpm/ fr 

4.1 0.10 

6.5 0.16 

5.7.3.5.2 Fixed low-level foam discharge outlets shall be lo­
cated around the ctike wall, and, where necessary, inside d1e 
d ike area, to apply foam uniformly over the dike area. 

5. 7 .3.5.3* Limitations. 

5.7.3.5.3.1 Where fixed discharge outlets installed at a low 
level are used as the pt;mary protection, they shall be located 
so that no point in the dike area is more than 9 m (30ft) from 
a discharge outlet where the discharge per outlet is 225 L/min 
(60 gpm) or less. 

5.7.3.5.3.2 FOt- outlets having discharge rates higher than 
225 L/ nlin (60 gpm), the maximum distance between dis­
charge outlets shall be 18m (60ft). 

5.7.3.5.4 Foam Monitors. Where monitors are used to dis­
charge foam on to the dike area, they shall be located outside 
d1e dike area. 

5.7.3.5.4.1 Where foam monitors are used as the primary 
protection, the design shall include d1e possibil ity that some 
of the foam discharge will be carried by the wind beyond the 
area of the fuel spill. 

5. 7 .3.5.4.2 Where tl1e monitor d ischarge is i11 me form of a 
compact, high-velocity foam stream, iL shall be directed 
agau1st the dike walls, tank sut-faces, or other su-uctures to 
prevent its plunging directly into the burning liquid surfuce. 

5.7.4 Diked Areas Involving Flam mable or Combustible Liq­
uids Requiring Alcohol-Resistant Foams. 

5.7.4.1 Water-soluble and certain flammable and combustible 
liquids and polar solvents that are destructive to nonalcohol­
resistant foan1s shall require me use of alcohol-resistant foams. 

Minimum Discharge Time 
(minutes) 

Class I 
Hydrocarbon 

Classll 
Hydrocarbon 

• 

30 20 

30 20 

5.7.4.2 Systems using these foams shall require special engi­
neering consideration. 

5-7.4.3 The design criteria for diked areas involving flam­
mable or combustible liquids requiring alcohol-resistant 
foams shall be as stated in 5.7.4.3.1 tluough 5. 7.4.3.3. 

5.7.4.3.1 Metl1ods of fixed protection shall be the same as 
those described in 5.7.3.3 for hydrocarbon hazards. 

5.7.4.3.2 Application rates shall be in accordance with manu­
facturer recommendations based on listings or approvals for 
specific products and corresponding foam-making devices. 

5.7.4.3.3 The minimum ctischarge time shall be 30 minutes. 

5.8* Nondiked Spill Areas. 

5.8.1 Design Criteria for Protection of Spill Fires Involving 
Hydrocarbons or Flammable and Combustible Liquids Re­
quiring Alcohol-Resistant Foams. 

5.8.1.1 To determine protection for spill fires, Lhe potential 
spill area shall be estimated. 

5.8.1.2 Once this area has been determined, Table 5.8. 1.2 
shall ibe used to calculate requirements to be used as design 
cdteria for portable nozzles or monitors. 

5.9* Supplementary Protection. 

5.9.1 Adctitional Protection. In addition to the primat)' means 
of protection, some types or hazards shall require provisions 
for supplemental means of protection. 

Table 5.8.1.2 Minimum Application Rates and Discharge Trmes for Nondiked Spill Fire 
Protection Using Portable Foam Nozzles or Monitors 

Foam Type 

Protein and 
fluoroprotein 

AFFF, FFFP, and 
alcohol-resistant 
A.FFF or FFFP 

Alcohol-resistant 
foams 

Minimum Application Rate 

6.5 0.16 

4.1 0.10 

Consult manufactLu·er for 
listings on specific 

products 

Minimum 
Discharge 

Time (minutes) 

15 

15 

15 

Anticipated Product 
Spill 

Hydrocarbon 

Hydrocarbon 

Flammable and 
combustible liquids 
t·equiring 
alcohol-resistant foam 
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5.9.2 Supplemental Foam Hose Stream Requirements. 

5.9.2.1 Approved foam hose sn·eam equipment shall be pro­
vided in addition to tank foam installations as supplementary 
protection for small spill fires. 

5.9.2.2 The minimum number of fixed or portable hose 
su·eams required shall be as specified in Table 5.9.2.2 and shall 
provide protection of the area. 

Table 5.9.2.2 Supp lemental Foam Hose Stream 
Requirements Diameter of Largest Tank 

Diameter of Largest Tank 

m 

Up ro 19.5 
19.5to36 
Over 36 

ft 

Up to6 
65 to 120 
Over 120 

Minimum Nwnber 
of Hose Streams 

Reqtrired 

1 
2 
3 

5.9.2.3 Th e equi pment for producing each foam stream 
shall have a solution application rate of at least l 89 L/ mjn 
(50 gprn), with the minimum number of hose streams 
shown in Table 5.9.2.2. 

5.9.2.4 Addi tional foam-producing materials sha ll be pro­
vided to allow operation of the hose stream equipment si­
multaneously with tank foam installations as specified in 
Table 5.9.2.4. 

Table 5.9.2.4 Hose Stream Operating 'limes, Supplementing 
Tank Foam Installations 

Diameter of Largest Tank 

m 

Up to 10.5 
10.5 [Q 28.5 
Over 28.5 

ft 

Up w 35 
35 lO 95 
Over95 

Minimwn Operating 
Time* 

(minutes) 

10 
20 
30 

*Based on simultaneous operation of Lhe required minimum number 
of hose su·eams discharging at a rate of 189 L/ min (50 gpm). 

Chapter 6 Medium- and High-Expansion Systems 

6.1* General Information and Requirements. This chapter 
shaU apply to requirements for a design of medium-and high­
expansion foam systems. 

6.2 Use and Limhations. 

6.2.1 Medium- and high-expansion foams shall be specitically 
evaluated to veriJY the appUcabili ty of medium- or high­
expansion foam as a fire conu·ol agent for the type of hazard. 

6.3* Hazards Protected. Hazards that medium- and hlgh­
expansion foam systems shall be permitted to protect include 
the following: 

(1) Ordinary combustibles 
(2) Flammable and combustible liquids 
(3) Combinations of (1) and (2) 
(4) Liquefied natural gas (high-expansion foam only) 
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6.3.1 Susceptibility of l11e protected hazard m water damage 
shall be evaluated. 

6.3.2* Medium- and high-expansion foam systems shall not be 
used on fires in the following hazards except where compo­
nenL evaluation, including tests, indicates acceptability: 

(1) Chemicals, such as cellulose nitrate, that release oxygen 
or other oxidizing agents to sustain combustion 

(2) Energized unenclosed electrical equipment 
(3) ·water-reactive metals such as sodium, potassium, and 

NaK (sodium-potassium al loys) 
(4) Ha2.ardous water-reactive materials, such as triethyl­

alumimun and phosphorus pentoxide 
(5) L iquefied Oammable gas 

6.4 Types of Systems. T he types of systems within the scope of 
this s tanda1·d shall be provided as follows: 

(1) Total flooding systems 
(2) Local application systems 
(3) Portable foam-generating devices 

6.5 Systems Protecting One or More Hazards. 

6.5.1 Systems shall be permitted to be used to protect one or 
more haza1·ds or groups of hazards by means of the same sup­
ply of foam concentrate and water. 

6.5.2 Where, in the opinion of the AHJ, two or more hazards 
can be simultaneously involved in fire by reason of their prox­
im il:)•, eacl1 hazard shall be protected with an inruvidual sys­
tem, or the system shall be arranged to discharge on all poten­
tia lly involved hazards simultaneously. 

6.6* Personnel Safety. 

6.6.1 * Where possible, the location of foam ruscharge points 
relative to building exits shall be ananged to facili tate evacua­
tion of personnel. 

6.6.1.1 * To re-enter a foam-filled billlding, a coarse water 
spray shall be pennitted to be used to cut a path in the foam. 
Personnel shall not enter the foam. 

6.6.1.2* A canister-type gas mask shall not be worn in the foam. 

6.6.1.2.1 If emergency reenuy is essential, self.<:ontained 
breaming apparatus shall be used in conjLmction with a lifeline. 

6.6.1.3 Unenclosed electrical apparatus shall be de­
energized upon system actuation unless il has been deemed 
unnecessary by competem evaluation. 

6.6.2* Electrical Clearances. 

6.6.2.1 All system components shall be located to maintain 
minimum clearances from live parts as shown in Table 6.6.2.1. 

6.6.2.2 The clearances given are for altitudes of 1000 m 
(3281 fl) or less. 

6.6.2.2.1 *At altitudes in excess of 1000 m (3281 ft), the clear­
ance shall be increased at the rate ofl percent for each 100 m 
(328ft) increase in altitude above 1000 m (3281 ft) . 

6.6.2.2.2 To coord inate the required clearance with the elec­
trical design, the design BIL of the equipment being pro­
tected shall be used as a basis, a lthough this is not matelial at 
nom inal line voltages ofl61 kV or less. 
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Table 6.6.2.1 Clearance from Medium- and High-Expansion 
Foam Equipment to Live Uninsulated Electrical Components 

Nominal Nominal Minimum 
Line Voltage to Desi~ Clearance2 

Voltage Ground BIL 
(kV) (kV) (kV) rnm in. 

To 15 To9 110 178 7 
23 13 150 254 10 
34.5 20 200 330 13 
46 27 250 432 17 
69 40 350 635 25 

115 66 550 940 37 
138 80 650 lll8 44 
161 93 750 1321 52 

196-230 114-132 900 1600 63 
1050 1930 76 
1175 2210 87 
1300 2489 98 

287-380 166-220 1425 2769 109 
1550 3048 120 

500 290 1675 3327 131 
1800 3607 142 
1925 3886 153 

500-700 290-400 2100 4267 168 
2300 4674 184 

1Basic insulation level (BTL) values are expressed as kilovoltS (kV), the 
numbe•· being the crest value of Lhe full wave impulse test that the 
electrical equipment is designed t-o withstand. 
2For voltages up to 69 kV. tJJC clearances are taken from NFPA. 70. 

6.6.2.2.3 At voltages higher than 161 kV, uniformity in the 
relationship between design BIL kV and the various electrical 
system voltages has not been established in practice and is 
dependent on several variables; thus, the required clearances 
to ground shall be based on the design BIL used rather than 
on the nominal line or ground voltage. 

6.6.2.2.4 The clearance between uninsulated energized parts 
of the electtical system equipment and any portion of the 
medium- or high-expansion foam system shall not be less than 
the minimum clearance provided elsewhere for electrical sys­
tem insulations on any individual component. 

6. 7 Operation and Control of Systems. 

6.7.1* Detection of Fires. 

6.7.1.1 Automatic detection shall be used for fixed systems. 

6.7.1.1.1 *Removal of auLOmatic detection shall be penniued 
when approved by the AHJ. 

6.7.1.2* Automatic detection shall be by listed or approved 
methods or devices capable of detection and indicating heat, 
smoke, or flame. Automatic detection devices shall be in­
stalled in accordance with NFPA 72. 

6.7.1.3 Detection by the use of combustible vapor detectors 
or an abnormal condition in the hazard, such as process 
trouble, shall be arranged using approved industrial practices 
as specified by an engineering study. 

6.7.1.4* A reliable source of energy shall be used in detection 
systems. 

6.7.1.4.1 The power supply for electrical detection systems 
shall be independem of the supply for the protected area. 

6.7.1.4.2 Anangement of the power supply shall be in accor­
dance with requirements of NPPA 72 for continuity of power 
supplies. 

6.7.2 Supervision. Supenrision of automatic detection and ac­
tuation equipment shall be provided and ananged so that 
there will be an immediate indication of failure, preferably at 
a constandy attended location. 

6.7.3 Alarms. 

6.7.3.1 Audible alarms shall be installed to indicate d1e op­
eration of the system, to alert personnel, and to indicate fail­
ure of any supervised device or equipment. 

6. 7.3.2 Such devices shall be of such a type and shall be pro­
vided in such numbers and at such locations as are necessary 
to accomplish their purpose satisfactorily. 

6.7.3.3 An alarm shall be provided to show that the system 
has operated. 

6.7.3.4 Alarms shall be provided to give ample warning of 
discharge where hazard(s) to personnel exisL 

6.7.3.5 Alarms indicating failure of supervised devices or 
equipment shall give prompt and positive indication of any 
failure and shall be distinctive from alarms indicating opera­
tion or hazardous conditions. 

6. 7 .4* Operating Devices. 

6.7.4.1 Operating devices shall include foam generators, 
valves, proportioners, eductors, d ischarge controls, and shut­
down equipment. 

6.7.4.1 .1 Operation shall be controlled by listed or approved 
mechanical, electtical. hydraulic, or pneumatic means. 

6.7.4.1.2 A reliable source of energy shall be used. 

6.7.4.1.3 The electrical power supply for an electrically oper­
ated medium- or high-expansion foam system shall be as reli­
able as a fire pump circuit in accordance with NFPA 20. 

6.7.4.2 AU operating devices shall be approved for the se1vice 
they "'rill encounter and shall not be rendered inoperative or 
susceptible to accidental operation. 

6.7.4.2.1 Provision shall be made to protect piping t:hat is 
normally fi lled with liquid from freezing. 

6.7.4.3 All devices shall be located, installed, or suitably pro­
tected so that they are not subject to mechanical, chemical, cli­
matic, or other conditions that will render them inoperative. 

6.7 .4.4 Manual conu·ols for actuation and shutdown shall be 
conveniently located and accessible aL all times, including the 
time of fire and system operation. 

6.7.4.4.1 Remote control st:ations for manual actuation shall 
be considered where the area is large, where egress is difficult, 
or where required by the AHJ. 

6.7.4.4.2 Manual conu·ols for actuation shall operate the sys­
tem to the same extent as the automatic control. 

6.7 .4.5 All automatically operated equipment controlling the 
generation and distribution of foam shall be provided \vith 
approved independent means for emergency manual opera­
tion. 
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6.7.4.5.1 If the means for manual actuation of the system 
required in 6.7.1 provide approved positive operation inde­
pendent of lhe automatic actuation, it shall be permitted to be 
used as the emergency means. 

6. 7 .4.5.2 The emergency means, preferably mechanical, shall 
be accessible a11d located close to the equipment controlled. 

6.7.4.5.3 If possible, the system shall be designed so that com­
plete emergency actuation shal l be pennitted to be accom­
plished from one location. 

6. 7 .4.6 All required door and window closers, vent openers, 
and elecu·ical equipment shutdown devices shall be consid­
ered integral parts of the system and shall function simulta­
neously with the system operation. 

6.7.4.7 All manual operating devices shall be identified with 
signs as to the hazards they protect. 

6.8 Foam Concentrate. 

6.8.1 Quality . . (See Annex H.) 

6.8.1.1 The foam concentrate used in the system shall be 
listed for use with the equipment. 

6.8.1.2 The quality of the concentrate for performance un­
der the installation requirements of this standard shall be de­
termined by tests. 

6.9 Air Supply. 

6.9.1 Air from outside the hazard area shall be used for foam 
generation unless data is provided to show that a ir from inside 
the hazard can be successfully employed. 

6.9.2 The data shall be specific for the products of combus­
tion to be encountered and shall provide factors for increas­
ing foam disch arge rates over those given in 6.12.8 if fire tests 
indicate that need. 

6.9.3 Vents from the fu·e area shall be located to prevent re­
circulation of combustion products or other materials delete­
rious to the formation of foam into foam generator air inlets. 

6.10 Foam-Generating Apparatus Location. 

6.10.1 Accessibility for Inspection and Maintenance . Foam­
generating apparatus shall be located and arranged so that 
inspection, testing, recharging, and other maintenance is fa­
cilitated and imerruption of protection is held to a minimum. 

6.10.2* Protection Against Exposure. 

6.10.2.1 Foam-generating equipment shall be located as 
close as possible to Lhe hazard(s) it protects, but not where it 
wi ll be unduly exposed to a fire or explosion . 

6.10.2.2 Foam generators installed inside the hazard area 
shall be listed to resist or be protected against fire exposure 
for the duration of the fire. 

6.10.2.3 Such protection shall be permitted to be in the form 
of insulation, water spray or sprinklers, or other method as 
determined by an engineering study. 

6.10.2.4 In certain applications, additional generators shall 
be pemJitted to be substituted for fire exposure protection 
based on resul tS of fire tests. 

6.11 Disttibution Systems. 

6.11.1 Piping and Fittings. Piping and fittings shall conform 
to the requirements of Chapter 4. 
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6.11.2 Arrangement and lns tal1ation of Piping and Fittings. 

6.11.2.1 A listed strainer for use with the proportioner and 
foam generator shall be provided in the water line upstream of 
the water valve. 

6.11. 2.2 Supplemental strainers shall be pennitted to be used 
as recommended by the foam equipment manufacturer. 

6.11.3 Ducts. 

6.11.3.1 Foam disoibution and air inlet ducts shall be designed, 
located, installed, and suitably protected so that lhey are not sub­
ject oo undue mechanical, chemical, or other damage. 

6.11.3.2 Duct closures such as selector valves, gates, or doors 
shall be of the quick-opening type, so as to allow free passage 
of the foam. 

6.11.3.2.1 v\Then duct closures are located where they are sub­
jected to fire or heat exposw-e, either inside or outside the 
area to be protected, special care shall be taken to ensw·e 
positive operation. 

6.U.3.3 Ducts shall be designed and installed so that undue 
turbulence is avoided, and the actual foam discharge rate shall 
be determined by test or other method acceptable to theAHJ . 

6.12 Total Flooding Sys tems General Information. 

6.12 . .1 Description. A total flooding system shall consist of 
fixed foam-generating apparatus complete with a piped sup­
ply of foam concentrate and water, arranged to discharge into 
an enclosed space or enclosure around the hazard. 

6.12.2* Applications. Total flooding systems shall be permit­
ted to be used where a permanent enclosw·e is provided 
around the hazard lO enable the required amount of fire­
extinguishing medium to accumulate at the proper depth and 
to be maintained for a period of Lime required to ensure fire 
control or extinguishment in a specific combustible material. 

6.12.3 General Requirements. 

6.12.3.1 Tota.l flooding systems shall be designed, installed, 
tested, and maintained in accordance with the appUcable re­
quirements of this standard. 

6.12.3.2 Only listed or approved equipment and devices shall 
be used in these systems. 

6.12.4 Total Flooding Enclosure Specifications. 

6.12.4.1* Leakage. 

6.12.4.1.1 Openings. Openings below design filling depth, 
such as doorways and windows, shall be arranged to close auto­
matically before, or simultaneously with, the start of the foam 
discharge, witJ1 due consideration for evac~1ation of personnel. 

6.12.4.1.1.1 Openings shall be designed to maintain closure 
during a fue and shall be capable of withstanding pressures of 
foam and sprinkler 1-vater discharge. 

6.12.4.1.1.2 Where openings cannot be protected by auto­
matic closing devices. the total flooding system shall be de­
signed to compensate for the probable loss of foam. 

(A) The system design shall be tested to ensure proper per­
formance. 

(B) If the foam system is permitted to stan prior to complete 
closure of the space to be filled, additional foam output shall 
be allowed to compensate for the losses. 
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(C) This shall be velified by test based on the individual sire 
conditions. 

6.12.4.1.2 Ventilation. 

6.12.4.1.2.1 V\'here outside air is used for foam generation, 
high-level venting sbaiJ be provided for air that is displaced by 
the foam. 

6.12.4.1.2.2 Venting velocity shall not exceed 305 m/ min 
(1000 fVmin) tn free air. 

6.12.4.1.2.3 Th e required venling shall consist of openings, 
e ither nonnally open or normally closed and arranged tO 
open automatically when the system operates. 

6.12.4.1.2.4 Where design critelia demand exhaust fans, they 
shall be approved for high-temperature operalion and in­
stalled with consideration for protection of switches, wiring, 
and other electrical devices to ensure equal reliability of ex­
haust fan performance. Operation of the fans shall not com­
promise foam generator operations. 

6.12.4.1.2.5 Where forced-air venti lating systems interfere 
with the proper buildup of foam, they shall be automatically 
shut down or closed. 

6.12.5 Foam Requirements. 

6.12.5.1 General. Total flooding medium- or high-expansion 
foam shall be discharged at a rate required to fil l the endosW"e 
co a depth above the hazard before an unacceptable degree of 
damage occw·s. 

6.12.5.2 Foam Depth. 

6.12.5.2.1 High-Expansion Foam. 

6.12.5.2.1.1 The minimum total depth of foam shall be not 
less than 1.1 times the height of Lhe highesL hazard but in no 
case Jess than 0.6 m (2ft) over this hazard. 

6.12.5.2.1.2 For flammable or combustible liquids, the re­
quired depth over the hazard shall be permitted to be consid­
erably greater than the requiremem of 6.12.5.2.1.1 and shall 
be no less than the depth detem1ined by tes ts. Tests shall du­
plicate the anticipated fire evem in the protected area. 

6.12.5.2.2 Medium-Expansion Foam. 

6.12.5.2.2.1 Required depth over the hazard shall vary with 
expansion. 

6.12.5.2.2.2 Depth shall be determined by tests. (See 6.12.6.3 
and Annex H.) 

6.12.6 Submergence Volume for High-Expansion Foams. 

6.12.6.1 Submergence volume for splinkler protected areas 
shall be defined as the depth as specified in 6.12.5.2.2.2 multi­
plied by the floor area of the space to be protected in accor­
dance with 6.1 2.3. 

6.12.6.2 Submergence volume for unsprink.Jered rooms of 
combustible construction or finish shall be based on the en­
tire volume, including concealed spaces. 

6.12.6.3 The volume occupied by vessels, machinery, or other 
permanently located equipment shall be permitted to be de­
ducted when determining the submergence volume. 

6.12.6.4 The volume occupied by stored material shall not be 
deducted when determining the submergence volume. 

6.12.7* Submergence Tune for High-E.-xpansion Foams. 

6.12.7.1 Recommended times to achieve submergence vol­
ume for various types of hazards and building construction 
shall be as shown in Table 6.12. 7 .1. 

6.12.7.2 Shorter submergence times shall be petmitted to be 
required depending on the factors included in 6.12.8. 

6.12.7.3 The submergence time shall be based on a maxi­
mum of 30 seconds delay between fire detection and start of 
foam discharge. 

6.12.7.4 Any delays in excess of30 seconds shall be deducted 
from the submergence times in Table 6.12.7.1. 

6.12.7.5 Where use of high-expansion loam on polar solvents 
is contemplated, the foam equipment Stlpplier shall substami­
ate suitability for tl1e intended use. 

6.12.8* Rate of Discharge. 

6.12.8.1 Medium-Expansion Foam. The rate of discharge for 
medium-expansion foam shall be determined by tests. 

6.12.8.2 High-E.'\.'Pansion Foam. 

6.12.8.2.1 *The rate of foam discharge necessary for extinguish­
ment or control to permit overhaul shall be dependent on the 
strength of sprinkler protection, the nature and configuration of 
Lhe hazard, the vulnerability of the structure and contents to fire, 
and the Joss potential to life, property, and production. 

6.12.8.2.2 The foam discharge rate shall meet the foam 
depth requirements and submergence times ofTable 6.12.7. L, 
with compensation for nonnal foam shrinkage, foam leakage, 
and breakdown effects of sprinkler discharge. 

6.12.8.2.3 Calculation. 

6.12.8.2.3.1 *The minimttm rate of discharge or total genera­
tor capacity shall be calculated from the following formula: 

where: 
R = rate of discharge in m3 / min (fe / min) 
Y = submergence volume in m3 (ft3

) 

T = submergence time in minutes 
R.s = rate of foam breakdown by sprinklers in m3 / min 

(ft3 / min) 
CN = compensation for normal foam shrinkage 
CL = compensation for leakage 

6.12.8.2.3.2* The factor (Rs) for compensation fo1· b1·eakdown 
by sprinkler discharge shall be determined either b}' rest or, in 
the absence of specific test data, by the following formula: 

R5 =SxQ 

where: 
S = foam breakdown in m~/min· L/ min (ft3/ min 

· gpm) of sprinkler discharge. S shall be 
0.0748m3/ min· L/min (10ft3/ m.in · gpm) 

Q = estimated total discharge from maximum 
number of sprinklers expected to operate in 
L/ min (gpm) 

6.12.8.2.3.3 The factor (CN) for compensation for nonnal 
foam shrinkage shall be 1.15, which is an empirical factor based 
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Table 6.12.7.1 Maximum Submergence Tune for High-Expansion Foam Measured from Start 
of Foam Discharge in Minutes 

Light or Unprotected Heavy or Protected 
Steel or Ftre-Resisti.ve 

Construction Construction 

Not Not 
Hazard SprinJ<Jered Sprinklered Sprinkle red Sprinklered 

f lammable liquids [nash points 3 2 5 3 
below 38•C (l oo•F)] having a 
vapor pressure not exceeding 
276 kPa ( 40 psia) 

Combustible liquids [flash 4 3 5 3 
poimsof38•c (lOO.F) and 
above)* 

Low-density combustibles (i.e., 4 31 6 4' 
foam rubber, foam plastics, 
rolled tissue, or crepe paper) 

61 High-density combustibles (i.e., 7 si 8 
rolled paper kraft or coated 
banded) 

High-densit}' combustibles (i.e., 5 41 6 s' 
rolled paper kraft or coated 
unbanded) 

Rubber tires 7 51 8 st 
Combustibles in c<trtons. bags. 7 51 8 st 

or fiber drums 

•Polar solvents arc not included in this t.able. Flammable liquids having boiling points IMS than 38"C {I 00 F) 
might require higher application mtcs. Sec NFPA 30. 
'These submergence times might not be direcll) applicable to storage piled above 4.6 m (15ft) 01 where fire 
spread through combustible contents is very rapid. 

on average reduction in foam quantity from solution drainage, 
lire, wetting of surfaces, absorbency of stock, and so forth . 

6.12.8.2.3.4* The factor ( C1) for compensation for loss of 
roam due to leakage around doors and windows and through 
unclosable openings shall be determined by the design engi­
neer after evaluation of the su1.tcture. This factor shall not be 
permitted to be less than 1.0 even for a structure completely 
tight below the design filling depth. This factor shall be per­
mined to be as high as 1.2 for a building with all openings 
nonnally closed, dt•pcnding on foam expansion ratio, sprin­
kler operation , and foam deptl1. 

6.12.9 Quantity. 

6.12.9.1 High-ell."pansion foam concentrate and water shall 
be provided to permit continuous operation of the entire sys­
tem for 25 minutes or to gcner.ne four times the submergence 
\'Olume, whichever is less. but in no case less than enough for 
J 5 minutes of full operation. 

6.12.9.2 The quantity for medium-expansion foam shall be 
determined by testS developed by an independent testing 
laboratory. 

6. 12.9.3 Reserve supplies shall be provided in accordance 
with 6.12.9. 

6.12.10* Maintenance of Submergence Volltrlle for High­
Expansion Foam. 

6.12.10.1 To ensure control or extinguishment, the submer­
gence volume shall be maintained for at least 60 minutes for 
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unsprinkJered locations and 30 minutes for sprinklered loca­
tions. 

6.12.10.2 Where the hazard consisiS of flammable o r com­
bustible liquids in noncombustible containers, the time in 
6. 12.10.1 shall be permiued to be reduced. 

6.12.10.3 Method. 

6.12.10.3.1 The submergence volume shall be permitted to 
be maintained by continuous or intermittent operation of any 
or all of the generators provided. 

6.12.1 0.3.2• Arrangements and procedures shall be provided 
to maintain the submergence volume without waste of foam 
concentrate. 

6.12.10.4* Overhaul. Overhaul procedures shall be pre­
planned to prc\'ent los.~ of control by submergence of the haz­
ard. 

6.L2.10.5 Distribution. The medium- and hlgh-e~l!:pansion 

foam generators shall be located such that a relativel>• even 
buildup of foam will take place throughout the protected area 
during the discharge period. 

6. 13 Local Application Systems. 

6.13.1 General lnformation. 

6.13.1.1 Description. A local application system shall consist 
of fixed foam-generating apparatus complete with a piped 
supply of foam conccntrme and water that is arranged to dis­
charge foam direclly onto a fire or spill ha.zard. 
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6.13.1.2* Uses. 

6.13.1.2.1 Local application systems shall be pennitted to be 
used for the exting1-1ishmem or control of fires in tlammable or 
combustible liquids, liquefied narural gas (LNG), and ordjnary 
Class A combustibles where the hazard is not totally enclosed. 

6.13.1.2.2 For multiple-level or three-dimensional fire haz­
ards where total buildjng floodi ng is impractical, the indi­
vidual hazard sbalJ be provided wit.h containment facilities. 

6.13.2 General Requirements. 

6.13.2.1 Local application systems shall be designed, in­
stalled, tested, and maintained in accordance \vith the appli­
cable requiremen ts in this standard. 

6.13.2.2 Only listed or approved equipment, devices, and 
agentS shall be used in these srsrems. 

6.13.3 Hazaro Specifications. 

6.13.3.1 Extent of Hazai."CC. The hazard shall include all areas 
to or from which fire shall spread. 

6.13.3.2* Location ofHazai."CC. 

6.13.3.2.1 Local application medium- and high-expansion 
foam systems shalJ be pemlitted Lo be used to protect hazards 
located indoors, tmder partial shelter, or completely outdoors. 

6.13.3.2.2 Provisions shall be made to compensate for winds 
and other effectS ofweaU1er. 

6.13.3.3 Foam Requirements for Flammable and Combus­
tible Liquids and Solids. 

6.13.3.3.1 General. Foam shall be discharged at a rate to cover 
d1e hazard to a depth of at least 0.6 m (2ft) within 2 minutes. 

6.13.3.3.2 Quantity. 

6.13.3.3.2.1 Foam concentrate and water shall be provided to 
permit continuous operation of Lhe entire system for at least 
12 minutes. 

6.13.3.3.2.2 Reserve supplies shall be pro .. ided in accordance 
\vith 6.12.9. 

6.13.3.3.3 Arrangement. 

6.13.3.3.3.1 Discharge outlets shall be arranged to ensure 
that foam is delivered over all areas that constitute the hazard. 

6.13.3.3.3.2 Where parts of the hazard are elevated or raised 
up fi·om the ground or floor line, the arrangement of tl1e 
system shalJ be such that foam wiJl be delivered to, and re­
tained on, such partS in the required depth to ensme prompt 
and (mal extinguishment. 

6.14* Foam Applications for Liquefied Natural Gas (LNG). 

6.14.1 *System Design Considerations. 

6.14.1.1 The determination of the high-expansion foam sys­
tem design shall depend on an analysis specific to tl1e indi­
vidual site. 

6.14.1.2 The analysis shall include effects of heat e.xposure 
on adjacent plant equipment. 

6.14.1.3 Automatic alanns and actuation shall be required 
for ftxed systems. 

6.14.1.3.1 Where an engineering study shows that automatic 
protection is noll required, the system shall be pennitted robe 
activated manually. 

6.14.2* Foam Discharge Rate per Unit Area. 

6.14.2.1 The ruscharge rate per unit area shall be established 
by tests and shall be able to achieve a positive and progressive 
reduction in radiadon wid1in the time limitations established 
in the analysis. 

6.14.2.2 The ruscharge rate per unit area determined by the 
test in G.4.3 shall be increased by the necessary factor to ac­
count for the ini tial vaporization rate and the configuration of 
the hazard. 

6.14.2.3 After steady-state control conrulions have been 
reached, the discharge rate per unit area established in the test 
for maintenance of fi re control shall be used to maintain cono·ol. 

6.14.3 Quantity. 

6.14.3.1 The initial quanti ty of foam concentrate shall permjt 
a continuous application at the initial design rate for fire con­
trol to reach steady-state conditions. 

6.14.3.2 Additional foam concentrate supplies shall be on 
hand to provide control maintenance for the calculated fire 
duration. 

6.14.3.3* Foam System Arrangement. The foam system shall 
have foam oul.lelS arranged to supply foam to cover the design 
fire area within the specified time. 

6.15 Portable Foam-Generating Devices. 

6.15. ll General Information. 

6.15.1.1 Description. 

6.15..11..1.1 Portable foam-generating devices consist of a foam 
generator, manually operable and transportable, connected 
by means of hose, or piping and hose, to a supply of water and 
foam concentrate. 

6.15 . .11.1 .2 The proportioning equipmem shall be integral ro 
or separate from the foam generator. 

6.15.1.1.3 A separate foam concentrate supply shall be per­
mitted to be provided for each unit, or solution shall be per­
mitted to be piped from cenu-al proportioning eqttipment. 

6.15.1.2 General Requirements. 

6.15.1.2.1 Portable foam-generating devices and associated 
equlpmem shall be used and maintained in accordance with 
t11e applicable requirements in this standard. 

6.15.1.2.2 Only listed or approved equipment and devices 
shalJ be used. 

6.15.2 Hazai."CC Specifications. Portable foam-generating de­
vices shall be permitted to be used to combat tires in all haz­
ards covered in this chapte1·. 

6.15.3 Location and Spacing. 

6.15.3.1 Portable foam-generating devices that are precon­
nected to a water or solution supply shall be placed where they 
are accessible and shall have enough hose to reach the most 
distant hazard they are expected to protect. 

6.15.3.2 Foam concentrate shall be accessible for immediate 
use. 

6.15.3.3 Portable foam genet-ators shall be located such t.hat 
they are not exposed to the hazard. 

6.15.3.4 vVhen portable foam generators are not preconnected 
to a water or solution supply, thek associated equipment shalJ be 
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located and an-anged for immediate u-anspon to all designated 
hazards. 

6.15.4 Foam Requirements. 

6.15.4.1 Rate and Duration of Discharge. 

6.15.4.1.1 The rate and duration of discharge, and conse­
quenlly tbe quantity of foam concemrate and water, shall be 
determined by the type and potential size of hazard. 

6.15.4.1.2 To Lhe extem that the specific hazards are identi­
fied, the applicable requirements of this chapter shall apply. 

6.15.4.1.3 Simultaneous Use of Portable Foam-Generating 
Devices. Wher·e simultaneous use of two or more devices is 
possible, supplies of foam concentrate and water shall be ac­
cessi.ble to supply the maximum number of devices that are 
physically possible to be used aL any one time. 

6.15.5 Equipment Specifications. 

6.15.5.1 Hose. 

6.15.5.1 .1 Hose used to connect the generator to the water or 
solution supplies shall be lis ted lined hose meeting require­
ments ofNFPA 1961. 

6.15.5.1.2 The hose size and length shall be selected with 
consideration to the hydmulics of the entire system. 

6.15.5.1.3 Hose shall be stored in an arrangement thaL will pe1~ 
mit immediate use and shall be protected against the wealber. 

6.15.5.2 Electric Power Supply and Connections. 

6.15.5.2.1 Power supply and connections needed for opera­
tion of the generator shall be capable of transmitting the re­
quired power and shall be selected for the intended use. 

6.15.5.2.2 All power cables shall be sufficiently rugged to 

withstand abuse in service, shall be impervious to water, and 
shall contain a ground wire. 

6.15.5.2.3 Elecu·ical connectors shall be waterproof. 

6.15.6* Training. All personnel shall be properly trained in 
the operation of portable generating equipment and in the 
necessary fire-fighLing techniques. 

Chapter 7 Compressed Air Foam Systems 

7.1 General. 

7.1.1 This chapter shall provide requirements for the correct 
use of compressed air foam system components. 

7.1.2 All components shall be listed for their intended use. 

7.1.2.1 Where listings for components do not exist, compo­
nents shall be approved. 

7.2 Water Supplies. 

7.2.1 Quality. 

7 .2.1.1 The water supply to compressed air foam systems shall 
be permitted to be hard or soft, fresh or salt, but shall be of a 
quality so that adverse effects on foam formation 0 1· foam sta­
bility do not occur. 

7.2.1.2 No corrosion inhibitors, emulsion breaking chemi­
cals, or any other additives shall be present without prior con­
sultation with the foam concentrate supplier. 
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7 .2.2 Quantity. 

7.2.2.1 The water supply shall be of a quantity to supply all the 
discharge devices and compressed air foam hoses tl1at shall be 
permitted to be used simultaneously for d1e specified rime. 

7.2.2.2 This quantity of water shall include not only the vol­
llllle required for the compressed air foam apparatus but also 
water that shall be pennitted to be used in other fire-fighting 
operations, in addition to Lbe normal plant requirements. 

7.2.3 Pressure. The pressure available at the inlet to d1e com· 
p ressed air foam system under required now conditions shall 
be at least the minimum pressure for which the system has 
been designed. 

7.2.4 Temperature. WaLer tempemtures shall be between 4"C 
(40"F) and 37.8"C (IOO"F). 

7.2.5 Design. The water system shall be designed and in­
stalled in accordance wiLh NFPA 24. 

7.2.6 Storage. Water· supply shall be protected against freez­
ing in climates where freezing temperantres are expected. 

7.3 iFoam Concentrate. 

'7.3.1 Quality. 

7.3.1.1 Foam concenu·ate shall be Lis ted. 

7.3.1.2 The foam concentrate used in a compressed air foam 
system shall be d1a1.listed for use with the equipment. 

7.3.1.2.1 The pe1-formance of the system shall be dependem 
on th e composition of the foam concentrate as Listed 'vith as­
sociated fue ls and prolection storage arrangement (consulL 
applicable standard tor storage arrangement protection). 

7.3.1.2.2 The quality of the concentrate for proper perfor­
mance under the installation requirements of this standard 
shall be determined by suitable tests. 

7.3.2 Quantity. The amount offoam concentrate in the S)''Stem 
shall be at least sufficient for the largest single hazard protected, 
01· a group of hazards d1at are to be protected simultaneously. 

7.3.3 Stonge Tanks. 

7 .3.3.1 Storage tanks shall be of con-osion-resisting materials 
and construction compatible 'vith Lhe foam concemrate. 

7.3.3.1.1 Consideration shall be given 1.0 design of the stor­
age tanks to minimize evaporation of concentrate. 

7.3.3.2 Markings shall be provided on storage tanks to iden­
dfy the type of concentrate and its intended concentration in 
solution. 

7.3.4 Storage Conditions. Foam concenu-are shall be stored 
within Lhe listed temperature limitations. 

7.3.5 Reserve Supply of Foam Concentrate. 

7.3.5.1 A reserve supply of foam concemraLe sufficient to 

meet system design requirements shall be provided in order to 

pttt the system back into service after operation. 

7.3.5.2 The reserve supply shall be in separate tanks or com­
partments, in drums or cans on the premises, or available 
from an approved outside source within 24 hours. 

7.3.6 Compatibility of Foam Concentrate. 

7.3.6.1 Different types of foam concentrates shall not be 
mixed for swrage. 
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7 .3.6.2 Dilferem brands of the same type of concentrate shall 
not be mixed unless data are provided by the manufacturer to 

prove that they are compatible and are accepted by the A.HJ. 

7.4 Air or Nin·ogen Supply. 

7.4.1 Quantity. 

7.4.1.1 Primary Supply. The amount of air or nitrogen shall 
be at least sufficient for the largest single hazard protected, or 
a group of hazards that are to be protected simultaneously. 

7.4.1.2 Reserve Supply. Aresen'c supply of air or niu·ogen suf­
ficient to meet system design requirements shall be prO\~ded in 
order to put the system back into service after operation or avail­
able from an approved outside source within 24 hours. 

7.4.2 Storage Containers. 

7.4.2.1 Storage containers shall be listed. 

7 .4.2.2 Pressndzed storage containers shall be designed to 
comply with the reqtdrements of the U.S. Deparm1ent of 
Transportation or the Canadian Transport Commission. 

7 .4.2.2.1 Containers shall be designed, fabricated, inspected, 
certified, and stamped in accordance with Section VllT of 
ASME Boiler and Press w-e \rf>.ssel Code. 

7.4.2.3 Pressudzed storage containers shall not be located 
whe1·e they are subject to severe weather conditions or to me­
chanical. chemical, or other damage. 

7.4.2.4 Each pressurized storage container shall be provided 
with a releasing device. 

7.4.3 Supervision. Air or nitrogen pressure shall be super­
vised for high and low pressure. 

7 .4.4 Regulators. Regulators controlllng the air or nitrogen 
pressure for compressed air foam systems shall be listed for 
the intended purpose. 

7.4.5 Plant Air. Plant air shall be pennitted to be utilized 
where t11e facility has an air supply that complies wid1 d1e re­
quirements of a dedicated main and reserve air supply, includ­
ing d1e quality, quanti ty, pressure, and reliability requirements 
of the listing, and shall be subject to the approval of the AHJ. 

7.4.6 Air Compressot~ Air compressors used as a dedicated 
solll'ce of air supply shall be listed for use on fire protection 
systems. 

7.5 Compressed Air Foam-Generating Method. The method 
used to generate compressed air foam shall be listed. 

7.6 Distribution Systems. 

7.6.1 Piping. Pipe shall be in accordance with 4.7.1. 

7.6.2 Fittings. All pipe fittings shall be in accordance \\~th 4.7.3. 

7. 7 Compressed Air F oan1 Discharge Devices. 

7.7.1 Compressed air foam discharge devices shall be listed 
for the imended purpose. 

7.7.2 Discharge devices shall be located and installed :;o that 
they are not su~ject to mechanical, chemical, climatic, or 
od1er conditions that would render them inoperative. 

7.8 Operation and Control of Systems. 

7.8.1 Operation and control of systems shall be in accor­
dance with Section 4.9. 

7.9 System Types. 

7.9.1 Compressed air foam systems conforming to this chap­
ter shall be fixed deluge-type or fixed spray-type systems, 
wherein compressed air foam shall discharge simultaneously 
from all nozzles upon system activation. 

7.9.2 The system shall be permitted to be designed to protect 
a single zone or multiple zones. 

7.10 Limitations. 

7.10.1 Compressed air foam systems shaJI be designed and 
installed in accordance with d1eir listing for the specific haz­
ards and protection objectives specified in the listing. 

7.10.2 These limitations are described in the manufacturer's 
listed design manual, which shall be pan of Lhe listing of the 
system. 

7.11 System Design. The system shall be designed in accor­
dance with the manufacturer's design manual, which shall be 
pan of the listing. 

7.12 Installation of Piping and Fittings. Piping for com­
pressed air foam systems shall be installed in accordance with 
NFPA 13. 

7.13 Installation of Automatic Detection. Automatic detec­
tion d evices shall be installed io accordance with NFPA 72. 

7.14 CAFS Discharge Device Choice and Location. 

7.14.1 Discharge devices shall be of the type listed for the 
intended purpose. 

7.14.2 Discharge devices shall be located in accordance with 
listing limitations on spacing, floor coverage, and alignment. 

7.15 Discharge Density. The design discharge density shall be 
in accordance with the applicable occupancy standards and in 
accordance wid1 the manufacmrer's listing but in no case Jess 
than l .63 L/ min · m2 (0.04 gpm/ ft2) for hydrocarbon fuel 
applications and 2.3 L/m in · m2 (0.06 gpm/ft2) for alcohol 
and ketone applications. 

7.15.1 Where fixed spray-type systems are used to protect 
three-<Hmensional equipment, the minimum density shall be 
applied over the projected area of rectangular p1ism envelope 
for the equipment and its appurtenances. 

7.16 Discharge Duration. 

7.16.1 The system shall be designed to discharge compressed 
air foam for a minimum per·iod of 10 minutes over the entire 
area for deluge-type systems and a minimum of 5 minutes for 
fixed spray-type systems and shall be in accordance with the 
manuJacturer's listing. 

7.16.2 Back-up fire sprink.le1· protection shall be pe1mitted to 
be applied as required by the AHJ. 

7.17 System Flow Calculation. 

7.17.1 General. Compressed air foam flow involves a mixture 
of both hydraulic and pneumatic elements, which shall be ad­
dressed together in the system desig1i to preserve the foam 
bttbble su·uctm·e until foan1 is discharged on a hazard. 

7.17.2 System flow calculations shall be performed using a 
calculation method for compressed air foam within the limita­
tions of the manufacturer's design manual. 
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7.17.3 Compressed air foam piping lengths and config\lra­
Lions of fittings and nozzles shall be in accordance with the 
manufaclllrer's listed limitarions. 

7.18 Plans and Specifications. Plans and specifications shall 
be in accordance with Chapter 8. 

7.19 Testing and Acceptance. Compressed air foam systems 
shaiJ be tested in accordance with Chapter 10. 

7.20 Maintenance. Compressed air foam systems shall be 
maintained in accordance with Chapter ll. 

Chapter 8 Specifications and Plans 

8. 1• Approval of Plans. Plans shall be submitted m theAHJ for 
approval before installation. 

8.2 Specifications. Specifications for foam systems shall be devel­
oped and shall include d1e requirements of8.2.1 through 8.2.3. 

8.2.1 The specifications shall designate the AHJ and shall 
indicate whether submission of plans is required. 

8.2.2 The specifications shall state that the installation shall con­
fo•m to this standard and shall meet the approval of the AH]. 

8.2.3 The specifications shall include the specific tests re­
quired to meet the approval of the AHJ and shall indicate how 
testing costs are to be met. 

8.3 Plans. 

8.3.1 Preparation of plans shall be enu-usted only to fully 
experienced and responsible persons. 

8.3.2 Plans shall be submitted for approval to the AHJ before 
foam systems are installed or e:dsting systems are modified. 

8.3.3 These plans shall be drawn to an indicated scale or shall 
be dimensioned. 

8.3.4 The plans shall include or be accompanied by the fol­
lowing information, where applicable: 

(l) Physical details of the hazard, including th.e location, ar-
rangemem, and hazardous materials involved 

(2) Type and percentage of foam concentrate 
(3) Required solution application rate 
(4) Submergence volume calculations 
(5) Water requirements 
(6) Calculations specifying required amount of concentrate 
(7)•1-lydraulic calculations 
(8) Calculation specifying required amoum of air 
(9) CAFS flow calculations report 

( J 0) ldentification and capacity of all equipment and devices 
( 11) Location of piping, detection devices, operating devices, 

generators, discharge outlets, and auxiliary equipment 
(12) Schematic wiring diagram 
(13) Explanation of any special features 

8.3.5 Complete plans and detailed data describing pumps, driv­
ers, conrrollers, power supply, fittings, suction and discharge con­
nections, and suction conditions shall be submitted by the engi­
neer or contractor to the AHJ for approval before installation. 

8.3.6 Where field conditions necessitate any change affecting 
system perfom1ance from the approved plan, revised "as in­
stalled" plans shall be supplied for approval to the AHJ. 
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8.3.7 Charts that spedty head, delive•y. efficiency, and brake 
horsepower curves of pumps shall be furnished by the conu-actOI'. 

Chapter 9 Installation Requirements 

9.1 Foam Concentrate Pumps. 

9.1.1 Foam concentrate pump discharge pressure shall not 
exceed the working pressure of the concentrate piping or 
components in the system. 

9. l.2 Positive displacement pumps and centrifugal pumps are 
capable of overpressuring the system and shall be provided with 
means of pressure relief from 1he discharge to the supply side of 
the circuit to prevent excessive pressure and temperature. 

9.2 Flushing. 

9.2.1 Pumps shall be provided with a means for flushing with 
\\"ater. 

9.2.2 Foam concentrate piping systems shall be provided with 
flush inlet and outlet connections. 

9.3 Power Supply. 

9.3.1 Power supply for the drivers or foam concentrate pumps 
shaU be installed in accordance with NFPA 20 and NFPA 70. 

9.3.2 Power supplies shall be <wranged such that disconnect­
ing power from the protected facility during a fire does not 
disconnect the power supply to the foam concentrate pump 
feeder circuit. 

9.3.3 Controller. 

9.3.3.1 A controller governing the start-up of foam concen­
trate pumps with electric drivers of30 horsepower or less shall 
be listed as a limited service controller. 

9.3.3.2 A controller governing the start-up of foam concen­
u-ate pumps with electric drivers of greater thatl 30 horse­
power shall be listed as a fu ll service fire pump controller. 

9.3.3.3 A controller governing the stan-up of foam concen­
traic pumps with diesel engine drivers sl1a1J be Listed as a diesel 
engine fire pump controller. 

9.3.4• Service Disconnecting Means. 

9.3.4.1 A service disconnecting means in tl1e feeder circuits 
to limited seiVice controllers shall be permiued, where al­
lowed by the AJ-ij, provided the disconnecting means is super­
vised for the correct position. 

9.3.4 .2 Supervision for correct position shall be performed 
by one of the following: 

(I) Central station, proprietary. or remote station signaling 
electrical supervision service 

(2) Local electrical supervision through use of a signaling ser­
vice that will cause tl1e sounding of an audible signal at a 
constandy attended poi Ill 

(3) Locking tl1e disconnect in the correct position with 
monthly recorded inspections 

9.4 Low-Expansion System Piping. 

9.4.1 All piping inside of dikes or within 15m (50ft) of tanks 
not diked shall be buried undcratleast0.3 m (1ft) of earth or, 
if aboveground, shall be supported a11d protected against me­
chanical iqjury. 
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9.4.2 Piping that is subject to freeling shall be installed for 
drainage with a pitch of 4 mm/m (lJJ in. for every 10 ft.) or 
shall be pl·otected from freezing temperatures. 

9.4.3 For systems that apply foam to a tank's liquid surface 
from the top side, all piping within the dike or within 15 m 
(50ft) of tanks not diked shall be designed to absorb the up­
ward force and shock caused by a tank roof rupture. One of 
the following designs shall be used: 

(J) Piping less than 100 mm ( 4 in.) in diameter. 
(a) Where piping is buried, a swing joint or other means 

shall be provided at each tank rise1· to absorb the up­
ward force. The swing j oint shall consist of approved 
standard weight steel, ductile, or malleable iron fittings. 

(b) Where piping is supported aboveground, it shall not 
be secured for a distance of J 5 m (50ft) from the tank 
shell to provide flexibility in an upward direction so 
that a swingjoin t is not needed. If there are tbreaded 
connections within this distance_, they shall be back 
welded for srrength. 

(2)*The vertical piping of 100 mm (4 in.) in diameter and 
greater on the protected tank shall be provided with one 
brace at each shell course. This design shall be permitted 
to be used in lieu of swingjoints or other approved above­
ground flexibili ty, as speci£ied in 9.4.3(1 )(a) and 
9.4.3(1) (b). 

9.4.4* One flange or union joint shall be provided in each 
riser at a conveniem location, preferably directly below t.he 
foam maker, to permit hydrostatic testing of the piping system 
up to thisjoinL 

9.4.5 Hose connections for scm i-!ixed foam systems on fixed· 
roof (cone) tanks shall terminate outside the dike area at least 
one tank diameter from the tank but in no case less than 15m 
(50ft). 

9.4.6 The inlets to the piping shall be fined with corrosion­
resistant metal connections, compatible with the equipment 
supplying foam solution to the system, and provided with 
plugs or caps. 

9.5 Valves in Low-h-pansion Systems. 

9.5.1 The laterals to each foam discharge outlet on fixed roof 
tanks shaH be separately valved outside the dike in the follow­
ing circumstances: 

(1) All fL'.cd systems 
(2) Any laterals of a semi-fixed system not supplied by an in-

dividual hose connection 

9.5.l.J Valves shall be locau;:d ei ther in the centr<'ll foam sta­
tion or at points where the laterals branch from the common 
supply line. 

9.5.1.2 These valves shall not be located within the dike. 

9.5.1.3 Valves shall be located at a distance of at least one tank 
diameter from the tank but in n o case less than 15m (50ft). 

9.5.1.4 Shutoff valves shall be permitted tO be located at 
shorter distances where remotely operated, subject to the ap­
proval oftheA}fj. 

9.5.2 Where two or more foam proportioners are installed in 
parallel and discharge into the same outlet header, valves shall 
be provided between the outlet of each device and the header. 

9.5.3 The water line to each proponioner inlet shall be sepa­
rately valved. 

9.5.4 For subsurface applications, each foam delivery• line 
shall be provided with a valve and a check valve unless the 
latter is an integral pan of the high back-pressure foam maker 
or pressure generator to be connected at the time of use. 

9.5.5 \'\!here product lines are used for foam, product valving 
shall be arranged to ensure that foant enters only the tank to 
be protected. 

9.5.6 Drain vakes that are accessible shall be provided for low 
points in underground and aboveground piping. 

9.5. 7• Bladder Tank Valves. 

9.5.7.1 For bladder tank sysLCms with multiple risers, the wa­
ter supply feed ro the bladder tank shall be arranged to pre­
vent the discharge of foam concentrate into risers that have 
been isolated, ro prevent further discharge into the hazard. 

9.5.7.2 For single-riser systems. the water feed to the bladder 
tank shall be located above the system control valve. 

9.6 Hangers, Supports, and Protection for Pipework. 

9.6.1 Where protecting hazards where there is a possibility of 
explosion, pipework shall be routed to afford the best protec­
tion against damage. 

9.6.2 The supply piping to foam outlets tbat protect a given 
hazard in a fire area shall not pass over another hazard in the 
same fire area. 

9.6.3 All hangers shall be of approved types. 

9.6.4 Tapping or drilling of load-bearing structural members 
shall not be permitted 1"here unacceptable weakening of the 
:.tntcture would occur. 

9.6.5 Attachments shall be made to existing steel or concrete 
structures and equipmcm supports. 

9.6.6 Where systems are of such a design L11at the standard 
method of supporting pipe for protection purposes cannot be 
used, the piping shall be supporied in such a manner as to 
produce the strength equivalent to that afforded by the stan· 
dard means ofsuppon. 

9.7 Hose Requirements. Unlined fabric hose shall not be 
used with foam equipment. 

Chapter 10 Low-Expansion Foam Systems for 
Marine Applications 

10.1"' General. 

10.1.1 This chapter shall cover design information for d1e 
use of low-expansion foam systems that are necessary' for ma­
rine applications where required by the AHJ. 
10.1.2 The provisions of Chapters 4, 5. 6, and 8 of this stan· 
dard shall not be applicable unless specifically referenced. 

10.1.3* Components. 

10.1.3.1 All components shall be listed or approved for their 
intended application and shall be approved for use in a ma­
rine environment. 
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10.1.3.2 Each manufacntrer shall maintain a system design 
manual describing basic system design arrangements and de­
noling each of the manufacturers' products within the system. 

10.1.4 Foam concenu-ates shall be approved. 

10.1.4.1 The concent1-ate used in a foam system for protect­
ing a flammable or combustible liquid shall be approved for 
hydrocarbons in accordance with a test method equivalent to 
the 9.29 m2 (100 ft2

) hydrocarbon method given in Annex G. 

10.1.4.2 Four consecutive fire tests shall be completed- two 
using sea water :and two using freshwater. 

10.1.4.3* Concentrates intended for use on polar solvent sys­
tems shall be approved for hydrocarbons in accordance ''~Lh 
10.1.4.1 and approved for use on polar solvents in accordance 
with a method comparable to UL 162. 

10.1.5 The foam supply shall conform to the requiremem of 
4.3.2.2. 

10.1.6 The water supply shall conform to the requirements of 
4.2.1.lthrough 4.2.1.3. 

10.1.7 The foam system shall be capable of being acruated, 
including introduction of foam solution into the foam main 
'~thin 3 minutes of notification of a fire. 

10.2 FIXed Low-Expansion Foam Systems for Machinery Spaces. 

10.2.1 * Where installed, systems protecting machinery spaces 
shall be capable of discharging the required quantity of ex­
panded foam to provide a foam depth of at least 150 mrn (6 in.) 
over the largest area over whid1 oil is expected to spread. 

10.2.2 The minimum foam solution application rate shall be 
6.5 L/min·m2 (0.16 gpm/ft2) for a minimum of5 minutes. 

10.2.3 The system shall be capable of generating foam for 
extinguishing hydrocarbon fires. 

10.2.4 Means shall be pro~ded for effective distribution of 
the foam through a permanent system of piping and control 
valves to discharge outlets and for foam to be directed by fixed 
foam oudets. 

10.2.5 The foam expansion ratio shall not exceed 12:1. 

10.2.6 Where a cteck foam system is also installed, the foam 
supply and proportioning system shall nol be required to be 
separate. 

10.2.7 The quantity of foam concenu-ate shall be that re­
quired to meet the single largest system demand. 

10.2.8 Controls . 

10.2.8.1 System controls shall be simple to operate and 
grouped together in a location accessible during fire condi­
tions in the protected a1·ea. 

10.2.8.2 Instructions in pem1anent lettering shall be affixed 
to the equipment or in a position adjacent thereto. 

10.2.8.3 Remotely controlled de~ces shall have local me­
chanical overrid!e. 

10.3 Fixed Low-Expansion Foam Systems on Deck for Petro­
leum and Chemical Tankers. 

10.3.1 * Purpose. The purpose of this section shall be to pro­
vide guidance for the design and arrangement of deck foam 
systems that are expected to provide the followu1g perfor­
mance: 
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(1) Extinguish deck spill fires and maintain a foam blanket 
while hot metal cools. 

(2) Conu·ol or suppress cargo manifold fires except those ill· 
volving tJuee-dimensional pressurized liquid fires. 

(3) Suppress or control tank fires involving a portion of the 
cargo area, assuming thatlhe top of the tank(s) within the 
clesign area is open to weather and that the trajectory of 
the foam is not obsu-ucted. 

(4) Pro~de protection for the crew while arrangements are 
being made to abandon ship. 

(5) During lightering operations, d1e deck foam sysrem flow­
ing water shall protect the exposed vessel from Iire on an 
adjacent ship while preparations are made to get the ex­
posed vessel under way. 

(6) The deck foam system is not intended Lo provide extin­
guishment, suppression, or cono·ol of incidents resulting 
from major explosions or collisions that cause the fire to 
exceed the area of the single largest tank. 

(7) The deck foan1 system shall be designed and arranged to 
withstand the effects of weather, vib1-ation, con-osion, 
strain, and impact expected during the ship's operation. 

(8) Suppress vapors from an unignited spill on deck. 

10.3.2 Control Station. 

10.3.2.1 The main control station for the system shall be lo­
cated aft of the ca1·go area and be operable in the event of fire 
in the main area protected. 

10.3.2.2* Operating insu"Uctions and diagrams of piping sys­
tems and valves shall be provided in clear and pem1anent let­
tering and shall be affixed to the equipmenL or in a position 
~sible thereto. 

10.3.2.2.1 The diagrams shall show which valves are to be 
opened iJ1 the event the system must be activated. 

10.3.2.2.2 The diagr<uns shall explain thoroughly and clearly 
all the steps necessary to put the system into operation. 

10.3.2.2.3 Each valve shall be labeled describing its function. 

10.3.2.3 The control station shall be provided with emer­
gency lighting. 

10.3.3* Fire Main Capacity. Operation of a deck foam system 
at its required foam solution flow rate shall still permit the 
simultaneous use of the required number of streams of water 
and od1er services provided by the fire main system. 

10.3.4* Rate of Application. The rate of application of foam 
solution for !ires on deck shall not be less than the greatest of 
10.3.4.1 or 10.3.4.2. 

10.3.4.1 Rate of application [or hydrocarbon fuels shall be as 
follows: 

(1) Deck spill calculation: 6.50 L/ min·m2 (0.16 gpm/ fe) 
over 10 percent of the cargo block deck area, where d1e 
cargo block deck area is the maximum breadth of the ship 
multiplied by the total longitudinal extent of the cargo 
tank spaces 

(2) Largest tank calculation: 9.78 L/ min·m2 (0.24 gpm/ ft2
) 

of the horizontal sectional area of the single largest tank 
(3) Largest monitor calculation: 3.0 L/ min·m2 (0.074 gpm/ 

ft2 ) of the area protected by the largest monitor, such area 
being entirely forward of the monitor, but not less than 
1250 L/ min (330 gpm) 

10.3.4.2 Rate of application for polar solvents shall be as fol­
lows: 
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(3) 

Since required foam application rates are permiued to 
vaq•, polar solvents are placed in representative groups 
based upon fire performance tests. 
Fire tests are used to determine Lhe minimum foam de­
sign application rate for Lhe group and are conducted 
using one 01· more solvems representing Lhe most difficul t 
extinguishment case or the actual polar solvenL 
The following mininJUm foam design application rates 
and polar soh'ent groupings shall be specified in the foam 
manufacturer's system design manual and shall be ap­
proved: 
(a) Deck spill calculation: the highest required foam ap­

plication rate for any polar solvent. that is permiued 
t.o be transported by the ship, applied over I 0 percent 
of the cargo block deck area, where the catgo block 
deck area is the maximum breadth of the ship multi­
plied by Lhe total longitudinal extent of the cargo 
tank spaces 

(b) Most de manding tank calculation: 150 percent of Lhe 
highest required foam application rate, for any polar 
solvent that is permitted to be transported b)' the 
ship, applied over the horizontal sectional area of the 
single largest tank 

(c) V\'here dedicated cargo tanks are specifically de­
signed for a particulat· polar solvent and such solvent 
is not. permitted t.o be carried in other tanks, the foam 
system design is permitted to take into consideration 
this limitation. 

(d) Largest monitor calculation: 45 percent of the high­
est. required foam application rate for any polar sol­
vent. that is permitted to be transported by the ship, 
applied over the area protected by the foam monitor. 
such a~·ea being entirely fon,>ard of the monitor, but 
not less than 1250 L/ min (330 gpm) 

10.3.5 Discharge Duration. 

10.3.5.1* Foam concentrate shall be provided to supply the 
system for 30 minutes. 

10.3.5.2 For ships that are both transporting only hydrocar­
bons and using gas inerting of cargo vapor spaces, the dis­
charge duration shall be permitted to be 20 minutes. 

10.3.5.3 Allowance shall be made to fill all foam solution and 
concentrate pip ing and still provide the required duration. 

10.3.5.4* Minimum discharge duration shall be based on the 
actual capacity of the installed equipmenL 

10.4* Foam Outlet Devices. 

10.4.1 One hundred percent of the required foam applica­
tion shall be by using one or two monitors located immedi­
ately aft or the protected area. 

10.4.2 On Lankers less than 4000 metric tons dead weight, 
hand hoselines only shall be permitted to be installed in lieu 
of monitors specified in 1 0.4.1, pro,'ided that the capacity of 
each hand hosetinc is at least 25 percent of the total foam 
solution flow rate. 

10.5 Monitors. 

10.5.1 The capacity of any monitor shall be at least 3.02 L/ 
min·m2 (0.074 gpm/ ft 2

) of the deck area protected by that 
monitor, vvith such area being entirely forward of the monitor. 

10.5.2 The capacity of each monitor shall be not less Lhan 
50 percent of the required foam application rate and not less 
than 1250 L/ min (330 gp m). 

10.5.3 The distance from Lhe monitor to the farthest extremit) 
of the protected area forward of the monitor shall be not more 
Lhan 75 petcem of the monitor throw in still air conditions. 

10.5.4 Foam monitors and hand hoseline connections shall 
be situated both port and starboard at the from of the accom­
modatiOil space facing the cargo tanks deck. 

10.5.5 If provided, these monitors shall be located at least 
2.5 m (8.2 ft) above the main deck and shall be directly acces­
sible co the deck above the freeboard deck. 

10.5.6 The foam system sha ll be capable of delivering foam to 
the entire cargo block deck area. 

10.5.6.1 Ships fiued with bow or stem loading and unloading 
a rrangements shall be provided with one or more additional 
monitors located tO protect the bow or stern arrangements. 

1 0.5.6.2 The area of the cargo line fore or aft of the cargo 
block. area shall be provided with monitor protection. 

10.5.6.3 Foam monitors shall be mounted on platforms. 

1 0.5.6.4 Platfom1s shall permit360-degree access around Lhe 
monitors. 

10.5.6.5 Platforms shall be raised to allow the monit01-s an 
unobsu-ucted throw insofar as practicaL 

10.5.6.6 The monitor isolation valve shall be accessible from 
the monitor platform. 

10.5.6.7 Platforms higher than 2m (6.5 ft) shall be provided 
with handrails or chai11 rails. 

10.5.6.8 Access to the monitor platform shall be via 1valk">aY 
or pe rmanent ladder. 

10.5.6.9 Pro,isions shall be made for securing monitors while 
at sea. 

10.5.'7 Monitors. 

10.5. 7.1 Monitors over 3785 L/ min (1000 gpm) shall be pro­
vided with two operator hand holds or one hand wheel for each 
swivel. 

10.5.7.2 Monitors shall be designed to prevem unwanted 
movemem due to reaction forces. 

10.5.7.3 Monitors shall be capable of being locked into posi­
tion while operating a t full now. 

10.6 Hand Hoselioes. 

10.6.1 Hand hoselines shall be pro,'ided to ensure flexibility 
of action during fire-figh ting operations and to cover areas 
obso-ucted from monitors. 

10.6.2 The capacity of any hand hoscline shall be not less 
than 401 L/ min (106 gpm) , and the hand hoseline wow in 
still ai r conditions shall be not less t11an 15 m (50 ft). 

10.6.3 TI1e number and location of foam solution outlets 
shall be such that foam from at least two hand hose lines shall 
be permitted to be simul£aneously directed onto any part of 
the cargo block deck area. 

10.6.4 Hand hoselines and hydrants shall be mounted on 
monitor platforms or at deck level. 

10.7 Hydraulic Calculations. 

10.7.1 Hydraulic calculations shall be performed in accor­
dance '"ith NFPA 15. Foam solution shall be considered to 
have the same hydrnulic characteristics as water. 
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10.7.2 Foam concentrate hydraulic calculations shall be per­
formed in accordance with the foam concentrate manufacrur­
er's S)'Stem design manual. 

10. 7.3 Orifices shall be permitted to balance Oows to moni­
tors and fixed foam o utlets. 

10.8 Isolation Valves. 

10.8.1 Isolation valves shall be provided in the water. foam con­
cenu"iite, and foam solution mains (immediately forward of any 
monitor position) to isolate damaged sections. ln addition, each 
monitor and hose station shall have an isolation val,•e. 

10.8.2 Isolation valves shall be operable from accessible loca­
tions. 

10.8.3 Monitor isolation valves shall be in accordance witl1 
10.5.6.3 through 10.5.6.9. 

10.8.4 All isolation vaJ,·es shall be installed wiili the bonnet 
above ilie horizontal. 

10.8.5 Isolation valves shall be provided with a ready means 
for visual indication of valve position. 

10.9 Hangers, SupportS, and Protection of Pipework. 

10.9.1 Pipework shall be routed to afford protection against 
damage. 

10.9.2• All hangers and piping supports shall be designed for 
marine appHcations. 

10.9.3* Deck foam solution piping shall be independent of 
fire main piping. 

10.9.4 Where the fire main and foam main are connected to 
a common monitor, check valves shall be installed. 

10.9.5* The system shall be arranged to prevem the possibility 
of freezing. 

10.9.5.1 Portions of the system exposed to weather shall be 
self-draining. 

10.9.5.2 Wet or pressurized portions of the system shall be 
protected against freezing. 

10.10 Testing and Inspection. 

10.10.1 • Foam systems shall be inspected and tested in accor­
dance with Chapters 10 and 11. 

10.10.2 Annual testing shall include tests conducted in accor­
dance with Sect:ion 11.6. 

10.10.3 The system supplier or owner shall provide 10 the 
ship's crew a syswm use, inspection, and testing videOLape. 

10.11 Foan1 System Concentrate Storage. 

10. 11 .1 Foam concenu-ate stol'age shall be in compliance 
with 4.3.2.4. 

10.11.1.1 * The primary deck foam concentrate storage tank 
shall be located on or abO\'e the freeboard deck level in the space 
containing the system conrrol station described in 10.3.2. 

10.11 .1.2 All foam concentrate shall be ~tored in an acces­
sible location unlikely to be cut off in the event of fixe or ex­
p losion and noll. having direct opening or exposw·e to the 
cargo area. 

10.11 .2 Foam concentrate tanks shall be in compliance with 
4.3.2.3. 
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1 0.11.2.1* Tanks shalJ have expansion domes. 

I O.ll.2.2 Tanks shall be fitted "itb baffies to PfC\'CnL sloshing. 

I 0.11.2.3 Each concenu-ate stOJ-age tank shall be provided 
with a brass, stainless steel, or o ther corrosio n-resistant pres­
sure vacuum (PV) venl. 

I 0.11.2.4 Each tank shall have a support strucrure for mowu­
ing the r.ank to the ship's sU'Ucture. 

lO.ll.2.5 Each tank shall have a sump or other means to 
prevent clogging of the foam concentrate suction pipe in the 
event of sedimentation or other foreign materials in the ~ank. 

10.11.2.6 The foam concentrate suction pipe shall take sue­
Lion above the bottom of the sump. 

10.11.3 Tanks shall be of a design and materials designed for 
constant sloshing of the liquid against the tank struClure. 

10.111.4 Each tank shall have a manway 01· openings for inter­
nal inspection and access. 

10. I 1.5 Tank suction and return connections shall terminate 
near the bottom of the tank so as to reduce the chance of 
premature foaming due LO agitation during system operation. 

10.ll.6 Al!Tlospheric tanks shall be provided with means for 
continuous refiliLng of the tank. 

JO.ll.7 Foam concenu-ate storage shaJI be within the foam 
concentrate manufacrurer's recommended tempennure limi­
L<ltions. 

10.11.7.1 Stor-.tge spaces shall be provided with heat to pre­
vent freezing of the foam concentrate and piping. 

10.11 .7.2 Storage shall be in compliance with 4.3.2.4 and 
4.3.2.4.1. 

10.11 .8 Foam concentrate compatibility shall be in compli­
ance with 4.4.1 and 4.4.2. The foam concentrate storage tank 
shall be provided witl1 a label specifying foam manufacrurer. 
foam type, and quantity. 

10.11.9 Only one type of foam concentrate shall be carried 
on board. 

10.12 Supply Arrangements. 

10.12.1* Foam proportioning sha ll be by the balanced pres­
sure proportioning method employing a dedicated toam con­
centrate pump. 

10.1 2.2 Other types of systems acceptable to theAHJ shall be 
permi tted. 

10.12.3* Foam concentrate pumps shall be in compliance 
with Section 4.6. 

10.12.4* Foam and water pump molOrs and controllers shall 
comply with IEEE 45 or equivalent. 

10.12.5 Foam and water pumps shall be capable of operation 
during loss of the main power system. 

10.12.6 Electric power for foam pumps, water pumps, and 
other e lectrical components of the foam system shall be in 
accordance with the provisions of 4.3 and 4.3.5 of SOLAS 
Regulations n-2 applicable to fire pumps. 

10.12. 7 Where diesel pumps are pro,'idcd, they shall be con­
nected to a listed diesel pump controller. 
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Table I 0.13.1 Piping Materials 

Service Pipe Valves Fittings Takedownjoints 

Seawater or foam 
solution (up to 225 
psi and 350°F) 

Carbon steel, seamless or 
electric rcsiMance 
weld, standard wall. 
galvanized•.t. ASTM A 
53, Type E or S. Gr. A 
or AST!\1 A l 06, Gr. A 
Schedule 40 minimum 

Body: Carbon steel. 3 in. and largt'l': Wrought 
steel, standard wall , 
galvanized per ANSI 
816.9, 150 lb 
minimum 

3 in. and larger: Slip-on or 
buttweld flange ASTM A 216 Gr. WCB 

or ductile iron, ASTM 
A395 

2 in. and smalle'l': Socket 
,,·eJd flange 

Trim: Bronze or 316 SS 
Ends: Flanged ANSI 

8 16.5 Class !50 
2 in. and smalli!T: Socket 

weld steel, 2000#, 
galvanized per ANSI 
B 16.11 

AI'ISI 816.5 Class 150, 
ASTMA105 

Foam concentr.:t.ce (in 
the hazard area) 

Carbon steel, seamless or 
electric resistance 
weld, standard wall. 
ASTM A 53, Type E or 
S, Gr. A or ASTM A 
106, Gr. A 

Bolly: Carbon steel, 
ASTM A 216 Gr. WCB 
or ASTM A 105 

ASTM A 234 Gr. \oVPB 
Socket weld or threaded 

carbon steel, 2000# 
per ANSI Bl 6. 11 

ASTM A 234 Gr. WPB 

Screwed o r socket weld 
flange per ANSIBI 6.5 
Class 150 ASTM A 105 
or ASTM A 182 Gr. 
304L or Gr. 316L 

Trim: 304L or 316L SS 
Ends: Flanged ANSI 

816.5 Class 150 or 
OR 

Socket weld or threaded 
stainless steel. 2000# 
per Al~SI 816.11 

ASTM A 182 Gr. f304L 
or F316L 

OR 
OR screwed 

OR Stainles.~ steel, seamless, 
standard 1..all pipe 

ASTM A 3 12 Gr. TP304L 
orTP316L 

Body: Forged stainless 
steel, ASTM A 182 Gr. 
F304L or F316L 

Scre,.,ed or socket weld 
union, 2000# per ANSI 
B16.11 

ASTM A 105 or ASTM A 
182 Gr. 304L or Gr. 
316L Trim: 304L or 316L SS 

Ends: Flanged ANSI 
Bl6.5 Class 150 or 
screwed 

For Sluniu-: I ps~ = 6.895 kPa; ~J {degree~ F- 32) =degrees C. 
Note: Standards shown are minimum acceptable. Equivalent foreign <tandar<b can be used if approved. 
·system can be assembled using black ~tee! pipe and fittings, hot dip galvanized after fabrication. 
'Where pipe and fittings are gah-:mi:..cd, all di'\l.urbcd areas are 10 be repaired using a cold gahoanizing product. 

10.12.8 The deck foam system piping shall not be routed 
through, immediately adjacent to, or immediately above the 
cargo pump room. 

10.13 Piping Materials. 

10.13.1 Piping shall be in compliance with Table 10. 13.1; 
oLher materials shall be permitted to be used provided they 
have physical properties and corrosion resistance equivalent 
to the piping idenLified in Table 10.13.1 and are approved by 
theAHj. 

10.13.2 Pipe in areas subject to fire exposure, including radi­
ant and conducted heat, shall be of steel or other alloy rated 
for the pressure, possible frre temperature exposure, and en­
vironmental conditions expected. 

10.13.3 Foam concentrate piping shall be constructed of ma­
terial compatible with, and not affected by, the concentrate. 

10.13.4 Foam concenu'llte piping shall not be galvanized. 

10.13.5• Pipe thread joint sealants used for foam concent.rate 
lines shall be in compliance witl1 tl1e foam concentrate manu­
facturer's recommendations. 

Chapter 11 Testing and Acceptance 

11.1 Inspection and Visual E."Xamination. 

U.l.1 Foam systems shall be examined visually to determine 
that they have been installed in accordance 1vith approved 
plans and specifications. 

• 

11.1.2 fO(U'llsylitemsshall be inspected for such items a.sconfor­
mhy with installation plans; continuhy of piping; removal of tem­
porary blinds; accessibility of V'alves, controls, and gauges: and 
proper installation of vapor seals, where applicable. 

J 1.1.3 Devices shall be checked for identifi cation and operat­
ing insu·uctions. 

11.2 Flus hing after Installation. 

11.2.1 ln orderto remol'e forcign materials that ha,·e entered 
both underground and abo,·eground water supply mains dur­
ing installation, the 1..atcr :.upply mains shall be flushed thor­
oughly at the ma.ximum practicable rate of flow before con­
nection is made to system piping. 

11.2.2 The minimum rate of flow for flushing shall not be less 
than the 1..ater demand rate of the system, a~ determined by 
the system design. 

ll.2.3 The flow shall be continued to ensure thorough 
cleaning. 

11.2.4 All foam system piping shall be flushed after installation. 
using the sysr.em 's normal water supply with foam-forming mate­
rials shut ol:f. unless the hazard cannot be subjected to water flow. 

11.2.5 \-\'here flushing cannot be accomplished, pipe interiors 
shall be visually examined for cleanliness during insrallation. 

11.2.5.1 All compressed air foam system piping interiors shall 
be carefully visually examined and, if necessary, cleaned dur­
ing insta llation of the pipe. 
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11.2.5.2 Compressed air foam system piping shall be flushed 
after installation, using the system's air supply in lieu of flush­
ing wiLh water. 

11.3• Acceptance Tests. 

11.3.1 The completed system shall be tested by qualified per­
sonnel to meet the approval of the AHJ. 
U .3.2 These tests shall be used to determine that the system 
has been installed in accordance with approved plans and 
specifications, and that it functions as imended. 

11.4 Pressure Tests. 

11.4.1 All piping, except piping handling expanded foam for 
other than subsurf-ace application, shall be subjected to a 
2-hour hydrostatic pressure gauge test at 1379 k.Pa (200 psi) or 
345 kPa (50 psi) in excess of the maximum pressure amici­
pated, whichever is greater, in accordance with l\'FPA 13. 

11.4.2 Drainage pitch for all normally dry horizontal piping 
shall be verified. 

11.5 Operating Tests. 

11.5.1 Before approval, all operating devices and equipment 
shall be tested for function. 

11.5.2 Tests for total flooding systems shaH establish that all 
auLomatic closing devices for doors, windows, and conveyor 
openings, and automatic equipment interlocks, as weJJ as au­
tomatic opening of heat and smoke vents or ventilators, will 
function upon ~y.;tem operation. 

11.5.3 Tests shall include a complete check of electrical con­
trol circuits and supen•isory sy:.tems tO ensure operation and 
supervision in the e,·enc. of failure. 

11.5.4 Opemtil'\g instructions provided by the supplier and 
device identification shall be verified. 

ll.G• Discharge Tests. 

11.6.1 Where conditions permit, now tests shall be con· 
ducted to ensure that the hazard is fully protected in conform­
ance with the design specification. 

11 .6.2 The following data~ shall be required: 

( 1) Static water pressure 
(2) Residual water pressure at the control valve and at a re-

mote reference point in the system 
(3) Actual discharge rate 
(4) Consumption rate offoam·producing material 
(5) Concentration of the foam solution 

11.6.2.1 For compressed air foam systems, the following data 
shall be recorded as pan or any discharge test: 

(I) Static water pressure 
(2) Residual water pressure atlhe control valve 
(3) System air pressure 
( 4) Concentra~tion of the foam solution 

11.6.3 A listed alternative liquid that mimks the foam concen­
trate flow properties shall be permitted to be used to c..est the 
proportioning system if the local AFU permitS the substitution. 

11.6.4 Foam conceno-atioP shall have one of the following 
proportions: 
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(I) Not less than the rated conccnu-ation 
(2)*No more than 30 percent above the J-ated concentmte, or 

I percentage point above the rated conceno-ation (which· 
ever is less) (For inj(mnation nn trsls j1Jr physicaljJroperties of 
fonm, see Annex D.) 

11.7 Approval of Low-, Medium·, and High-Expansion Foam 
Systems. The installing contraClor shall perform the following 
tasks: 

( 1) Noti1Y the AHJ and the property owner or the property 
owner's authorized representative of the time and date 
testing will be performed 

(2) Perform all acceptance tests required by this chapter 
(3) Complete and sign the contractor's material and test certifi-

cate for low-, medium·, and high-expansion foam systems 

ll .S System Restoration. After acceptance tests are com­
pleted, the system shall be flushed and restored to operational 
condition. 

Chapter 12 Maintenance 

12.1* Inspection, Testing, and Maintenance. 

12.1.1 At least annually, all foam systems shall be thoroughly 
inspected and checked for correct opeml.ion. 

12.1.2 The inspection shall include pe1formance evaluation 
of the foam concentrate or prcmLxed solution quality or both. 

12.1.3 Test results that deviate more than 10 percent from 
those recorded in acceptance testing shall be discussed imme­
diately with the manufacturer. 

12.1.4 The goal of this inspection and testing shall be to en· 
sure that the system is in full operating condition and that it 
remains in that condition until the next inspection. 

12.1.5 The inspection repon, with recommendations, shall 
be filed with the owner. 

12.1.6 Between the regular se1vicc contract inspections or 
tests, the system shall be inspected by competent personnel 
following an approved schedule. 

12.2• Foam-Producing Equipment. 

12.2.1 Proportioning de,·iccs, their accessory equipment, 
and foam makers shall be inspected. 

I 2.2.2 Fixed discharge outlets equipped with frangible seals 
shall be provided with inspection means to permit mainte­
nance and for inspection and replacement of vapor seals. 

12.2.3 Compressed Air Foam-Producing Equipment. 

12.2.3.1 Compressed air foam-generating equipment and ac­
cessories shall be inspected annually. 

12.2.3.2 Discharge devices shall be visualJy inspected annu· 
ally for evidence of mechanical damage. 

12.3 Piping. 

12.3.1 Aboveground piping shall be examined to determine itS 
condition and to verify that proper drainage pitch is maintained. 

12.3.2 Pressure tests of no1mally dry piping shall be made 
when visual inspection indicates questionable strength due to 
corrosion or mechanical damage. 
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12.3.3 Underground piping shall be spot-checked for dete­
rioration at least every 5 years. 

12.4 Strainers. Strainers shall be inspected in accorda~nce with 
manufacturer's insu-uctions and shall be cleaned after each 
use and llow rest. 

12.5 Detection and Actuation Equipment. Control valves, in­
cluding all automatic and manual-actuating devices, shall be 
tested at regular imen'llls. 

12.6 Foam Concentrate Inspection. 

12.6.1 At least annually, an inspection shall be made of foam 
concenu-ates and their tanks or s10rage containers for evi­
dence of excessive sludging or deterioration. 

12.6.2 Samples of concentrates shall be sent to the manufac­
turer or qualified laboratory for quality condition testing. 

12.6.3 Quantity of concentrate in st01-age shall meet design 
requirements, and tanks or containers shall normally be kept 
full, ''~tb space aUowed for expansion. 

12.7 High-Pressure Cylinders. High-pressure cylinders used 
in compressed air foam systems shall not be recharged without 
a hydrostatic test (and remarking) if more tJ1an 5 years have 
elapsed from the date of the Last test. Cylinders that have been 
in continuous service without discharging shall be permitted 
to be retained in service for a ma.ximum of l 2 years, after 
which they shall be discharged and retested before being re­
turned to service. 

12.8 Operating Instructions and Training. 

12.8 .1 Operating and maintenance instructions and layouts 
shall be posted :at control equipment with a second copy on file. 

12.8.2 All persons who are e.xpected to inspect, test, main­
tain, or operdte apparatus shall be thoroughly trained, and 
train ing shall be kept cu•·rent. 

Annex A Explanatory Material 

Am~x A is not a part of tilt requi~menJs of this NFPA docummt 
but 'is i ncluded for inforounional pwposl's onLJ'· This arlrtl'x ((TI!~ains 
e.v:planMmy matr.rial, numberf(l/o r.orrtspond with the afJplicable text 
paragraph.s. 

A.l.l Fire-fighting foam is an a~,rgregate of air-filled bubbles 
form ed from aqueous solutions and is lower in density than 
flammable liquids. ft is used principally to form a cohesive 
floating blanket on flammable and combustible liquids and 
prevent~ or extinguishes lire by excluding air and cooling me 
fuel. It also prevents reignition by suppressing formation or 
flammable vapors.ll has tlle property of adhering to urfaces, 
which provides a degree of exposure protection from adjacent 
fires. Foam can be used as a fire prevention, control, or extin­
guishing agent for flammable liquid hazards. Foam for these 
hazards can be supplied by fixed piped systems or portable 
foam-generating systems. Foam can be applied mrough foam 
discharge outlets, which allow it to fall gently on the surface of 
the burning fuel. Foam can also be applied by portable hose 
streams using foam nouJes or large<apacity monitor nozzles 
or subsurface injection systems. 

Foam can be supplied by overhead piped S)'Stems for pro­
tection of hazardous occupancies associated wim potential 
flammable liquid spills in the proximity of high-value equip­
mentor for pi'Otection of large areas. The foam used for flam-

mable liquid spills is in me form of a spray or dense "snow­
storm." The foam particles coalesce on the surface of tl1e 
burning fuel after falling from the overhead foam outlets, 
which are spaced to cover the em ire area at a uniform density. 
(For ~)·sterns required to meet both foam and water spmJ' design criteria, 
see NFPA 16.) 

Large-spill flammable liquid lires can be fought wim mo­
bile equipment, such as an aircraft c1-ash truck or industrial 
foam truck equipped witl1 agent and equipment capable of 
generating large volumes of foam at high rates. Foam for this 
type of hazard can be delivered as a solid stream or in a dis­
persed pattern. Standards for industrial foam trucks include 
l\'FPA 1901, and standards for aircraft crash tn•cks include 
NFPA4l4. 

Foam does not break down readily and, when applied at an 
adequate rate, has the ability to extinguish fire progressively. 
As application continues, foam flows easily across tJ1e burning 
surface in tJ1c form of a Light blanket, preventing rcignition on 
the surfaces already extinguished. Foam is not suitable for 
three-dimensional flo,~ng liquid fuel fires or for gas fires. 

To determine where roam protection is required, see appli­
cable standards such as NFPA 30. Foam can be applied to pro­
tect the swface of a flammable liquid tllat is not burning. The 
foam concentrate manufacturer should be consulted to deter­
mine t11e optimum method or application, rate of discharge, 
application density, and frequency of reapplication required 
to establish and maintain me integrity or the foam blanket. 

A.3.2.J Approved. The National Fire Protection Association 
does not appro\•e, inspect, or certify any installations, proce­
dures, equipment, or materials; nor docs it approve or evalu­
ate t.csting laboratories. In detemlining the acceptability of 
installations, procedures, equjpment, or materials, the author· 
ity having jurisdiction may base acceptance on compliance 
\~th FPA or Other appropriatc standards. ln me absence or 
such standards, said authority may require evidence of proper 
inslallation, procedure, or usc. The authority having jurisdic­
tion rna)' also refer to the Listings or labeling practices of an 
organization thar is concerned with product evaluations and is 
thus in a position to determine compliance with appropriate 
standards for me current production of listed items. 

A.3.2.2 Authority Having Jurisdiction (AHJ). The phrase "au­
thority having jurisdiction," or its acronym AI~g . is used in 
NFPA documents in a broad manner, since jurisdictions and 
appro\'3.1 agencies vary, as do their responsibilities. Where pub­
lic safety is primary, the authority havingjurisdiction may be a 
federal, state, local, or omer regional department or indi­
vidual such as a fire chief; fire marshal; chief of a fire preven­
tion bureau, labor department, or health department; build­
ing official; e lectrical inspector; or others having statULOIY 
authority. For insurance purposes, an insurance inspection de­
partment, rating bureau, or other insurance company repre­
sentative may be the authodty having jurisdiction. ln many 
circumstances, me property owner or his or her designated 
agent assumes the role of me authority having jurisdiction; at 
government installations, me commanding officer or depart­
men tal official may be tJ1e authodty ha\~ngjurisdicLion. 

A.3.2.4 Listed. The means for identi.fring listed equipment 
may vary for each organization concerned \\~t.b producL e\'lllu­
ation; some organizations do not recognize equipment as 
listed unle..~s it is also labeled. The autl1ority having jurisdic­
tion should utilize the system employed by the listing organi· 
zation to identify a listed product. 
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A.3.3.2 Concentration. The l)'})C of foam concenu:ate used de­
tennines the percentage of concenu-ation required. For ex· 
ample, a 3 pe1·cen t foam concentrate is mixed in the ratio of 
97 parts water to 3 part~ foam concenu:ate to make foam solution. 

A.3.3.4.3 Non-Air-Aspirating Dischru:ge Devices. When d is­
charging AFFF or FFFP solution, they generate an effective AFFF 
or FFFP with a discharge pauem similar to the water discharge 
pattern. 

A.3.3.5.2 Type I Discharge Outlet. The forun trough shown 
schematically in Figure A3.3.5.2(a) consists of sections of steel 
sheet fonned into a chute that is secw·ely attached to the inside 
tank waiJ so that it fonns a descending spiral from the top of the 
umk to within 1.2 m (4ft) of the bottom.[S«F!Kt1reA.3.).5.2(b).) 

In FigureA.3.3.5.2(b), note tha t one brace [ 13 mm (~ in .) 
p late. 305 mm (12 in.) long] should be pro'vidcd at each shell 
course. This brace helps maintain the shell in place during the 
early stages of lhe fire and prevents buckling before cooling 
water is applied . 

FIGUREA.3.3.5.2(a) Foam Trough. 

Braces tor 2.4 m (8 It) shell plates 

Quick coupling Firewall 
and 1st cap ,! 

i 305mm 
"f (121n.) 

2.4m 
(8ft) 

0.6 m (2 It) (min) ( 1 · 
1.2 m (4 II) (max) Pipe support 100 mm 4 n.) ptpe 

\_ 
Drain at low point 

Roadway Extend pipe through firewall 
to edge of road 

FIGUREA.3.3.5.2(b) Typical Air Foam Piping for Intermedi­
ate Back-Pressure Foam System. 

A.3.3.6 Eductor (Inductor ) . An air loam hose nozzle with 
built-in ecluctor is the l)'}le of proportioncr in which the jet in the 
foam maker is uti! ized to draft the concentrate (seeFiguroA.3.3. 6). 
The bottom of che concenu.ue container should be not more 
than 1.8 m (6 ft) below the level of the foam maket·. The length 
and size of hose or pipe between the concentrate container and 
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the foam maker should conform to the recommendations of the 
manufacturer. Hydrocru·bon surfactant-type foam concentrates 
are synU1eric foaming agents generally based on a hydrocarbon 
surface actke agem. They produce foams of widely different 
character (expansion and drainage times), depending on the 
type of lham-producing devices employed. Ln general, such 
foams do not pro,ide the stability and bum-back resistance of 
protein-type foams or the rapid comrol and extinguishment of 
AFFF, bm t.hey can be LtsefLtl for petroleum-product spill fire 
fighting in accordru1ce with their listings and approvals. There 
arc hydrocarbon-base foaming agents that have been listed ;u; 
foami ng agents, wetting agents, or combination foaming/ 
wetting agents. The appropriate listings should be consulted to 
determine correct application rates and methods. 

FIGURE A.3.3.6 ln-Line Eductor. 

A.3.3.6 .1 In-Line Eductor. This eductor is u~ed for installation 
in a hose line, usually at some distance fTom the foam maker or 
playpipe, as a means of drafting ltir foam concentrate from a 
container. (Su Figw'l' A.3.3.6 and Figure A.3.3.6.1.) 

The in-line eductor must be designed for the now rate of 
the particular foam make•· or playpipe wi th which it is t.o be 
used. The device is very sensitive LO downstream pressures and 
accordingl)' is designed for use with specified lengths of hose 
or pipe located between it and the foam maker. 

The pressure drop across the cductor is approximately 
one-third of the inlet pressure. 

The elevation of the bottom of the concentrate container 
should nol be more than 1.8 m (6ft) below the eductor. 

A.3.3.LO Foam. Air foam is made by mixing air into a water so­
lution containing a foam concentrate, by means of suitably de­
signed equipmenL It flows freely over a burning liquid surface 
and fonm a LOugh, air~xcluding, continuollb blanket that seals 
volatile combustible vapors from access to air. It resists d isntption 
from wiud and draft or heat. and flame attack and is capable of 
resealing in case of mechru1ical rupture. Fire-fighting foams re­
tain these properties for rela tively long periods of Lime. Foams 
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FIGUREA.3.3.6.1 Air Foam Hose No~zle with Built-in Eductor. 

also are defined by expansion and are arbitrarily subdivided into 
three ranges of expansion. These ranges correspond broadly to 
certain types of usage desctibcd below. The three ranges are as 
follo\~'S: 

(1) Low-expansion foam- ~xpansion up to 20 
(2) Medium-expansion foam - expansion from 20 to 200 
(3) High-expansion foam -expansion from 200 to approxi-

mately l 000 

A.3.3.12 Foam Concentrate. For the purpose of this document, 
"foam conccnu-ate" and "concenu-ate" are used interchangeably. 

A.3.3.12.1 Alcohol-Resistant Foam Concentrate. There are 
three genet-al types. One is based on \V<ller-soluble natuml poly­
mers. such as protein or nuoroprotein concen!.rates, and also 
contains alcohol-il1soluble materials that precipitate as an in­
soluble barrier in the bubble structure. The second type is based 
Oil synthetic concentrates and contains a gelling agent that sur­
rourlds the foam bubbles and fonns a protective raft on the sur­
face of ''-ater-soluble fi.tels: these foams can also ha\'e film· 
fotming charactetistics on hydrocarbon fuels. The t.hird type is 
based Oil water-soluble namnl polymers. such as fluoropro1.ein, 
and contains a gelling agent that protects the foam from water· 
soluble fuels. This foam can also have film-fonning and fluoro­
protein characteristics on hydrocarbon fuels. Alcohol-resistam 
foam concemmtes are generally used in conccnu-ations of3 per'­
cent 10 10 pcrcem solutions. depending on the nature of the 
hazard to be protected and the type of concenu-ate. 

A.3.3.12.2 Aq11eous Film.-Fonning Foam Concentrate (AFFF). 
The foam formed acts as a barrier both to exclude air or oxy· 
gen and to develop an aqueous film on the fuel surface that is 
capable of suppressing the e,·olution of fuel vapors. The foam 
produced with AFFF concentmtc is dty chemical compatible 
and thus is suitable for combined use with dry chemicals. 

A.3.3.12.3 Film-Forming Fluor·oprotein Foam Concentrate 
(FFFP).ln addition to an air-excluding foam blanket, this con­
cenu-ate also can deposit a vapori1.arion-preventing film on 
the surface of a liquid fuel. lt is di luted wil11 water to form 
3 percent to 6 percent solutions depending on the type. This 
conccmntc is compatible with certain dry chemicals. 

A.3.3.12.5 Fluoroprotein Foam Concentrate. This type of 
foam utilizes a protein base plus stabilizing additives and in­
hibitors to protect against freezing, corrosion, and bacterial 
decomposition, and it also resists fuel pickup. The foam is 
usually di luted with water to form a 3 percent or 6 percent 
solution and is dl)• chemical compatible. 

A.3.3.12.6 Medium- and High-Expausion Foam Concentrate. 
This equipmem can be air-aspinting or blower-fan type. 

A.3.3. 12. 7 Prote in Foam Concentrate. These concenmues 
are dil uted with water to form 3 percent to 6 percemsolutions 
depending on the type. They are compatible with certain d£) 
chemicals. 

A.3.3. 12.8.1 Other Synthetic Foam Concentrate. In general, 
its use is limited to portable nozzle foam application lor spill 
ftrcs within the scope of their listings. The applicable listings 
should be consulted to determine proper application rates 
and methods. 

A.3.3.14.2 Foam Generators - Blower Type. The blower can 
be powered by elecuic motors, imemal combustion engines, 
air. gas, or hydrnulic motors or water motors. The \\'atcr mo­
tors are usually powered by foam solution. 

A.3.3. 16 Foam Solution. For the purpose of thi~ document, 
"foam solution" and "solution" are used interchangeably. 

A.3.3 .17 .3 Mobile System. For mobile systems, see NFPA 1901. 

A.3.3.17.5 Sem.ifixed System. The ftxed piping installation 
might or might not include a foam maker. Necessary foam­
producing matetials are u-ansponed LO the scene after the fire 
starts and are connected ro the piping. 

A.3.3.18 Foam-Generating Methods. Foam no1.z.le and moni­
tor su·eams can also be employed for the primary protection of 
process units and huiJdings. subject 1.0 the approval of the author· 
iry havingjurisdiction. The discharge d1aracreristics of the equip­
ment selected lO produce foam noZ?Je and monitor streams for 
outdoor sto •-age tank protection shou.ld be verified by actual testS 
1.0 make certain that the streams will be effective on the hazards 
involved. [See Fl!,'Ure A.3.3.18(n) through FZ[JI,tt'I:A.3.3.18(e)./ 

FIGURE A.3.3.18(a) Handline Foant Nozzle. 

A.3.3.19 Handline. The noule reaction usually limits the so­
lution flow to aboutll35 L/ min (300 gpm). 

A.3.3.20. 1 Fixed Monitor (Cannon) . The monitor can be fed 
solwion by permanent piping or hose. 
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FIGURE A.3.3.18(b) Adjustable Straight Stream-to-Fan Pat­
tern Foam-Water Monitor. 

FIGURE A.3.3.18(c) Adjustable Straight Stream-to-Spray 
Foam-Water Monitor. 

FJGUREA.3.3.18(d) Wheeled Portable Foam·'~ter Monitor. 
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FIGURE A.3.3.18(e) Portable Foam-Water Monitor. 

A.3.3.21.1 Foam Nozzle or FIXed Foam Maker. They arc con­
Structed so !.hat one or several streams of foam solution issue 
into a space with free access to air. Pan of the energy of !.he 
liquid is used to aspirate air imo !.he stream, and turbulence 
downstream of this point creates a stable foam capable of be­
ing directed to the hazard being protected. Various types of 
devices can be installed at the end of lhc nozzle to cause !.he 
foam to issue in a wide pattern or a compacted stream. 

A.3.3.21.2 Self-Educting Nozzle. The foam concentrate is 
mixed with the water at the desired proportioning injection rate. 

A.3.3.22 Pressure Foam Maker (High Back Pressure or Forc­
ing'!ype). Sufficient velocity energy is conserved in this device 
so that the resulting foam can be conducted lhrough piping 
or hose to the hazard being protected. 

A.3.3.23. l Balanced Pressure Pump-1}rpe Proportioning. By 
means of an auxiliary pump, foam compound is injected imo 
the water stream passing through an inductor. The resulting 
foam solution is then delivered to a foam maker or playpipe. 
The proportioner can be inserted into the line at any point 
between the water source and foam maker or p laypipe. (See 
Figure A.3.3.23.1. ) To operate, the main water valve is opened 
and a reading of the pressure indicated on the duplex gauge is 
taken. When both gauge hands are set at the same point, the 
correct amount offoarn concentrate is being injected imo the 
water stream. This reading is done automatically by the use of 
a differential pressure diaphragm valve. 

Metered proportioning has d1e following limitations: 

(1) The capacity of the proportioner can be varied from ap­
proximately 50 percent to 200 percem of its rated capacity. 

(2) The pressure drop across t.be proportioner ranges from 
34 kPa to 207 kPa (5 psi to 30 psi), depending on the 
volume of water flowing through !.he proportioner within 
the capacity limits of item (1). 

(3) A separate pwnp is needed to deliver concentrate to lhe 
proportioner. 

A.3.3.23.1.1 In·Line Balanced Presswoe Proportioning. A blad­
der tank in conjunction witl1 a water pressure-reducing valve 
upsu·eam of the proportioner can be utilized in p lace of the 
foam concentrate pump package. See Figur·e A.3.3.23.l.l (a) 
and FigureA.3.3.23.1 .l{b). 
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@ Compound gauge 
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Foam concentrate sensing ~ Strainer with valved side outlet -'\_... Swing che<:k valve ~ Proportioning controller 

i Pressure relief valve 

F1GUREA.3.3.23.1 Balanced Pressure Proportioning (Pump-Type) with Single Injection Point. 
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FIGUREA-3.3.23.1.l (a) In-Une Balanced Pressure (Pump-Type) Proportioning with Multiple lnjection Points. 
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FIGURE A.3.3.23.1.1 (b) In-Line Balanced Pl'essure (Bladder Tank 'JYpe) Proportioning with Multiple Injection Points. 

A.3.3.23.2 Direc t Injection Variable Pump Output Propor­
tioning. Direct injection foam proportioning systems utilize a 
foam concentrate pump to inject foam concentrate directly 
itllo the water su·eam. Foam proportioning system operation 
is not affected by water pressure or interrupted '~hile the foam 
concenu·ate taJ1k is refiiJed. Direct injection foam proportion­
ing systems are generall)' amomatic regulation proportioning 
systems. Automatic flow-sensing direct injection foam propor­
tioning systems utilize an in-line flowmcter(s) £O monitor the 
system operating conditions. System operating data is trans­
mitted to an clectmnic control, which controls the foam 
pump output to maintain the desired proportioning ratio. 
The following two differemflow sensing systems are available: 
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( l) An electronic control receives electronic signals corre­
sponding to the propor tioning ratio from Ll1e cormol 
panel a11d water flow data from the flowmeter. The elec­
tronic control then commands the foam concentrate 
pump module to de!lver foam concentrate at the propor­
tional rate. [SeeFigwul.3.3.23.2(a).} 

(2) An electronic control receives electronic signals con·e­
sponding to the foam concemrate llow from a foam 
concentrate flowmeter, Llle proportioning ratio from 
Llte comrol panel, and water now data from the wate r 
flowmeter. The electronic control controls the propor­
tioning ratio through a foam concenucue metering 
valve shown in Figure A.3.3.23.2(b). In a water motor 
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foam proportioning system, a water motor drives a posi­
tive displacement foam concentrate p11mp. T he water 
motor can be of either a positive displacement C)'Pe or a 
turbine type. Water motor foam proportioning systems 
are automatic regulating proportioning systems. Where 
a positive displacement water motor drives the foam 
concentrate pump, the ratio of the water motor dis­
placement to the displaccmen t of the roam concentrate 
pump is the ratio of the desired foam solution. A posi­
tive displacement water motor proportioning system re­
quires no external power. [See Figure A.3.3.23.2(c).] 

A water turbine-driven foam proportioning S)'Stem uses a 
water wrbine to power a positive displacement foam concen­
trate pump. F'towmeters sense the foam concentrate pump 
output and the water flow, sending signals to an electronic 
control that comrols the proportioning ratio by adjusting the 
water turbine speed. [Su FigureA.3.3.23.2(d).} 

Pressure vacuum vent 

Display 

I
._ . ~ Electronic ---Eij§ control 

i ~ • i"" 

FIGURE A.3.3.23.2(a) Single-Meter Flow-Sensing Direct In­
jection Foam Proportioning System. 

A.3.3.25 Pump Proportioner (Around·the-Pump Proportioner). 
This device consists of an erluctor installed in a bypass line 
between the dischal'gc and suction of a water pump. AsmaJI 
portion of Lhe discharge of the pump flows through this 
educto1· and draws the required quantity of air foam con­
centrate from a container, delivering the mLxture to the 
pump suction. Variable capacity can be secured by the use 
of a manually controlled mulliponcd metering valve. [Su 
Figurt' A.5.2.6.1 (a).] 

A pump proportioner has the following limitations: 

(1) TI1e pressure on the water suction line at the pump must 
be essemially zero gauge pressure or must be on the 
vacuum side. A small positive pressure at lhe pump sue­
lion can cause a reduction in da· quamity of concentrate 
cducted or cause the flow of water back through the educ­
tor into the conccnu·ate container. (See PigureA.3.3.25.) 
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/ Compound 
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Tank drain 
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Water 
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FIGUREA.3.3.23.2(b ) Dual-Meter Flow-Sensing Direct Injec­
tion Foam Propol'tioning System. 
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FIGURE A.3.3.23.2(c) Water Motor Foam Proportioning Sys­
tem . 

(2) The elevation of the bouom of the concentrate container 
should not be more than 6 ft ( 1.8 m) below the propor­
tioner. (Su Figure A.J.3. 25.) 

(3) The bypass SI.J'eam to Lhe proponioner uses from 38 L/ min 
to 151 L/ min (I 0 gpm to 40 gpm) of water depending on 
tl1e size of the device and on the pun1p discharge p•·essure. 
This factor must be recognized in detennining the net deli\L 
E:IJ' of the water pump. 
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FIGURE A.3.3.23.2(d) Water Turbine-Driven Flow-Sensing 
Direct Injection Foam Proportioning System. 

Solution discharge line 

Water suction line 

Metering valve 

FIGURE A.3.3.25 Around-the-Pump Proportioner. 

A.3.3.27.2 Pressure Proportioning Tank. Tllis method employs 
water pressure as tJ1e source of power. With this de,~ce, me water 
supply pressurizes tJ1e foam concentrate storage tank. At me 
same time. water flowing through an adjacent venturi or orifice 
creates a pressure differential. The low-pressure area of the ven­
turi is connected to me foam concentrate tank, so that the differ­
ence between the water supply pressure and tJUs low-pressure 
area forces me foam concentrate through a metering orifice and 
into the vcmwi. Also, the differential across me venturi varies in 
proportion to the flow, so one venturi will proportion properly 
0\'el' a wide flow range. Tile pressure drop through t.his WJit is 
relatively low. {See Fi&nm.A.3.3.27.2(a).} 

A special test procedure is available to permit the use of a 
minimum amo~unt of concentrate when the pressure propor­
lioner system is testing. 

The pressure proportioning tank has the following limita­
tions: 
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( 1) Foam concentrates with specific ~'ll~ties similar to water 
can create a p•·oblem when mixed. 

(2) Tl1e capacity of these proportioners can be varied from 
approximately 50 percent to 200 percent of their rated 
capacity. 

(3) The pressure drop across the proportioner ranges from 
34 kPa to 207 kPa (5 psi to 30 psi), depending on tlle volume 
of water flowing within the capacity limi(S of item (2). 

(4} When the concentrate is exhausted, the system must be 
turned off, and tlle tank drained of water and refilled with 
foam concentrate. 

(5) Since water enters the tank as the foam concentrate is 
discharged, the concentrate supply cannot be replen­
ished dudng operation, as with other methods. 

(6) This system proportions at a significantly reduced per­
centage at low flow rates and should not be used below 
minimum desi~ now rate. 

A diaphragm (bladder) pressure proportioning tank also uses 
water pressure as a source of power. This device incorporates all 
tlle advlllltages of the pressure proportioning tank with tlle 
added advantage of a collapsible diaphragm that physically sepa­
rates the foam concentrate from tJ1e w·ater supply. 

Diaphragm pressure proportioning tanks operate through 
a similar range of water flows and according to the same prin­
ciples as pressure proportioning tanks. The added design fea­
ture is a reinforced elastomeric diaphragm (bladder) that can 
be used witll all concentrates listed for usc with that particulac 
diaphragm (bladder) material. [See Figl.lrt~A3.3.27.2(b).j 

The p1·oponioner is a modified venturi de~cc '"ith a foam 
concentrate feed line from tlle diaphragm tank connected to 
tlle low-pressure area of tJ1e venturi. Water under pressure 
passes through tlle controller, and part of this flow is diverted 
into the water feed line to the cliaph1'llgm tank. This water 
pressuritcs the tank, forcing tlle diaphragm filled with foam 
concemrarc to slowly collapse. This forces the foam concen­
trate om through the foam concentrate feed line and into the 
low-pressure area of the proportioner conrroller. The concen­
trate is metered hy use of an orifice or metering valve and 
mixes in the proper proportion with the main water 8upply, 
sending the correct foam solution downstream to the foam 
makers. 

The limitations are the same as those listed for the pressure 
proportioning rank, except that the system can be used for all 
types of concentrates. 

A.4.1 A foam system consists of a water supply. a foam concen­
ll'llte supply, proportioning equipment, a piping system, foam 
makers, and dischru-ge dc~ces desi~ed to distribute foam effec­
tively over the ha:u1rd. Some systems include detection de~ces. 

A.4.2.1. 1 Recycled walcr, processed water, or gJ'lly water can 
be utilized for foam production. When used, a competent 
evaluation for me suitabiliq· of dle water quality should be 
conducted. 

A.4.2.1.2 Additional water supplies ru·e recommended for 
cooling the hot tank shell to assist the foam in sealing against 
the shell. Some foams are susceptible to breakdown and fail­
ure to seal as a result of heating the tank shell clue to pro­
longed burning plior to agent discharge. 

A.4.2.1.4 Higher or lower water temperatures can reduce 
foam efliciency. 

A.4.3.1.2 Some concentrates are suitable for use bom on hydro­
carbon fuels and on water-miscible or polar fuels and solvents. 
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A.4.3.2.2 The le,·el ofconcemrate in Ute storage tank should be 
monitored to ensure U1at an adequate supply is available at all 
limes. The hazard requiring Lhc largest foam solution Oow raLe 
does not neccssarilr dictate d1e total amount of foam concen­
trate required. Fot- example, a Class II product tank requiring a 
now of 1136 L/ min (300 gpm) foam solution tor 30 minutes 
would require 1022 L (270gal) of3 perccmconcentrate.ACiass I 
product tank requiring a fiow of 946 L/ min (250 gpm) foam 
solution for 55 minutes would r<'quh·e 1563L (412.5 gaJ) of3 per­
cent concemration. 

A.4.3.2.3.3 Some foam proportioning systems can have an 
inherent problem related 1.0 loss of foam concentrate and/ or 
damage to bladder tanks or foan1 pumps if not shut dm.,rn 

Water supply 
~ 

Note: Schematic diagram for 
clarity ooly. Does not necessarily 
show all requ1red valves. 

Water bypass 
(if desired) 

FIGUREA.3.3.27.2(a) 'l)'pical Arrangement of P ressure Pro­
portioning Tank. 

Sight gauge 

properly following system activation. There are two scenarios 
that can occur depending on the proportioning system ar­
rangemenL Bladder t:ank proportioning systems wilh the w·a­
ter feed line to the bladder tank(s) connected below the foam 
riser manual shutoff (OS&Y) can be vulnerable depending on 
the system shutdown procedure followed. When the riser shut­
ofT valve is closed first. foam concentrate continues to flow into 
rhe depressurized riser through the proportioner foam meter­
ing ori.ftce. lf this condition continues, all foam concentrate in 
the bladder tank will be forced into the riser and foam solu­
tion distribution piping. In-line balanced pressure or bal­
anced prcssw·e foam pump-type proportioning systems can 
also e>rp erience a similar loss of foam concelllrate depending 
on the system installation arrangement. lf the water supply 
(riser OS&Y) valve is located before (tlpstream) tht: foam pro­
portioner with the foam pump ~tiJl running, t.hc same poten­
tial tor foam concentrate loss exists. When the water supply 
(riser OS&\') valve is closed, the roam proportioner is no 
longer pressurized and foam concentrate will be forced 
through the proportioner and met.ering orifice into the riser. 
lf al lowed to continue, this condition will deple te the foam 
tank and possibly cause hann to the foam pump by running in 
a udry" condition. Close the foam concentrate supply \-ah'e 
before shutting off the water supply valve. to prevent loss of 
concenu-ate. In the case or a pw111>-type system, it will allow 
foam to recirculate back to the foam tank until the foam pump 
is shut off. Alternatively, in the case of bladder tank systems, 
the water feed vah•e to the tank(s) could be closed, which 
would stop the foam injection process. 

A.4.3.2.4.1 Since such systems might or might not be oper­
ated for long periods after installation, the choice of proper 
storage conditions and maintenance methods largely deter­
mines the reliability and the degree of excellence or system 
operation when they are put imo service. 

A.4.3.2.4.2 Foam concentrateS are subject to freezing and to 
deteriot-ation from prolonged storage aL high temperatures. 

Internal bladder 

Pressure vessel 

Water supply 

Foam solutloo 

Foam concentrate line 

~ Ballvalve 

"\_, Swing check valve 

Foam concentrate line ~ Motorized valve (optional) 

Note: A motorized foam concentrate valve 
permits the activation of this system 
from any remote signaling source. 

FIGUREA.3.3.27.2(b) Diaphragm (Bladder) Proportioning Tank. 

~ P<OPOrliool"""''""''m 
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The storage temperature should be monitored to ensure that 
listed temperature limitations are not exceeded. Concentr.ucs 
can be stored in the containers in which they are transported 
or can be tran ferred into large bulk storage tanks, depending 
on the requkements of the system. The location of stored con­
tainers requites special considenu.lon to protect against exte­
rio r deterioration due to rusting or other causes. Bulk stOt<lge 
containers also require special design consideration to mini­
mize the Hquid surface in contact with air. 

A-4.4.1.1 Often, different brands of the ~me type of foam con­
centrates are found to be chemical!~ compatible. However, be­
fore different brands of concentrates arc mixed for long-tenn 
storage, evaluations should be made to detennine such compat­
ibility. A number of parameters shoulci be considered and evalu­
ated before concemrates ru·e mixed for stornge. In addition w 
the chemical compatibility, one should consider effects on pro­
portioning and discharge hardware (many listings and approvals 
are '-ef)' specific with regard to operating pressures, flow ranges. 
and materiab of conru-uction of hardware components). The a~ 
pHcation method should be the same for both foams being 
mixed. The system d~ign application rate (density} might have 
to be changed if one of the foam concelllrates being admixed is 
listed or approved alan application rate (density) that is higher 
than the one used for the initial design. This generally applies to 
alcohol-resistant foams since their listings and approvals are \Cry 

application rate ~ru.itive. 

A.4.4.2 Some expanded foam is not compatible "ith all dl)· 
chemical agents. 

A.4.5.1 Some alcohol-resistant foam proportioners J'cquire 
much higher now rates to meet tl1e minimum flow and proper 
proportioning percentage of the foam concentrate being u~ed. 
In balanced pressure systems when the flow is less than the listed 
minimum, the foam percentage is le-s than the required '~here a 
smaller proporuoner should be applied or an in-line balanced 
pressure proponioning system should be used when the Oow rate 
is below the mintmum listed flow rate the percentage is greater 
than the design percentage of the foam concentrate. 

A.4 .6 Foam concentrate pumps are generally of the positiw 
displacement variety. Centrifugal pumps might not be suitable 
for use witll foam concentrates exhibiting high-viscosity char­
acteristics. The foam equipment manufacturer should be con­
sulted for guidance. 

A.4. 7 .2.1 Corro h·e atmospheres could require other coatin~. 

A.4.7.3.5 Cor.osive atmospheres could require other coating1>. 

A.4.7.4.3 Welding is preferable where it can be done withom 
introducing li.-e ha1.ards. 

A.4.7 .6 A haard area generally includes all areas within dikes 
and within 15 m (50 fl) of tanks without dikes. Other areas 
that should be con,idered bazard are<b include the foUo,~ing: 

(1) Locations more than 15 m (50 ft} from tanks without 
dikes, if tl1e ground slope allows exposure from acciden­
tally rcleastd nammable and combustible liquids 

(2) Extensive manifold areas where Oammable and combus­
tible liquids might be released accidentally 

(3) Other similar areas 

The presence of flammable and combustible liquids within 
pipelines that do not possess the potential to release nam­
mable and combustible liquids ~hould not be considered as 
creating a ha1ard area. Ball valves can be used for foam con­
cenu-ate propottioning systems. 

2010 Edition 

A.4.9.2.5 See applicable section~ of NFPA 72. 

A.4.9.2.6 See \rticle 500 and other articles in Chapter 5 of 
NFPA 70. 

A.5. 1 There have been cases reponed where the application 
of foam through solid streams that were plunged into th e 
11ammable liquid has been believed to be the source of ign i­
tion of tl1e ensuing fire. The ignitions have been attributed to 
static discharges resulting from splashing and turbulence. 
Therefore, an)· application of foam to an unignited flammable 
liquid should be as gentle as po ,ible. Correct application 
methods ,,;th portable equipmem might include a spra) pat­
tern or banking the foam stream ofT a backboard so that the 
foam nows gently onto the liquid surface. Also. correctly de­
signed fixed fo<1m chambers on tanks could be expected to 
deliver the foam fairly gently and not cause a problem. Cov­
ered (internal} floating roof tanks can experience two distinct 
types of fires: a full surface area fire (as a result of the floating 
roof sinking) or a seal fire. There have been few fi1es in 
double-deck or pontoon-type floating roof tanks where fixed 
roofs and \Cnting are designed in accordance with NFPA 30. 
Prior to selecting the method of protection, the type of fire 
that will serve as the basis for design should be defined. 

Outdoor Fixed-Roof (Cone) Tanks. Within the scope of this 
standard, fixed-roof (cone} tanks arc defined as vertical cylin­
drical tanl.s ,,·ith a fixed roof designed as a conical section, and 
they com pi) with the requirements set forth in NFPA 30. Typi­
cally, these tan b ha\e a weak seam at the junction of the \CrU­

ea] side and roof. In the e'ent of an internal explo~ion, the 
seam usually pan.s and the roof biO\\'S off, leaving the bhell 
intact to retain the tank conten ts. The resulting fire involves 
the entire exposed surface of the product. 

These systems are used for the protection of outdoor process 
and storage tanks. They include the protection of such halards in 
manufucruring plants as well as in large tank farms, oil refineries, 
and chemical planrs. These S\Stems usually are de5igncd for 
manual operation but, in whole 01 in pan, can be automatic in 
operation. Foam systems are the preferred protection for large 
outdoor tanks of flammable liquids, as shown in Figure A.5.1. 

Foam made here at chambers Foam chamber 

FIGURE A.5.1 Schematic Arrangement of Air Foam Prote<l­
tion for Stornge Tanks. 

A.5.2.3 T he requirements provided in this section are based on 
extrapol<~tions of test experience and appropriate listing.. and 
reflecl the limitations known to date. Foam can fail to seal against 
the tank shell <b a result of prolonged Cree burning prior to agent 
discharge. If adequate water supplies arc available, cooling of the 
tank shell is recommended. Where the enure liquid surface has 
been involved, fires in tanks up lO 39m (150 ft) in diameLer have 
been extinguished \'lith large<apadty foam monitors. Depend-
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ing on the fixed-roof rank outage and fire intensity, the updraft 
due to chimney effect can prevemsuflicient foam from reaching 
the burning liquid surface to fonn a blanket Foam should be 
applied continuously and evenly. Preferably, it should be directed 
against the inner tank shell so that it flows gendy onto the burn­
ing liquid surface wilhoutundue submergence. lbis can be diffi­
cult to accomplish, as adverse winds. depending on velocity and 
direction, reduce the effectiveness of the foam stream. Fires in 
fixed-roof tanks with rupwred roofs that have only limited access 
for foam application are not easily extinguished by monitor ap­
plication from ground level. FLxed foam monitors can be in­
stalled for protection of drum stOrage areas or diked 31·eas. 

A.5.2.4.2.1 The specified minimum delivery rate for primary 
pmtection is based on the assumption that all the foam 
reaches the area being protected. 

A.5.2.4.2.2 Where protection is desired for hydrocarbons 
having a flash point above 93.3"C (200"F), a minimum dis­
charge time of 35 minutes should be used. 

A.5.2.4.3 \\Then some older types of alcohol-resismnt foam 
concentrate are used, consideration should be given to solu­
tion transit time. Solution transit time (i.e., the elapsed time 
between injection of the foam concentrate imo lhe water and 
the induction of air) might be limited, depending on the char­
actedstics of the foam concentrate, the water temperature, 
and the nature of the hazard protected. The maximum solu­
tion u-ansit time of each specific installation should be within 
the limits established by t.he manufacturer. 

A.5.2.4.3.1 In general, alcohol-resistam foams can be effec­
tive!}' applied through foam monitor or foam hose streams to 
spiU fires of these liquids where the liquid depth does not 
exceed 25.4 mm (1 in.). 

A-5.2.4.3.2 If application results in foam submergence, the 
performance of alcohol·resistam foams usually deteriorates 
significantly, particularly where there is a substantial deplh of 
fuel. The degree of performance deterioration depends on 
the degree of water solubility of the fuel (i.e., the mo1·e 
soluble, the greater the deterioration). 

A.5.2.5.1 For this application, discharge outlets are com­
mon~ called foam chambers. Most foam chambers are of a 
Type n discharge outlet design, since they are normally suit­
able for use with modem foams. 

A.5.2.5.2.l It is recommended that, for tanks greater than 
60 m (200 ft) in diameter, at least one additional disch~e 
outlet should be added for each additional 465m2 (5000 fl ) 
of liquid surface or fractional part thereof. Since there has 
been limited experience with foam application to fires in 
fixed-roof tank.s greater than 42 m (140 ft) in diameter, re· 
quirements for foam protection on such tank.s are based on 
the extrapolation of data from successful extinguishments in 
sm a ller tanks. Tests have shown that foam can travel effectively 
aero~ at least 30 m (100 ft) of burning llquid swface. On 
fixecJ.roof tank.s of over 60 m (200 ft) diameter, subsurface 
injection can be used to reduce foam travel distances for tanks 
containing hydrocarbons only. Unless subsurface foam injec­
tion is utilized, a properly sized flanged connection should be 
inst.aUed on all atmospheric pressure storage mnks, regardless 
of p nsem intended seJVice, to facilitate the future installation 
of an approved discharge outlet if a change in seJVice should 
require such installation. Figure A.5.2.5.2.1 (a) and Fig­
ure J\.5.2.5.2.1 (b) are typical fixed foam discharge outlets or 
foam chambers. 

FIGURE A.5.2.5.2.l (a) Air Foam Maker in Horizontal Posi­
tion at Top of Storage Tank. 

FIGURE A.5.2.5.2.l(b) Foam Chamber and Foam Maker. 

A.5.2.5.2.2 Type r discharge oullelS are considered obsolete, 
and Type I outlets that are damaged effectively become Type II 
outlets. Minimum dischaJ-ge times and application rates for 
Type l olll.lets currendy installed are provided in Table 5.2.5.2.2 
for fi.xed-roof mnks storing hydrocarbons and in Table 5.2.5.3.4 
for flammable and combustible liquids requiring alcohol­
resistant foams. 

A.5.2.5.3 The system should be designed based on fighting a 
fire in one tank at a time. The rate of application for which the 
system is designed should be the J<He computed for d1e protected 
tank considering both the liquid surface area and the type of 
flammable Uquid stored. For exainple, the property contains a 
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12.2 m (40ft} diameter llU1k storing ethyl alcohol and 10.7 m 
(35 ft) diameter tank storing isopropyl ether. The liq,uid surface 
area of a 12.2 m (40ft) diameter tank equals 116.8 m· ( 1257 fr). 
Assuming the solution rate for ethyl alcohol is 4.1 L/ min · m2 (0.1 
gpm/fl?), then 1257 gpm/fr x 0.1 =477 L/min (126 gpm). The 
li~uid surface area of a 10.7 m (35ft.) diameter tank equals 89.4 
m (962 ft2). 

Assuming the solution rate for isopropyl ether is 6.1 L/ 
min·m2 (0.15 gpm/ ft2), then 962 ft11 x 0.15 gpm/ ft2 = 
144 gpm. For sr units: Solution rate "' 89.4 X 6.1 "'545 L/ min. 
ln this example, the smaller tanks storing the more volal.ile 
product require the higher foam-generating capacicy. Tn ap­
plying this requjremem, due consideration should be given ro 
t.he future possibility of change to a more hazardous setvice 
requiring greater nncs ofapplicat.iou . Unfinished solvents or· 
those of technical grade can contain quantities of impurities 
ordiluents. The pt'Oper rate of application for these, as well as 
for mixed solvents, should be selected '''ith due regard to the 
foam-breaking properties of the mixture. 

A.5.2.5.3.2 Systems using these foams require special engi­
neering consideration. 

A.5.2.6.1 Experience with fuel storage ta11k fire fighting has 
shown that the main problems are oper-ational (i.e., diUiculcy 
in delivering the foam relatively gently to the fuel surface at an 
application rate sufficient to effect extinguishment). A prop­
erly engineered and installed subsurface foam S}'Stem offers 
tlte potential ad\lantages of less chance for foam-generation 
equipment disnrption as a result of an initial tank explosion or 
tJ1e presence of fire sulTOtmding the tank, and the ability to 
conduct operations a safe dis tance from the tank. Thus, the 
oppo1·tunity fo•· establishing and rnaimaining an adequate 
foam application rate is enhanced. The following guidelines 
regarding fire attack are recommended. After necessary suc­
tion connections are made to the water supply and foam­
maker connections arc made to foam lines, foam pumping 
operations shouJd be initiated simultaneously with opening of 
block val\ICS permitting Lhe Start of foam now tO the tank. So­
lution pressure should be brought up to and maintained at 
design pressure. 

When foam first reaches the burning liquld surfuce, there can 
be a momenlaly increase in imensicy caused by the mechanical 
action of steam formation when r.he first foam contacts the heat 

of the fire. Initial name reduction and r·eduction of heat is then 
usually quite rapid, and gradual reduction io flame height and 
intensir;y,\ill occur as the foam closes in againsuhe tank shell and 
over the turbulent areas over foam injection points. If sufficiem 
water supplies arc available. cooling of the tank shell at and ab()ve 
the liquid level wi ll enhance exringuishmentand should be used. 
Care should be taken that water su·cams are not directed int() the 
tank where they C'ould dismpt the established foam blanket. After 
tl1e fire has been substantially extinguished by the foam, some 
fire can remain over the point of injection. With flash poinL<; be­
low 37.a•c ( JOO•F) (Class rB and Class lC liquids), the fire over 
r.he turbulem area will continue until it is adequately covered by 
foam. With gasoline or equivalent liquids, when fire remains only 
over the ru·c<'l of injection, imermiuem injection should be used 
so that foam will rcu·ogress over the area during the time foam 
it1iecl.ion is stopped. Depending on local circtunsrances. it might 
be possible to extinguish any residual nickers over tl1e turbulent 
area '"itl1 ponable equipment rather than continue the relarively 
high rate of application to the whole tank. If the tank contains a 
burning liquid capable of forming a heal wa,·e, a slop-over can 
occur from either topside or subsurfuce injection of foam, espe-­
cially if the tank has been burning for 10 minutes or longer. Slop­
over cru1 be controlled by imenniuem foam injection or reduc­
tion in foam-maker inlet pressure until slop-over ceases. Once 
slop-o,·er has subsided, and in the case ()[liquids rJ1at do not form 
a heat wave, the pump rate should be continuous. Fig­
ureA.5.2.6.1 (a) and FigureA5.2.6.1 (b) illustrate typical arrange­
ments of semifuccd subsurface systcnlS. 

FIGURE A.5.2.6.1 (a) Semifixed Subsurface Foam Installation. 

Portable high back-pressure foam maker 
for subsurface application 

FIGURE A.5.2.6.1 (b) Typical Connection for Portable High Back-Pressure Foam 
Maker for Subs w·face Application in Semifixed System. 
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A.5.2.6.2 Figure A.5.2.6.2(a) through Figure A.5.2.6.2(c) 
should be used to determine foam velocity. 

Expanded foam velocity a lso can be calculated by using Lhe 
following formulas: 

E I. 1 1 . (ft/ ) _E.J....!xp_an_ de_d_£_oam_ ....!!(gp"-'-m..:..) ng JS 1 ve oc1ty sec = KA 

where: 
gpm = gallons per minute 

K = constant449 

where: 

V= gpm ~oam x0.4085 
d 

d = pipe 10 (in.) 

\,•here: 

Metric velocity (m/sec) = L/min
2 
foam x 21.22 

d 

d = pipe 1D (mm) 

11- 51 

A = area of TD of Lhe injection pipe (ftl) 
o r 

Figure A.5.2.6.2(d) illustra tes op tional anangements for 
multiple subsurface ctischarge out.lets. 

Umin 
gpm 

O L---~----~----~----~--~----~----~----~--~ 
3028 
800 

6056 
1600 

9084 12,111 15,139 18,167 21 ,195 24,223 27,251 
2400 3200 4000 4800 5600 6400 7200 

Expanded foam rate 

FIGURE A.5.2.6.2(a) Foam Velocity vs. Pipe Size (21h in., 3 in., 4 in., 6 in. , 8 in., 10 in., 12 in., 
and 14 in.) - Standard Schedule 40 Pipe. 

Umln 
gpm 

0 ~----~----~----~----~----~----~----~----~----~ 
7570 15,139 22,710 30,278 37,848 45,420 52.990 60,560 
2000 4000 6000 8000 10.000 12,000 14,000 16,000 

Expanded foam rate 

FIGURE A.5.2.6.2(b) Foam Velocity vs. Pipe Size (14 in., 16 in., and 18 in.) - Standard 
Schedule 40 Pipe. 
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&l ~ 
~ ii 
9.1 30..----.---,...----.-----,.-------.-----,r-::;o......--, 

0~--~-----L----~----~--~----~----J 
Umin 
gpm 

15,139 30,280 45,420 60,560 75,696 90,840 105.980 
4000 8000 12.000 16,000 20,000 24,000 28,000 

Expanded foam rate 

FIGURE A.5.2.6. 2(c) Foam Velocity vs. Pipe Size (20 in. and 
24 in.) -Standard Schedule 40 Pipe. 

Valved ! 
test 

Rupture disc connection 
(optional) 

Dikewall~ 

FIGURE A.5.2.6.2(d) Typical Arrangement o f Semifi.xed 
Subsurface Sys tem. 

A.5.2.6.3 Figure A.5.2.6.3 illustrates a typical foam in let tank 
connection. 

A.5.2.6.3.1 Liquid hydrocarbons that contain foam-destmctive 
products might require higher application rates. Some foams 
might fail Lo extinguish fires in gasolincs containing oxygenates 
where subsurface discharge is used at lhe usually required rate. 
Optimum Ouoroprotein foam,AFFF, and FFFPcharacteristicsfor 
subsurface injection purposes should have expansion ratios be­
tween 2 and 4. {~ Figw11A.5.2.6.3.l(a) and FtgttrtA.5.2.6.J.J(b).} 

A.5.2.6.4 The back pressure consists of the static head plus pipe 
friction losses between the foam maker and the foam inlel to the 
mnk. The friction loss curves, as shown in FigureA5.2.6.4(a) and 
Figure A.5.2.6.4(b), are based on a maximum foam expansion of 
4, which is t..he value to be used for friction loss and inlet velocity 
calculations. 
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Swing 
Rupture disc check 
(optional) valve 

~ 

FIGUREA.5.2.6.3 Typical Tank Foam-Maker Discha1:ge Con­
nection for Subsmface Injection. 

A.5.2.6.5.2 Liquid hydrocarbons t..hat comain foam­
destmctivc products might require higher applicat..ion rat..es. 
Some roams might fail to extinguish fires in gasolines contain­
ing oxygenates '"here subsurface discharge is used at t..he usu­
ally required rate. 

A.5.2.7 This section describes the design criteria that are ap­
plicable to syst..ems used to apply foam lO t..hc surface of fLxed· 
roof (cone) storage tanks via a flexible hose rising from the 
ba~e of lhe tank. Manufacturer recommendations should be 
followed for the design and installation of such systems. For 
semisubsurface system arrangement, see FigureA.5.2.7. 

These systems are not considered appropriate for floating 
roof tanks with or without a fixed roof because the floating 
roof prevents foam dislribution. The flexible foam delive1y 
hose is contained i1tit..ially in a scaled housing and is connected 
to an extemal foam generator capable of working against t..he 
maximum product head. v\lhen operated, the hose is released 
from its housing, and the hose floats tO the surface as a result 
of the buoyancy of t..he foam. Foam then discharges through 
the open end of the hose directJy on to the liquid surface. 

Consideration should be given to t..he following factors 
when selecting this type of system: 

(1) The total foam output should reach the surface of lhe 
buming liquid. 

(2) V.'ith large tanks, the semisubsttrface units can be arranged 
to produce an even distribution over the fuel surface. 

(3) Any type of concenu-ate suitable for gentJe surface appli­
cation to the particular fuel can be used. 

(4) Foam-generating equipment and operating personnel 
can be located at a distance from the fire. 

(5) The system can be used for the pr01.ection of foam de­
structive liquids, provided the flexible hose is not affected 
by them. 

(6) Certain bigh-vbcosity fuels might not be suitable for pro­
tection by this type of system. 

(7) There is no circulation of the cold fuel and, therefore. no 
assistance in extinguishmem. 

(8) The system can be difficullw check, test, and rnaimain. 
(9) The high back-pressure foam generator has to produce 

foam at a pres$ure suJliciemto overcome the head pres­
sure or fuel as well as all friction losses in the foam pipe­
work. Friction losses wit..h foam differ from those witJ1 
foam solution. 
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65 mm (2'1.! ln.) 
FNST swivel inlet 

strainer 

ANNEXA 

65 mm (2~ ln.) 
MNST adapter dlscllarge 
to meet local standards 

FIGURE A.5.2.6.3.1 (a) Portable High Back-Pressure Foam Maker for Semifixed Systems. 

Intel 

Air strainer 
adapter 

FIGURE A.5.2 .6.3.1 (b) Fixed High Back-Pressure Foam Maker for Fixed Systems. 
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FIGURE A.5.2.6.4(a) Foam Friction Losses- 4 Expansion (2!h in., 3 in., 4 in., 6 in., 8 in., and 10 in.) 
-Standard Sch edule 40 Pipe. 
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somewhat from actual calculated values. 

Umin ° 
gpm 

37,848 75,696 113,544 151,392 189,240 227,088 2~.936 302,784 340,632 378,480 
10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 

Expanded foam rate 

FIGURE A.5.2.6.4(b) Foam Friction Losses- 4 Expansion (12 in. , 14 in., 16 in., 18 in., 20 in., and 24 in.) 
- Standard Schedule 40 Pipe. 

Design application rates and discharge times for hydrocar­
bons are typically the same as for Type ll topside application 
systems (i.e., 4. I L/ min·m2 (0.1 gpm/ tr)]. Manufacturers 
should be consulted for appropriate application rates and de­
sign recommendations to be followed for protection of prod­
ucts requiring tl1e use of aJcohol-resiSlant foams. 

Table A.5.2.7(b) Minimum Number of Subsurface Units 

Duralion of discharge should be in accordance with 
Table A.5.2. 7 (a). 

Semisubsurface foam units should be spaced equaJiy, and the 
number of units should be in accordance with TableA.5.2.7(b). 

Table A.5.2.7(a) Duration of Discharge for Semisubsurface 
Systems 

Product 
Stored Foam 

Hydrocarbons with 
flash point below 
37.8"C ( l OO. F) 

Flash point at or above 
37.8•c (lOO"F) 

Liquids requiling 
aJcohol-resistant 
foams 

2010 Edillon 

Type 
Minimum 

Protein, AFFF, 
fluoroprotein, 
FFFP, and 
aJcohol-resistant 
AFFFor FFFP 

All foams 

Alcohol-resistant 
foams 

Discharge 
Tune 

(minutes) 

55 

30 

55 

Tank Diamete r 

m ft 

Up to 24 
0\•er 24 to 36 
Over 36 oo 42 
Over42to 48 
Over48 to 54 
Over 54 to 60 

Over60 

Up to 80 
Over 80 to 120 

Over 120 to 140 
Over 140 to 160 
Over 160 to 180 
Over 180 to 200 

Over 200 

Minimtun Number 
of Semisubsurface 

Units 

2 
3 
4 
5 
6 
6 

Plus I oudet for 
each additional 

465 m2 (5000 ft2) 

A.5.3 Within the scope of this standard, open-top floating 
roof tanks are defined as vertical cylindrical tanks wi thout 
fLxed roofs that have double-deck or pontoon-type floating 
roofs and are constructed in accordance with the require­
ments of NFPA 30. The seal can be a mechanical shoe seal 
or tube seal. The tube seaJ can be equipped with a metal 
weather shjeJd. Secondary seals of combustible or noncom­
b\lstiblc materials can also be installed. {See Figure 5.J(a) 
tiii'O'l.tf{h Figure 5.3(d).] 
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FIGUREA.5.2.7 Semisubsurface System Arrangement. 

A.5.3.3 Open-top floating roof tal'lks can be subject to two 
distinct types of fires: a seal fire or a full surface area fire (as a 
result of lhe floating roof sinking). E.xperience indicates that 
the rnosr frequent type of flre involves only the seal of the 
floating roof Lank. Prior to selection of lhe method of protec­
tion, the type of fire that will serve as the basis for design 
should be defined. (See NFPA 30 for fire protection requ.irements.) 

Most fires in open-top floating roof tanks occur in the seal 
areas, and these fires can be extinguished \\ith the foam S)'Stt:ms 
described in Chapter 5. However, some fites involve the full sur­
face area when the roof sinks. These fires are very infrequent and 
nonnally do not justify a fixed system to protect for this risk. Plans 
should be made co fight a full surface fire in a Ooating roof tank 
wilh portable or mobile equipment. Large capacity foam moni­
mr nozzles with capacities up to 22,712 L/ min (6000 gpm) are 
cruTendy a\-ailable. If foam-proportioning devices are not pro­
vided wilh the foam monitors, additional toan1-proportioning 
trucks might be required lhrough muntal aid. Generally, lhe 
number of foam-proportioning trucks available at any location is 
noL sufficient to fight a sunken floating roof fire, and outside 
assistance is required. 

Generally, the fire water systems available in floating roof 
tank areas are not designed to fight a full S1.1rface fire, so addi­
tional water is required. Therefore, relay pumping with mu­
nicipal or mutual aid water pumpers might be required to 
obtain enough water for foam generation. 

Another aspect to consider is the amount of foam concen­
trate available. The foam application rate of 6.5 L/ min·m2 

(0.1 6 gpm/ft~) of surface area listed in Chapter 5 might have 
to be increased for very large tanks. Therefore, the amoum of 
foam concentrate available through mutual aid should be es­
tablished prior to the fire. In some cases, it can be necessary to 
increase the 011.-site foam storage if mutual aid supplies are 
limited. 

If it is decided to fight a fire in a tank \vith a sunken roof 
instead of protecting lhe adjacem facilities and allowing a con­
trolled burnout, the most importam aspect is to have planned 
ahead and held simulated drills. Coordinating the efforts of 
many different organizations and various pumping operations 

required for fighting potentially catastrophic fir:es requires 
well-developed plans and plenty of practice. 

A.5.3.4.3 The requirements given in this section are based on 
extrapolations of test experience and appropriate listings and 
reflect the limitations known to date. Foam can fail to seal 
against the rank shell a~ a restllt of prolonged free burning 
plior to agent discharge. If adequate water supplies are avail­
able, cooling of the rank shell is recommended. 

A.5.3.5.2 See FigureA.5.3.5.2(a) and Figure A.5.3.5.2(b). 

A.5.3.5.2.3 Since all the discharge outlets are supplied from a 
common (ring) foam solution main, some vapor seal devices 
might not n•pntre due lo pressure vruiations encountered as the 
system is activated. {SeeFigureA.5.3.5.2(a) andFigttreA.5.3.5.2(b).} 

A.5.3.5.4.5 Excessive dam openings for drainage should be 
prohibited to prevent loss of foam through the drainage slots. 

A.5.3.6 Use of foam band lines for lhe extinguishment of seal 
fires should be limited to open-top floating roof tanks of less 
than 76.2 m (250 ft) in diameter. The following design infor­
mation applies to foam handline protection melhods: 

(1) A foam dam should be installed in accordance with 5.3.5.4. 
(2) To establish a safe base for operation at the top of the 

tank, a single fixed foam discharge outlet should be in­
stalled a t the top of the stairs. This fixed foam discharge 
<>utlet is supplied to provide coverage of the seal area for 
approximately 12.2 m (40ft) on both sides of the top of 
the stairs. 

(3) The fixed foam discharge outlet should be designed to 
discharge at least 189.3 L/ min (50 gpm). 

( 4) To permit use of foam hand lines from the windgirder, two 
38.1 mm (1.5 in.) diameter valved hose connections 
should be provided at lhe top of the stairs in accordance 
tvilh Figure A.5.3.6. The windgirder should be provided 
with a railing for the safety of the fire lighters. 

A.5.4 Within the scope of this standard, covered (internal) 
floating roof tanks are defined as vertical cylindrical tanks with 
a fixed metal roof (cone or geodesic dome) equipped with 
ventilation at lhe top and containing a metal double-deck or 
pontoon-type floating roof ora metal floating cover supported 
by liquidtight metal flotation devices. They are constructed in 
accordance 1vith the requirements of NFPA 30. (See Ftgu.,.e 5. 4.) 

A.5.4.2.3.4 The hazard requiring the highest foam solution 
flow rate does not necessarily dictate the total amount of foam 
concentrate required. The requirements gi\"eo in this section 
are based on extrapolations of test experience and appropri­
ate listings and reflect the limitations known to date. Foam can 
fail to seal against the tank shell as a result of prolonged free 
burning prior to agent discharge. If adequate water supplies 
are available, cooling of the tank shell is recommended. 

A.5.5.1 For other types of indoor hazards, see lhe design cri­
teria requirements ofNFPA 16. 

A.5.5.4.1 Systems using lhese foams require special engineer­
ing consideration. 

A.5.6 To minimize life and property loss, automation of foam 
S)'St.ems protecting a U"Uck loading rack should be taken inm 
account. NFPA 16 states "Foam-water deluge and preaction 
systems shall be provided with automatic and auxiliary manual 
tripping means." [16:4.1.1) 

Manual operation only can be provided where acceptable 
to theAHJ. 
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Sheet steel shield can be rectangular or cut as shown 
mounted on top of shell reinforced with acceptable supports. 
Minimum dimensions depend on minimum clearance needed 
between foam chamber deflector and top position of roof. 
(See below.) 

t 
A plus 

300mm 

Wlndgirder 

Curb 
angle 

~:tl;;;D~ 
I 

Solution-piping to other 
foam chambers can be Notes: 

1. 12.2 m (40 It) max foam maker spacing 
using 300 mm (12 in.) high min foam dam. 

located above or below 
windgirder or at grade 

2 . 24.4 m (80 It) max foam maker spacing 
using 600 mm (24 ln.) high min foam dam. 

level. 

Dimension (A) Is the height of the chamber opening 
above the top edge of tank shell. The minimum height 
must clear the top posilion of the floating roof. 

A Dimension (m) 
0.6m(2ft) 
0.9m(3ft) 
1.2m (4ft) 

L Dimension (m) 
3m(10ft) 
3.7m{12ft) 
4.3m {14ft) 

FIGURE A.5.3.5.2(a) Typical Foam Splash Board for Discharge Devices Mounte d Above lhe Top of the SheiJ. 
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Fixed solution piping 

FIGURE A.5.3.5.2(b) Fixed Foam Discharge Outlets 
Mounted on the Periphery of the F1oatiog Roof. 

There are rwo methods of automating foam monitor S}'-s-­
tems for this application: 

( 1) Completely automatic detection and actuation (Sfe appli­
cable sertions of NFPA 72 f()r design criteria.) 

(2) Actuation by push-button stations or other means of 
manual release. 

The speed of system operation is always critical in minimiz· 
ing life and property loss. 

A.5.6.5.1 The correct choice of each monitor location is a 
very imporrant factor in designing a foam monitor system. 
Traffic pauerns, possible obstructions, wind conditions, and 
effective foam nozzle range affect the design. The appropriate 
monitors and nozzles should be located so that foam is applied 
to the entire protected area at the required application rate. 
Consult the manufacturer of the monitor nozzle for specific 
performance criteria re lated to stream range and foam pat· 
tern, discharge capacity, and pressure requirements. Manufac­
turers also should be consulted to confirm applicable listings 
and/or approvals. 

A.5.6.5.2 Although most systems are designed to protect the 
canopr area only, it i:. often desirable to protect the total 
curbed area around the loading rack or the entire length of 
the truck or rail car. 

A.5.7 Generally, portable monitors or foam hose streams or 
both have been adequate in fighting spill fires in diked areas. In 
order to obtain ma.ximum ilexibilhy due to the uncertainty of 
location and the extent. of a possible spill in process areas and 
tank farms. portable or trailer-mounted monitors are more prac­
tical rhan fixed foam systems in covering the area involved. The 
procedure for fighting diked area spill fires is to extinguish and 
secure one area and then move on to extinguish the next section 
within rhe dike. This technique should be continued until the 
complete dike area has been extinguished. 

A.5.7.3.3 Fixed foam discharge outlets vary considerably h1 
capacity and range area of coverage. 

A.5. 7.3.4.2 Overhead application by foam-water sprinklers or 
nozzles could require supplementary low-level foam applica· 
tion to provide coverage below large obstructions. Overhead 
pipework can be susceptible to damage by explosion. Over­
head application by foam-water spdnklers or nozzles might 
require supplementary low-level foam application to provide 
co,·erage below large obstructions. Overhead pipework can be 
susceptible to damage by explosion. 

A.5.7.3.5.3 Low-level foam discharge outlets might requiJ·e 
supplementary overhead foam spray application to provide cov­
erage or cooling for overhead structures or for tank surfaces. 

A.5.8 For the purpose of t.his standard, nondiked spill areas 
are areas whet·e a nammablc or combustible liquid spill can 
occur, uncontained by curbing, dike walls. or walls of a room 
or building. 

In such cases it. is assumed t.hat. any fire would be classified as a 
spill fin: [i.e., one in which d1c flammable liquid spill has an 
average depth not. exceeding 25.4 mm (1 in.) and is bounded 
only by the contour of the surface on which it is lying] . 

A.5.9 Auxiliary foam hose streams can be supplied directly 
from the main system protecting the tanks (e.g., centralized 
ftxed pipe system) or can be provided by additional equip­
ment. The supplementary hose stream requirements provided 
here in arc not intended to protec t. against. fi res involving ma­
jor fuel spills; rather, they are considered only as first aid- type 
protection for extinguishing or covering small spills involving 
areas in square meters (square feet) equal t.o those covered by 
about six times the rated capacity [in L/ min (gpm)] of the 
nozzle. Permanently instal led foam hydrants, where used, 
should be located in the vicinity of the hazard prot.ected and 
in safe and accessible locations. The location should be such 
that excessive lengths of hose are not required. Limitations on 
the length of hose that can be used depend on the pressure 
requiremcms of the foam nozzle. 

A.6.1 Medium- and high-expansion foam extinguishes fire by 
reducing t.he concentration of oxygen at the seat oft.he fire, by 
cooling. by halting convection and radiation, by excluding ad­
ditional air, and by retarding flammable vapor release. (Sa 
Annex C.) 

A.6.3 Use of high-expansion foam for polar solvents should 
be proven by fire tests using polar soh•ents that are to be used 
in tl1e protected area. 

A.6.3.2 Under certain circumstances, it might be possible to 
utilize medium- or high-expansion foam systems for control of 
fires involving flammable liquids or gases issuing under pressure, 
but no general recommendations can be made in this standard 
due to the infinite valiety of particular siwations that. can be en­
countered in actual practice. Ability to control or extinguish a 
fire in a given hazard might depend on such factors as expansion. 
drainage, and fluidity. ll1ese factors wilJ vary with the concen­
trate, equipment, water supply, and air supply. 

A.6.6 The discharge of large amounts of medium· or high· 
e.xpansion foam can inundate personnel, while blocking \ision, 
making hearing difficult, creating some discomfort in breathing, 
and causing spatial d isorientation. This breathing discomfort will 
increase with a reduction in expansion r-atio of the foam while 
the foam is under the effect of sprinkler discharge. 

A.6.6. 1 Additional exits and other measures might be neces· 
sary to ensure safe evacuation of personnel. 
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r.ab:icated---......_ 
Ji~~i c1 
~ Foam deflector 

mounted to clear 
uppermost 

from "" 
100 mm (4 ln.) 
std. wall piping position of roof c ..J 

Foam maker 

r---3 m {10 It) minimum__, 

Foam backboard 
extension sheet 
mounted 
above 
shell 

I 

Platform 

SOlution piping 
38.1 mm (1 Ylln.) fire braced to tank shell 
hose connections 

VIEW D-O 

Tank shell 

Bracing 

1
8

1 
600mm 

Deflector 3.2 mm ('AI ln.) thick 

Pad 6.4 mm (Y.In.) thick 

VIEWC-C 

Foam dam 

Drain slots: 
25.4 mm (1 in.) wide x 9.5 mm ~in.) 
high, on 3m (10 It) centers 
(approximate dimensions) 

Continuous fillet weld 

VIEW B- B 

FIGURE A.5.3.6 Typical Installation of Foam Handlines for Seal Area Ftre Protection. 

A-6.6.1.1 The foam is opaque, making it impossible to see 
when one is submerged in it. It is dangerous to enter a build­
ing in which there was a fire if one cannot see. 

A-6.6.1.2 The chemicals of the canister can react with the 
water of the foam and cause suffocation. 

A.6.6.2 As used in this standard, "clearance~ is the air dis­
tance between medium- or high-expansion foam equipment, 
including piping and nozzles, and unenclosed or uninsulated 
live electrical components at other than ground potential. 
Since medium- or high-expansion foams arc conductive, these 
clearances do not prevent conduction through foam. (Set 
6.6.1.3.) Up to electrical system voltages of 161 kV, the design 

2010 Edition 

BIL kV and corresponding minimum clearances, phase to 
ground, have been established through long use. 

A-6.6.2.2.1 TI1e clearances are based on minjmum general 
practices related to design basic insulation level (BIL) values. 

A-6.7.1 Fires or conditions likely to produce fire can be de­
tect.ed by human senses or by automatic means. 

A.6.7.1.1.1 In outdoor locations with minimal or no expo­
sures or life hazards, such as LNG spill retention areas, imme­
diate detection and suppression of a fire is not critical for pro­
tection of life and property. Detection by personnel and 
manual operation of a fixed system is considered acceptable. 
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A.6.7.1.2 See NFPA 72. 

A.6.7 .1.4 See applicable provisions of NFPA 72 for power sup­
ply requirements. 

A.6.7.4 A block diagram of a typical automatic medium- or 
high-expansion foam system is shown in Figure A.6.7.4(a). At 
the present time, foam generarors for medium- and high­
expansion foam are of two types, depending on the means for 
introducing air- by aspirator or blower. In eilher case, the 
properly proportioned foam solution is made to impinge at 
appropriate velocity on a screen or porous or perforated mem­
brane or series of screens in a moving airstream. The liquid 
fi lms formed on the screen are distended by the moving air­
stream to form a mass of bubbles or medium- or high­
expansion foam. The foam volume varies from about 20 to 
1000 times the liquid volume, depending on the design of the 
generator. The capacity of foam generators is generally deter­
mined by the time required to fill an enclosure of known vol­
ume by top application within 1 minute to 5 minutes. 

Foam Generaum -Aspirator Type. Aspirator-type foam gen­
erators can be fiXed or ponable. J et streams of foam solution 
aspirate sufficient amounts of air Lhat is then entrained on the 
screens to produce foam. [SeeFigureA.6. 7.4(b).} These genera­
tors usually produce foam with expansion ratios of not more 
than 250:1. 

Foam Generators- 8/m.uer Type. Blower type foam generators 
can be fixed or ponable. The foam sohujon is discharged as a 
spray omo screens through which an airstream developed by a 
fan or blower is passing. The blower can be powered by elec­
tric motors, internal combustion engines, air, gas, or hydraulic 
motors or water motors. The water motors are usually pow­
ered by foam solution. [See Figure A.6. 7.4(c).} 

Blower 
drive unit 

Foam generator 

FJGUREA.6.7.4(a) Block Diagram of Automatic Medium- or 
High-Expansion Foam System. 

Inlet 
foam ­
solution 

Foam screen 

FIGURE A.6.7.4(b) Aspirating-Type Foam Generator. 

Prime 
mover 

c 

Foam screen 

Airflow -

Foam solution 

Screen~ 

Inlet foam solution 

FIGUREA.6.7.4(c) Blower-1)'pe Foam Generators. 

A.6.10.2 To determine its ability to withstand fire exposure 
from the hazard area, a generator and its associated piping and 
elecuical witing, protected in accordance with the manufacmr­
ers' recommendations, should be staned and operated satisfacto­
rily after a !>-minute exposure 3m (I 0 ft) above a 4.65 m2 (50 ft2) 

~heptane fire using 379 L (1 00 gal) of fuel. The test fire should 
be shielded LO ensure flame impingement on the generator. 

A.6.12.2 Examples of hazards that can be permitted to be 
successfuiJy protected by total flooding systems include rooms, 
vaulrs, stOrage areas, warehousing faci lities, and buildings con­
taining Class A and Class B combustibles either singly or in 
comb ination. 

See NFPA l 3. 

A.6.12.4.1 To assure the efficiency of a total flowing medium­
or high-expansion foam system, the development and mainte­
nance of a suitable quantity of foam within the particular en­
closure to be protected is required. Leakage from tl1e enclo­
sure area should be avoided by sealing openings with doors 
and windows that dose automatically. 

A.6.12.7 It is imperative that the integrity of primary stmctural 
members be maintained under fire exposure (which, ill sprin­
klered structures, normally suppon the sprinkler system). Ught. 
unprotected bar joist and other similar types of supports are es­
pecially vulnerable to damage by fast-developing fires as com­
pared to that of heavy steel construction. So also is heavy, unpro­
tected steel fram ing more vulnerable lhan fire-resistive 
(concrete) or protected souctural members. 
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A.6.12.8 Tests with foams of above 400:1 expansion ratio have 
shown that extinguishment times for nammable liquid fires 
increased significantly at rates of foam rise less than 0.9 
m/min (3ft/min). Lt is expected that at some expansion ratio 
below 400:1, lower rates of foam rise would be adequate, but 
insufficient testS have been conducted to identify this ratio. 

A.6.12.8.2.1 The rate also depends on foam properties, such 
as expansion ratio, water retention, effect of water contami­
nants, and temperature effectS on \\later retention. 

A.6.12.8.2.3.1 The follo,,fug are sample calculations of Lotal 
high-expansion foam generator capacity: 

Calculatiotl Using U.S. Units 
(1) Given: Building size- 100 ft X 200 n X 30ft high. 
(2) Building construction- Light bar joist, Class I steel deck 

roof, adequately vented. Masonry walls with all openings 
closable. 

(3) Sprinkler pt·otection -Wet system I 0 ft x 10ft spacing. 
0.25 gpm/ft2 density. 

(4) Occupancy - Vertically stacked unhanded rolled kraft 
paper 25 ft high. 

(5) Assume: Fire will open 50 sprinkler heads. Foam leakage 
around closed doors, drains, and so forth, hence CL = 1.2. 

(6) Calculation 
(a) Foam depth: Depth= 25 x 1.1 = 27.5 ft (This depth is 

greater than minimum CO\'Cr of 2ft.) 
(b) Submergence volmne: V= 100 x 200 x 27.5=550,000 ft5 

(c) Submergence time: T=5 minutes (from Table 6.12.7.1) 
(d) Rate of foam breakdown by sprinklers: 

S= 10 ft3/min · gpm (from 6.12.8.2.2(2)) 
Q = Number of heads x area/head x density 

=50 X (IQ X 10) X 0.25 = 1250 ~pm 
Rs= Sx Q"' 10 x 1250 = 12,500 fr / min 

(e) Normal foam shrinkage: CN= 1.15 [from 6.12.8.2.2(3)] 
(f) Leakage: C, = 1.2 (assumption) 
(g) Total generator capacity 

R=(f,+Rs) X CN X Ct 

R=(550~000 +12,500) X 1.15 X 1.2 

R= 169,000 ft' / min 

The number of generators required will depend upon the 
capacity of the generators available. 

Calculation Using Sf Units 
(1) Given: Building size - 30.5 m x 61 m x 9.1 m high. 
(2) Building constntction- Same as U.S. unitS calculation. 
(3) Sprinkler protection -Wet system 3 m x 3 m spacing. 

10.2 L/ min · m2 density. 
(4) Occupancy- Vertically stacked unbanded rolled kraft 

paper 7.6 m high. 
(5) Assume: Same assumption as U.S. units calculation. 
( 6) Calculation 

(a) Foam depth: Depth= 7.6 x 1.1 = 8.4 m (This depth is 
greater than minimum cover of0.6 m.) 

(b) Submergence volume: V= 30.5 x 61 x 8.4= 15.628 ms 
(c) Submergence time: T=5 min\lles (from Table 6.12.7.1) 
(d) Rate of foam breakdown by sprinklers: 

S = 0.0748 ms / min· L/min [from 6.12.8.2.2(2)] 
Q= Number of heads x area/ head x density 

=50 x (3 x 3) x 10.2 = 4590 L/min 
Rs= Sx Q=0.0748 x 4590= 343 m8/min 
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(e) Normal foam shrinkage: Cv= l.L5 [from 6.12.8.2.2(3) ) 
(f) Leakage: CL = 1.2 (assumption) 
(g) Tom! generator capacity: 

R = (f. + Rs) X C,,. X cl. 

R = cs·:28 
+ 343) X 1.15 X 1.2 

R = 4787 m' / min 

A.6.12.8.2.3.2 \'\'here sprinklers are present in an area to be 
protected by high-expansion foam, simultaneous operation will 
cause breakdown of the foam. 1l1e r-ate of breakdown will de­
pend on the number of sprinklers operating and the subsequent 
total rate of water discharge. The number of sprinklers expected 
to operate will depend on \'arious factors as outlined in NFPA 13. 

A.6.12.8.2.3.4 It is essential that uncontrolled leakage be re· 
duced to an absolute minimum through the use of foam tight 
barriers at aJI openings below the effective hazard control level 
or depth. There will be an increased rate of foam escape as its 
fluidity is increased by anticipated sprinkler discharge. Such 
leakage through drains, trenches, under doors, around win· 
dows, and so forth can be minimized by use of suitable auto­
matic closures, seals, or mechanisms. Additional generator ca­
pacity should be added to com pen sate for the aggregate losses 
where foam escapement cannot be effectively controlled. 

A.6.12.10 The choice of a total flooding foam system for pro­
tection of a hazard does not necessarily imply that it is ex­
pected that ll1e system wiU complet·e ly extinguish the fire or 
even so nearly extinguish it as to render the fire incapable of 
regaining the offensive. Rather, llle effect sought might often 
be speedy control with minimum fire damage to contentS not 
involved in the fire. 

When high-expansion foam is establishing or ha~ estab­
Lished conu·ol of a fire. care must be exercised that conlrol is 
not lost. The following pointS should be kept in mind; depend­
ing on ~he particular fire, some or all might be vital: 

(1) All persons should be aware of the necessity for tight clo­
sure. Employees, brigade members, and the fire depart· 
mentshould mo,·e rapidly to close any openings through 
which foam is being losL Improvised closures can be 
made of practically any available material such as fine 
mesh screening, plastic, p!)•wood, or cardboard. 

(2) If the material involved is liable to sustain deep-seated 
fires, such as furniture, packaged material, fibers, and 
rolls of paper, particular care must be exercised in open­
ing up the areas and removing the foam. Even where only 
sutface fire is ll10ught possible, as in flammable liquids, 
smoldering Class A material can cause reignition. 

(3) A "soaking" period should elapse before foam is removed. 
This period can be as long as an hour and should be pre­
determined based on the fuel in the area. 

A.6.12.10.3.2 Additional foam concentrate could be needed 
shouEd rcignition occur. 

A.6.12.10.4 The following points should be considered dur­
ing overhaul operations: 

( 1) All foam and sprinkler systems that are shut off should 
have personnel standing by valves to tum them back on if 
this should become necessary. 

(2) Foam supplies should be replenished if depleted. 
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(3) laod hoselincs should be chat-ged and manned. Personal 
p;tect.i\'e equipment should be donned. Self-contained 
brathing apparatus must be wom in the ~ready~ position 
~lhere "~II be no delay in putting it in service. 

(4 ) Ftm1 should be removed first from the fire area and 
sbuld be coordinated with overhaul and salvage opera­
tEns. The total loss will be kept to a minimum if thought­
) ~ operations are avoided. Once the fire is under con­
mi. undue haste ro extinguish the last ember can gremly 
i nrease the loss. 

(5) GJtion should be taken in entering previously foam­
filtd areas, particularly in su-uctu•·es with pits or openings 
imhe floor. 

(6) 'Tie area shou ld be well ventilated, but openings through 
which foam might be lost should be kept LOa minimum 
ard manned for closing if this should become neccssaq·. 

(7) Onsidermion should be given to di~posal of the foam to 
p~~Vent any undue hazard to adjacent areas. 

A.6.111.2 These systems are best adapted to the protection 
of essClltially Oat surfaces such as confined spiUs, open tanks, 
drain hJa•·ds, curbed areas, pits, u·enches, and so forth. 

A.6.13t2 Fences constructed of ordinary metal window 
screenrnesh have been shown to provide an effective barl"icr 
that albiYs confinement of medium- and high--expansion foam 
to a pl'btected area. 

A.6.14 High-expansion foam has been ~hO\\'n to be effectin: 
in con110lling LNG spill test fires and in reducing downwind 
vapor concenLration from unignited LNG spill rest !ires in 
confined areas up to 111m2 (1200 ft2). 

Spetial provisions for liquefied natural gas (LNG) !ire and 
vapor control arc as follows: 

( l ) A]trlicalion concepts for firr cm1Lrol. Tests sponsored b) the 
Anerican Cas Association (AGA) ha\'C sho\m that th<: 
am>um of radiation from a burning L'JC spill can be 
reduced by as much as 95 percent with some high­
expansion foams. This reduction is due in part LO the 
foam barrier, which reduces vaporization by blocking 
beat feedback from the flames to the LNG. Foams having 
a low-expansion ratio contain a great deal of water at am­
bient temperature that tends to increase the vapori7.ation 
rattwhen it drains into the LNG.ln thcACAtests. conu·ol 
wru established with e.xpansion ratios greater than 250: I, 
although an expansion ratio of about 500:1 proved most 
effective. Different brands of loam show considerable 
variation in their ability LO comrol LNG fires. A rapidly 
draining foam will increase the LNG vaporization rate 
and exaggerate the fire imensity. The drier foam remain· 
ing is less resistant to them1al effects and breaks clown 
more readily. Other factors such as bubble size, nuidity, 
and linear burn rate can affect fire control. Therefore. 
test results on LNG fires, including the rest described in 
Section H .4 should be re"iewed before selecting a foam 
for LNG Hre control. 

(2) Dmttnwind vapor hazard control. When first evolved from a 
spill, unignitcd LNG vapors are heavier than air. As these 
vapors are heated by sunlight or by contact with the air, 
rheyeventuall)• become buoyant and disperse upward. Be­
fore this upward dispersal occurs, however, high vapor 
concentrations can form downwind of an unignited spill 
at or near ground level. High-expansion foam can be used 
tO reduce this vapor concenu-ation by addi11g heat from 
the water in the foam to the LNG vapors as 1.hey pass 

through the foam blanket. Because of the induced buoy­
anq. the application of high-expansion foam can reduce 
downwind gas concenu-ations at ground level. Expansions 
in the range of750:lto 1000:1 have been found to pro­
vide the most effective dispersion control, buLLhe higher· 
expan~ions can be adversely alTectcd by wind. However, as 
with lire control, ability to control vapor dispersion varies 
among different foams and should be demonstrated br 
tests. 

Sec NFPA 59A for information on fire protection require­
ments for LNG facilities. 

A.6.14.1 LNG fire and ~-apor control reference publications 
are as follows: 

(1) Amer·ican Gas Association Project T$-3-1, "LNG Spills on 
Land.'' NO\ember 15. 1973. 

(2) American Gas Association ProjcctiS-100.1, ~An Experimen­
tal Sttld) on the ~litigation of F1ammable \apor Dispersion 
and Fi1'C Hazards Immediately Following L'JC Spills on 
Land," Februat)' 1974. 

(3) Cremelcs, A. E., and Drake, E. M., "Gravity Spreading and 
AU110sphcric Dispersion of LNG Vapor Clouds," Fourth 
International Symposium on Transport of Hazardous 
Cargoes by Sea and lnland \Vutenvays. Jacksonville, FL, 
October 1975. 

(4) Hum bert-Basset, R., and Momct, A., "Flammable Mixture 
Penetmt.ion in the A1mospherc from Spillage of LNG," 
Third lmen1ational Conference on LNG. Washington. 
DC. September 1972. 

(5) "Liquefied Natural Cas/Characteristics and Burning Be­
havior," Conch Methane Services, Ltd., 1962. 

(6) "LNG \apor Concentration Reduction and Fire Control 
with MSAR High Expansion Foam," Mine Safety Appli­
ance~ Rc~ca.1ch Corp., E''lllls City. PA. 

(7) Schneider, Alan L. ~Liquefied 1 amral Gas Safety Re­
search Overview," ~ational Tcchnkal Info1mat.ion Ser­
vice. Springfield, VA, December 1978. 

(8) Welke•·,J ., et al., "Fire Safety Aboard LNG Vessels." January 
1976. 

(9) Wesson, H. R .. Welker, J. R., and Brown, L. E., "Control 
L\IC Spill Fires," Hydrt)(.arllon Proassing, December 1972. 
This paper contains 105 additional references on many 
aspects of LNG safety research, including the use of high­
C.\.-pansion foam on Li'JC. 

Since time to initiate acruation i a clitical factor in LNG fire 
control, special auention should be given to heat effects and po­
tential fire spread to adjacent areas duling the time pcr·iod for 
application of [oam into the LNG spill. 

A.6.14.2 Application rates are gcnemll} established by spe­
cific fire tests ~uch as that in Section H.4. where the equip­
ment, water supply. fuel, and ph)~ical and chemical makeup of 
the candidate foam concentrate are carefully conu·ollcd. 
vVhilc these tests can be useful for comparing various foams, 
they often give minimum application 1-ates because they are 
conducted under ideal weather conditions with no obstruc­
tions or barriers to fire control. The final design 1-ates arc gen­
erally 3 to 5 Limes the test rates. Thus, the rates can \"crysignifi­
cantl)' from one foam agem ro another. 

A.6.14.3.3 The minimum foam depth at any point in the haz­
ard area will vary, but most designs have attempted to obtain 
0.45 m to 0.91 m (l'h ft to 3ft) ofroam depth over tl1e LNG 
spill area with in Lhe lime established in t.he analysis. 
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A.6.15.6 Succe.-.sful extinguishment of fire with portable 
foam-generating devices is dependent on the individual ability 
and technique oflhe operator. 

A.S.l It is good practice for Lhe owner or his or her designated 
representative (i.e., architect, contractor, or other authorized 
person) to review Lhe basic hazard with the AliJ to obtain guid­
ance and preliminary approval of the proposed protection con­
cept. The possibility and extent of damage by Lhe agemshould be 
evaluated when selecting any extinguishing S)'Stem. In certain 
cases, such as tanks or containers of edible oils, cooking oils, or 
olher food-processing agents, or in olhcr cases where contamina­
tion through Lhe use of foam could increase the loss potential 
substantially, the A1iJ should be consulted regarding Lhe type of 
extinguishing agent preferred. 

A.8.3.4(7) See Chapter 9 ofNFPA 13 for hydraulic calculation 
procedures. 

A.9.3.4 Limited service controllers generally do not have a 
service disconnect means. In order to perfonn routine inspec­
tion and maintenance safely, it might be desirable to provide 
an external service disconnect. Special care must be taken to 
ensure that tl1e disconnect is not left in a position rendering 
the foam concentrate pump inoperable. 

A.9.4.3(2) This riser can be welded to me tank by means of 
steel brace plates positioned perpendicular to the tank and 
centered on Lhe riser pipe. 

A.9.4.4 With all-welded construction, iliis could be ilie only 
joint iliat can be opened. 

A.9.5. 7 Failure ilO isolate the water supply feed to ll1e bladder 
tank can cause a continuation of foam concentrate discharge 
into the system riser. This continued discharge can cause dam­
age to ilie bladder and siphon tube inside the tank and can 
waste foam concentrate. Risers that have filled with foam con­
centrate due to iliis issue can be inadvertently drained, ll1us 
contaminating the environment with foam concentrate. 

A.lO.l The provisions of this marine chapter were developed 
based on knowledge of practices of tl1is standard, SO LAS, the 
lBC Code, and USCG regulations and guidance. In order to 
harmonize Lhe requirements of this chapter with ilie practices 
of these other standards, the values given in Lhe metric conver­
sions in Chapter 11 should be considered tl1e required value. 

A.lO.l.3 Approvals of specialized foam equipment compo­
nents are typically based on compliance with a standard 
equivalent to UL 162. Component review should include the 
following: 

(1) Fire suppression effectiveness 
(2) Reliability 
(3) Mechanical su-ength 
( 4) Corrosion resistance 
(5) Material compatibility 
(6) Proper operation 
(7) Stress, shock, and impact 
(8) Exposure to salt water, sunlight, temperature extremes, 

and other environmental elements 
(9) Proportioning system test data (demonstrating acceptable 

injection rate over the imended flow range of the system) 
(10) Foam su-eam range data {based on still air testing with 

monitor and nozzle combinations) 
(11) Foam quality test data (demonstrating satisfactory per­

formance corresponding to small-scale fire test nozz.le 
foam quality) 

201 0 Edition 

Quality conu·ol of specialty foam proportioning and appli­
cation equipment as well as foam concentrates should be 
achieved tluough a listing program that includes a manufac­
turing follow-up service, independent certification of the pro­
duction process to ISO 9001 and ISO 9002, ora similar quality 
control program approved by the AHJ. 

A.lO.L4.3 Foams for polar solvents are first tested for hydro­
carbon performance using a test derived from Federal Speci­
fication O-F-555C iliat was published from 1969 through 1990. 
The foams are further tested for polar solvent S)''Stem applica­
tion oo ilie basis of 4.6 m2 (50 ft2) fire test performance in 
accordance with UL 162. Approved manufacturers' deck sys­
tem design application rates and operating times incorporate 
design factors mat are applied to the lire test application rates 
and times. 

A.10.2.1 This system is intended to supplement, not replace, 
any required total flooding machinery space fire suppression 
system. Foam systems comprising a portion of required pri­
mary machinery space protection can require longer applica­
tion times. 

A.10.3.1 Allhough shipboard foam systems share many simi­
larities with tank farm foam systems on land, mere are impor­
tant differences between shipboard and land-based fire pro­
tection. These differences, identified in (1) through (15), 
result in foam system designs and arrangements that differ 
from systems used in what can appear to be similar land-based 
hazards. The differences are as follow: 

( 1) Foam fire tests of the type described in Annex G are very 
severe. 

(2) There is limited data regarding use of systems meeting 
USCG or lMO requirements on actual fires. 

(3) There is little or no separation between tanks. 
(4) The vessel might be widely separated from oilier hazards 

or might be alongside anoilier vessel or a terminal. 
(5) The vessel might nor have access to immediate fire­

fighting assistance. 
(6) Fires resulting from catastrophic events, such as explo­

sions and collisions, historically are beyond ilic onboa•'d 
fire-fighting capabilities of Lhe involved vessels, necessi­
tating use of outside fire-fighting assistance. Many large 
fires have taken several days to exlingltish. 

(7) The number of fire-fighting personnel is limited to Lhe 
available crew. 

(8) Fires not substantially conu·olled witl1in ilie first 20 min­
utes can exceed ilie capability of the crew and tl1e on­
board system. 

(9) Ships are subject to rolling, pitching, and yawing, which 
can cause sloshing of me burning Liquid and reduced 
perfom1ance of ilie foam blanket. 

(10) Application offoam to me fire is likely to be much faster 
ilian on land because ilie deck foam system is in place 
and can be activated simply by starting a pump and 
opening certain valves. There is little or no set-up time. 

(11) Tank fires do not seem to occur unless preceded by an 
explosion. 

(12) Explosions can cause substantial damage to foam S)'S­

tems. They can have unpredictable results on the vessel 
structure, including bending deck plating in such a way 
as to obstruct foam application. They can also cause in­
volvement of any number of tanks or spaces. 
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( 13) Most tankers usc incn gas systems to reduce vapor spaces 
above cargo tanks to less than 8 percem oxygen, thereby 
reducing the likelihood of an explosion. 

(14) Ships pay the cost of transporting their fire suppression 
srstems on every voyage. 

(15) There is a linite amount of space on each ship design. 
Tanker deck foam monitors arc located at or above the 
elevation of top of the tank as comrasted with typical 
tank farm ant~ngements where moniLOrs must project 
foam up and over the rim of a tank. 

A.l0.3.2.2 Color coding Lhe valves aids in identification. For 
example, all nll\'es that are to be opened might be painted 
some disLincLive color. 

A.10.3.3 A fire main system can pro,·ide other services in ad­
dition to fire protection. Other sen~ces, which could be left 
operational during a fu·e, need to be included in calculations. 

A. l0.3.4 Rates of application are as rollo"'s: 

(1) Differences between this section and SOL.\5 or Lhe LBC 
Code: The application rates prescribed in this section for 
hydrocarbon fuels are higher lhan the rates given in the In­
ternational Maritime Organi7..ation's lmernalional Conven­
tion for the Safety of Life at Sea (SOLAS) Chapter 212. 
Regulation 61, as follows: 
(a) For deck spills, this section requires 6.5 L/ mi11·m2 

(0.16 gpm/ ft2) applied over the I 0 percent of the 
cargo block \erstts 5.98 L/min·m:~ (0.147 gpm/ ft:.!) in 
SOI.AS. This difference is based on a long history of 
fit·e extinguishment experience using 6.5 L/min ·m2 

(0.16 gpm/ft2
). It is also tu1rlerstood that the value 

6.5 L/ rnin·m2 (O.J 6 gpm/ ft2 ) is generally regarded as 
the minimum foam application rate for indusu·ial 
hazards and reflects the minimum application rate 
on lhe fuel surface, not at the discharge device. Thus, 
loss of f<>am due to wind, obstructions, and so ronh. 
should he compensated for to pro,ide 6.5 L/ min·m!l 
(O.J 6 gpm/ ft2 ) on the liquid surface. 

(b) For the single largest tank, this section requires 
9.77 L/ min·m2 (0.24 gpm/ft2 ) over the single larg­
est hydrocarbon tank versus 5.98 L/ min·m2 

(0.147 gpm/ ft2) in SOLAS. This difference is based 
on the need to deliver a minimum of6.5 L/ min·m2 

Table A.l0.3.4 Foam Application Rates 

(0.16 gpm/ ft2
) onto the surface of the burning fuel 

and takes into consideration the impact of wind, 
evaporation, and them1al updrafts. This \tllue is 
consistent with recent experience with the extin­
guishment of shore-based storage tanks using mo­
bile foam equipment similar tO the monitors used 
in deck foam systems. 

(c) For polar solvents, the International Bulk Chemical 
Codt ( 18C Codt) provides two design methods. The 
first method requires a foam application rate of 
20.3 L/ min ·m2 (0.5 gpm/ ft2

) withoUt restriction to 
the type of chemicals that can be carried or where 
on the ship's cargo block they can be carried. The 
second method allows arrangements with applica­
tion rate;:slower than 20.3 L/ min·m2 (0.5 gpm/ft2

). 

This method is allowed if the country where the 
vessel is registered has determined through lire 
tests that the actual foam application 1t1te at each 
cargo tank is adequate for the chemicals carried in 
that tank. The design practices gi,·en in this section 
compl} with the second method of lhe !BC Code. 

(2) For reliance on monitor application, it is recognized th<H 
for land applications this standard generally restrictS 
monitor application of foam according to tank diameter 
and surface area. A significant difference between moni­
tor applications on land and those on tank ships is that 
the monitors on tank ships arc located at or above tl1e 
ele\-at.ion of the top of the tank. Therefore. shipboat·d sys­
tems do not suJJer losses of agem associated witl1 long 
throws getting foam up and over Lank rims. Additionally, 
tank ship monitor·s can be placed in ope1t1tion immedi­
ate!)' after an incident, as there is litlle or no set-up time 
and each moniLOr is required to be sized to deliver at least 
50 percenr of the required foam application t-ate. 

(3) The application rates gi,·en in this section incorporate de­
sign factors that allow Lhe results of small-scale fu·e tests to 
be applied to full-scale fires. Design factors include scal­
ing facwrs that allow the results of small-scale tests to be 
extrapolated to large scale. Jn addition, compensation 
factors are included to account ror losses expected from 
wind, thermal updraft. su·eam break-up, plunging, and 
other adverse conditions. The application rates and incor­
porated design factors arc shown in TableA10.3.4. 

Scaling Design Fuel Surface Compensation Required 
I 00 fr2 Test Fire Fuel Scenario Factor Application Rate Design Factor Application Rate 

Hydrocarbon Deck spill 2.4 L/ min · m2 

(0.06 gpm/ fl2) 

2.67 (8/3) 6.5 L/ min·m2 1.0 6.5 L/min· rn2 

(0. 16 gpm/ ft2
) (0.16 gpm/ft:z) 

Hydrocarbon Single largest tank 2.4 L/ min ·m2 2.67 
(0.06 gpm/ ft2) 

6.5 L/ min·m:l 1.5 9.8 L/mitHn:~ 
(0.16 gpm/ ft2

) (0.24 gpm/ft~) 
Polar Decbpill Rate~ 2...J L/ min·m2 2.67 Test rate x 2.67 1.0 ~ 6.5 L/ min·m2 

(0.06 gpm/ fr) as ~ 6.5 L/min ·m~ (O.J6gpm/ fr) 
determined by test (0.16 gpm/ ft2) 

Polar Single largest tank Rate~ 2.4 L/min·m~ 2.67 Test r.ue x 2.67 1.5 ~ 9.8 L/ min·m2 

(0.06 gpm/ ft2
) as <: 6.5 L/ min · m2 (0.24 gpm/ft~) 

dctern1ined by test (0.16 gpm/ ft:l) 
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( 4) The design philosophy given in this standard reflecrs Utat 
outlined in NVIC 11-82. NVIC 11-82 assumes that the 
minimum single tank design application rate will be 
6.5 L/ min·m2 (0.16 gpm/fr). It tJ1en allows monitors to 
be calculated using 45 percent of the single tank rate. 
SOLAS and the me Code require the monitor to be cal­
culated at 50 percent of the single tank rate. However, 
SO LAS startS with a single tank application rate of 6 L/ 
min·m2 (0.147 gpm/ft2) so that 50 pet•cent of that rate 
exacdy equals 3 L/ min·m2 (0.0735 gpm/ft2), which is 
45 percent of the NVIC 11-82 minimum application rate 
of 6.5 L/ min·m2 (0.16 gpm/ ft2 ). The me Code also re­
quires monitOrs to be sized for 50 percent of the single 
tank flow nue. 

A-10.3.5.1 Foam application durations given in this section 
are generally lower than those given in otJ1er sections of this 
standard. This difference is based on historically quick deploy­
ment of marine deck foam systems and also takes into account 
all of the facLOrs listed in A.l 0.3.1. 

A-10.3.5.4 The flow rates during an acu.tal system discharge 
will generally be greater than ilie minimum rates calculated 
during system design because pumps, eductors, and novJes 
arc typically not available in sizes for the exact minimum flow 
rate needed. Therefore, this equipment will typically be se­
lected at the next larger commercially available size. Because 
the system, built of componentS larger than ilie minimum re­
quired, will flm" foam at a rate greater than the minimum 
calculated, the foam concentrate will be used faster than the 
minimum usage nne. Since the concentrate will be used at a 
rate higher than the minimum, the storage quantity should be 
sized to provide the acmal delivery rate during the entire re­
quired discharge duration. 

A-10.4 Although foam handlines are required for supple· 
mentary protection, it is not practical to rely on handlines for 
primary fire fighting. Therefore, all required foam application 
must be provided by monitors that cover the protected area. 

A-10.9.2 Pipe should be uniformly supported to prevem 
movement due to gravity, hea"ing of the vessel in hca\'y 
weather, impact, and water hammer. Pipe should be sup­
ported by steel members. 

A.10.9.3 Deck foam system piping is not a substitute for any 
portion of a vessel's fire main system. Conversely, the require­
ment is intended to clarify that foam injected into the ship's 
fire main is not a substitute fora dedicated foam system on the 
weather deck. The requirement is not intended to prevent the 
proportioning of foam imo a ship's fire main. Such a capabil­
ity ma)' be of great value during a machinery space fire or any 
other fire involving flammable liquids. 

A-10.9.5 The system should be arranged to prevent ice from 
fo1ming in any portion of tJ1e system. Sloped piping and 
manual low point drains are corrsidered to meet the require­
ment that ilie sy tern be self-draining. 

A.10.10.1 Refer to tbe environmental report (Annex F) for 
further information related to environmental issues when sys­
tem discharge tests arc perfonned. 

A-10.11.1.1 The plimary foam concentrate tank is the tank 
containing the supply calculated to satisfy the requirements of 
1 0.3.4 and 10.S.5. The localion of emergency back-up supplies 
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and supplies of concentrate for refilling tJ1e primary tank arc 
not sttbject to the storage location restrictions of 10.1 J .2. How­
ever, aU foam concentrate storage is subject to other provi­
sions of this chapter such as those regarding prevention of 
freezing and foam compatibility. 

A.J 0 .11. 2.1 Corrosion occurs at the air / foam/ tank interface. 
Therefore, the small surface area of this interface in the tank 
dome resultS in less corrosion than if the interface occms in 
the body of the tank. Tank domes arc also used to reduce the 
available free susface suqjectto sloshing. Sloshing causes pre­
mature foaming and adversely affects foam proportioning. In 
addition, sloshing can cause cracking or other damage to the 
tank. Foam also evaporates, so the use of a pressure vacuum 
( PV) vent is necessary. A'PV vent allows air to enter tJ1 e tank as 
liquid is discharged, allows air to leave the tank as liquid fills 
ilie tank, and <.lllows the PV valve to prevent evaporation of the 
concenn-ate. 

A.l0.12.1 Examples of acceptable arrangementS arc shown 
in FigureA3.3.23.1 and Figure A.3.3.23.l.l (a). Consideration 
should be given to the need for spare or redundant critical 
equipment. 

A.10.12.3 Where foam concentrate pumps are Oushcd with 
sea water, the pump should be constructed of materials suit­
able for use with sea water. 

A.l0.12.4 Portions ofTP 127 arc generally considered equiva­
lent to IEEE 45. 

A-10.13.5 Some pipe joint sealantS arc soluble in foam con­
centrate. 

A.11.3 Acceptance testS should encompass the following: 

(1) Afoan1 system will extinguish a flammable liquid fire if oper­
ated \\rithin the proper ranges of solution pressure and con­
centration and at sufficient discharge derrsity per square foot 
(square meter) of protected surface. The acceptance test of 
a foam system should ascertain the following: 

(a) All foam-producing devices are operating at system 
design pressure and at system design foam solution 
concenu-ation. 

(b) Laboratory-type tests have been conducted, where 
necessary, to determine that water quality and foam 
liquid are compatible. 

(2) The following data are considered essential to ilie evalua­
tion of foam system performance: 

(a) Static water pressure 
(b) Stabilized flowing \Yater pressure at both the control 

valve and a remote reference point in the system 

(c) Rate of consumption offoam concentrate 

The concentration of foam solution should be determined. 
The rate of solution discharge can be computed from hydrau­
lic calculations utilizing recorded inlet or end-of-system oper­
ating pressure or both. The foam liquid concentrate consump­
tion rate can be calculated by timing a given displacement 
from the storage tank or by refractometric or conductivity 
means. The calculated concentration and ilic foam solution 
pressure should be within the operating limit recommended 
by me manufacturer. 
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A.ll.6 T he rate of concentrate consumption can be mea­
sured by timing a given d isplacement from the foam concen­
trate storage tarnk, but only in systems where the storage lank is 
small enough and the test run time is long enough so that this 
can be accomplished with reasonable accuracy. 

A.12.1 Flushing of th e concenu·a te pump might be necessary 
at periodic intervals or following complete d ischarge of con­
centrate. 

A.l2.2 Regular service contracts are recommended. 

A.ll.6.4(2) The rate of concentrate flow can be measured by 
timing a given d isplacement from the storage tank. Solution 
concentra tion can be measmed by either refractometric or 
conductivity means (see Section D.2), or it can be calculated 
from solution and concen u-ate flow rates. Solution flow rates 
can be calculated by utilizing recorded inlet or end-of-system 
opet-ating pressures or both. 

Annex B Storage Tank Protection Swnmary 

Table B.l Storage Tank Protection Summary 

Foam Application Method 

Top Side Foam Application 

Fixed-Roof (Cone) 
Tanks and 

Pan-Type Floating 
Roof Tanks 

Number of foam outlets Up to 24.4 m (80ft) dia. 
required 

This annex ·is not a part of the 111quirements of this NFPA document 
but is included far infrmnalional purposes only. 

B. I Storage Tank Protection Summary Table. See Table B.l. 

No. of Chambers 

l foam chamber 

Applicable Floating Roof Tanks 
(Open-Top or Covered) 

Annular Seal Area 

1-For each 12.2 m (40ft) of 
circumference with a 304.8 mm (12 in.) 
high foam dam 

24.7 to 36.6 m (81 tO 120ft) dia. 2 foam chambers 
36.9 tO 42.7 m (121 tO 140ft) dia. 3 foam chambers l-For each 24.4 m (80ft) of 

circumference with a 609.6 mm (24 in.) 
high foam dam 

Hydrocarbon application 
rates 

Polar solvem rates 

Hydrocarbon discharge 
times 

Polar solvents 

43 to 48.8 m (14l to 160ft) d ia. 
49.1 to 54.9 m (161 to 180ft) d ia. 
55.2 to 61 m (181 to 200 ft) clia. 
Over 61.3 m (201 ft) dia. 

(See Table 5.2.5.2.1.) 

4.1 L/ min · m2 (0.10 gpm/ ft2) of 
liquid sutface 

(See Table 5.2.5.2.2.) 

See Manufacturer's Approval 
Report. 

Flash point 37.8"C to 60"C 
(100"F to l40"F) 

Flash point below 37.8"C (lOO"F) 
Crude petroleum 
Type 1 
Type li 

4 foam chambers 
5 foam chambers 
6 foam chambers 
I additional for each 

465 m2 (5000 ft2) 

Type I 
20min 

30 min 
30min 
30 min 
55 min 

Type li 
30min 

55 min 
55 min 

Foam Outlets Under Floating Roof Tank Seals or Metal Secondary Seal 

Number required Not applicable 

(See 5.3.3.1 and Section 5.4. ) 

12.2 L/ min · m2 (0.30 gpm/ ft2
) of annular 

ring area, above seal, between tank wall 
and foam dam 

(See Section 5.3.) 

Not covered by NFPA 11 

20min 

(See Section 5.3.) 
Not covered by NFPA 11 

Mechanical shoe seal 
1-For each 39.6 m (130ft) of tank 
circumference (no foam dam required) 

Tube seal- Over 152 mm (6 in.) from top 
of seal to top of pomoon with foam 
outlets under metal weather shield or 
secondary seal 

1-For each 18.3 m (60ft) of tank 
circumference (no foam dam required) 

(co>lli>nttS) 

2010 Edition 
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Table B.l Continued 

Foam Application Method 

Fixed-Roof (Cone) 
Tanks and 

Pan-Type Floating 
Roof Tanks 

Hydrocarbon application Not applicable 
rates 

Discharge times Not applicable 

Polar solvents Not applicable 

Foam Handlines and Monitors for Tank P1·otection 

Size of tank 

Hyd•·ocarbon application 
rates 

Discharge limes 

Monitors for tanks up to 18.3 m 
(60 ft} in diameter 

Hand hose lines for tanks less 
than 9.2 m (30ft) in d iameter 
and less than 6.1 m (20 ft) high 

(Se<> 5. 2.4. 2. 2.) 
6.5 L/ min-m2 (0.16 gpm/ ft2) 

(See 5.2.4.2.2.) 

Flash point below 37 .8°C ( J 00°F) 

Flash point 37.8°C to 60°C 
(1 OOoF to 140° F') 

Crude oil 
(See5.2.4.2.2.) 

Subsurface Application Outlets 

Number required 

Hydrocarbon application 
rates 

Discharge times 

Polar solvents 

201 0 Edition 

Same as table for foan1 chambers. 
See above. (See 5.2. 6.2.8.) 

)1inimum 4.1 L/ min·m2 

(0.1 gpm/ ft2) ofHquicl surface 
Maximum 8.2 L/ min-m2 

(0.2 gpm/ fr) 
Foam velocity from outlet shall 

not exceed 3.05 m/ sec 
(10ft/sec) for Class m liquids 
or 6.1 m/ sec (20 ft/sec) for all 
other liquids (See 5.2.6.5.1.) 

Flash point37.s•c (lOO. F) to 
60°C ( 140°F) 

Flash point below 37.8°C (100.F) 
Crude peo·oleum (See 5.2.6.5.1. ) 
Not recommended 

No. of Chambers 

65 min 

50 min 

65 min 

30 min 

55 min 
55 min 

Applicable Floating Roof Tanks 
(Open-Top or Covered) 

Annular Seal Area 

Tube seal- Less Lhan 152 mm (6 in.) 
from tap of seal to top of pontoon with 
foam outlets under metal weat:her sh ield 
or secondary seal 

l - For each 18.3 m (60 ft) of tank 
circumference [foam dam at least 
305 mm (12 iu.) high requ.ired] 
(See 5.3.5. 4. ) 

Top-of-seal protection wit:h foam clam at 
12.2 L/ min·m2 (0.30 gpm/ ft2

) of 
annular ring area. All below-the-seal with 
or without foan1 dam at 20.4 L/ min·m2 

(O.so gpm/ fr) 
20 min- with foam dam or under metal 

weather shield or secondary ~cal 
Not covered by NFPA 11 

Monitors not recommended 

Hand lines are suitable for extinguishment 
of lim fires in open-top floating roof 
tanks 

(See 5.3. 4.) 
6.5 L/ min-m2 (0.16 gpm!ft2) For rim fires 

in open-top floating roof tanks 
(See 5.2.4.2.2.) 

Use same times as for open-top floating 
roof tank Jim fires 

Not recommended 

Not recommended 

Not recommended 

Not recommended 
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Annex C Medium- and High-Expansion Foam 

Thu anntx i.s not a part oftht rrqwrnnmt.s ofthu SFP:! d«umtnl 
llut is indudtd for infonnalional purpom only. 

C.l High-expan~ion foam is an agent for control and extin­
guishment of Class A and Class B fires and is particularly suited as 
a flooding agent forUM! in confined spaces. Development of the 
use of high-expansion foams for fire-fighting purposes slarled 
with the work of the Safety in Mines Research Establishment of 
Buxton, England, based on the difficult problem of fires in coal 
mines. It was found that by expanding an aqueous su.rface active 
agent solution 1.0 a scmistllble foam of about 1000 Limes the vol­
ume of the original solution, it was possible to force the foam 
down relative ly long conidors. thus providing a means for trans­
porting water to a fire inaccessible to ordinary hose streams. 

This work led to the development of specialized high­
expan~lon foam-gt•ncrnting rquipment for fighting fires in 
mines, for application in municipal indusuial fire fighling, and 
for the protection of special hazard occupancies. Medium­
expansion foam was developed to meet the need for a foam that 
was more wind re,iSt.\nt than high-expansion foam for outdoor 
applications. 

DtsmjJium. Medium- and high-expansion foams are aggrega­
tions of bubbles that arc mechanically generated by the passage 
of air 01 other~ through a net, <creen, or other porous me­
diun\ that is weued b) an aqueous solution of surface acti\'e foam­
ing agents. Under proper conditions, fire-fighting foams of e.x­
pansiom from 20: I to I 000: I can be generated. These foams 
pro,ide a unique agent for uan porting water to inaccessible 
places: for total nooding of confined spaces; and for \'Oiumetric 
displacemem of "apor, heat, and smoke. Tests have shown that, 
under certain circumstances, high-expansion foam, when used 
in conjunction "ith Wdter sprinklers, \\ill provide more positiYe 
control and extinguishment than either extinguishment system 
by itself. High-piled ston1gc of rolled paper stock is an example. 
Optimum efficiency in any one type of hazard depends to some 
extent on the t'"ilte of application and the foam expansion and 
stability. Medium- and high-expansion foams, whlch are gener­
ally made from the same type of concentrate, differ mainly in 
U1eir expansion characteristics. Medium-expansion foam can be 
used on solid fuel and liquid fuel fires where some degree of 
in-depth coYcmgc is necessary- for example, for the total flood­
ing of small enclosed or partially enclosed volumes such as en­
gine test cells and tmnsformer rooms. MediUill-expansion foam 
can provide quick and effecti\'e CO\'erage of flammable liquid 
spill fires or wme tOCotic liquid spills where rapid vapor suppres. 
sion b oscnual. It is eflecthe both indoors and outdoors. 

High-expan~ion foam can also be used on solid-and liquid­
fuel fires. but the in<leptJl co,·emge it pro\ ides is greater than 
for medium-ex pan ion foam. Therefore, it is most suitable for 
filling \Olumc<~ in which fire exist at \'arious levels. For ex­
ample, experiments haYe shown that high-expansion foam 
can be used effecthely against high-rack storage fires, pro­
'ided that the follm application is staned early and the depth 
of foam is rapidly increased. It also can be used to extinguish 
fires in encloloures, such as in basement and underground pas­
sages, where it might be dangerous to send personnel. lL can 
be used to control fires inYolving liquefied narural gases 
(LNGs) and liquefied petroleum gases (LPGs) and to pro,~de 
vapor dispct"Sion control for LNG and ammonia spills. 

High-cxpa11sion foam is panicularly suited for indoor fires 
in confined spaces. Its usc outdoors can be limited because of 
the eiTects of wind n11d lack of confinemem. Medium- and 
high-expansion foam have the following effects on fires: 
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(I) Whet e generated in ufficient volume, medium- and 
high-cxpan,ion foam can pre\ent the free mo,·ement of 
air, which is necessary for continued combustion. 

(2) Whete forced into the heat of a fire, the water in the foam 
is comened to steam, thus reducing the oxygen concen­
tration b\ dilution of the air. 

(3) The comer..ion of the water to steam absorbs heat from 
the bmning fuel. Any hot object exposed to the foam will 
contimu: the process of breaking the foam, conYerting 
the "me•· to steam, and cooling. 

( 4) Because of it.<~ relatively low surface tension, solution from 
the roam that is not conven ed to steam will tend to pen­
etrate Class A materials. However, deep-seated ftres might 
require overhaul. 

(5) Where acCtllntil<ned in depth, medium- and high­
expansion foam can provide an insulating barrier for pro­
tenion of exposed materials or structures not im·olved iJl 
a lite nnd cnn thus prevent fire spread. 

(6) for LNG fire~. high-expansion foam will not normally ex­
tinguhh a fin:, but it will reduce the fire intensity by block­
ing radiation feedback tO the fuel. 

(7) Cia ~A fires are controlled when the foam completely cov­
ers the lire and burning material. If the foam is suffi­
ctcntlv wet and is maintained long enough. the fire can be 
e'..ungui heel. 

(8) aass B fires in,ohing high-flash-point liquids can be extin­
guished ''hen the surface is cooled below the flash poinL 
COOs B fires invoMng low-flash-point liquids can be e.xtin­
guished \\hen a foam blanket of sufficient depth is estab­
li~hed O\er the liquid urface. Refrigerated or oyogenic liq­
uefied nammable gas fires can be safely contrOlled, and 
Yapor concentrations downwind of unignited spills can be 
reduc<.>d by application of high-expansion foam when the 
Yapor density at ambient temperarure and pressure is less 
than lhat of air. High-expansion foam should not be applied 
to l'('ftigcratcd liquefied peu·oleum gas (LPG) fires unless 
careful considcrmlon is given £O the resulting possibly haz­
ardous condit.lon. Extinguishmem can occur with evolution 
of heavier-than-air vapors beneath the foam blanket. The 
vapor-s wi ll acwmulate or drain from beneath the foam blan­
ket to low areas with the dangcrofvapordoud formation or 
re ign iLion or botll. For LPG fire control, see Control and Ex­
tillgttirhmmt of I.PC Joi,-,.s, D. W.johnson, eta!. 

Annex D Tests for the Physical Prop erties of 
Low-Expansion Foam 

171is annl'.' 111101 a part ofthertquimnmt.soflhisNFPA docu.mtnl 
but is inrlwlrtl for mfonnalional purpom only. 

D.l Procedures for Measuring Expansion and Drainage Rates 
of foams. 

D. I. ) Foam Sampling. The object of foam sampling is to ob­
tain a "<l.mple of foam typical of that to be applied to burning 
\Urfaccs under anticipated fire conditions. Because foam 
properue~ are readily susceptible to modification through the 
UM> of improper techniques, it is extremely important that the 
pre~cribcd procedures be followed. 

A collector is de igned chiefly to facilitate the rapid collection 
of foam from low-demity pauems. In the interest of standardiza­
tion, iL i~ uM.'d also for all sampling, except where pressure­
produced foam samples arc being drawn from a line tap. A back­
board is inclined :ua 45-degree angle suitable for use with vertical 
streams falling from overhead applicatOrs as well as hotizontally 
directed streams. [SI'f! Figu,., D.1.l(a) and FigU?1!D.J.l(b).] 

2010 Edition 
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The standard conrainer is 200.67 mm (7.9 in.) deep and 
99.06 mm (3.9 in.) inside diameter (1600 mL) and preferably 
made of 1.55 mm ( YiG io.) thick aluminum or brass. The bot­
tom is sloped to tl1e cen ter, where a 6.4 mm (Y-1 in.) drain 
fitted with a 6.4 mm ( Y., in.) valve is provided to draw off the 
foam solution. [SeeFignrt>D.l . l(b).] 

n~ 
660.4 mm ;;· ;..$' 

(26 in.) <>.> -:::; 

~ 
foam container 

( 
419.1 mm 
(16~in.) 

~ber 
proteclive 
guard 

FIGURE D.l.l (a) Foam Sample Collecto r. 

99.06mm 
!-- (3.9 ln.) ---+-1 
I diameter I 

6.4 mm (Y. ln.) 
shu1off valve 

l 
200mm 
(7.9 in.) 

Clear tubing to 
view foam drainage 

Cylinder with at 
least 5 ml (0.2 II oz) 
graduations to record 
foam drainage 

FIGURE D.I.l (b) 1600 mL Foam Container. 
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D.I.2 Turrets or H andline Nozzles. It is presumed that the 
tlu-ret or nozzle is capable of movement during operation to 
facilitate collection of the sample. It is important that the foam 
samples taken for analysis represent as nearly as possible the 
foam reaching the bw·ning surface in a no1mal fire-fighting 
procedure. vVith adjusrable stream devices, samples should be 
taken from both the su·aigtn stream position and the fully dis­
persed position and possibly from other intenuediate posi­
tions. Initially, the collecLOr should be placed at the proper 
distance from the nozzle to serve as the center of the ground 
patLern. The no<:zle or lurrel shovld be plac;ed in operation 
while it is directed olf to one side of the collector. 

After the pressure and operation have become stabilized, 
the stream is swung over to center on the collector. When a 
sufficient foam volume has accumulated to fill the sample con­
tainers, usually within only a few seconds, a stopwatch is 
started fo1· each of the two samples in order to provide the 
"zero" time for the drainage test described later. lmmediately, 
the nozzle is rurned away from the collector, the sample con­
tainers removed, and the top struck olf with a straight edge. 
After a ll foam has been 1'1iped off from the outSide of the con­
tainer, the sample is ready for analysis. 

D.l.3 Overhead Devices. It is presumed that the devices are 
fLxed and not capable of movemem. Prior to starting up the 
su·eam, the collector is situated within the discharge area 
where it is anticipated a representative foam pattern wlll oc­
cur. The two sample containers are removed before the collec­
tor is positioned. The foam system is activated and permitted 
to achieve equilibrium, after which time the technician, wear­
ing appropdate clothing, enters the area 1'1ithout delay. The 
sample containers are placed and left on the collector board 
until adequately filled. Stopwatches are started for each of the 
samples to provide the "zero" time for the drainage rate test 
described later. During the entry and retreat of the operator 
through the falling foam area, the containers should be suit­
ably shielded from extraneous foam. lmmediately after the 
samples are removed from under the falling foam, the top 
should be su·uck off with a straightedge and all foam 1viped off 
from the outSide of the container. The sample is then ready 
for analysis. 

D.l.4 Pressure Foam. It is presumed that foam is flowing un­
der pressure from a foam pump or high-pressure aspirator 
toward an inaccessible tank outlet. A 25.4 mm (1 in.) pipe tap 
fitted wid1 a globe valve should be located as close to the point 
of foam application as practicable. The connection should ter­
minate in an approximate 457 mm (18 in.) section of flexible 
rubber tubing to facilitate tilling the sample container. ~When 
dl-awing the sample, the valve should be opened as wide as 
possible wilhom causing excessive splashing and air enti-ain­
ment in lhe container. Care should be exercised to eliminate 
air pockets in the sample. As each container is fi lled, a stop­
watch is started to provide the "zero" time for the drainage test 
descdbed later. Any excess foam is suuck off tl1e top with a 
straight edge, and all foam clinging to tl1e outside of the con­
taineJ· is wiped off. The sample is then ready for analysis. 

D.1.5 Foam Chambers. ln some instances where the foam mak­
ers are integi-al with t11efoam chambers on the LOp ring of a tank, 
the methods of sampling described in D.l.l ilirough D.l.4 might 
not be workable. In this case, it will be necessary to improvise, 
making sure any unusual procedw·es or condilions are pointed 
out in reporting the results. Where access can be gained to a 
flowing foam stream, the container can be inserted into the edge 
of the su·eam 1:0 split off a portion for the sample. The other 
altemative is to scoop foam from a layer or blanket already on the 
surface. Here an attempt should be made to obtai11 a full cross 
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section of foam from the en lire depth but with om getting any 
fuel below the foam layer. The greatest difficulty inherent in sam­
pling from a foam blanket is the Ltndesirable lag-in-time factor 
involved in bui lding up a layer deep enough to scoop a sample. 
At n01mal rates of appljcation, it can take a few minutes to build 
up the several inches in depth required, and tllis time is likely to 
affect the test resul!S. The degree of error thus incurred will in 
tum depend on the type of foam involved, but it can vary from 
zero percem to several hundred percent. ln a Moeller tube instal· 
lation, it is advisable to sample right alongside the tube as foam 
oozes out in sufficiem voltulle. Immediately afrer filling the con­
tainer, a stopwatch is started to provide the "zero" time for the 
drainage test desaibed later. Any excess foam is struck oft· the top 
with a str-aight edge, and all foam wiped off from the outside of 
the container. The sample is then ready for analysis. 

D.1.6 Foam Testing. The foam samples, as obtained in the pro­
cedures described in 0 .1.1 through 0 .1.5, are analyzed for ex­
pansion, 25 percem drainage time, and foam solution concemra­
tion. It is recommended that duplicate samples be obtained 
whenever possible and the resui!S averaged fo1· the final value. 
However, when a shortage of personnel or equipment or both 
creates a hardship, one sample should be considered acceptable. 

The following apparatus is required: 

(1) Two 1600 mL (54.1 tl oz) sample containers 
(2) One foam collector board 
(3) One balance [triple beam balance, 2610 g (5.71b) capacity] 

D.l.7 Procedure. Prior to the testing, the empty containers 
fitted with a drain hose and clamp should be weighed to ob­
tain the taJ'C weight. (All containers should be adjusted to the 
same tare weight w eliminate confusion in handling.) Each 
foam sample is weighed to the nearest gram and the expan­
sion calculated from the following equation: 

1600 . 
-:----------....,-=ExpansiOn 
(full weight- empty weighL) 

D.l.S Foam 25 Percent Drainage Tune Determination. The 
rate at which the foam solution drops out from the foam mass 
is called the drainage rate and is a specific indication of degree 
of water retent.ion ability and the fluiruty of the foam. A single 
value is used to express the relative drainage rates of different 
foams in the "25 percent drainage time," which is the titne in 
minutes that it takes for 25 percent of the total solution con­
tained in the foam in the sample containers to drain. 

The following apparants are required: 

( 1) Two stopwatches 
(2) One sample stand 
(3) 3.38 fl oz (100 mL) capacity plastic graduates 

D.l.9 Procedure. This test is performed on the same sample 
as used in the expansion determination. Dividing the net 
weight of the foam sample by 4will give the 25 percent volwne 
(in milliliters) of solution contained in the foam. To deter­
mine the time required for this volume to drain out, the 
sample container should be placed on a stand, as indicated in 
Figure D.l.l(b) , and the accumulated solution in the bottom 
of the container should be drawn off into a graduate at regu­
lar, suitable intervals. The time intervals at which the accumu· 
Ia ted solution is drawn off are dependent on the foam expan· 
sion. For foams of expansion 4 to 10, 30-second intervals 
should be used. and for foams of expansion 10 and higher, 
4-minute intenrals should be used because of the slower drain· 
age rate of these foams. In this way, a time-drainage-volume 

relationship is obtained, and after the 25 percent volume has 
been exceeded, the 25 percent drainage time is interpolated 
from the data. The following example shows how this is done. 
TI1e net weight of the foam sample is 180 grams. Since 1 gram 
of foam solution occupies a volume of essentially 20 mL 
(0.68 fl oz), the total volume offoam solution contained in t.he 
given sample is 180 mL (6.1 £1 oz). 

. 1600 
Expanston = --- =8.9 

180 mL 

I80mL 
25% volume = --- = 45 mL 

4 

The time-solution volume data is recorded as shown in 
Table 0.1.9. 

The 25 percent volume of 1.52 fl oz ( 45 mL) falls between 
the 2.0- and 2.5-minute period. The proper increments to add 
to the lower value of 2.0 minutes is determined by interpola­
tion of the data: 

45 mL (25% vol.}-40 mL (2.0 rom vol.) 5 1 
=-=-

50 mL (2.5 min vol.}-40 mL {2.0 min vol.) 10 2 

The 25 percem drainage time is halfway between 2.0 and 
2.5 minutes, or 2.25 minutes, which is rounded offw 2.3 minutes. 

An effort should be made to conduct foam tes!S witll water 
temperamres between 15.6•c and 26.7•c (60•F and so•F). The 
water, a.ir, and foam temperatures should be noted in the resul!S. 
Lower water temperature tends to depress the expansion values 
and ina·ease the drainage time values. When handling fast­
dnrining foams, remember that they lose their solution rapidly 
and 'ihat the expansion determination should be carried out with 
speed in order not to miss the 25 percent drainage volume. The 
stopwatch is started at the time the foam container is filled and 
continues to run duting the time the sample is being weighed. It 
is recommended that expansion weighing be deferred until after 
the drainage cu1ve data has been received. 

Table D.l.9 Foam Sample Drain Time 

Drained Solution Volume 

Time (minutes) mL £1 oz 

0 0 0 
0.5 10 0.34 
1.0 20 0.68 
1.5 30 l.O 
2.0 40 1.4 
2.5 50 1.7 
3.0 60 2.0 

D.2 Foam Solution Concentration Determination. 

D.2.1 General. This test is used to determine the percent con· 
centration of a foam concentrate in the waLcr being used co 
generate foam. 1t typically is used as a means of determining 
the accuracy of a system's proportioning equipment. If the 
level of foam concentrate injection varies widely from that of 
the design, it can abno1mally influence the expansion and 
drainage foam quality values, which can influence i.he foam's 
fire performance. There are two acceptable methods for mea­
suring foam concentrate percentage in water. Both methods 
are based on comparing foam solution test samples to premea­
sured solutions that are plotted on a baselme graph of percem 
concentration versus instrument reading. 
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D.2.1.1 Refractive Index Method. A handheld refractomeler 
is used to measure the refractive index of the foam solution 
samples. This method is not particularly accw-ate for AFFF or 
alcohol-resistant AFFFs since they typically exhibit very low re­
fractive index readings. For this reason, the conductivity 
method might be preferred where these products are used. 

D.2.1.1.1 Equipment. A base (calibration) curve is prepared 
using the following appa1-atus: 

(1) Four 100 mL (3.41:1 oz) or larger plastic bou.les with caps 
(2) One measutingpipetle [10 mL (0.34£1 oz)] or syringe [10 cc 

(0.34 fl oz)] 
(3) One 100 mL (3.4 f1 oz) or larger graduated cylinder 
(4) Three plastic-coated magnetic stirring bars 
(5) One handheld refractometer - American Optical Model 

10400 or 10441, Atago Nl, or equiv-alent 
(6) Standard graph paper 
(7) Ruler or oLher straight edge 

D.2.l.l.2 Procedw-e. Using water and foam concenu-ate from 
the system to be tested, make up three standard solutions using 
the 100 mL (3.4 fl oz) or larger graduate. These samples should 
include the nominal intended percentage ofil!jection, the nomi­
nal percentage plus 1 percent, and the nominal percentage mi­
nus l percenr. Place the water in rl1e 100 mL (3.4 fl oz) or larger 
graduate (leaving adequate space for the foam concentJ-ate), and 
then carefully measure the foam concent~-ate samples into the 
water using the syringe. Use care not to pick up air in the foam 
concenu-ate samples. Pom each measured foam solution from 
the 100 mL (3.4 fl oz) or larger graduate into a 100 mL (3.4 fl oz) 
plastic bottle. Each bottle should be marked with the percent 
solution it contains. Add a plastic stirring bar ro the bottle, cap it, 
and shake it thoroughly to mix the foam solution. 

After the foam solution samples are thoroughly mixed, a re­
fi-active index reading should be taken of each percentage foam 
solution sample. This is done by placing a few drops of the solu­
tion on the reli-actometer prism, closing the covet· plate, and ob­
serving the scale reading at the dark field iluersection. Since the 
refractometer is temper-ature compensated, it can take 10 sec­
onds to 20 seconds for the sample to be read properly. I tis irnpor­
tant to take all refractometer readings at ambient temperatures 
of 1o•c (50.F) or above. Using standard graph paper, plot the 
refractive index readings on one axis and the percem concent~-a­
tion readings on the other. (Se.eFigureD.2.l.J .2.) 

This plolted curve will serve as d1e known baseline for the 
test series. Set the solution samples aside in the event the mea­
surements need to be checked. 

D.2.1.1.3 Sampling and Analysis. Collect foam solution 
samples from the proportioning system, using care m be sure 
the sample is taken at an adequate distance downstream from 
the proportioner being tested. Take refractive index readings 
of the sample and compare them to the plotted curve to deter­
mine the percentage of the samples. 

D.2.1.2 Conductivity Method. This method is based on 
changes in electrical conductivity as foam concennate is added to 
water. A handheld conductivity meter, shown in Figure 0.2.1.2, is 
used to measw-e the conductivity of foam solutions in microsie­
men w1its. Conductivity is a very accw-ate method, provided 
there are substantial changes in conductivity, as foam concen­
tJ-ate is added to the water in relatively low percentages. Since salt 
or bt-ackish water is ve1y conductive, this method might not be 
suitable due to small conductivity cl1anges as foam concentJ-ate is 
added. It will be necessary to make foam and water solutions in 
advance to determine if adequate changes in conductivity can be 
detected if the water source is salty or brackish. 
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FIGURE D.2.1.1.2 Typical Graph of Refractive Index Versus 
Foam Concentration. 

FIGURE D.2.1.2 Equipment Needed for Conductivity 
Method of Proportioning Measurement. 

D.2.I-2.1 Equipment. Prepare a base (calibration) cw"\re us­
ing the following apparatus: 

(1) Four 100 mL (3.4 fl oz) or larger plastic bottles with caps 
(2) One measuring pipette [10 mL (0.34fl oz)] or syringe [10 cc 

(0.34 f1 oz)] 
(3) One 100 mL (3.4 fl oz) or larger graduated cylinder 
(4) Three plastic-coated magnetic stirring bars 
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(5) A portable temperature compensated conductivity meter­
Omega Model CDH-70, VWR Scientific Model 23198-{)14, or 
equivalent 

(6) Standard graph paper 
(7) Ruler or od1er maight edge 

D.2.1.2.2 Procedure. Using the water and foam concenmue 
from the system to be tested, make up three standard solutions 
using the 100 mL (3.4 fl oz) or larger graduate. These samples 
should include the nominal intended percentage of injection, 
the nominal percentage plus 1 percem, and t.he nominal per­
centage minus 1 percent. Place the water in t.he 100 mL (3.4 fl oz) 
or larger graduate (leaving adequate space for the foam concen­
tl-ate), and then carefully measure the foam concen t.rate samples 
into the water using the syringe. Use care not to pick up air in the 
foam concentrate samples. Pour each measured foam solution 
from the 100 m.L (3.4 f1 oz) or larger graduate i.t1.to a 100 mL 
(3.4 fl oz) or larger plastic bot1:le. Each bottle should be marked 
with me percent solution il contains. Add a plastic stirring bar to 
tl1e bottle, cap it, and shake it thoroughly to mix the foam solution. 

After making me Lhree foam solutions in this manner, mea­
sure the conductivity of each solution. Refer to Lhe instructions 
mat came with the conductivity meter to determine proper pro­
cedures for taking readings. It will be necessary to switch the 
meter to the cor:rect conductivity range setting in order 1.0 obtain 
a proper reading. Most syntl1etic-based foams used with freshwa­
ter result in foam solution conductivity readings ofless than 2000 
microsiemens. Protein-based foams generally produce conduc­
tivity readings in excess of 2000 in freshwater solutions. Due w 
the temperature compensation feature of the conductivity 
meter, it can take a short. time to obtain a consistent reading. 

Once the solution samples have been measured and re­
corded, set me bottles aside for control sample reference. The 
conductivity readings then should be plotted on me graph 
paper. (SeeFigwre D.2.1.2.2. ) It is most convenient to place the 
foam solution percentage on the horizontal axis and Lhe con­
ductivity readings on the vertical axis. 

Use a ruler or straight edge to draw a line that approxi­
mates connecting aU tluee points. While it might not be pos­
sible to hit all three points with a su-aigh t.line, they should be 
very close. If no1., repeat me conductivity measurements and, if 
necessary, make new control sample solutions until all three 
points plot in a nearly straight line. This plot will serve as me 
known base (calibr-ation) curve to be used for the test series. 

D.2.1.2.3 Samplli.tg and Analysis. Collect foam solution 
samples from the proportioning system, using care to be sure 
me sample is taken at an adequate distance downstream from 
the proportioner being tested. Using foam solution samples 
mat are allowed to drain from expanded foam can produce 
misleading conductivity readings and, therefore, mis proce­
dure is not recommended. 

Once one or more samples have been collected, read t11e ir 
conductivity and find the corresponding percentage from t.he 
base curve prepared from the control sample solutions. 

D.3 Interpretation of Foam Test Results. Where the i.ntent of 
conducting me tests described in D.l and D.2 is to check me 
operating efficiency or standby condition, it. is necessary only 
to compare me results witl1 the manufacturers' standards. The 
manufacturer:s should be consulted if any appreciable devia­
tions occur. 

After a short period of experience wit.h me test procedure, 
it will be observed thatfoan1s exist in a wide variety of physical 
properties. Not only can the expansion vary in value from 3 to 
20, but at the same time the 25 percent drainage time can also 
vary from a few seconds to several hours. 
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FIGURE D.2.1.2.2 Typical Graph of Conductivity Versus 
Foam ConcentJ-ation. 

These variations result. in foams that range in appearance 
from a watery consistency to the stiffest whipped cream. 

It is observed here that the foam solution rapidly drains out 
of the very watery foan1s, while me dropout is very slow with 
the stiff foams. It is not possible to make a foam that is fl uid 
and free tlowing and, at me same time, able to hold onto its 
foam solution. From me standpoint of quickly forming a cohe­
sive foam blanket and rapid flow around obstructions, a fluid­
type foam is desirable; however, foams of mis nature lose their 
water more rapidly, which may reduce their resistance to flame 
burn back and shorten the effective time of sealability. On the 
other hand, foams that retain their water for a long time are 
st.i:ff and do not spread readily over a burning area. Thus, good 
ftre-fi,ghting practice indicates a compromise between mese 
two opposite foam properties in order to obtain an optimum 
foam. An optimum foam is defined as that foam, with physical 
properties defined by expansion and drainage time, mat will 
extinguish a fire faster, at a lower application rate, or wimless 
water consumed man any omer foam. 

Numerous test fires conduct.ed in the course of research 
and developmem work have shown that the characteristics of 
an optimum foam depend on the type of me fire and tl1e 
mann er of foam application. Experience over many years of 
satisfactory results has supported this viewpoint. For example, 
in a large fuel storage tank, foam may be gently applied from 
one chamber and be required to flow 19.8 m (65ft) across a 
burning surface to seal off the fuel. In mis case, me optimum 
foam is physically different from mat applied i.n a splashing 
manner from a turret that can direct me foam application as 
needed, where me foam has to tlow no more than 1067 mm 
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( 42 in.) to form a seal. The formation of a complete specifica­
tion for the vari.ous methods of application has not as yet been 
accomplished; however, for guidance purposes, the best data 
available to date are presented. 

D.4 Inspection of Foam Concentrate. In order to determine 
the condition of the apparatus and foam concentrate and in 
order to train personnel, foam should be produced annually 
with portable foam nozzles. Following this operation, the con­
centrate container (can) should be cut open and examined 
for deposits of sludge, scale, and so forth, which are capable of 
impairing the operation of the equipment 

Where the concentrate is stored in tanks, a sample should 
be drawn from the bottom of tl1e tank annually, and actual 
foam production tested as specified above, using a portable 
foam nozzle and the withdrawn sample to verify tl1e quality of 
foam produced!. In tlle event that sludgiog of the concenU<lte 
is noted, the manufacturer should be promptly consulted. 

Dateoffrre ________________________________ __ 

Time of fire---------------------------------­
Location [city, state, county, facility (if available)) 

Size of fire (dimension of tank, pit, spill, and extent 
involved) --------------------------------­

Ignition source (specify if test) -------------------­
Method of detection ---------------------------­
Fuel Gene1·al type (indicate percentage polar 

solvent content or additives) ________________ ___ 
Reid vapor pressW'e (psia) __________________ __ 
Initial temperature------------------------
Boiling range __________________________ __ 
Flash point ______________ _ 
Depth before fire Fuel--------------------

Water bottom-------------­
Depth after fire Fuel -----------­

Water bottom--------------
Ambient conditions Temperature--------------

Hwmdicy•-------------------­
PI·ecipitation -------------­
Wind direction - -----------­
Wind speed including gusts--

Prebm·n time prior to foam application _____________ _ 

Control time (90%) ___________________________ _ 

Extinguishing time----------------------------­
Discharging time after extinguishment --------------

Timeofreflash _____________________________ _ 

Foam concentrate 
[Foam type (estimate amount of each type)) 

Protein(P) _________________________ ___ 

Fluoroprotein (FP) --------------------------­
Aqueous film-forming (AFFF) -----------------­
Film-forming fluoroproteins (FFP) -------------­
Synthetic (SYN) --------------­
Alcohol-resistant (ARF) ----------------------­
(Indicate ifP, FP, or AFFF base:J..---------­
Other (name) -----------------------------

FIGURE E.l Foam Fire-Fighting Data Sheet. 
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Annex E Foam Fire-Fighting Data Sheet 

This annex is not a fJat'/ of the n!quiremenls of this NFPA document 
bul is includecl for irifonn(ltional fmrposes only. 

E.l The following data sheet (see Figu1·e E.l) is used to record 
and evaluate data on actual fires and fire Lests where fire­
fighting foam is used. This dam might be considered in evalu­
ating suggestions for changes to iliis standard. Persons having 
knowledge of such fires are requested to complete the fotm 
and send it to the following; 

National Fire Protection Association 
1 Batterymarch Park 
Quincy, MA02169-7471 

In the case of multiple attacks or reflashes of the same tire, 
additional data sheets should be prepat·ed for each attack. 

Discharge devices 
Type (handline, monitor, foam maker, subsW'face 
injection, ere.) _____________________________ ___ 
Method of application (plunging, gentle, 
backboard) __________________________ __ 

Number ----------------------------------­
Flow through each ---------------------------
Estimated pressW'e at each --------------------

Application rate, tota1 (gpmfft2) -------------­
Proportioning 

Percent (1 %, 3%, 6%, other - identify if premix) ___ __ 
Type of proportioner (pickup tube, in-line 
inductor, pressm·e proportioning tank, pump 
proportioner, metered proportioning, bladder taJtk 
and controller, coupled water motor pump) 

Water 
Salt ____ Fresh ____ Other (Explain)-------
Temperatm·e: _______________________________ _ 
Source ___________________________________ __ 

Additives----------------------­
Description ofhazardlfacilicy (indoors, outdoors, 

confined or unconfined, material of tank) -----------

Exterior cooling rate---------------------------­
Foam properties (identify apparatus used) 

Apparatus _______________________________ ___ 
Expansion _______________________________ ___ 

25% drainage ------------------------------­
Burn back - -------------------------------
Sealability ________________________________ _ 

Briefscenario _______________________________ ___ 

Unusual circumstances-------------------------­
Test laboratory or other third-party observer----------

Submitter __________________________________ __ 

Point of contact -------------------------------­
Telephone number ----------------------------
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Annex F Foam EnviroomentaJ Issues 

This annex ~r not afJart oftherequirenumts of this NFPA document 
but is included for injom1ationol purposes only. 

F.l Overview. Frre-fighting foams as addressed in this standard 
serve a viral role in fire protection throughom the world. Their 
use has proven to be essential for the control offlammableliquid 
fire threats inherent in airport operations, fuel farms and perro­
leum processing, highway and rail transportation, marine appli­
cations, and indusuial facitities. The ability of foam to rapidly 
extinguish flammable liquid spill fires has undoubtedly saved 
lives, reduced property loss, and helped minimize the global pol­
lution that can result from the unconrrolled burning of flam­
mable fuels, solvents, and i.ndusuialliqL•ids. 

However, with the evcr-tncreasing environmental aware­
ness, recent concern has focused on the potential adverse en­
vironmental impact offoan1 solution discharges. The primary 
concerns are toxicity. biodegradability, persistence, treatabil­
ity in wastewater treatment plants, and nurrient loading. All of 
these are of concern when the end-use foam solutions reach 
natural or domestic water systems. 

F. I. I The purpose of this annex is to address the follo1ving: 

(1) Provide foam users with summa•)' infonnation on foam 
environmental issues 

(2) Highlight applicable regulatory staws 
(3) Offer guidelines for coping wit.h regulations, and provide 

suggested sources for additional information 
(4) Encomage planning for foam discharge scenarios (in­

cluding prior contaCl with local wastewater treatment 
plant operators) 

F.l.2 It should be emphasized that it is not the imem of this 
annex to limi1 or restrict the use of fire-fighting foams. The 
foam committee believes that. the fire safeLy advantages of us­
ing foam are greater than the risks of potential environmental 
problems. The ultimate goal or this section is to foster usc of 
foam in an enviJ·onmentally responsible manner so as to min i­
mize risk from its use. 

F.2 Scope. The information provided in th is section covers 
foams for Class B combustible and Oammable liquid fuel fires. 
Foams for this purpose i11dude protein foam, fluoroprotein 
foam, film-forming fluoroprotcin foam (FFFP). and synthetic 
foams such as aqueous film-forming foam (AFFF). 

• TI1is section is primarily concerned with the discharge of 
foam solutions to ·wastewater treatment facilities and to the em~­
ronment. The discharge of foam concentrates, while a related 
subjecL, is a much less common occurrence. All manufacturers or 
foam concentrate deal "~th clean-up and disposal of spilled con­
cenu-ate in their MSDS sheets and product literature. 

F.3 Discharge Sceruu;os . A discharge or foam water sol uti on is 
most likely to be the result of one of four scenarios: 

(I) Manual ftre-fighting or fuel-blanketing operations 
(2) Training 
(3) Foan1 equipment system tests 
(4) Ftxed system releases 

These four scenarios include eYcnts occurring at such 
places as aircraft facilities, fire fighter training facilities, and 
special hazards facilities (such as flammable/ hazardous ware­
houses, bulk flammable liquid storage facilities, and hazard­
ous waste storage facilities). Each scenario is considered sepa-
1-ately in F.3.1 tJ;rough F.3.4. 

F.3.1 Fi re-Fighting O perations . Fires occur in many types of 
locations and under many different circumstances. In some 
cases, it is possible to collect the foam solution used: and in 
others, such as in marine fire fighting, it is not. These types of 
incidents include aircraft rescue and fire-fighting operations, 
vehicular fLres (i.e., cars, boats, train cars), structural fires 1vith 
hazardous materials, and flammable liquid fires. Foam water 
solution that has been used in fire-fighting operations will 
probably be heavily contaminated witl1 the fuel or fuels in­
volved in the fire. It is also likely to have been diluted 1vith 
water discharged for cooling purposes. 

In some cases, the foam solution used during fire depart­
mcllL operations can be collected. However, it is not always 
possible to control or contain the foam. This can be a cons~ 
quence of the location of the incident or the circumstances 
surrounding it. 

£\rent-initiated manual containment measures arc the op­
erations usually executed by t11e responding fire department 
to comatn the flow of foam water solution when condjtions 
and manpower pennit. Those operations include the follow­
ing measures: 

(1) Blocking sewer drains: this is a common practice used to 
prevent contaminated foam w·ater solution from entering 
lhe sewer system unchecked. It is then diverted lOan area 
suitable for containment. 

(2) Portable dikes: these are generally used for land-based op­
emtions. They can be set up by the fire department person­
ne l during or after extingujshmemto collect run-off. 

(3) Portable booms: these are used for marine-based opera­
lions, which are setup m contain foan1 in a defined area. 
These generally involve the usc of floating booms within a 
natural body of water. 

F.3.2 Training. Training is normally conducted under circum­
stances condud\'e to the collccLion of spent foam. Some fire 
u-aining facilities have had elaborate systems designed and 
constructed to collect foam solution, separate it from the fuel, 
u·eat it, and- in some cases- re-use the treated w·ater. At a 
minimum, most fire trainiJig facililies collect the foam solu­
tion for discharge to a wastewater treatment facility. Training 
can include the use of special training foams or actual fire­
fighting foams. Training facility design should include a con­
wnmcnt system. The \Y-astewater u·eaunent facility should first 
be notified and should give permission for the agent to be 
released at a prescribed rate. 

.F.3.3 System Tests. Testing primalily involves engineered, fixed 
foam fire-extinguishing systems. Two types of tests are conducted 
on foam systems: acceptance tests, conducted pursuant to instal­
lation of the system; and maintenance testS, usually conducted 
annuaHy to ensure the opet-abiHty of the system. These tests can 
be arranged to pose no hazard LO the cnvironmem. l t is possible 
to test some systems usjng water or other nonfoaming, environ­
mentally acceptable liquids in the place of foam concentrates u 
theAHJ permits such substitutions. 

ln the execution of both acceptance and maintenance 
tests, only a small amotmt of foam concentrate should be dis­
charged to verifY the con·ect concentration of foam in the 
foam water solution. Designated foam water test ports can be 
designed imo the piping system so that the discharge of foam 
\\later solution can be directed to a controlled location. The 
conu·olled location can consist or a portable tank that would 
be transported to an approved disposal site by a licensed con­
tractor. The remainder of the acceptance tesL and mainte­
nance test should be conducted using only water. 
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F.3.4 Fixed System Releases. This type of release is generally 
uncontrolled, whether the result of a fire incident or a mal­
function in the system. The foam solution discharge in t.his 
type of scenario can be dealt witlt by event-initiated operations 
or by engineered containment systems. Event-initiated opera­
tions encompass ilie same temporary measures that would be 
taken during fire department operations: portable dikes, float­
ing booms, and so forth. Engineered containmem would be 
based mainly on the location and type of facility, and would 
consist of holding tanks or areas where the contaminated 
foam water solution would be collected, treated, and sem to a 
wastewater treat.ment facility at a prescribed rate. 

F.4 Fixed Systems. Facilities can be divided into those without 
an engineered containment system and those with an engi­
neered containment system. 

F.4.1 Facilities Without Engineered Containment. Given tl1e 
absence of any past requirements to provide containment, 
many existing facilities simply allow ilie foam water solution tO 

flow out ofilie building and evaporate into tlte aonosphere or 
percolate into the ground. The choices for comainment of 
foam water solution at such facilities fall into two categories: 
evem-initiated manual containment measures and installation 
of engineered containment systems. 

Selection of the appropriate choice is dependent on tlte 
location of tlte facility, tlte risk to tl1e environment, the risk of 
an automatic system discharge, ilie frequency of amomatic 
system discharges, and any applicable ntles or regulations. 

"Event-initiated manual containment measures'' will be the 
most likely course of action for existing facilities witltout engi­
neered containment systems. This can fall under the responsi­
bility of tlte responding fire department and include such 
measures as blocking storm sewers, constructing temporary 
dikes, and deploying floating booms. Tbe degree of such mea­
sures will primarily be dictated by location as well as available 
resources and manpower. 

The "installation of engineered containment systems" is a pos­
sible choke for existing facilities. Retrofitting an engineered con­
tainment system is costly and can adversely affect facility opera­
tions. There are special cases, however, tltat can warrant tlte 
design and installation of such sysrems. Such action is a consider· 
ation where an existing facility is immediately adjacent ro a naw­
ral body of water and has a high frequency of activation. 

F.4.2 Facilities with Engineered Containment. Any engineered 
containment system will usually incorporate an oil/ water separa­
tor. During normal drainage conditions (i.e., no foam solution 
nmo(J), tlte separator functions to remove any fuel particles from 
drainage water. However, when foam water solution is flowing, 
the oil/water separator must be bypassed so that tlte solution is 
diverted directly to storage tanks. This can be accomplished au­
tomatically by the ins!allation of motorized valves set to open the 
bypass line upon activation oftlte fixed fire-extinguishing systems 
at tlte protected property. 

The size of tlte containment system is dependent on tlte 
duration of the foam water flow, the flow rate, and tlte maxi­
mum anticipated rainfall in a 24-hour period. Most new con­
tainment systems ,,;11 probabl)' only accommodate indhidual 
buildings. However, some containmem systems can be de­
signed to accommodate multiple buildings, depending upon 
the topography of the land and early identification in tlte over­
all site planning process. 

The specific type of containment system selected will also 
depend upon Location, desired capacity, and function offacili­
ties in question. The system$ include earthen retention sys-
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Lems, belowgrow1d tanks, open-top inground tanks, and sump 
and pump designs (i.e., lift stations) piped to aboveground or 
inground tanks. 

The earilien retention designs consist of open-top earthen 
berms, whjch usually rely upon gravity-fed drainage piping 
from tlte protected building. They can simply allow the foam 
water solution to percolate into ilie ground or can include an 
impermeable liner. Those comaining an impermeable liner 
can be conneCled to a wastewater treatment facility or can be 
suction pumped out by a licensed contractor. 

Closed-top, belowground storage tanks can be the least envi­
ronmentally acceptable design approach. They usually consist of 
a gravity-fed piping arrangement and can be suction pumped out 
or piped to a wastewater trcamtent facility. A potential and fre­
quent problem associated witl1 this design is the leakage of 
grotmdwater or unknown liquids into tl1e storage tank. 

Open-top, belowground storage tanks are usually lined 
concrete tanks iliat can rely on gravity-fed drainage piping or a 
sump and pump arrangement. These can accommodate indi­
vidual or multiple buildings. They must also accommodate ilie 
maximum anticipated rainfaJI in a 24-hour period. These are 
usually piped to a wastewater treaunent facility. 

Aboveground tanks incorporate a sump and pump arrange­
ment to closed, aboveground tanks. Such designs usually inCOI" 
porate the use of one or more submersible or vertical shaft, large­
capacity pumps. These can accommodate individual or multiple 
buildings. 

F.4.3 New Facilities. The decision to design and install a fixed 
foam water solution containment system is dependent on tlte 
location of t11e facility, ilie risk to ilie environment, possible 
impairment of facility operations, ilie design of the fiXed foam 
system (i.e., automatically or manually activated), the ability of 
the responding fire department to execute event-initiated 
conl.ainmem measures, and any pertinem regulations. 

New facilities might not warrant the expense and problems 
associated with containment systems. Where the location of a fa­
cility does not endanger groundwater or any natural bodies of 
water, this can be an acceptable choice, provided the fire depart­
ment has planned emergency manual containment measures. 

Where conditions warrant tlte installation of engineered 
containmem systems, mere are a number of considerations. 
They include size of containment, design and type of contain­
ment system, and tlte capability of ilie containmem system to 
handle individual or multiple buildings. Engineered contain­
ment systems can be a recommended protective measure 
where foam extinguishing systems are installed in facilities 
iliat are immediately adjacent to a natural body of water. 
These systems can also be prudent at new facilities, where site 
conditions permit, to avoid impairment of facility operations. 

F.5 Disposal Alternatives. The uncontrolled release of foam 
solutions to tlte environment should be avoided. Altemative 
disposal options are as follows: 

( 1) Discharge to a 'vastewater treatmem plant with or wiiliom 
pretreatmem 

(2) Discharge to ilie environment after pretreatment 
(3) Solar evaporation 
( 4) Transportation co a wastewater treatment plant or hazard­

ous waste facility 

Foam users, as part of their planning process, should make 
provisions to take the actions necessary to utilize whichever of 
these alternatives is appropriate for their situation. Section F.6 
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describes Lhe actions !.hat can be taken, depending on the 
disposal allemat.ive that is chosen. 

F.6 Collection and Pretreatment of Foam Solutions Prior to 
Disposal. 

F.6.1 Collection and Containment. The essential first step in 
employing anr of Lhese altematives is collection of the foam 
solution. As noted above, facilities Lhat are protected by foam 
systems nonnall)' have systems t.o collect and hold fuel spills. 
These systems can also be used to collect. and hold foam solu­
tion. T1-airting faci lities are. in general, designed so that foam 
solution can be collected and held. Fire fighters responding to 
fires that arc at other locations should attempt, insofar as is 
practical, to collect foam solution run-olfwith temporary dikes 
or other means. 

F.6.2 Fuel Separation. Foam solution that has been discharged 
on a fire and subsequently collected will usual!)' be heavily con­
taminated with fuel. Since most fuels present their own environ­
mental ha.atrcls and will intcd'ere l•ith foam solution preu·eat­
ment, an attempt should be made to separate as much fuel as 
possible from Lhe foam solution. As noted in F.4.2, the tendency 
of foam solutions to form emulsions with hydrocarbon fuels will 
imed'ere with the operation of conventional fuel-Miter separa­
tors. An altemative is to hold the collected foam solution in a 
pond or lagoon until t11e emulsion breaks and the fuel can be 
separated by skimming. This can take from several hours to sev­
eral day~. During t.his time, agitation should be avoided to pre­
vent the emulsion from refo1ming. 

F.6.3 Pretreatment Prior to Discharge. 

F.6.3.1 Dilution. Foam manufacturers and foam users recom­
mend dilulion of foam solution before it enters a wastewater 
u·eaunem plant. There is a range of opinion on the optimum 
degree of dilution. 1t. is generally considered that the concen­
tration of foam solution in the plant influent should not ex­
ceed 1700 ppm (588 gal of plant influent per gallon of foam 
solution). This degree of dilution is normally sufftcient to pre­
vent shock loading and foaming in the plant. However, each 
wastewater Lrcatmcnt plant must be considered as a special 
case. and those plMning a discharge of foam solution to a 
wastewater treaunent facility should discuss this subject witJ1 
the operator of the faci li ty in advance. 

Diluting waste foam solution 588:1 with water is an imprac­
tical task for most facilities, especially when large quantities of 
foam solution arc involved. The recommended procedure is 
to dilute the foam solution to the maximum amoum practical 
and then meter the diluted solution into the sewer at a rate 
which, ba~ed on the tOt..'ll volume of plant influent, will pro­
duce a foam solution concemration of 1700 ppm or less. 

For example, if the discharge is to be made to a 6 million gal/ 
day t.reaunent plant, foam solution could be discharged at the 
rate of 7 gpm (6,000,000 gal/ day divided by 1440 minutes/ day 
dhided by 588 equals 7 gpm). The difficulties of metering such a 
low rate of discharge can be overcome by first diluting Lhe foam 
solution by 10:1 or 20:1, permitting discharge rates of70 gpm or 
140 gpm respectively. Dilution should also be considered if the 
foam solution is to be discharged to the emtironment in order to 
minimize its impact. 

F.6.3.2 Defoamers. The use of defoamers will decrease, but 
not eliminate, foaming of the foam solution during pumping, 
dilution, and treatment. The foam manufacturer should be 
consulted for recommendations as to the choice of effective 
defoamcrs for LISe with a particular foam concentrate. 
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F.6.3.3 Method for Determining the Effective Amount of An· 
tifoam Apparat\IS. The effect.i\·c amount of antifoam is deter· 
mined b) using the following apparatus: 

(1) Balance - 1600 g capacity minimum -readability 0.2 g 
maximum 

(2) One 2 L beaker or similar container 
(3) One I gal plastic or glass jug wilh cap 
( 4) Eyedropper 
(5) Opt.ional-10 mL pipette 

F.6.3.3.1 Procedure. Proceed with the following instntclions 
to detcnnine the effective amount of ant.ifoam: 

(J) In the 2 L beaker, weigh out 1 g (I mL) ofantifoam using 
an eyedropper or the pipette. 

(2) Add 999 g of water. 
(3) Mixwell. 
(4) Weigh out JOOO g of the solution to be defoamed and 

place it in the gallon jug. 
(5) Add 10 g (10 mL) of the diluted antifoam to the gallon jug 

using the eyedropper or pipette, cap it, and shake ~igorously. 
(6) lfthe solution in the jug foams, go back to step 5 and repeat 

this step until little or no foam is generated by shaking Lhe 
jug; keep a record of the number of grams (mL) mat are 
required ro eliminate the foaming. 

(7) The number of grams (ml.) of diluted antifoam required 
to eliminate foaming is equal to the number of parts per 
million (ppm) of the antifoam as supplied that must be 
added to the solution to be defoamed. 

(8) Calculate the amount of neat antifoam to be added as 
follows: 

\V = 8.32 VxD +1.000,000 

where: 
W = lb ofant.ifoam required 
V; Volume of solution LObe defoamcd in U.S. gal 
D = ppm ofanrifoam required 

l!.".:uunfJle: I 0,000 gal of foam solution require defoaming. 
The procedure above has dete•mined that 150 ppm of 
antifoam arc needed to dcfoam this solution: 
8.32 X 10,000 X 150 + 1,000,000 = 12.48lb. 

(9) The amount of antifoam to be added will normally be 
quite small compared to volume of the solution to be de­
foamed. The <~ntifoam must be uniformly mixed with the 
solution to be dcfoamed. It will aid in the achievement of 
this objective if the anlifoam is diluted as much as is prac­
tical with water or the solution to be defoamed prior to 
addition LO the solution cont.ainmem area. The solution 
in the contain mem area must Lhen be agitated to disperse 
the antifoam uniformly. One melhod of doing this is to 
use a fire pump to draft out of the containment area and 
discharge back into it using a water nozzle set on straight 
stream. Altemativel), if suitable metering equipment is 
3\'llilable, antifoam as supplied or diluted antifoam C'dll be 
metered imo the solution discharge line at the proper 
concentration. 

F. 7 Discharge of Foam Solution to WctStewater Treatment Facili­
ties. Biological t.reaunem of foan1 solution in a wastewater u·eat­
ment facility is an acceptable metl1od of disposal. However, foan1 
solutions have the potential to cause plam upsetS and other prolr 
!ems if not carefully handled. The reasons for this are explained 
in F.7.1through F.7.4. 

F.7.1 Fuel Contamination. Foam solutions have a tendency to 
emulsify h)•drocarbon fuels and some polar fuels that are only 
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slightly soluble in water. Water..soluble polar fuels will mb.: with 
foam solutions. The formation of emulsions will upset the op­
eration of fuel/water separators and potemially cause the car­
ryover of fuel into the waste stream. Many fuels are toxic to the 
bacteria in wastewater treatment plants. 

F.7.2 Foaming. The active ingredients in foam solutions will 
cause copious foaming in aeration ponds, even at very low 
concentrations. Aside from the nuisance value of this foaming, 
the foaming process tends to suspend activated sludge solids 
in the foam. These solids can be canied over w the oud'all of 
the plant. Loss of activated sludge solids can also reduce the 
effectiveness of the wastewater treatment. This could cause 
water quality problems such as nutrient loading in t11e water­
way to which the outfall is discharged. Because some surfac­
tants in foam solutions are highly resistant to biodegradation, 
nuisance foaming can occur in the outfall waterway. 

F.7.3 BOD (Biological Oxygen Demand). Foam solutions 
have high BODs compared to the normal influent of a waslf:· 
water treaonem plant. If large quantities of foam solution arc 
discharged to a wastewater treatment plant, shock loading can 
occur, causing a plant upset. 

Before discharging foan1 solutions to a wastewater treat­
ment plant, the plam operator should be contacted. This 
should be done as part of the emergency planning process. 
The plant operator will require, at a minimum, a Material 
Safety Data Sheet (MSDS) on the foam concentrate, an csti· 
mate of the fivc-<.lay BOD content of the foam solution, ar) 

estimate of the Lotal volume of foam solution to be dischal'ged, 
the time period over which it will be discharged, and, if the 
foam concenu"atc is protein-based, an estimate of the ammo­
nia nitrogen content of the foam solution. 

The foam manufacturer will be able to provide BOD and am­
monia nitrogen data for the foam concentrate, from which the 
\-alues for foam solution can be calculated. The other required 
information is site-specific and should be developed by the op­
erator of the facility from which the discharge will occur. 

F.7.4 Trealment .FaciJjties. Foan1 concentrates or solutions can 
have an adverse effect on microbiologically based oily water u·eat­
ment facilities. The end user should take due account of this 
before discharging foam systems during testing or training. 

F.8 Foam Product Use Reporting. Federal (U.S.), state. and 
local environmental jurisdictions have certain chemical re­
porting requirements that apply to chemical constituents 
within foam concentrates. In addition, there are also require­
ments that apply to the flammable Hquids to which the foams 
are being applied. For example. according to the U.S. Envi­
ronmental Protection Agency (EPA). the guideliues in F.S.I 
through F.8.4 must be adhered to. 

F.8.1 Releases of ethylene glycol in excess of 5000 lb are re­
portable under Sections 102(b) and 103(a) of U.S. EPA Com­
prehensive Environmental Response Compensation & Liabil­
ity Act (CERCLA). Ethylene glycol is generally used as a freeze­
point suppressant in foam concentrates. 

E8.2 As of J une 12, 1995, t11e EPA issued a final rule 60 C'FR 
30926 on several broad categories of chemicals, including the 
glycol etllers. The EPA has no reportable quantity for any of 
the glycol ethers. Thus foams containing glycol ethers are not 
subject to EPA reporting. Consult the foan1 manufacturer's 
MSDS to determine if glycol ethers are contained in a particu­
lar foam concentrate. 
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E8.3 The EPA docs state that CERCLA liability continues to ap­
ply to releases of all compounds \\itl1in tile glycol ether category, 
en:n if reponing is not required. Parties responsible for relea.~es 
of glycol ether.:. are liable for the costs associated with cleanup 
and any natt1ral resource damages resulting from the release. 

R8.4 The end user should contact the relevant local regulat­
ing authority regarding specific current regulations. 

F.9 Environmental Properties of Hydrocarbon Surfactants 
and Fluorochemical Surfactants. Fire-fighting foan1 agents 
contain surfactants. Surfactants or surface active agents are 
compounds that reduce the surface tension of water. They 
have both a strongly "water-loving" portion and a strongly 
"water-avoiding" portion. 

Dish soaps. laundry detergents, and personal health care 
products such as shampoos are common household products 
that contain hydrocarbon surfactants. 

Fluorochemical surfactants are similar in composition to 
hydrocarbon surfactants; however, a portion of the hydrogen 
atoms have been replaced by fluorine atoms. Unlike chloro­
fluorocarbons (CFCs) and some other volatile fluorocarbons, 
fluorochemical surfactants arc not ozone depleting and arc 
not restricted by the Montreal Protocol or related regulations. 
Fluorochemical sw·fact.ants also have no effect on global 
warming or climate change. AFFF. fluoroprotein foam, and 
FFFP are foam liquid concentrates that contain fluorochemi­
cal s tufactan ts. 

There arc environmental concerns with use of surfacmnts 
mat should be kept in mind when these products are used for 
extinguishjng fires or for fire training. These concems are as 
follO\vs: 

(1) All surfactants have a certain level of toxicity. 
(2) Surfactants used in fire-fighting foams cause foaming. 
(3) Surfactanr.s used in fire-fighting foams can be persistent. 

(This is especially true of the fluorine-containing portion 
of fluorochernical surfactants.) 

(4) Surfactants can be mobile in the environment. They can 
move with water in aquatic ecosystems and leach through 
soil in terrestrial ecosystems. 

F.9.1 tllrough F.9.5 explain what eacl1 of these properties 
mean and what the properties mean in terms of how these 
compounds should be handled. 

E9.1 Toxicity of Surfactants. Fire-fighting agents, used re­
sponsibly and following Material Safety Data Sheet instruc­
tions, pose little toxicity risk to people. However, some toxicity 
does exist. The toxicity of l11e surfactants in fire-fighting 
foams, including the fluorocbemical swfactants, is a reason to 
prevent unnecessary exposure to people and to tbe environ­
ment. It is a reason to contain and treat all fire-fighting foam 
wastes whenever feasible. One should always make plans to 
contain wastes from training exercises and to treat them fol­
lov.mg the suppliers' disposal recommendations as well as the 
requirements of local authorities. 

Water that foams when shaken due lO contamination from 
fire-fighting foam should nor be ingested. Even when foan1ing 
is not present, it is prudent to evaluate the likelihood of drink­
ing \Y.tter supply contamination and to use alternate wa{er 
sources until one is certain that surfactant concentrations of 
concern no longer exist. Suppliers of fire-fighting foams 
should be able to assist in evaluating 1.he hazard and in recom­
mending laboratories that can do appropriate analysis when 
necessary. 
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F.9.2 Sw·factants and Foaming. Many surfactams can cause 
roaming at vety low concentrations. This can cause aesthetic 
problems in rivers and streams, and both aesthetic and opera­
tional problems in sewers and \\fa:ltcwater treatment systems. 
When too much fire-lighting foam is discharged at one time to 
a wastewater treallllemsystem, serious foaming can occur. The 
bubble of foam that form in the treaunem system can trap 
and bring flocks of the activated sludge that treat the water in 
the treatment system to the surface. If the foam blows oiT the 
surface of the treatment system, it leaves a black or brown 
sludge residue where lhe foam lands and breaks down. 

If too much of the activau:d sludge is physically removed 
from the treaunent system in foam, the operation ofthe treat­
ment system can be impaired. Other waste passing through 
the system wUI then be incompletely u·eated until the activated 
sludge concentration again accumulates. For this reason, the 
rate of fire-fighting foam solution discharged to a treaunent 
S)'Stem has robe conu·olled. Somewhat higher discharge rates 
can be possible when antifoaming or defoaming agents are 
used. Foam concentrate suppliers can be contacted for guid­
ance on discharge rates and effective antifoaming or defoam­
ing agents. 

F.9.3 Persistence of Surfactants. Surf<tctants can biodegrade 
slowly and/or only partially biodegrade. The fluorochemical 
sut·factants are known to be very resistant to chemical and bio­
chemical degradation. This means that, while the non­
fluorochemical portion or Lhese surfactants can break down, 
the fluorine-containing portion can Ukely remain. This means 
that after fire-fighting foam wastes are fully treated, t.he waste 
residual could still form some foam "'hen shaken. lL could also 
still have some toxicity to aquatic org-,misms if not sufficiently 
diluted. 

F.9.4 Mobility of Surfactanrs. Tests and experience have 
sh01m Lhat some surfactanlS or their residues can leach 
through at least some soil types. The resist.ance of some surfac­
tants to biodegradation makes the mobility of such surfuctants 
a potential concern. While a t·eadily degradable compound is 
likely to degrade as it leaches through soil , this won't happen 
tO all surfactan ts. Thus, lf allowed to soak into the ground, 
sutfactants that don ' t become bound to soil components can 
eventually reach groundwater 01 flow out of the ground into 
surface water. rr adequate dilution has not occurred, surfac­
tants can cause foaming or concerns about toxicity. Therefore. 
it is inappropriate to allow training waste to continually seep 
into soil, especially in areas where \\'ater resources could be 
contaminated. 

F.9.5 Environmental Regulation of Fluorochemical Surfac­
taniS. Fluorochemical surfactants and related fluorochemical 
polymers are used in many applications besides fire-fighting 
foams, including paper and packaging, textiles, leather and 
carpeL treatment, and coatings. Some of these fluorochemi­
cals and/or their persistem degradation products have been 
found in living organisms, which has drawn the concern of 
environmental authorities worldwide and led to both regula­
tor)' and nonregulatOI)' actions to reduce emissions. The focus 
of these actions has been on fluorochemicals that contain 
eight carbons (C8) or more. such as PFOS (perlluorooctane 
sulfonate) and PFOA (perOuorooctanoic acid). 

3M used a unique process to manufacture the fluorochemi­
cal surfactants contained in its fire-lighting foams. This pro­
cess is called electrochemical lluol'ination (ECF), and nuoro­
chemicals produced by this process both contain and degraoe 
into PFOS. 3M stopped the manufactLtre ofPFOS-based foams 

in 2002, and regulations in the United States (U.S.) . Canada. 
and the European Union (EU) act as a ban on new produc­
tion. El'A regulations do not restrict the use of old stocks of 
PFOS foam in the U.S. Regulations in the EU and Canada 
require old stocks ofPFOS foam to be removed from senice in 
2011 and 2013, respectivt"ly. Excess stocks ofPFOS foam con­
cenu-ate can be destroyed by high-temperature incineration at 
any approved hazardous \vaste destruction facilit)•. 

All current manufacturer:. usc a process called telomeriza­
tion to produce the fluorochemical surfactanrs contained in 
their fire-fighting foams. Chemicals produced by this process 
are generally referred to as telomers. Telomer-based foams do 
not contain or degrade into PFOS. They are not made with 
PFOA but can contaiJJ U<tcc leve ls as a comaminanL of the 
manufacturing process. 

Rather than regulate emis~ions of PFOA, EPA developed a 
global Stewardship program whc:r<: fluorochemicaJ manufactur• 
ers have voluntarily agreed to reduce 9:) percent byyear-cnd 2010 
and work to eliminate by year-end 2015 emissions of PFOA, 
PFOA precursors, and higher homologue chemicals. As a result, 
telomcr-based fluorochemicals tllat are ttsed in fire-fighting 
foamsafter2015are likcl) to contain only six carbons (C6) or less 
in order ro compl)•with the EPA program. This will require some 
refonnulation and likely some type of rc-approval of most cur­
rem foam products between 2010 and 2015. 

Regulatory authorities will continue to evaluate the envi­
ronmental impacts of nuorochcmicals, and it is possible that 
regulations could change in the future. 

F.9.6 Minimizing Emissions of Fluorochemical Surfactants. 
Because of their persistent nature, emissions of fluorochemi­
cal surfactants to the em·ironmcm should be minimized when­
ever possible using tJ1e following techniques: 

(I) Use training foams that do not contain fiuorochemical 
surfactants 

(2) Provide for containmem, u·eatmcnl, and proper disposal 
of foam discharges 

(3) f-ollow applicable indusu·y standards on tl1e design, installa­
tion, and maintenance of foam systems and extinguishers 

(4) Minimize false discharges from lixcd foam systems by us­
ing approved detection. actuation, and conu·ol systems as 
required by industry standards 

(5) \-\'here appropriate, consider treating collected wastewa­
ter with granular acth-a1cd carbon (GAC) or a membrane 
process such as reverse osmosis to remove the nuoro­
chemic..·ll surfactants prior to disposal 

Annex G Test Meth od for Marine Fire-Fighting Foam 
Concentrates Protecting Hydrocarbon Hazards 

T!Jis lmnex isvol a fJa!·tofthf requirf'meuts of this NEPA docunumt 
hut h inrluded for infor'IIWiiOiwl pm1JOSes oul)'. 

G.l Introduction. The following test method has been specili­
cally developed for use in demanding marine applications. It is 
deri,·ed from Federal Specification O-F-555C, which is no longer 
in print. It specifically incorporates a largesurfuce area of9.29 m:l 
( 100 fr), scalability testing, and a bumback test conducted 
15 minutes after fire extinction. The test method gi\·en here in­
corporates a high freeboard that b subject LO high temperatures; 
botl1 conditions add to the difficulty of this test method. This test 
method uses gasoline, a highly challenging test fuel, and requires 
t11at f1resh fuel be used for each test. This test utilizes a square pan. 
The geomeuy of the pan's corners better simulates the complex 
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steel shapes found in ships' cargo holds and bilges than round 
fire test pans used in other test methods. The test method em­
ploys a fixed nozzle, thus removing any bias caused by an opera· 
tor applying foam at the test facility. 

G.2 Test Facility. The test should be conducted at a test facil· 
ily acceptable to the AH]. 

G.3 TestApparatus. 

G.3.1 Pan. The test pan should be of !().gauge steel minimum 
construction measuring 3m (10ft) long x 3m (10ft) wide 
x 0.9 m (3 ft) deep. The sides of the pan should be properly 
reinforced to prevem warpage due to heat generated during 
the test. 

G.3.2 Nozzle. The test nozzle should be as shown in Fig­
ure G.3.2. Alternate nozzles should be approved by the AHJ. 
The nozzle should flow 22.7 L/min (6.0 gpm) at 688.5 kPa 
(100 psi) inlet pressure. 

G.3.3 Fuel. A minimum of284 L (75 gal) of gasoline is needed 
to be floated on a sufficient quantity of potable water so that the 
fuel surface is 0.6 m (2 ft) below the top edge of the tank. For 
each succeeding test the pan should be completely emptied of 
the fuel and foam residue from the previous test. The g-<ISOiine 
should be commercial unleaded regular motor fuel with an oc· 
tane rating betvveen 82 and 93 per Federal Specification W-G-
1690. The fueltemperatme should be not less than 21 •c {70°F). 
An alternate test. fuel can be used provided that it has properties 
equivalent to the unleaded fuel specified above and has been 
approved by the AHJ. 
G.3.4 Synthetic Sea ·water. The composition should be as de­
scribed in ASTM D 1 Hl. 

G.3.5 Conversion Factors. 1 L/ min·mll = 0.0245 gpm/ ft2 

6 L/min·m2 = 0.147 gpm/ ft2 

3 L/min·m2 = 0.0735 gpm/ ft2 

1 gpm/ft2 = 40.7 L/min ·m2 

0.24 gpm/ft2 = 9.77 L/min·m11 

G.4 Test Procedure. 

G.4.1 Fire Extinguishment. Foam concentrate should be sub­
jected to four consecutive fire tests by discharging through a 
22.7 L/ min (6 gpm) nozzle at an inlet gauge pressme main­
tained at 688.5 kPa (100 psi) :1: 13.8 kPa (2 psi), and a water 
temperature of20 ± 5°C (68 :t: 8•F). The concentrate should 
be at approximately the same temperature as Lhe water. Two of 
tl•e tests should be conducted with freshwater, and two of the 
tests should be conducted with salt water as described in Sec· 
tion G.3.4. The foam liquid solution should be premixed and 
applied at a rate of3.0 percent by volume for 3 percent foams, 
6.0 percent for 6 percent foams, and so forth. The nozzle 
should be positioned in the middle of one side of the test pan 
with the nozzle tip 406.4 mm (16 in.) directly above Lhe top 
edge of the test pan. The fire should be penniued to burn 
freely for 60 seconds before foam application. The foam 
should be directed across the fire to strike the approximate 
center of the backside of the pan, 304.8 mm (12 in.) above the 
fuel level and should be applied for a 5-minute period. (If 
prior to the test, foam is discharged into the pan to al.ign the 
nozzle for proper foam stream impact position on the back 
side of the pan, such foam should be removed from the pan 
prior to the test.) The following procedures should take place: 
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( 1) Observations. ObseiVations and records are as follows: 
(a) Record the period required, after start of foam appli­

cation, for the foam to spread over the fuel smface as 
ucoverage" time. 

(b) Record the period for tl1e fire to be extinguished ex­
cept for licks of flame at the edges of the foam blan­
ket as ~control~ Lime. 

(c) Record the period for complete extinguishment as 
uextinguishment" time. 

(2) Record. Record the name of the manufacturer, foam type, 
trade name, batch number, and date of manufacture. 

G.4.2 Scalability. A lighted LOrch should be passed continu· 
ously over the foam blanket starting 10 minutes after the end 
of foam discharge. Founeen minutes after completion of 
foam application, the lighted torch should be applied over the 
foam blanket for 1 minute with the torch touching the foam 
blanket but not penetrating the foam blanket by more than 
12.7 mm (lh in.). The torch should touch the blanket at least 
every 0.6 m (2 ft) along the sides of the test pan, at points 
where the foam blanket appears significantly less than the ay. 
erage thickness, in all four comers of the pan, and at random 
points in the main area of the pan. However, the torch should 
not be dragged through the foam. 

G.4.3 Bumback. One of the methods described in G.4.3.1 
<1nd G.4.3.2 should be used. 

G.4.3.1 Method 1. Fifteen minutes after completion of the 
foam application, an opening 23,220 mm2 (36 in.2) should be 
made in the foam blanket approximately 0.6 m (2 ft) from the 
side of the pan. The exposed fuel should be reignited with a 
torch and permitted to bum for 5 minutes. After the 5-minute 
burning period, the area involved in flames should be deter­
mine<!. 

G.4.3.2 Method 2. As an altemati,·e to Method 1, two 0.3 m 
(1 ft) diameter stove pipes should be placed in the foam blanker 
during the scalabili ty test, adeast 0.6 m (2ft) from the sides of tJ1c 
pan, and the foam inside the stove pipes should be removed. At 
15 minutes after the end of the foam discharge, the exposed f·uel 
inside the stove pipes should be ignited by torch and permitted 
to bum for 1 minute. The first stove pipe should then be re­
moved. After an additional 4-minute buming period, the area 
involved in flames should be determined. If, upon removal of tJ1e 
pipe, foam covers the e.x:posed fuel area and extinguishes the fire, 
the fuel inside the second stove pipe should be ignited and al­
lowed to bum freely for 1 minute. The second stove pipe should 
then be removed, and the area involved at 20 minutes after the 
end of foam discharge should be determined. If, upon removal 
of the second pipe, the foam again covers the exposed fuel and 
extinguishes the fire, no furd1er bum back tests are necessary. 

G.5 Acceptance Criteria. 

G.5.1 Fire Performance. The foam as received should have a 
coverage time of not more tl1an 2 minutes, a control Lime of 
not more than 5 minutes, and complete fire extinguishment 
in not more than 5 minULes aftcJ' start of foam application. 

G.5.2 Scalability. The foam blanket should protect the fuel 
below the foam from reignition by a lighted torch for a period 
of not less than 15 minutes after the end of foam application. 
Any ignition of fuel vapors above tl1e foam blanket should 
result in complete self-extingu ishment prior to the end of the 
test pe•;od. Record in detail the type. location, and duration 
of any burning obse1ved. 
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Neoprene 
54 mm (2~ in.) 0.0. 
32 mm (1 Y.. in.) 1.0. 
28.6 mm (1 'h ln.) I hick 

\ -+j j-14.3 mm <"t• in.) gap between lube and body 
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I 657 mm (25'h in.) 

l+-----------------511mm(20'hin.)----------~ 

Note: All parts brass, excepl where shown 

Barrel supporting spider 
4 equally spaced, 12.7 mm (~ln.) thick 
brass braze in place 

32 mm (1 V.. ln.) 0.0. brass tubing 
#16 gauge B & S 

"1 'h-11 1h IRS straight thd. 

~mm 
(1'/• in.) 

dia. 

!_l 
0.4 mm 0.016 dir 
holes on 6.4 mm 
('/• in.) staggered 
centers-
#24 gauge 
B& S brass 

Strainer 

Receiver 

"Metno; convers;on n01 avallabla 

FIGURE G.3.2 Test Nozzle. 

65 mm (2~ in.) dla 

1 

Swivel and body 

Cone 

'#26 (0.147) dr. 
¥. ln. R. this end 

Slot 1.6 mm rAs in.) X 

1.6 mm (Yis in.) across lace 

22mm ('.A.in.-14 
NF-2 thd.) 
undercul last thd. 

~ 
I' -~ 

28.6 mm 15 ('L. ) 
(1~in.) _mm utn. 

6 mm ('h ln.) IRT 
16 mm (%ln.) deep 
6 mm (Y.. ln.) #49 
(0.075) dia. 

4.7 mm (o/\s~n.) -::~ I. !.s mm (¥a in.) 

~22 mm {'If! in.) 

Jet 

M16 x 1.5 (% in.-18 NF-2 thd.) Y• in. deep, 
bore 14.6 mm (0.578 dia.) x 8 mm 
(¥.• in.) deep 

6.4 mm (Y.. in.)(oulside) 

I G~_.,,,, 
19.1mm 1F9+I <¥•ln.)~ _ 

12.7 mm 13 5 mm 
('h in.) ...j ll ('~in.) dia. 

4 ·7 mm ~ j._ 12.7 mm (~in.) dia. 
(¥ .. in.) (minor dia. or taper) 

Cone retaining nut 
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G.5.3 Bu.rnback. 

G.5.3.1 Method 1. The foam blanket should prevenL the 
spread offtre beyond an area approximately 0.25 m2 (2.7 fr). 

G.5.3.2 Method 2. The area involved in flames should not 
exceed 0.25 m2 (2.7 ft2). 

G.6 Foam Quality. Foam quality tests should be conducted 
using the same batch of premix as used during the fire tests. 
Foam expansion and 25 percent drainage tests should be per­
formed as explained in Annex D. 

G.7 Procedures in Case of Failure. Four consecutive success­
ful tests are recommended. Failure of any one test will result in 
another series of four consecutive tests being performed suc­
cessfully. 

Annex H Foam Concentrate Quality 

This annex is not a part of the requirements of this NFPA document 
!Jut is included far infonnational pt,rposes only. 

H.l Fire Performance Test for Class A Materials. Suitable 
tests based on fire performance on Class A fLres with a flam­
mable liquid accelerant, performance on Class B fires, and 
performance on LNG fires are described in this annex. The 
purpose of this test is to provide a reproducible Class A ftre 
situation where foam is required to move a substantial dis­
tance at a slow rate to work the fire. The time to move this 
distance and to illl to the top of the test combustibles is the 
foam transit time. The effect of the transit time is to give age to 
the foam during the period of its slow movement from foam 
generator to fire. 

The test should be conducted in an open-top pen or build­
ing of suitable construction and suitable dimensions. To pre­
vent the velocity of foam movemem from being too high, the 
width of the pen or building times 100 should give a figure not 
smaller than the capacity in cubic feet per minute of the foam 
generator used in the test. The height of the sides of the pen 
or building should be about 3m (10ft). If the fluidity of the 
foam permits, the height can be less. However, the foam 
should neither flow over the sides of the pen nor contact the 
ceiling of the building during the test. The foam generator 
should be set at one end of d1e pen or building, and the fire 
should be set 3m (10ft) from d1e opposite end. The distance 
between the foam generator and the fire should be as re­
quired to give the desired foam transit time. (See Figure H.l.) 

Foam should be produced by a generator in which the ex­
pansion ratio is approximately that produced by the generator 
proposed for installation. 

The test fire should be made with a stack of eight standard 
1.2 m x 1.2 m {4ft x 4ft) hardwood pallets dried to a moisture 
content between 5 and 8 percent, set on suitable noncombustible 
supports not more than 610 mm (24 in.) above d1e floor. Be­
neath the paiJets should be a 0.93 m2 (10 ft2) pan containing 
3.8 L (1 gal) of heptane or naphtha floating on water. The surface 
of d1e flammable liquid should be approximately 305 mm 
(12 in.) below the bottom boards of the bottom pallet. 

The first test of each series should be a timed fill without a fire 
tO determine the foam transit time. The location of the leading 
edge of the foam as it progresses across the floor of the pen or 
building should be timed at suitable intervals. Also, the time 
should be noted when d1e foam reaches the edge of the pan. This 
data will permit estimating, with reasonable accuracy, the loca­
tion of the leading edge of the foam 3 minutes before the foam 
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Foam 
generator 

Building or crib . 
i 1.2m 

(4 It) 
\ 

Ab-[ 

Ignite heptane i 
at this point ---..j 

I i rii 1.2m . 
(4 ttl I 

i i W x 100 
I---9 minutes --~• I~•-: 3 •I• .j 2 generator 

minimum minutes I capacity In ctm 
PL.AN VIEW 3 m (10 It) 

FIGURE H.l Fire Performance Test. 

reaches the edge of the pan. Thereafter, during each fire test, the 
heptane should be ignited when the foam reaches that point 
corresponding to 3 minutes in advance of reaching the pan. ln 
this manner, the fire is given a reproducible 3-minute prebum. 
This fill test can be terminated when the foam has filled to the 
top of the wood pallets and the foam transit time bas been deter­
mined. 

The minimum foam transit time should be 12 minutes 
(150 percent of the maximum st1bmergence time of 8 min­
utes, from Table 6.12.7.1). To be considered successful under 
the foam transit time condition, the foam should give ad­
equate control of the test fire. The foam generator should be 
1'tin for a maximum of 30 minutes. Adequate control should 
be interpreted as the absence of active burning within the test 
stack while the stack is covered with foam. 

H.2 Quality Control Test. The air and solution temperatUl'es 
are to be maintained between 15.6•c and 18.3•c (60•F and 
65°F) . The laboratory scale expansion and drainage test de­
scribed in the following list has been found suitable for quality 
control purposes: 

(1) Mix foam solution. 
(2) Fill foam solution can with solution. 
(3) Weigh foam solution can and thread onto apparatus. 
( 4) Apply 172 kPa (25 psi) air pressure to liquid. 
(5) Stan blower and adjust damper to approximately 

Ys opening. (The damper might have to be adjusted later 
in order for the desired expansion ratio to be obtained.) 

(6) Open solenoid. Adjust liquid pressure to 103 kPa (15 psi) 
using liquid metering valve. (Later readjustment might be 
necessary.) 

(7) As foam fonns at screen, catch first droplets in beaker. 
Keep liquid in beaker to add to residue in foam can. 

(8) Allow drainage drum to fill with expanded foam. Stan 
timer and shut off solenoid when di"Um is full. 

(9) Add liquid from step 7 to foam solution can and weigh 
again. Record total milliliters used. (1 g is approximately 
1 mL.) 

(10) Record liquid drainage in milliliters at 1-minute intervals 
for 5 minutes, then at10-minute intervals. 

(11) Plot time versus percent drained and record expansion 
ratio. 
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P d 
. d Total mL drained to given time x 100 

ercent rame = --------"'------­
Total mL used 

E 
. . Drum volume mL 

xpans10n raoo = 
Total mL used 

See Figure H.2(a) and Figure H.2(b). 

Screen 

r 

I 
I 

' I I I --Transparent 
air cylinder 

!' 
I Solenoid 

valve 
Metering ! 
valve 

Air supply 

I 
1,• 

Blower 
switch 

~ 
Solenoid 
switch 

Foam 
- solution 

can 

FIGURE H.2(a) High-Expansion Foam Quality Test Generator. 

H.3 Fire Perfonnance Test for Class B Materials. The pur­
pose of this test is to p•·ovide a reproducible Class B fire situa­
tion where foam is required to move a substantial distance at a 
slow rate toward the fire. The time to move this distance and to 
fill to the top of the test pan is the foam transit time. The effect 
of the transit time is to give age to the foam during the period 
of its slow movement from foam generator to fire. The test 
should be conducted in an open-top pen or building of suit­
able construction and suitable dimensions. To prevent the ve­
locity of foam movement from being teo high. the width of the 
pen or building times 100 gives a figure not smaller than the 
capacity in cubic feet per minute of the foam generator used 
in the test. The height of the sides of the pen or building 
should be 3m (10ft). If the fluidity of the foam permits, the 
height can be less. However, L11e foam must neither flow over 
the sides of the pen nor contact the ceiling of the building 
during the test. The foam generator should be set at one end 
of the pen or building, and the fire should be 3m (10ft) from 
the opposite end. The distance between the foam generator 
and the fire is as required to give the desired foam transit tin1e. 
Foam should be produced by a generator in which the expan­
sion ratio is approximately equal to that produced by the gen­
erator for installation. 

838mm 
(33 in.) 

1+---- 559 mm (22 in.)---+ 

Typical capacity: 
18.8 L (5 gal) 

Note: Drum dimensions can vary ±5 percent from the typical 
values shown. 

FIGURE H.2(b) Typical Drainage Drum for High-Expansion 
Foam Expansion and Drainage Test. 

Flammable liquid fire tests are conducted using a 4.6 m2 

(50 ft2) steel pan, square in shape, and 300 mm (12 in.) in 
depth, filled 'vitb a 50 mm (2 in.) layer of n-heptane and a 
100 mm (4 in.) layer of water to obtain a freeboard of150 mm 
(6 in.) . The test pan is located on the floor. 

The fuel is ignited and foam discharge is staned to allow 
the fuel tO burn for approximately 1 minute before the foam 
reaches the top edge of the pan. Observations as to ucmsit 
time and whether or not the fire is extinguished are made. 

The minin1wn foam transit time is 7.5 minutes. To be con­
sidered successful under L11e foam transit time condition, the 
foam must extinguish the test fire. The foam generator can be 
run for a maximum of 15 minutes. 

The results of these tests should be recorded in the format 
illustrated in Table H.3. 

H.4 Standard Evaluation Test of High-Expansion Foam Sys­
tems for LNG Fil-es. The purpose of this standard test is to 

evaluate the effectiveness of high-expansion foam systems ap­
plied to LNG fires for fire control. 

Definitions are as follows: 

(1) Frre amtrol time is the elapsed time from the beginning of 
foam application until the average radiation levels, llh pool 
\vidths from the pool center measured in the crosswind di­
rection, have reached 10 percent of the initial steady-state 
uncontrolled values. 

(2) Foam discharge rate per unit area is the expanded foam flow 
rate in cubic feet per minute per square foot ofLNG sur­
face area. 
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Table H.3 Foam Type Test Report Format 

Time 
Generator 

Started After 
Ignition 

Time to Cover 
Pan 

No VISible 
Flame Fire Control 

F'ue 
Extinguished Generator Off 

Test 
No. 

Fire 
Type Min Sec Min Sec 

lnlet 
Pressure 

(psi) Min Sec Min Sec Min Sec Min Sec 

Test equipment is as follows: 

(l) A test pit configured as shown in Figure H.4 
(2) Four wide-angle, water-cooled radiometers with cominual 

recording instruments for each 
(3) Weather instrttments for measuring temperature and 

relative btunidiry and measuring and recording wind ve­
locity and direction during the tests 

( 4) Stopwatcll·es 
(5) Calibrated equipment for measuring water and foam con­

centrate flows or foam solution flows if premixed 
(6) A foam generator calibrated to detennine its perfor­

mance curve of water pressure, output, expansion ratio, 
and expanded foam drainage rate 

Test procedure is as follows: 

+--- 50.8cm 
(20ft minimum) 

Foam 

(1) All test instrumemation must be checked or calibrated 
prior to conducting the tests. 

(2) The foam solution rate, foam concenu-ate proportion­
ing ratio or total solution flow rate if the solution is pre­
mixed, and foam generator inlet solution pressure as 
specified by the equipmem manufacturer should be set 
and maintained throughout the test. 

(3) Radiometers should be positioned as shown in Figure H.4. 
(4) As shown in Figure H.4, a single foam generator should 

be centered along the upwind side of che pool. A single 
foam application rate must be established and cannot be 
changed after ignition. All foam genemted should be 
applied ro the test pit. The control time will commence 
at the time of first visible foam at the application point. 

generator Wind direction 
(typical) 

Radiometers 

t+---- 1 'n pool widths ----f 

/I~ 45° 45° 
maximum maximum 

Wind direction 
LNG 

PLAN VIEW 

FIGURE H.4 High-Expansion Foam Standard Evaluation Test Pit. 
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0.9m 
(3ft) 

minimum 

0.9m 
45• minimum (3 It) 

minimum 

203 mm to 305 mm 
(8 in. to 12 ln.) 
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(5) The wate•· flow and foam concentrate flow, or the solu­
tion flow, if premixed, should be monitored and re­
corded to ensure proper proportioning and application 
rates. 

(6) At the stan of the test, the wind should be not more than 
9 knots (10 mph or l 6 krn / hr) with maximum gusts to 
13 knots (15 mph or 24 km/ hr). For optimum test con­
ditions with minimum LNG vaporization, standing water 
should not be in the pit. 

(7) At least 204 L/ m2 (5 gal/ft2) of LNG, wi1..h a storage 
temperature not wanner than -151°C (-240°F) and an 
analysis of at least 85 percent melhane, should be dis­
charged into the pit. The first ignition of the pit must 
occur within 30 minmes of the beginning of discharge. 

(8) After ignition, there must be a preburn until the fire 
stabilizes as indicated by the radiometers, but not longer 
than 45 seconds. 

(9) Foam application should commence, and the fire con­
u·ol time should be measured. 

(10) Once control is established, the discharge rate per unit 
area for maintenance of fire conlrol should be deter­
mined by shutting off the foam and allowing the fire to 
build up to 25 percent of initial intensity, then reapply­
ing the foam until radiation levels are reduced to 10 per­
cent of the initial uncontrolled intensity. A minimum of 
three cycles should be repeated. 

Data in the test report includes the folJowing: 

(I ) Date and time of tests 
(2) Location of tests 
(3) Testing agency 
( 4) Model of equipmem and materials tested 
(5) Temperature, relative humidity, wind speed and di rec­

tion, w;uer temperature and quality (potable or nonpo­
table and fresh or sah), and general weather conditions 
for each test 

(6) Initial LNC analysis before discharge into pit 
(7) Depth of LNG in pit 
(8) Foam generator performance data 
(9) Data for all recording and measuring devices 

(10) Pit dimensions, orientation, and test setup 
(11) Application rates, expansion ratios, and supporting mea­

surementS 
(12) Curve showing time versus radiation levels, marked to 

show control times and beginning and end of foam ap­
plication for each test 
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Tentative Interim Amendment 

NFPA 11 
Standard for Low-, Medium-, and High-Expansion Foam 

Reference: 11. 6. 4 
TIA 10-1 
(SC 10-3-3/TIA Log #973) 

2010 Edition 

Pursuant to Section 5 of the NFPA Regulations Governing Committee Projects. the National Fire 
Protection Association has issued the following Tentative lmerim Amendment to NFPA 11, Standa11l 
for Lom-, Medium-, andHigh-&:pansionFoarn, 2010 edition. The TIA was processed by the Technical 
Committee on Foam, and was issued by the Standards Council on March 3, 2010, wirh an effective 
date of March 23, 2010. 

A Tentative Interim Amendment is tentative because it has not been processed through the en tire 
standards-making procedures. It is interim because it is effective only between editions of the 
standard. A TIA automatically becomes a proposal of the propooeut. for the next edition of the 
standard; as such, it then is su~ject to all of the procedw·es of the standards-making process. 

1. Revise 11. 6. 4 to read as follotus: 

11.6.4* The foam concentrate induction rate of a proportioner. expressed as a percen~.age of the foam 
solution now (water phts foam concentrate). shall be within minus 0 percem to plus 30 percent of the 
manufacturer's listed co.ncemration, or plus I percentage point. whichever is less. (For i1iftmnation <m 
tests for physical pmperties of fo(mJ, see A rmexes C & D.) 

A.ll.6.4 The rate of concentrate flow can be measured by timing a given Clisplacemeot from rhe 
storage mnk. Solution concemralion can be measured by either refractometric or conductivity means 
(see Section D.2). or it can be calculated from solution and concentrate flow rates. Sollllion flow rates 
can be calculated by utilizing recorded inlet or end::Qf·S}'Stem op('nHing p•·essures or both. 

Issue Date: March 3, 2010 
Revised: March 19, 2010 
Effective Date: March 23, 2010 

(Note: For further information on NFPA Codes and Standards, please see www.nfpa,org/ codelisO 

Copyright~ 2010 All Rights Reserved 
NATIONAL FlRE PROTECI'TON ASSOCIATION 
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Sequence of Events Leading to Issuance 
of an NFPA Committee Document 

Step 1: Call for Proposals 

•Proposed new Document or new edition of an existing 
Document is entered into one of two yearly revision cy­
cles, and a Call for Proposals is published. 

Step 2: Report on Proposals (ROP) 

•Committee meets to act on Proposals, to develop its own 
Proposals, and to prepare its Report. 

•Committee votes by written ballot on Proposals. If two­
thirds approve, Report goes forward. Lacking two-thirds 
approval, Report returns to Committee. 

•Report on Proposals (ROP) is published for public re­
view and comment. 

Step 3: Report on Comments (ROC) 

•Committee meets to act on Public Comments to develop 
its own Comments, and to prepare its report. 

•Committee votes by written ballot on Comments. If two­
thirds approve, Report goes forward. Lacking two-thirds 
approval, Report returns to Committee. 

•Report on Comments (ROC) is published for public re­
view. 

Step 4: Technical Report Session 

•" Notices of intent to make a motion" are filed, are reviewed, 
and valid motions are certified fo1· presentation at the 
Technical Report Session. ("Consent Documents" that 
have no certified motions bypass the Technical Report 
Session and proceed to the Standards Council for issu­
ance.) 

•NFPA membership meets each .June at the Annual Meet­
ing Technical Repon Session and acts on Technical 
Committee Reports (ROP and ROC} for Documents 
with "certified amending motions." 

• Committee(s) vote on any amendments to Report ap­
proved at NFPA Annual Membership Meeting. 

Step 5: Standards Council Issuance 

•Notification of intent to file an appeal to the Standards 
Council on Association action must be filed within 20 
days of the NFPA Annual Membership Meeting. 

•Standards Council decides, based on all evidence, 
whether or not to issue Document or to take other ac· 
tion, including hearing any appeals. 
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Committee Membership Classifications 

The following classifications apply to Technical Commit­
tee members and represent their principal interest in the 
activity of the committee. 

M 

u 

1/M 

L 

R/ T 

E 

c 

SE 

Manufactutel': A representative of a maker or mar­
keter of a product., assembly, or system, or portion 
thereof, that is affected by the standard. 
User: A representative of an entity that is subject to 
the provisions of the standard or that voluntarily 
uses the standard. 
Installer/Mainlainet: A representative of an entity 
that is in the business of installing or maintaining 
a product, assembly, or system affected by the stan­
dard. 
Labor: A labor rep resentative or employee con­
cerned with safety in the workplace. 
Applied &searrh/Testing Laborai()ry•: A representative 
of an independent teSLing laboratory or indepen­
dent applied research organization that promul­
gates and/ or enforces standards. 
Erif()rcing Authority: A representati\'e of an agency 
or an organization that promulgates and/ or en­
forces standards. 
Insurance: A representative of an insurance com­
pany, broker, agem, bureau, or inspection agency. 
Consumer: A person who is, or represents, the ul­
timate purchaser of a product, system, or service 
affected by the standard, but who is not included 
in the Userclassification. 
Special Expett: A person not representing any of 
the previous classifications, but who has a special 
expertise in the scope of the standard or portion 
thereof. 

NOTES; 
1. "Standard" connotes code, standard, recommended 
practice, or guide. 
2. A representative includes an employee. 
3. While these classifications will be used by the Standards 
Council to achieve a balance for Technical Commiuees, 
the Standards Council may determine that new classifi­
cations of members or unique interests need representa­
tion in order to foster the best possible committee delib­
erations on any project. In this connection, the Sta11dards 
Council may make appointments as it deems appropriate 
in the public interest, such as the classification of "Utili­
ties" in the National Electrical Code Committee. 
4. Representatives of subsidiaries of any group are gener­
ally considered to have the same classification as the par­
ent organization. 
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NFPA Document Proposal Form 

NOTE: All Proposals must be received by 5:00 pm EST/EDST on the published Proposal Closing Date. 

For further information on the standards-making process, please contact the Codes 
and Standards Administration at 617-984-7249 or visit www.nfpa.org/codes. 

For technical assistance, please call NFPA at 1-800-344-3555. 

FOR OFFICE USE ONLY 

Log#: 

Date Rec'd: 

Please indicate in which format you wish to receive your ROP/ROC 0 electronic 0 paper (g) download 
(Note: If choosing the download option, you must view the ROPIROC from our website; no copy will be sent to you.) 

Date April 1, 200X Name John J. Doe 716-555-1234 

Company Air Canada Pilot's Association 

Street Address 123 Summer Street Lane 14092 

-**If you wish to receive a hard copy, a street address MUST be provided. 

Please indicate organization represented (if any) 

1. (a) NFPA Document Title Nationa:::;I~F...:u:..::ec:....I.=:G.=:a=-s-=C:..::o.::.de=--------~ 

(b) Section/Paragraph ---=.:3.~3 __ 

2. Proposal Recommends (check one): 

4. 

5. Copyright Assignrnenf 

(a) D I am the author of th te tor other material (such as Illustrations, graphs) proposed in the Proposal. 

(b) ~Some or all of..the ext-or other material proposed in this Proposal was not authored by me. Its source is as 
follows: (please identif~Whith material and provide complete information on its source) 

ABC Co. 

I hereby grant and assign to the NFPA all and full rights In copyright In this Proposal and understand that I acquire no rights In any publication of NFPA 
in which this Proposal in this or another simflar or analogous form is used. Except to the extent that I do not have authority to make an assignment in 
materials that I have identified in {b) above, I hereby warrant that I am the author of this Proposal and that I have full power and authority to enter into 
this assignment. 

Signature (Required) 

PLEASE USE SEPARATE FORM FOR EACH PROPOSAL 

Mail to: Secretary, Standards Council · National Fire Protection Association 
1 Batterymarch Park· Quincy, MA 02169-7471 OR 

Fax to: (617) 770-3500 OR Email to: proposals comments@nfpa.org 
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Date 

NFPA Document Proposal Form 
NOTE: All Proposals must be received by 5:00 pm EST/EDST on the published Proposal Closing Date. 

For further Information on the standards-making process, please contact the Codes 
and Standards Administration at 617-984-7249 or visit www.nfpa.orgfcodes. 

For technical assistance, please call NFPA at 1-800-344-3555. 

FOR OFFICE USE ONLY 

Log#: 

Date Rec'd: 

Please Indicate in which format you wish to receive your ROP/ROC D electronic D paper D download 
(Note: If choosing the download option, you must view the ROPfROC from our website; no copy will be sent to you.) 

_____________ Name 
-------------------- Tel. No. 

Company 

Street Address 
------------------------------------------------ Email 

------------ City State Zip 

*"*If you wish to receive a hard copy, a street address MUST be provided. Deliveries cannot be made to PO boxes. 

Please indicate organization represented (if any) 

1. (a) NFPA Document Title -----------------­

(b) Section!Paragraph 

NFPA No. & Year 

2. Proposal Recommends (check one): D new text D revised text D deleted text 

3. Proposal (include proposed new or revised wording, or Identification of wording to be deleted): [Note: Proposed text should 
be in legislative format; i.e., use underscore to denote wording to be inserted (inserted wording) and strike-through to denote wording to 
be deleted (EieletoEI werEiiAg).] 

4. Statement of Problem and Substantiation for Proposal: (Note: State the problem that would be resolved by your 
recommendation; give the specific reason for your Proposal, including copies of tests, research papers, fire experience, etc. If more 
than 200 words, it may be abstracted for publication.) 

5. Copyright Assignment 

(a) 0 I am the author of the text or other material (such as illustrations, graphs) proposed in the Proposal. 

(b) 0 Some or all of the text or other material proposed in this Proposal was not authored by me. Its source Is as 
follows: (please identify which material and provide complete information on Its source) 

I hereby grant and assign to the NFPA all and full rights in copyright in this Proposal and understand that I acquire no rights in any publication of NFPA 
In which this Proposal in this or another similar or analogous form Is used. Except to the extent that I do not have authority to make an assignment In 
materials that I have Identified In (b) above, I hereby warrant that I am the author of this Proposal end that I have full power and authority to enter into 
this assignment. 

Signature (Required) 

PLEASE USE SEPARATE FORM FOR EACH PROPOSAL 

Mail to: Secretary, Standards Council · National Fire Protection Association 
1 Batterymarch Park · Quincy, MA 02169-7471 OR 

Fax to: (617) 770-3500 OR Email to: proposals comments@nfpa.org 

12/09-C 
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li:f YES please enroll me as a member of NFPA for the term checked below. Activate all benefits, and ship 
my Member Kit including the Benefits Guide, NFPA Codes and Standards Directory, and other resources to help 
me make the most of my N FPA membership. Plt!ast!allow threetofour weeksforthekittoarrive. 

BILLING INFORMATION: 

Name _ ___ _ _____ _ _________ Title _ ___________________ _ 

Organization _____________________ ______ _ _____ _ _ ____ _ 

Address ___ ______ _ _______________ ________________ _ 

City _____________________ State ___ Zip/Postal Code ___________ _ 

Country _ _ _ ______ _ _______________________________ _ 

Phone ___________________ E-mail ____________________ _ 

PLEASE A NSWER T HE FoLLOWING Q uESTIONS: 

Job Title (check one) 

0 Architect, Engineer, Consultant, Contractor (C17) 
0 Facilities Safety Officer (F14) 
0 Fire Chief, Other Fire Service {A 11) 

0 Loss Control, Risk Manager (L 11) 
0 Inspector, Building Official, Fire Marshal (F03) 
0 Owner, President, Manager, Administrator (C10) 
0 Other (please specify): (G11) _ _ _ _______ _ 

Type of Organization (check one) 

0 Architecture, Engineering, Contracting (A 14) 
0 Commercial Firm (Office, Retail, Lodging, Restaurant) (G13) 
0 Electrical Services, Inst allation (J11) 
0 Fire Service, Public and Private (AA 1) 
0 Government (C12) 
0 Industrial Firm (Factory, Warehouse) (C11) 
0 Institutional (Health Care, Education, Detention, Museums) (B11) 
0 Insurance, Risk Management (812) 
0 Utilities (G12) 
0 Other (please specify): (G11) __________ _ 

4 EAsY W AYS TO JoiN 

Fax: 
Mail: 

Online: 
Call: 
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1-800-593-6372, Outside the U.S. +1-508-895-8301 
NFPA Membership Services Center, 
11 Tracy Drive, Avon, MA 02322-9908 
nfpa.org 
1-800-344-3555 
Outside the U.S. call +1-617-770-3000 

Priority Code: 8J-MIS-1Z 

T ERMS AND PAYMENT: 

01 year ($150) 

0 2 years ($270) SAV£ t9Q 

0 3 years ($390) SAV£ fflO 

Annual ~ clue rw:lucir i S4S subscnotion In Ni?A kiunl» Regular memllo<lhtp 01 NfPA IS 11>0' .... one! 
ocn-uans!e<able. Nfi'A Joumai!S 1 ~ trodEmitl: ollht Nlt!OMI fire Pfoti!QO!\ AmolllOn. Outlq. MA 02169. 
VoMg prMl~ btg01 aile< 180 deys of onliMdual met!lbtMrp Pras sub)ect w change. 

PAYMENT M ETHOD: 

Check One: 

0 Payment Enclosed (Makf check payable ro NFPA.) 

0 Purchase Order (Pifasf artadl this form to your PO.} 

0 Bill Me Later (Not ava1lable on lntern.JtKJnal mfmbersiiJps.J 

Charge My: 0 VISA 0 MasterCard DAm Ex 0 Discover 

Card# ___________________ _ 

Expiration Date _ _______________ _ 

Name on Card __________ _ ___ __ _ 

Signature-------------------
lnttmauona!- ~e ncxe ~~ os reqweo on ai tnlt~NI>On.ll ordfn. 8e l>lff to enoos.1 diKfc or 
sHct y<U prefortfd erect Catd OPIJOn 

100% MoNEY-BAcK GuARANTEE 
If anytime during your first year you decide 

membership is not for you, let us know and you'll 
receive a 100% refund of your dues. 
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(i] "Member-Only" Benefits 
NFP~ Keeps You Up-To-Date! 

Technical Support- Technical Support by Phone/E-mail. Get fast, reliable answers to all 
code related questions-from electrical safety for employee workplaces to carbon dioxide 
extinguishing systems-from NFPA's team of fire protection specialists. 

NFPA Journal• - THE journal of record for fire protection, this bi-monthly publication 
will keep you abreast of the latest fire prevention and safety practices as well as new 
technologies and strategies for protecting life and property from fire. 

NFPA Journal• Buyers' Guide- Updated annually, the Guide is THE most comprehensive 
directory of its kind putting literally thousands of the products and services at your fingertips. 

NFPA Update- This easy-to-read monthly e-newsletter will keep you up-to-date on 
important association programs such as the annual meeting; bring you items of interest 
from NFPA's regional offices; and alert you to nationwide events and opportunities you 
won't want to miss. 

NFPA News- From new standards for dry cleaning plants to warning equipment for 
household carbon monoxide, this monthly online update keeps you abreast of additi<:ms 
or changes that could impact how you do your work. 

NFPA Codes and Standards Diredory- Published annually, the NFPA Codes and 
Standards Directory is your complete guide to NFPA's code-making process. Look here for 
document revision guidelines, the revision cycle schedule, forms for submitting Proposals and 
Comments, and a comprehensive listing of Technical Committee members and NFPA staff. 

Section Membership - Share YOUR expertise with others in one of 16 industry-specific 
sections most suited to your needs. 

10% Discounts- Save hundreds of dollars during the year on NFPA meeting registration 
fees, publication and products and services sold in NFPA's cata log. 

Member Kit - Includes Membership Certificate, Pin, Decals, ID Card, and Camera-ready 
Art. Display the NFPA member logo proudly on your business correspondence, literature, 
website, and vehicles. 

Voting Rights- Your chance to help shape the future direction of fire prevention codes 
and standards. 
Voting rights go into effect 180 days from the start of indivtdual membership. 

Conference Invitation - Invitation to NFPA Conference & Expo8 . Attend this important 
meeting at discounted rates as a member of NFPA. 

Join NFPA® today! 
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IMPORTANT NOTICES AND DISCLAIM ERS CONCERNING NFPA DOCUM ENTS 

ADDITIONAL NOTICES A~D OISCLAIJ\IlERS 

Upda ting of i\ FPA Documents 
Users of 1\FPt\ codes. standards. recommended practices. and gwd.::s ("NFPA Doewneots") should be aware that these documents may be 

superseded at any lime b} the issuance of nc\1 cdiltons or ma~ be amended from time to lime through the issuance ofTcntauve lntenm Amendments. 
An official ~FPA Document at any point in time consist:. of the current edition of the document together with any Tentative Interim Amendments 
and nny Ermta then m effect. In order to dctcrmme "hcther a given document is the current edition and \\ hcthcr it has been amended through the 
issu;mcc ofTcntahve Interim Amendments or corrected through the issuance ol Errata. consult appropriate NFPA publicnuons such as the National 
Fire Cod~:SI'- · Subscription Service. visillhe NFPA website at www.nlpa.org, or contact the NFPA at the address listed below. 

Interpretations of NFPA Documents 
A stutcmcm, wntten or oral, that is not processed in accordance With Sccuon (i or the Regulations Go\cmmg Cummntec Projects shall not be 

considered the oflicial position ofNFPA or orw of its Committees and shall not be considered to be, nor be relied upon as. a Formal Interpretation. 

Patents 

The 1\FPA docs not take any po,ltlon with respect to the validity of any patcm rights referenced 111. rdmcd to. or asserted in connection With an 
NFP-\ Document The users of NFPA Documents bear the sole responsibility lor d.:tcnnming the valid it) of any such patent rights. as well a\ the risk 
of infrmg.:mcnt of such rights. and the NFPA disclaims liability for the infringement or an> patent resulting from the usc of or reliance on ~FPA 
Documents. 

NI-P A adheres to the policy of the Amcracan National Standards Institute (ANSI) regarding the inclusion ofp!llcnt~ in American National 
Standards (""the ANSI Patent Policy"), :.md hereby gives the following notice pursuant to that policy: 

NOTICE: fhc user's attention is callcu to the possibility that compliance with an NFPA Document may require usc of an invention CO\ .:red by 
patent rights. NfPA takes no position us to the validity of any such patent rights or as to whether such patent rights eons tiMe or include essential 
pat em claims under the ANSI Patent Polley. If. in connection with the ANSI Patent Policy. a patent holder has tiled a stntcmcm of willingness to 
grant hcenscs under these rights on reason:1ble and nondiscriminatory terms and conditions to applicants desiring to oblam such a license. copies of 
such tiled ~tatemcnts can be obtained. on request. from NFPA. For further informauon. contact the NFPA at the ;address hstcd belo\\. 

La\\ a nd Regulations 

Users of NFPA Document;, should consult applicable federal, ~llltc. and local l;m" and regulations. NFPA docs not. by the publication of us 
codes. standards, recommended practices, and gu1des. intend to urge action thnt 1s notm compliance with apphcablc luws, and these documents may 
not be construed as doing so. 

Copyrights 
NFPA Documents are copynghtcd by the NFPA. They are made avalioblc for a\~ 1dc variery of both public nnd private uses. These include both 

use. by n:fcn:nce. in 1:1\\s and regulations. and usc in private self· regulation. standaruazation. and the promot1on of safe practices and methods. B) 
makang these documents available for usc und adoption by public authonllcs and private users. the ~FPA do~ not wa1ve any rights m copyright to 
these documents. 

Usc ofNFPA Documents for regulatory purpose~ should be accomplished through adoption by reference The tem1 ··adoption by reference·· 
means the citing of title. edition. and publishing information only. An) deletion~. additions. and changes desired b) the adopting authority should be 
noted separately m the adopting instrument. In order to assist NFP A an following the uses made of its documenh. adoptmg authorities are requested 
to notify the NFPA {Attention: Secretary, Standards Council) in writing of ~uch usc. For technical assistance and questions concerning adoption of 
NFPA Documents. contact NFPA Ill the uddrcss below. 

For Further Information 

All questions or other communications relating to NFPA Documents and all requests for infonnation on NFPA rrocedurcs governing its codes 
and standards dc\clopmcnt process. includang intormation on the procedures for requesting. Fonnallnterpretations. for proposing Tentative lntcrun 
Amendment~. and for proposing revisions to NFPA documents during regular revision cycles. should be sent to NFPA headquarters. addressed to thl! 
attention of the Secretary, Standards Council, NFP \. I Batrerymarch Park. P.O. Box 9101. Quincy. MA 02169-7471: email. stds_admintf1nfpa.org 

For mor.: anformation about "lfPA. visit the 1\'FPA website at www nfpa.org. 
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