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IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA®™ STANDARDS

NFPA® codes, standards, recommended practices, and goides (“NFPA Standards™), of which the
document contained herein is one, are developed through a consensus standards development process
ﬂp].:l:l'nu.'{] by the American National Standards Institute. This O Less brings together volunteers
representing varied viewpoints and interesis o achicve consensus on fire and other safety issucs, While the
NFPA administers the process and establishes rules 1o promote fairmess in the development of consensus,
it does not independently test, evaluate, or verify the accuracy of any information or the soundness of any
Judgments contained in NFPA Standards,

The NFPA disclaims liability for any personal injury, property, or other damages of any nature whatsocever,
whether special, indirect, consequential or compensatory, directly or indirectly resulting from the
publication, use of, or reliance on NFPA Standards, The NFPA also makes no guaraniy or warraniy as to
the accuracy or completeness of any information published herein.

In 1ssuing and making NFPA Standards available, the NFPA is not undertaking to render professional or
other services for or on behall of any person or emtity. Nor is the NFPA undertaking 1o perform any dury
owed by any person or entity o someone else. Anvone using this document should vely on his or her own
independent judgment or, as appropriate, seck the advice of a competent professional in determining the
exercise ol reasonable care in any given circumsiances,

The NFPA has no powern, nor does it undentake, o police or enforce compliance with the contents of
NFPA Standards. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for
compliance with this document. Any certification or other statement of compliance with the requirements
of this document shall not be attributable 1o the NFPA and is solely the responsibility of the certifier or
maker of the statement.

ﬂ\.L
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ALERT: THIS STANDARD HAS BEEN MODIFIED BY A TIA OR ERRATA

Users of NFPA codes, standards, recommended practices, and guides ("NFPA Standards”) should
he aware that NFPA Siandards may be amended from time 1o time through the issuance of a Tentative
Interim Amendment (TIA) or corrected by Errata, An official NFPA Standard atany point in tme
consists ol the curvent edition of the document together with any TIAs and Ervara then in effect,

To determine whether an NFPA Standard has been amended through the issnance of TlAs or
correc e hy. krrata, go o h"h".\.'.E'L!]tl;l-{ri'g,-"-:'h'ufiE'Lle: o choose from the List of NFPA Standards o vse the
search feature 1o select the NFPA Suandard number {e.g.. NFPA 13). The document information page
provides up-to-tate documentspecific information as well as postings of all existing TIAs and Errata.
It also includes the option 1o register for an "Alert” feature 1o receive an antomatic email noification
when new updates and other information are posted regarding the document,




ADDITIONAL IMPORTANT NOTICES AND DISCLAIMERS CONCERNING NFPA" STANDARDS

Updating of NFPA Standards

Users of NFPA codes, standards, recommended practices, and goides (*NFPA Standards") should be aware that these
documents may be superseded atany tme by the issuance of a4 new edition, may be amended with the issaance of Tentative
Interim Amendments { TLAs ), or be corrected by Erma. It is intended that through regular revisions and amendments,
participants in the NFPA standards developmemt process consider the then-curre nt and available information on incidents,
materials, technologies, innovations, and methods as these develop over time and that NFPA Standards retlect this
consideration. Therelore, any previous edition of this document no longer represents the current NFPA Standard on the
subject matter addressed. NFPA encourages the use of the most current edition of any NFPA Standand [as it may be amenced
by TIA{s} or Errata| 1o take acdvanage of corrent experience and understanding. An official NFPA Sandard atany point in
time consists of the current edition of the docoment, including any isued TIAs and Errata then in effect.

To determine whether an NFPA Standard has been amended through the issuance of TIAs or corrected by Errata, vasit the
"Ciodes & Standards™ section at www. nipa.org,

Interpretations of NFPA Standards

A statement, written or oral, that is not processed in accordance with Section G of the Regulatons Governing the
Development of NFPA Sandards shall not be considered the official position of NFP'A or any of its Commitiees and shall not
b comsidered e be, nor be relied upon as, a Formal Interpretation,

Patenis

The NFP does not ake any positon with réspect 1o the validioy of any patemt rights referenced in, related wo, or dsserted in
connection with an NFPA Standard. The users of NFPA Standards bear the sole responsibility for determining the validity of
any such patent righis, as well as the nsk of infringement of such vights, and the NFPA disclaims liability for the infringement
of any patent resulting from the me of or reliance on NFPA Standards.

MFPA adheres to the policy of the American National Standards Institute (ANSIH regarding the inclusion of patents i
American National Standards ("the ANSI Parent Policy™), and hereby gives the following notice pursiaant to thar policy:

NOTICE: The users attention is called w the possibility that compliance with an NFPA Standard may require use of an
mvention covered by patent rights. NFPA takes no positon as o the validiny of any such pasent rights or as 1 whether such
paetent rights constitute or inchude essential patent claims under the ANSI Patei Prolicy, IF in connection with the ANSI Fatent
Policy, a paten holder has filed a statement of willingness to grant icenses under these nghl:. on reasomable and
nondiscriminatory weoms and conditions to applicants desiting to obain such a license, copies of such filed statements can be
obtined, on request, from NFPA. For further information, contact the NFPA at the address Tisted below,

Law and Regulations

Uisers of NFPA Standards should consult applicable federal, state, and local laws and regulations. NFPA does not, by the

publication of iy codes, standards, recommended practices, and guides, imend w arge action that s not in compliance with
apphecable laws, and these documents may not be construed as doing so.

Copyrights

MFPA Standards are copyvrighted. They are made available for a wide vanety of both public and private uses. These include
hoth use, by reference, in laws and regulations, and use in privaie selfregulation, standardization, and the pn:ml:mnu of safe
practices and methods, By making these documents available for use and adoption by public anthornes and private users, the
NETA does not waive any rights in copyright o these documents.

Lise of NFEA Standards for regulatory purposes should be accomplished through adoption by reference. The term
“adoption by reference” means the citing of ttle, edition, and publishing information only, Any deletions, additions, and
changes desired by the adopting authorty should be noted separately in the adopting instruoment. In order (o assist NFPA in
following the uses made of its documents, adoping authortes are reguested 1w notify the NFPA (Attention: Secretary,
sSmndards Council} in writng of such use. For technical assistance and questons concerming adoption of NFPA Standards,
comiact NFPA at the address helow,

For Further Inlormation

All :m-.-:--uuw-z or other communications relating o NFPA Standards and all requests for information on NFPA procedures
governing i codes and standards development process, including information on the r.i:l'ﬁl.'ﬂil]ﬁ"-: for requesting Formal
[nterpretations, for proposing Tentatve Interim Amendments, and for proposing revisions o NFPA stndards duving regular
revision cycles, should be sent to NFPA headguariers, addressed 1o the attention of the Secretany, Standards Council. NEPA, |
Battery miarch Park, PO, Box 9101, Cruiney, MA 02268-9100; email: stds_admin®®nfpa.org,

For more information about NFPA, visic the NFPA website at wwwonfpa.org, All NFPA codes and standards can be viewed m
no cost at www. nfpa.org/docinfo.
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NFPA® 11

Standard for
Low-, Medium-, and High-Expansion Foam

2021 Edition

This edition of NFPA 11, Standard fir Lo, Meadinm-, and High-fxpanson Feam, was prepared by the
Technical Committee on Fosum, 1t was issued by the Standards Couneil on November 2, 2020, with an
effective date of November 22, 2020, and supersedes all previous editions.

This document has been amended by one or more Tentative Interim Amendments (TTAs) and /or
Errata, See "Codes & Standards" at www.nfpa.org for more information,

This edinon of NFPA 11 was approved as an American National Standard on November 22, 20520,

Origin and Development of NFPA 11

NFPA committe activity in this ficld dates from 1921, when the Committee on Manufacturing
Risks and Special Hazards prepared standards on fodam a8 @ section of the general Standeard on
FProdection of Five Hawards, Incident to the Use of Volatiles in Manufoctuning Processes. Subsequently the
standareds were successively under the jurisdic ion of the Committee on Manufactoring Hazards and
the Committee on Special Extinguishing Systems, prior o the present committees organization. The
present ext supersedes the prior editions adopoed in 1922, 1926, 1931, 1936, 1942, 1950, 1954, 1954,
L9600, 1963, 1969, 1970, 1972, 1973, 1974, 1975, 1976, and 1978, Tt also supersedes the 1977 edition
of NFPA 118,

The 983 edition was completely rewritten o include all the material formerly contained in NFPA
1B, Standand on Synthetic aned Combined Agend Systems. The standard was revised in 1988 and again in
19850 1o stare the requirements more clearly and o separace mandatory requirements from advisory
X,

The standard was revised for the 1998 edition (o inchude requirements for foam systems for
rmarine applications and to provide guidance relanng o the environmental impact of [oam sysiem
discharges.

The 22 edition was revised to address mixing of toam concentrates and 1o clarify requirementis
related (o foam concentrate pumps. Reguirements (o medinm- and high-expansion foam svstems
vere moluded.

The 20115 edliiion was reorganized 1o provide the wirements bor lov-, medinn-, and high-
; g P : el hacorly 2
expansion foam, w better incorporate the requiremems of NFT'A 11A.

The 2000 edlation added a new chapter w address compressed air foam systems. Unentorceable
terms were removed o comply with the Manual of Style foor NFPA Teehneeal Comemilted Docusents,

For the 2016 edifion, the committee addressed several aveas of concern, The piping requirements
were reorganized and clarified, issues regarding acce ptance criterna for annual foam concentrate
testing were addressed, environmentally friendly methods of westing foam proportioners were
recognized, and seal-only protection was permitted for composite roofs that meet specific critera.,

The 2021 edition contains mulaple revisions to address the use of ssnthete fluorine free toam
(SFFF), including a new definition for SFFF, New definitions and explanatorny annex material have
been provided for cone roofs and exwernal floating roofs. In Chapter 4, regquirements that hsted the
tvpes of foams permitted o Be used on hvlrocarbon fuels have been deleted, as the standard alveady
requires foams o be listed for the flammable or combustible liquid they are protecting. Metric
conversions throughont the standard have been updated as necessary to provide more usable
imnmbers for metne users.

The 2021 edition also includes multiple new chapters and annexes. The requirements of NFPA
| 65, Stanadead for the Mnstallation of FoamWeter Streindder e Foam- Weter Streay Systens, have been

MEPA avel Matianal Fire Protecrion Association ave registerad irademarks of the Nadonal Fiee Browection Adsociaion, Cuiney, Massachosetts (2160,
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consolidated into a new Chapter 6, A new Chapler 13 replaces the existing maintenance requiremen s with more
comprehensive requirements tor inspection, testing, and maintenance, including minimum requirements and frequence. A
new Annes H provides summaries of ¢urrent research and testing for the use of synthetic fluorine free foam (SFFF). A new
Annex | outlines a testing protocol for a rim seal fire test for nonmetallic tloating roof structhures.

20271 Editaon
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NFPA 11

Standard [or
Low-, Medium-, and High-Expansion Foam
2021 Edition

IMPORTANT NOTE: This NFPA document is made avmilable for
nse srilject to important nofioes and fegol discleimers. These notices
and disclaimers appear in all publications comtaining this document
and mey be found wnder the heading “lmportent Nobices ond
Disclaimers Concerning NFPA Standards. ™ They can also be viewed
af urmpnfia.ong/ discloimers or obfamed on request from NEFPA,

UPDATES, ALERTS, AND FUTURE EINTIONS: New editions of
NFPA codes, standards, recommended practices, and guides (i.e.,
NFPA Standards) are released on sohedwled revision oyeles. This
edition may be superseded by a later one, or it may be amended
ontsice of iy scheduled revision oyele teough the issuance of Tenta
tive Imterim Amendments (TIAs). An official NFPA Standard at amy
profid in trme consists of the current edition of the document, together
with aff TIAs and Errata in effect. To verify that thix docnmeent is the
curvent edition or to determine if o has been amended by TiAs or
Ervata, please consult the National Fire Codes® Subseripition Service
or the “List of NFPA Codes & Stanolards™ of une afpe.ong/ docinfo.
In addition to TIAs and Ervata, the document information pages alo
wmcfude the ofbion to sign uf for aleds for indacduad decoments ond
to be involved in the developanent of the next edifion.

NOTICE; An asterisk (%) following the muomber or leties
designating a paragraph indicates that explanatory material on
the paragraph can be Tound in Annex A,

A reference in brackets | | following a section or paragraph
indicates material that has been extracted from another NFPA
document. Extracted text may be edited for consistency ancd
stvle and may include the revision of imternal paragraph refer-
ences and other references as appropriate, Requesss for inter
precations or revisions of extacted ext shall be sent o the
technical committee responsible for the source document.

Information on referenced and exwacted publicaions can
be found in Chapter 2 and Annex |.

Chaptler 1 Administration

1.1* Scope.

1.1.1 This standard covers the design, insiallation, operation,
testng,  and mamienance ol low-, mednme, and  highe
expansion and compressed air foam systems for fre protection,

1.1.2% It is not the intent of this standard o specify where
foam protection is reguired,

1.2 Purpose.

1.2.1 This stndard is intended for the use and goidance of
those responsible for designing, installing, testing. inspecung,
approving, listing, operating, or maintaiming xed, semifixed,
or  porable  low-,  mediom-,  and  high-expansion and
compressed air foam Are-extingoishing svstems for interior or
exlerior hazards.

1.2.2 MNothing in this standard 15 mended to restoict new ech-
nologies or alternative arrangements, provided the level of
safety prescrbed by the standard 3 not lowvered.
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1.2.3 Low-, medinm-,  and  high-  expansion  foam  snd
compressed air foam systemis are intended to provide property
prodection and nor life sale.

1.3 Application. This standard is not applicable o the follow
ing tvpos of systems:

(1} Chemical Toams and svsiems (eonsidersd obsolere)
(2} Combined agent systems

(31 Mohile foam apparatus (See NFFA 1907, )

i4) Class A foam and systems (See NEPA 11500 )

1.4 Retroactivity. The provisions of this standard reflect a
comsensus of whan is necessuy 1o provide an acceprahle degree
of protection from the haz: ards addressed in this standard al
the time the standard was issnecd,

141 Unless otherwise specified, the provisions of this stnd-
ard shall not apply 1o tacilities, equipment, stuctures, or insalk
lations that existed or were approved  [or construction o
installaton prior 1w the effecuve date of the standard. Where
apecified, the provisions of this standard shall be retroactive,

1.4.2 In those cases where the amthorny having jursdiction
determines that the existing situation pn:'!ii:*nui an unacce ptable
depree of risk, the authoriy having jurisdiction shall be pemit-
ted to apply retroactvely any portions of this standard deemed
appropriate.

143 The reroactive requirements of this stancdard shall be
permitted to be modified if their applicanon cleardy would be
impractical i the judgment of the anthoray having jorisdic.
tion, and only where it is clearly evident that a reasonable
depree of safery 13 provided,

L5 Eguivalency. Nothing in this smandard s intended o
prevent the use of systems, methods, or devices of equivalent or
superion” quality, strength, fire resistnee, effectiveness, dorabil-
ity, and safety over those prescribed by this standand.

1.5.1 Technical documenttion shall be submitted o the
anthoriy having jurisdicnon o demonstrate equivalency.

1.5.2 The svstem, method, or device shall be approved for the
inte 11:It~dpurp+:ﬁr by the authority having jurisdiction.

1.6 Units and Formulas. Merie onns of measarement i this
stamdared ave in aceprdance with the modernized metric sysiem
known as the International System of Uinits (51), The liter unit,
which is not part of but is recognized by 81, 8 commonly used
in international fire protection. Conversion factors for this umit
are fonnd in Table 1.6.

Chapter 2 Referenced Publications

2.1 General, The documents or portions thereof listed in this
chapier aie referenced within this standard and shall be
consicered part of the requirements of this document.

2.2 NFPA Publications. Natonal Fire Protecoon Association,
1 Battervinarch Pack, Quincy, MA 02160-7471.,

NFPA 13, Staweend for the fnstalletion of Sfeinkler Systems, 2014
et

NFPA 14, Sinded for the fustallaton of Standfype and o
Systems, 2019 edition.

NP 15, Standard for Water Spray Fixed Systems for five Protec-
tesn, 20017 eclition,




REFERENCED PUBLICATICNS

Tahle 1.6 Conversion Factors

Name of Unit Linit Symbaol Conversiom Factor

Length millimeter it 1im = 25 mm

meten 1 1 =0, 3048 m
Ared sepuatte millimeters mm* | in® = 6452 mm®

square meter m- 1 fe* = (.0929 m?
Violume milliliier ml. 1 H oz ="3457 mL
Fluid capacity liter | 1 tl oz = 0024957 L

lives I 1 gal =3,785 L
Flow liver per minute L/ min | gpm = 35848 L/ min
Prossure bar bar 1 psi = AN bar

Discharge Density

millimeter S minue
e S minmie S m®

T i
{(L/min)/m*

Wt kilogram ke
Tempermature Fahrenheit d o

Celsins "L
Velocy melers per second s
Crauge (sheet seel) millimeter mrn

1 gpm /1" = 40,746 mm./ min
| gpm/0= = 40,746 (L min)/m*
1 1= 04536 kg

YE=0E0 T

=0 -2

| = = 03045 mps

11} pange = 34 mm

12 gauye = 28 mm

14 gauge = 1.98 mm

16 pauge = 1,57 mm

22 pange = (L78 mm

@4 gange = 063 mm

Mope: For addliional converstons and informaeon, see IEEE ASTM 5110,

NFPA 16, Standand for the fnxtallation of Focm-Waler Sprinkler
eutal Foven-Wader Sfomy Syslems, 20149 edirion.
NEFPA 20, Stawedand for the fnstallation of Stabionary Pumgs for
Five Peodeetiom, 2019 edition,

2.53.2 ASME Publications. American Society of Mechanical
Engineers, Two Park Avenue, Mew York, WNY 10016=555,

ASME Bodler aoned Pressetre Vsl Cocle, 2070,
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NEFPA 22, Starddard for Werker Tanks for Privede Fae Profeclion,
2018 edition,

NFPA 24, Standand for the dnstallation of Private Fie Serice
Muains and Theiv Afppurtenances, 20149 edition.

NFPA 25, Stawndad for the faspection, Tesing, and Maintenance
af Wadier-flased Fire Protection Systems, 2020 edition,

MNEFPA 50, Flammable and Combustible Liguids Code, 021
edition.

NEPA 70F, National Electieal Code®, 2020 edition,

NFPA 72° National Fire Alarm and Signaling Coade™, 2019
e,

MFPA 220, Steendard an Types of Buildiig Construction, 2021
erliiaomn.

NFPA 4059, Stendard on Aeeraft angars, 2021 edition.

NFPA LI50, Stawdard on Foam Chemicals for Fies i Class A
Fuels, 201 T edition.

MNEFPEA 1901, Standeard for Automotive Fiee Apeatuy, 2021
edition

MNETA 1961, Standecsd ane Fiee Blose, 200020 edition

NEPA 1963, Standand for Fire Hose Connections, 2019 edition.

2.3 Other Publications.

2.5.1 API Publications. Amencan Petroleam [nstiooee, 1290 1
Sireer, MW, Washington, DC 2000540710,

AP STD 7, Fae Test for (eerterdirn Vilies and Veloes
Eepeifapreed with Nemmetalfic Seats, Tih edition, 20 16,

APLSTD 65, Welded Tanks for O Stopage, 12th edition, 200135,
adidenduwm 3, 2018,

ASME BRL2001, Standard Jor Pipe Theeads, General Purposs
Elrcly ), 2013,

ASME BlG.), Gray fron Pipe Flanges and Flanged Fitings Classes
23, 123, and 231), 2015.

ASME B16G3, Mallendde fron Theeaded Fittings: Classes 150, anad
SO G

ASME Bl6.4, Gy fron Threaded Fittings Classes 125, and 250,
200116,

ASME BI6.5, Pige Hanges and Flanged Fitting: NPS 172
Hioough 24 Metvic/fnch Standard, 2017,

ASME B16.49, Facury-Mads Winught Buthoslding Fittings, 2012,

ASME BIGI1, Fforged Fitings, Socket-Weldltng: and Theeacded,
2016, Erram, 2017,

ASMEI BI6.15, Cast Copfer Affoy Thwaded Fittings Clusies 125,
andl 2541, 2013,

ASME BIG.24, Casd Cofer Alfoy Pife Flavges, Flanged Fittings,
etveed Vel Cleovses J50 300, 600, N2 RO and 25000 2016,

ASME 151625, futtwelding Enads, 2017,
ASME B3, Power Piging, 2018,

2.5.3 ASTM  Publications. ASTM  Internaoonal, 18 Barr
Hairlwor Dvive, PO Box C7HE West Conshohocken,  PA
R ERE RN

ASTM AL3/AGEM Stamdand Specification for Pipe, Steel, Bilock
eciud Flot-Lhgpedd, Line-Coatesd, Welded and Semiess, 2018,
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ASTM  AISH/AALSGM,  Siawdard  Specification far Eleclnie
Resistance-Welded Stesd Pigee, 2000, reapproved 2014,

ASTM AZ3E/ARMM, Stancdand Specification for Pifing Fittings of
Winagght Carbon Steel and Alloy Steel for Moderate and  High-
femprerature Serviee, 218,

ASTM  ASIZ2/AS12M, Standavd  Specification for - Seamless-
Welded, and Hemnly Cold Worked Awsterilic Stagndess Steel Pijaes,
D18,

ASTM ATU5/ATIGM, Standard Specification for Black and Hod-
Diprd-, ZineLoetedd, (Galvaniad | Welded and Seamless Stedd Pipe
Jfor Five Protection Lse, 2013,

ASTM B43, Standard Specificadion for Seambss Ked Orass Pije,
Stetwedleerad Sizes, 2005,

ARTM B30, Standard Specefication for Seembess Cofeer Alloy Pifae
anal Tuhe, 2002,

ASTM CHR2, Standand Spectfication for Centact-Molded Reinforced
Thevmosetling Plastic (RTP) Laminates for Cormssan-Resislanl Bl
ment, HANAL, reapproved 2016,

ASTM D325, Standam! Test Method for Vapor Pressurd of Petro
teaeny Froclucts [ Reed Metfud), 201 5a,

ASTM D331, Stnclared Tost Methods for Surfoee and Tndevfacial
Tension of Selutions of Paints, Sofvents, Solubions of SurfaceActioe
Agerls, end Related Maleaals, 2004,

ASTM ER4, Standand Test Metlfowd for Surfroce Burning Charcler
inteics of HBuddding Materials, 2019h.

IEEE /ASTM SLI0. American Nationad Standend for the Use of the
Friternational Syxiewm of Uniis: The Modern Metrvie Syxtea, 2006,

2.3.4 AWS Publications, American Welding Socien, BGGD NW
36 Street, #1350, Miami, FL. 33 166-6672,

AWS B2 /B2AM, Sperifcation for Welding  Procedure  aaed
Prrformence Cualifictiog, 201 4,

2.3.5 IEEE Publications. IEEE, Three Park Asepue, 17t
Flowr, New Yok, NY 1005447,

IEEE 45, Recommended Practice for Electne fnstalfations on Ship-
dwpeered, HHI2,

236 IMO Publications. International Marvitgme Orpanize
tion, 4 Albert Embankment, London SE1 75K, United King-
tlom.

Safery of Life at Sea, SOLAS Regulanons 112 /4 3 and 4.5.5.

2.3.7 IS0 Publications. International Organization for Stand-
ardization, 150 Ceniral Secretariat, BIBC 11, Chemin de Blan-
clonmet 8, CP 441, 1214 Yemiern, Geneva, Switzerland.

150y =1, Pijwe Threadds Where Pressaee-Tight foints Are Made on the
Threwals = Parr 1 Dimensens, Todergnees and Desgmeefion, 1994,
technical corrigendum 1, 2007,

2.3.8 UL Puhblications. Undervoriters Laboratories Ine., 353
Plingsren Road, Korthbrook, 11 GNGE2-2086,

UL 162, Foam Bgeifiment and Ligued Comcentrafes, 2008,
2.3.9 Other Publications.

Mevmam-Welnters Collgnate [hctionary, 11th editnon, Merriam-
Wehster, Inc., Sprngfield, MA, 2003
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2.4 References for Extracts in Mandatory Sections.

MNFPA 10, Stawdeand for Povlabde Fere Extrnguishers, 2008 editon,

NFPA 13, Stanidand for the installation of Sprmbkler Systems, 20014
edition.

NFPA 25 Standand for the Inspection, Teting, and Marntenanoe
of Winter-fiased Fire Protection Systems, W20 edinon.

NFPA 30, Flammiable and Combesteble Liguids Code, 2018
eelitiom.

NFPA 820, Standeerd for Foe Prodecfion an Weesdaealer T pent
and Callection Facilities, 2016 edition.

Chapter 5 Delinitions

3.1 General. The definitions contained in this chaprer shall
apply 1o the terms nsed in this standard. Where terms are not
defined in this chapier or within another chapier, they shall he
defined vsing their ordinarily accepted meanings within the
comiext in which they are wsed, MerviceeWelslers  Collegiale
Dictionary, 1th edition, shall be the sonrce tor the ondinarily
m*q:e;n:r] mesining,

3.2 NFPA Ofhcial Definitions.

34.2.1% Approved. Accepiable w the authoriy having jurisdic-
Lidam.

3.2.2% Awpthority Having Jurisdiction (AHJ). An organization,
office, or indivdual responsible for enforeing the reguirements
of a code or standard, or for approving equipment, materials,
an installation, ora procedure,

323 Labeled. Equipment or materdals w0 which has been
attached a label, symbol. or other identitying mark of an organ-
ization that s acceptable to the authority having jurisdiction
and concermed with product evaluation, that maintains pers-
odic inspection of production of labeled equipment or mater
als, and by whose labeling the manufactrer indicates
compliance with appropriate standards or performance in a
specified manner

3.24% Listed. Equipment, materials, or services included in a
list published by an organization that s acceptable (o the
authorty having jurisdiction and concerned with evaluation of
procducts or services, that maintains periodic inspection of
procucton of listed cquipment or materials or perodic evalua-
tion of services, and whose listing states that either the equip-
ment, material, or service meets approprate  designated
standards or has been tested and found suitable for a specified
[rurpose,

3.25 Shall. Indicawes a mandatory requirement,

326 Should. Indicates a recommendaton or that which s
aclvised bat not reguired,

325 Standard. An NFPA Standared, the main text of which
contains only mandatory provisions using the word “shall™ wo
indicite requirements and that is in a form generally suitable
for mandatory reference by another standard or code or for
adopiion into law, ]"'d(!!ll'll"ll]{iﬂl.rl-l:} provisions are not o he
considered a part of the requirements of a standard and shall
he located in an appendix, annex, [oomnote, informamonal
note, or other means as permitted in the NFPA Manuals of
Stvle, When used in o generic sense, such as in the phrase
“standards development process”™ or “standards development
actvities,” the term "standkuds” includes all NFPA Standards,




DEFIMITIONS 11-9

inchuding Codes, Smndards, Recommended Practices, and

Coucles.
3.3 General Definitions.

3.5.1 Combustible Ligquid. Any liguid that has a closed-cup
Flash point ar or above TEF (38°C), as determined by the tes
procedures and apparatus set forth in Section 4.4 of NFPA 34,

{30, 2018]

3.3.1.1 Class IT Ligued. A liguid that has a closed-cup flash
point af or above HHPF (38°C) and below 140°F (B
[ 30, 2018]

3.53.1.2 Class IMA Liguad.  Any Liguid that has a closed-cup
flash point at or above 140°F (60°C), but below 200°F
(93°C). [30, 2015]

3.3.1.3 Class ITIB Liguid. Aoy liguid that has a closed-cup
flash point at or above 200°F (43°C). [30, 20158]

3.53.2*% Concentration. The percent of foam concentrate
contaied i a foam soluton.

3.3.3% Discharge Devices. Devices designed o discharge
waler or foam-water solution in a predetermined, fxed, or
adjustable patern,

3330 AirAspireting  Discharge  Devdees. Devices  specially
designed to aspirate and mix air into the foam solution 1o
generate foam, tollowed by foam discharge in a specific
design pattern.

3.53.5.2 Compressed Air Foam Discharge Devices.  Devices
specifically designed o discharge compressed air loam in a
predetermined patten.

3.3.5.3% Non-AirAspirating Dhisefrarge Dewices.  Devices
designed w provide a specific witer discharge patern

.34 Discharge Outlet.
3.34.1 Fixed Foam Discharge Outlit, A device permanenth

atached o & ank, dike, or other continment struciare,
designed w introduce foam,

3.3.4.2% Type I Dischorge Outlet. An approved  discharpe
outlet that conducts and delivers foam gently onto the
i surface without submergence of the foam or agitarion
ool the surface.

35343 Type H Discharge Outlet. An approved discharge
outlet that does not deliver foam gently onto the Tiguid
surfivce bur s designed to lessen submergence of the foam
and agimtion of the surface.

3.53.5% Eductor (Inductory. A device that uvses the Veniun
principle o introduce a proporgonate quanty of foam
concentrate intn a water stream: the pressure at the throat is
Beelow armospheric pressure and will draw in liguicl from ammos
pheric storage.

3.3.5.1% In-Line Eductor A Venturi-type  proportioning
device that meters foam concentrate at a fixed or variable
concentration into the water stream at a point between the
waler source and a noeEle or other discharge device,

3.6 Expansion. The rauo of hnal foam volume o original
Fovarm solution volome.

A48T Film Formation. A property of agueous film- E;rlm'ill;p?I
foams and Hlm-Hforming luoroproteins chamcterized by a posi-

e (= elvies o} *-:prtwﬂlllj; coefhicient when measurecd
according o ASTM DE33] using ovelohexane as the hydrocar-
Twom suhsteate and distilled winer o ||I.J:ht' the fsarm '-itrlllllu:ll

3.3.8 Fire.

3380 Class A Foree A Bre i oredinanry com bustibde materi-
als, such as wood. cloth, paper. rubber, and many plastics.
[ 10, Z018]

5.3.8.2 Class B Fire. A five in flammable Tigpuids, combasti-
ble liguids, petrolenm greases, tars, oils, oil-based paints,
solvents, lacquers, alcohols, and lammable gases,

338 Flammable (Class 1) L‘tq-.ud Any Ilquul thar has a
closed-cup flash point that is below 100°F (38°C). as deter-
mined by the test procedures and apparams set forth in
Section 44 of NFPA 30, and a Reid vapor pressure that does
not exceed an absolute pressure of 40 psi (3 bar) av 100°F
(38", as determined by ASTM D323, Standand Test Method for
'|.i':|l|I!.l.u.|' Proxseere of Pefroteime Prowtucts  Reid Method ), | 30, 2008 |

23] Class A Ligad. Any liguid that has @ closed-cup
flazsh point helow Y5°F (23° 'Y and a boiling pomt bhelow
T F (3870, | 30, 2015

3392 Class IB Laguid. Any hguid that has a closed-cup
flash point below 73F (253°C) and a boiling point at or
abewe 100°F (38°C}. [30, 2018]

3.393 Class IC Ligwid. Any liquid that has a closed-cup
tlash point at or above 73°F (2570C) bt below 100°F (38°C).
{30, 2018]

33,107 Foam. A stable agprepation of bubbles of lower
density than oil or water,

3.3.10.1 Compressed Air Foam (CAF). Homogeneous, micro-
size foam bubbles produced by the combination of water,
foam concentrate, and air or nitrogen under pressure.

3.3.11 Foam Chamber. See 3541, Fixed Foam Discharge
Chistlet

3.3.12% Foam Concentrate, A concentrated Tliguid foaming
agent as received from the manufacturer

£.5.12.1% AlcofolResivtmnt Foam Concenirate. A concentrale
wsedd for hghting fres on warersoluble materials and other
fuels destructive to regular, AFFE, SFFE, or FFFP foams, as
weldl as For fives involving hverocarbons,

5.3.12.2*% Agqueous Film-Forming Foam Concentrate (AFFF ).
concentrate based on fuorinaied sacfactants plus foam
stabilizers to produce a Auid agueous film for suppressing
hydrocarbon fuel vapors and usually diluted with water (o oa
I percent, § percent, or 6 percent solution.

A512.3% Film-Forming  Fluoroprotein Foam  Concentrate
(FFFP). A proteindoam concentrate that uses Huorinated
surfactants o produce o Muid agueous film for suppressing
hvidrocarbon fuel vapors.,

3.3.12.4 Film¥orming Foam. A concentrale  that when
mixed @ its nominal use concentration will form an ague-
s film on hydrocarbon fuels.

3.3.12.5% Fluoroprotein Foam Comcentrate. A concentrate
very similar 1o proteinoam concentrate but with a synthetic
finorinated suriactant additive.

2027 Edition
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3.5.12.6% Medium- and High-Expansion Foam Concentrafe, A
concentrate, usually derived from hvdrocarbon surfacians,
usedd in specially designed equipment W produce  foams
having foam-tosolution volume ratios of 20:] 10 approxi-
mately TR,

33025 Protein Foam Concenfrafe. Concentrate consisting
primarily of products from a protein hydrolysate, plas stabi-
lizing additives and inhibitors 1o profect against [reezing, o
prevent corrosion of equipment and conlainers, o resist
hacterial decomposition, o control viscosity, and o other-
wise ensure readiness for use under emergency conditions.

3.3.12.8% Symthetic  Fluorine-Free  Foam  (SFFF). Foam
concenmate based on a mixiure of hvdrocarbon surbice
active agents that is not formulated to contin per- or polv
fluoroalky] substances {PFAS).

3.3.12.9 Symthetic Foam Concentrote. Concentrate based on
foaming agents other than hydrolyzed proteins and inchud-
ing  agueous  film-forming  foam  (AFFF)  concentrates,
medium- and high-cxpansion foam concentrates, and other
synthetic foam concentrates,

.5.12.9.1% Other Synthetic Foam Concentrate. A concenirale
based on hydrocarbon surface actve agents and listed as a
welling agent, foaming agent, or both,

3.3.13 Foam Concentrate Type. A clssificaton of a foam
concentrate that imcludes the chemical compesition as defined
under fosim concentrate: (see 3.3 12), including the use percent-
age, the minimum usable wmperture, and the tuels on which
the concentrate is effective,

3.3.14 Foam Generators,

3.3.04.1 Foam Generafors — Asprrator Type. Foam generie
tors, fixed or portable, in which jet sireams of foam solution
aspirate sufficient amounts of air that is then entrained on
the screens to p!'uthu:r foam, and which wsually produce
foam with expansion ratios of not more than 250; 1,

3.3.04.2% Foam Generotors — Blower Type. Foam  genera
twrs, hwed or portable, in which the foam solation is
discharged as a spray onto sereens through which an
airstream developed by a fan or blower is passing.

3.3.15 Foam Injection.

#.3.15.1 Semisubsuwrface Foam fnpection.  Discharge of foam ar
the Tigquiad surface within a storage tank rom a Qoatng hose
that rises from a piped container near the wnk botom,

3.5.15.2 Subswrface Foam Injection.  Discharge of [oam inmm a
storage tank from an outlet near the mnk bottom.

3.3.16% Foam Solution. A homogeneous mixire of water and
foam concentrace in the correct proportions.

3.5.16.1 Premixed Foam  Sofution. Solution  prodoced T
introducing @ measured amount of foam concentrate intos a
given amount of water ina storage ank,

3.3.17 Foam System Types.
3.3.170.1% Comprssed Air Foam System (CAFS), A system
emploving compressed air foam discharge noxles, Type 11
and Type 111 applicators/devices, or hoses attached w a
fixed piping system through which foam s transpored from
a inixing chambeer

20271 Editaon

B.3.07.2 Fixed Systems. A complete installation in which
foam is piped from a central foam station, discharging
through bxed delivery outlets o the hagird o be proected
with permanently installed pumps where required.

3.3.170.2.1% Foam-Water Sprinkler Sysfem. A piping network
employing amomatic sprinklers, nozles, or other discharge
devices, connected (o a source of foam concentrate and (1o a
water supply,

3.3.07.2.1.1% Foam-Water Deluge  System. A foamewater
sprnkler system emplwving open discharge devices, which
are anached 10 a piping sysrem that s connected 1o 4 water
supphy through a valve that is opened by the operation of a
detection system, which is insmalled in the same areas as the
discharge devices.

5.3.17.2.1.2% Foam-Water Dry Pipe System. A foam-water
sprinkler system emploving antomartic sprinklers or nozzles
that are atached o0 a piping system that contams air or
nitrogen under pressure, the release of which (as from the
opening of a sprinkler) permits the water pressure 1o open a
valve known as a dry pipe valve.

A5.07.2.1.3% Foam-Water Preaction Sysbem, A foanewater
sprinkler system emploving amtomatic sprinklers or nozzles
atached 0 a piping swstem containing air that might o
might not be under pressure, with a hupph:mtutal detection
swatem installed in the same area as the sprinklers,

5.3.17.2.1.4% Foam-Water Spray System. A foam-water sprin-
kler system designed 10 use nozzles rather than sprinklers.

3.3.17.2.1.5% Preprimed System,

ing Tosum solubon.

3.3.17.3% Mobile System. Anv tyvpe of h:ﬂln-p:'u-ﬂuunh it
that is mounted on wheels and that s self-propelled or
towesd by a vehicle and can be connected o a water supply
or can utilize a premixed foam solution.

3.5.17.4 Portable  System. Foam-producing  equipment,
materials, hose, and so forth that are wans ported by hand,

3.3.19.5% Semifoved System. A svitem in which the hazard i
equipped with fixed discharge outlets connected to piping
Chat termimaies at a sale disance,

A wet pipe sysiem contain-

3.5.18% Foam-Generating Methods, Methods of generation of
air foam including hose stream, foam nozzle, and medinm- and
high-expansion generators, foam maker, pressure foam make
thigh back pressure or forcing tvpe ), or foam monitor siream.

3.3.18.1% Compressed  Air  Foam-Generating  Method, A
method of generating compressed air foam recognized n
this standard I using o mixing chamber o combine air o
nitrogen under pressure, water, amnd foam concentrate in
the correct propartions,

3519 Foam-Water Density.  The unit race of foamawater solu-
ton application to an area, expressed in gpmy/fi? (mm/ min).

3.5.20* Handboe, A hose amnd ooezle thar can be held sind

directed by hand.

3.35.21 Inductor See 5550
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4.5.22 Inspection, Testing, and Maintenance,
5.3.22.1 Inspection. A visual examination of a sistem or

portion thereof o verfy that it appears o be in operating
condition and is free of physical damage, [820, 2016]

3.3.22.2 Mambtomence, In waterbased  fire  protection
systems, work performed o keep equipment operable. [25,
S|

3.3.22.3 Test. The operation of a device o verily that it is
functioning correctly, or the measurement of a system char-
acteristic o determine i it meets TECLUATEImEn LS, (25, 2020

3.5.224 Testmg A procedure used 1o dewrmine the opera-
tonal status of 4 component or system by conducting peri-
oddic physical checks, such as waterflow wesis, fire pump tesis,
alarm tests, and trip tests of dry pipe. deluge, or preaction
valves, |25, 2020]

3.3.23 Monitor

3.3.25.1% Foed Momitor (Camnest ), A device that delivers a
large foam stream and is mounted on a stationary support
that either is elevared or is an grade,

3.3.25.2 Portable Monitor {Camnon). A device that delivers a
foam monitor stream and 15 mounted on 3 movable support
or wheels so it can be ransported 1o the fire scene.

3.3.24 Nozzle.
3.53.24.1* Foam Nezle or Fixed Foam Maken A specially

designed hoseline nozzle or fixed foam maker designed 1o
aspirate air that is connected o a supply of [oam solution

5.53.24.2% SelfEducting Nozzle. A device that incorporiies o
venturi o draw foam concentrate through a short length of
pipeand /or Rexible mbing connected o the Foam suppl.

3.5.25% Pressure Foam Maker (High Back Pressure or Forcing
T_'rp-E:I A foam maker utilizing the Venwiri principle tor aspi-
rating air inte a siveam of foam solution fooms foam undes
[rressLe,

3.53.26 Proportioning. The continuows introduction of foam
concentrate at the recommended satio o the water strean 10
Form foam solution,

3.3.26.1% Balanced Pressure Pump-Type Proportioming. A
foam proporiomng svsiem that unlizes a foam pump and
valve(s} to balance foam and water pressures at a modibied
venturi-type proportioner located in the foam solution deliv-
ery piping a foam concentrate metering orifice is fitted in
the toam inlet section of the propontioner

3.5.26.0.1% In-Line Balanced Pressure Proportioning. A foam
proporioning system utilizing a foam concentrate pump o
a bladder tnk in conjunction with a listed pressure redoe-
ing valve, Ar all desipn flow rates, the constant fomm concen-
trate pressure is greater than the maximum water pressure
al the inlet o the in-line balanced pressure proportioner, A
pressure balancing valve integral w the indine balanced
pressure proportioner regulates the foam concentrate pres-
sure (0 be balanced to incoming water pressure.

3.3.26.2% Coupled Water-Motor Driven Pump Proportioning. A
corvectly designed positive displaceme mt water motor in the
water supply line coupled w a positve displacement foam
concentrate pump o provide proporioning.

3.3.26.3% Dared Injection Fariable Prmf Outpuf Proporiioning,
A direct injection proportioning system that utilizes flovwime-
ters o foam concentrate and waler in eonjinction with a
variahle output foam pump control svstem.

5.3.27 l-"'n'.r|:|-|':|nrl:'i-:nni!:lg,r Methods for Foam Systems. The meth-
ods of proportioning used o create the correct solution of
water and foam liguid concentrate.

3.5.28% Pump Proportioner (Around-the-Fump Proportioner).
A system thar nses & venturi eductor installed in a bvpass line
between the discharge and suction side of a water pump and
suitable variable or Axed orifices w indoct foam concentiate
from a tank or container into the pump suction line.

3.3.29 Stream.

3.3.20.1 Foam Hose Stream. A foam stream from a haod-
line.

3.3.29.2 Foam Monifor Stream. A large capacity fodan stream
from a nozzle that is supported in position and can be direc-
tedd bw ome person,

4300 Spreading Coefficient. The measurement of a foam
solution's potential to spread spontaneously across a hydrocar-
bom surface,

3331 Swrage Tank Roofls.
3.330.1% Come Rooft A hixed sorucioral sieel conicil or

dome roof permanently attached to the exteror ank shell.

5.3.31.2% External Floating Roof. A roof system fitted 1o the
inside diameter of a storage @nk designed o automatically
adjust o fuctating ligquid levels and s exposed 1o the
atmosphere,

3.3.31.3% Internal Floating Reof. A rool swstem Boed o the
inside diameter of a storage tank designed to aumomatically
adjust o Auctuating liguid levels; covered completely by o
permanently fixed strucmral steel cone or dome rood system
attached o the exterior tank shell,

4.3.32 Tank.

3.3.32.1 Bolanced Prosowee Bladder Temk, A [ocin concens
trate tnk bted with an internal bladder that nses waterflow
through a modified venmri-ovpe proportioner to control the
foam concentrate injection rate by displacing the foam
concentiate within the hladder with water owside the hilad-

der,
3.5.32.2% Presswre Proportioning Tonk. A foam concentrate

tank with no hladder that uses watertlow through an orfice
o displace a foam concentrte, having a specific gravity of a
least 1,15, in the tank with water 1o add foam concentrae
through an orifice intooa water line ata specified rate,

Chapter 4 System Components and System Types

4.1% General. This chapter shall provide requirements for the
correct nse of foam sstem components,
4.1.0% Al components shall be listed for their intenced wse,

4.1.2 Foam concentrate shall e listed for nse with the propors
tioning equipment and discharge device (s ).
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4.1.3 Where listings for componenis do not exist, components
shall be approved.

4.2 Water Supplies.

4.2.1 Water Supplies for Low-Expansion Foam Tank., Fueling,
and Spill Area Svstems.

4.2.1.1" Quality.

4.2.1.1.1 The water supply to foam systems shall be permitted
tir be hard or soft, fresh or sali, but shall be of a quality such
that adverse effects on foam formation o foam stability do nod
CHCCLT

4.2.1.1.2 No corrosion inhibitors. emulsion breaking chemi-
cals, or any other additves shall De present withoul prior
constltation with the foam concentrate supplier:

4.2.1.L.3 Water that contains solids hkely o clog onfices in
discharge devices but that s otherwise .xuq:p-mhlu for making
foam shall be permitied o be used after passing through line
sIraimers.

4.2.1.2% Quantity. The water supply shall be of a guaniy w
supply all the devices that shall be permitted w be used simul-
taneonsly for the specified time.

4.2.1.2.1 This quantity shall include not only the volume
required for the toam apparatus but also water that shall be
permitied o be used in other hrefighting operations, in addi-
tion tothe normal plant requirements.

4.2.1.2.2 Premixed solution-type systems shall not be requined
e be provided with & continuous water supply.

4.2.1.3 Pressure. The pressure al the inlet wo the foam system
(e, foam generator, air foam maker) under :rqulnfrl o
conditions shall be ar least the minimum pressare for which
the system has been designed.

4.2.1.4% Temperalm'n Optimum  foam producton shall be
obtained by using warter al emperatures between HIFF {4°C)
ancl TOOF (383",

4.2.1.5 Design. The water supply system shall be designed and
insalled i accordance with NFP'A 24,

4.2.1.5.1 Sirainers shall he |}IT\'I'!‘|I'I'EE"[| where solids ol @ size
large encugh to obstruct openings or damage equipment are
prrese L.

4.2.1.5.2 Hydrams furnishing the water supply for foam equip-
ment shall be provided in the required number:

4.2.1.5.3 Hvdrams shall be locared a8 required by the author-
ity having jurisdiction (AH]).

4.2.1.6 Storage. Water supply or premixed solution shall be
protected against freezing in climates where freezing empera-
tures are expecied,

4.2.2 Water Supplies for Foam-Water Sprinkler and Spray
Systems.

1.2.2.1 Water Quality.

4.2.2.1.1 Warer supplied 1o [oam-water systems shall  be
compatible with the foam concentrate 1o be used.

4.2.2.1.2 Water that contains solids hkely o clog onfices in
discharge devices but that is otherwise accepable for making

20271 Editaon

foanm shaldl be permited o be used after passing through line
RLriiners.

4.2.2.2 Water Supply Capacity, Pressure, and Duration.

4.2.2.2.1 Water supplics for deluge foam-water sprinkler
systems and foamewater spray systems shall be aatomatic,

4.2.2.2.3 Water supplies shall have the capacity and a pressure
to mamtain foam and/or water discharge, or both, at the
required design rate for the required duranon over the area
protecied by the systems that are expected to operate simulia-
neotsly.

4.2.2.2.3% Where the water supply is dependent on public
waler sources, attention shall be given to the pollution hazrd
introduced by the use of foam concentrate,

4.2.2.24 Crossconnections shall be reviewed by public health
agencies concemmed.

4.2.2.5 Duration.

4.2.2.5.1* Water supplies shall be designed to meet the fixed
fire protection demand plus 25 gpm (946 L/ min) for inside
and ousicde hose streamis for 4t least 60 minontes, unless other-
wise specified in the ocoupancy standards.

4.2.2.3.2 Water supplies for aircradt hangars shall be in accord-
ance with NFPA 4049

4.2.3 Fire Department Connections.

4.2.3.1* Unless the requirements of 4.2.52 or £.2.3.3 are met,
the fire department connection (s) shall consist of two 2% in
(63 mm) connections using NH internal threaded swivel
fitting{s} with “2.5-7.5 NH standard thread,” as specified in
NFPA 1963, [13:16.12.3.1]

42252 Where local fire department connections o nol
conform to NFPA 1963, the authority having jurisdiction shall

be permited 1o desipnate  the comnection o be  used
[13:16.12.3.1.1]

4.2.3.3 The use of threadless couplings shall be permitted
where requived by the anthority having jurisdiction and where
histed for such use, [135:06.12.5.1.2]

4254 Fire department connections shall be equipped with
listed plugs or caps, properly secured and arranged for easy
removal by fire departments. [13:16.12.5.2]

4.2.3.5 Fire deparmment connections shall be of an approved
wpe. [ 1316, 12.3.3]

4.2.4 Water and Foam Concentrate Pumps.

4.2.4.1 When water or foam concentmite pumps are neuired
for automatic or manual foam swstem operaton, they shall be
designed and mstalled in accordance with NFPA 21,

4.3 Foam Concentrates,
4.3.1 Types of Foam Concentrate.

4.3.1.1% Foam concentrate shall be hsted for wse wath the

foam concentrate proportioning  equipment and with  the
discharge devices with which a given system is equipped.

4.35.1.1.1 Replacemem supplies of foam concentrates shall be
listed for nse with system components.
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4.5.1.1.2%  Different tvpes and /or brands of foam concenirates
shall not be mixed for storage. Difterent brands of the same
tvpe of concentrate shall not be mixed unless data are provided
by the manufacturer and accepied by the AHJ. to prove that
the brands are compatible,

4.3.1.2% The concentrate wsed in a foam system shall be listed
for use on the specific flammable or combustible liguid o be
protecied,

4.5.1.2.1 Warermiscible amnd polar Hammable or combustibile
liquids shall be protected by alcohobresistant concentrates
listed for this purpose,

4.3.1.3 The limitatioons of the listing and the manufcnorers’
specifications shall be followed.

4.3.14 Acceptable manges for the following physiochemical
properties of the foam concenrate shall be published as part
of the listing to determine compliance wath 15.2.6.2:

(1) Density or specific gravity
(2) pH

{3 Refractive index

(4% Viscosity

4.5.2 Concenirate Storage.
4.53.2.1 Storage Facilities.

4.53.2.1.1 Foam concentrates and equipment shall be stored in
a locamon not exposed w the hazard they protect.

4.3.2.1.2 I housed, foam concentrates and equipment shall
e i a noncombusiible struc e,

4.5.2.1.3 For outdoor nonautomatic systems, the AHJ shall be
permitted o approve the storage of foam concentrate in a loca-
tion off premises where these supplies are available at all times.

4.3.2.14 Loading and transportation  facilities  for  foam
concentrares shall be provided,

4.5.2.1.5 OHEpremises supplies shall be of the wpe required
tor use in the systems of the given installation.

4.3.2.1.6 At the ume of a fire, these off-premises supplies shall
b accumulated in the reguived quantities, before the equipe
ment is placed In operation, © ensure anintermupled foam
production at the design rate for the required period of tme.

4.3.2.2% Quantity. The amount of concentrage shall meet the
discharge requirements for the largest single hazard protected
or group of hazards that are to be protected simulmneously.

4.5.2.3 Foam Concentrate Storage Tanks.

4.3.2.3.1 Bulk hquid storage tanks shall be fabricated from or
e lined with materials compatible with the concentrate.

4.3.2.3.1.1 Storage tanks for foam concentrare shall be solidly
mounted and shall be permanently located.

4.3.2.3.1.2 The storage tank shall be designed to minmmize
evaporaton of foam concentrate,

4.3.2.3.1.3% Proportioning  svsiems  shall  have  signage 10
prowide instuction on the proper sequence of system <huot-
down 1o prevent accidental loss of foam concentrate and,/ o
svstem damage.

4.3.2.3.14 In ammospheric storage tnks, the suction inlet
shiall be located a minimum af 1o (295 mem) abowe e bottom
ol the tank,

4.3.2.8.1.5 Foam concentraie below the level of the suction
inlet shall noet be considered usable,

4.3.2.3.2 Ammospheric-Type Storage Tanks.

4.3.2.3.2.1 Storage wnks shall have capacities to accommodate
the needed quantities of foam concentrate plis space for ther-
mial expansion.

4.5.23.2.2 Foam concentrate outlets from the @anks shall he
located o prevent sediment from being drawn into the sysem,

4.3.23.2.3 When derermining the quantity of foam concen-
trates, the valume of the sediment pocket shall be added o the
quanmy needed for sssiem operation.

4.3.2.3.24% Tanks shall be equipped with conservation-ype
venls, access handholes, or manholes that are locaied 1o

provide for inspection of the following:

(1) Interior tank surfaces

(2)  Connections lor pump suction, relief, and testing lines
i3 Protected sight gauges or other houid level devices

(4 Filling and draning connecions

4.3.2.3.2.5 Tank discharge outets shall be located 1o furmish a
positive head on the pump suc on.

4.3.2.3.3 Pressure-Type Storage Tanks.

4.3.2.3.53.1% Pressurc-proportoning tanks shall have means for
filling, for gavging the level of foam concentites, and for
drainage, cleaning, and inspection of interior surfaces and of
the concentrate-holding bladder or dinphragm, i provide,

4.3.2.3.3.2 These anks shall be stamped w0 be wdentified as
meeting the requirements of ASME Boler and Presswre Vessel
e, Bection VI Divasion 1.

4.3.2.4 Stworage Conditions.

4.3.24.1* In order w ensare the correct operaton of an
foam-producing system., the chemical and physical charmcteris-
tes of the materals comprising the system shall be mken inmo
consideration in design.

4.3.2.4.2*%  Foum concentrates shall e stored wathin the lsted
tempEranire limitaions,

4.3.24.3 Markings shall be provided on storage vessels to
icbentify the tvpe of concentrage and its intended concentration
in solution,

4.3.2.5 Foam Concentrate Supply.

4.3.2.5.1 Foam Concentrate Consumption Rates. The
consumption rates shall be based on the percentage concen-
trate wed in the system design (e.g. 3 percent or 6 percent or
other, ifso listed or approved by the AHJ).

4.3.2.5.2 Reserve Supply of Foam Concentrate.

4.3.2.5.2.1 There shall be a reserve supply of [oam concen-
trate o meet design requirements in order o put the system
Back into service after operation,

4.3.25.2.2 The reserve supply shall be in separate mnks or
compartments, in drums or cins on the premises, or shall be
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able o be obiained from an approved omside source within
24 hiours.

4.3.2.6 Auxiliary Supplies. (ther equipment necessary o
recommizssion the svatem, such & botdes of nitrogen or carbon
dioxide for premixed sytems, also shall be able 1o be secured.

4.4 Concentrate Compatibility.
4.4.1 Compatibility of Foam Concentrates.

4.4.1.1*% Ditferent wypes of foam concentrates shall not be
mixed for storage.

4.4.1.2 Different brands of the same tvpe of concentrate shall
not be mixed unless daa are provided by the manufacturer
anid accepred by the AHJ w prove thar they are compatible,

4.4.1.3 Lowexpansion foams  generated  separately  [rom
protein, Huoroprotemn, FFFE, AFFFE, SFFF, and alcohol-resistant
concentraes shall be permited w0 be applied 1w a hre in
sequence or simultaneously.

4.4.2* Foam Compatibility with Dry Chemical Agents.

4.4.2.1 The manufacturers of the dry chemical and foam
concentraie o be wsed i the svstem shall confirm that their
products are mutnally compatible.

4.4.2.2 Where used. limitations imposed on either of the
agents alone shall be applied

4.5 Foam Proportioning, The method of foam proportiioning
shall conform o one of the following:

i1y Selfeducting nozele

(2 Indine eductor

(3 Pressure proportioners (with or without Bladder)
i4)  Around-the-pump proporioners

(5)  Direct injection variable onpat foam pump sistem
i) Coupled water-motor drven pump proportioner
(7)  Balanced pressure pump-ivpe proporaoners

14.5.1% The proportoning svstem shall meet the hsted ming-
mum How mate based on the minimum and maximom system

discharge How race,

4.5.2 Fixed Foam Concentrate Proportioning Means.

4.5.2.1 Balanced-pressure or posiive-pressure injection shall
be the preferred methods for introdoction of foam concen-

wates into the water lowing through the supply piping o the
SYRTEM.

4.5.2.2% Balanced-pressure injection methods shall be one of

the following:

(1) A balanced-pressure proportioning system  utilizing 2
foam concentrate pump discharging through a metering
orifice into a proportioning controller with the foam
concentrate and  water pressures  antomatically  main-
trined as equal by the use of a pressure balancing valve.

i2) A balanced-pressure proportioning svstem utilizing a
pressure proportioning wnk with a diaphragm or bladder
to separate the water and foam concentrawe discharging
through a metering orifice inw a proportioning control-
ler.

(3)  An indine balaneed-pressure proportioning system  uriliz-
ing a foam concentrate pump or bladder tank. A pressure
regulating device placed in the pump retom line shall
maintain  constant  pressure in the foam concentrate
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supply line avall design low rates, This constant pressoare
shall be greater than the maximuum water pressure under
all aperating conditions,

4}  Foam concentrate pump discharging through a metering
orifice into the protection system viser with the foam pres-
sure at the upstream side of the orifice exceeding the
waler pressure in the sstem riser by a specihe design
vatlue,

4.5.2.5 Other hsted methods tor foam proportioning shall be
permited] as follows:

(1} Balanced positive-pressure injection systems utlizing o
foam concenate pump and dive movor thar vary the
foam concentrate pump output o match water flow rates
while maintaining the correct  percentage  of  foam
cOnCenirate

121 Around-the-pump proporioners

{31* Indine eductors (inductors)

4.5.2.4% The exposed orifice plate indicator tab or nameplate
shall hawve stamped, etched, engraved, or other permanent
markings giving orfice diameters and an indication of the How
direction if flow characieristics vary with fBowe direction,

4.6 Foam Concenirate Pumps.

4.6.1% Materials, The design and maierials of consiruction
for foam concentrate pumps shall be approved for use with the
tvpe of foam concentrite used in the svstem,

4.6.2 Rated Capacitics,

4.6.2.1 Foam concentrate pumps shall have rated capacities at
or in excess of the maximom system demane.

4.6.2.2 To ensure positive injection of foam concentrate, the
discharge pressure rafings of pumps at the design discharge
capacity shall be in exoess of the maximum water presure avail-
able under any condition at the pointe o foam conceéntrate

injection.
4.6.5 Overpressurization.

4.6.5.1* Foam concentrate pumps capable of overpressurizing
the swstem shall be provided with means of pressurve relief from
the discharge to the supply side of the pump o prevent exces-
sive pressure and wemperatre,

4.6.3.2 Owerpressure shall not exceed the working pressure of
the toam concentrate piping system.

4.6.4 Flushing.

4.64.1%  Foam concentrate pumps shall have mesins For flush-
.

4.6.4.2 Foam concentrate pumps shall be provided with a
drain cock or valve.

4.6.5 Foam concentrate pumps shall be automatic-siaring
Lot h'}‘!i.l.r!'!lﬂ aciuaion.

4.6.6 Pumps shall be listed tor this service in accordance with
MNFFA 20,

4.6.7% Seals or packing shall be compatible with the foam
COnCentrae.

4.6.8 A toam concentrate pump shall have the capacity w
meet the acmal maximum low e an the highest progortion
ing flow rate as permitted by 12.6.5 or the AHJ.
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4.6.89 Foam concentrate pumps shall have rated capacities
sufficient 1o meet the masimom swsem How e, s deter-
rinel by 83,75,

4.7 Fiping.
4.7.17 Foam Concentrate Pipe Materials.

4.7.1.1% Foam concentrate pipe and valves shall be made of
ome of the follovang materials:

(17 Brass {red or naval)

{2 Bronze

(3 Srainless steel (304 0 316)

(4) Copper nickel 90,10

(51 (hher material, in accordance with the foam concentrame
manufacturer’s certification of compatibility with the
foam concentrate and as approved by the AHJ

4.7.1.2% Carbon steel pipe shall not be used,

4.7.1.53 Pipe carrving foam concenirate shall not be galvan
ixed.

4.7.1.4 Foam concentrate pipe shall conform (o one of the
Following stancdards:

{1} ASTM AZIZ/A19M

{27 ASTM B43

(3 ASTM B35

{(4) Other standards as allowed lw 4.7.1.1(5), 4
4,7.1.3

712, and

4.7.1.5 In piping with dissimilar metals, dielectic components
shall be used o insulae and reduce the possibility of galvanic
COHTOSIOL

4.7.1.6 Selection of pipe wall thickness shall conform 1o one
of the [ollowing:

(1Y Schedule 440
{2) ASME B31.1

4.7.1.7* For the purpose of computing [ricion loss in the
foam concentrate piping, the tollowing shall be used:

(1) Darcy-Weshach formula for (Newtonian) [oam concen-
Iranes

(27 Manufacoorers’ [riction loss da for aleohol-resisiant
{non-MNewionian b foam concentrates

4.7.1.8 Flushing and dminage valves/connections for dry
foam concentrate piping shall be installed in the smandbs
conelitiosn,

4.7.1.9% Dy loam concentrate piping shall be pitched a mini-
rum of ¥ in.over 10 (4 mmAm) o allow [or drainage.

4.7.27 Foam Solution Fipe Materials.

4.7.2.1% Foam soluton pipe shall be made of one of the
Following materials:

(1) Galvanized sieel

(2 Stainless steel

(3 Copper nickel 90,/10

{(4) Internal fextemal corrosion-resistant pipe in accordance
with the foam manufaciurer’s specificition for compari-
bility and acceptable 1o the authonty having jurisdiction

{5 l'rlpl olected carbon steel  pipe when flled with Foam
solutiom or water and the discharge devices are closed o
the aimosphere

4.7.2.2 Where exposed o corrosive influences, the piping
shall be corrosion resistant or protected against corrosion.

4.7.23 Pipe wathin the hazrd area shall be rated for the pres-
sure and Emperatire involved,

4.7.24 PFipe within the hazard arvea shall be able o withstandd
the anticipated exposure w fire.

4.7.2.5 Nonmetallic foam solution piping shall be listed for
the intended application,

4.7.26 Mewllic foam solmtion pipe shall not be less than
standard weiglht.

4.7.2.7 Foam solution pipe shall contorm to one of the follow-
ing standards;

(L) ASTM AS3/A53M

{2  ASTM AL3L/AT35M

(31 ASTM ATUL ATHSM

{4) Oihersandards as allowed in 4.7.2.1(4)

4.7.28 Underground foam solution pipe shall be installed in
accordance with NFPA 94,

4.7.2.8.1 Piping materials and specifications  shall be in
acepreance with this stanclard.

4.7.2.9 For the purpose of compuating friction loss in [oam
solution piping, the following C-values shall be used for the
Hazen=Willwms [ormula:

(1) Galvanized steel pipe — 120

(2)  Onher Covalues for corrosion-resistant piping materials in
accordance with NFPA 13

4.7.2.10 Foam solution distnbution piping shall be pitched a
minimum of ¥ in. over 10 ft (4 mmy/m) o allow for dainage.

4.7.3 Fittings.
4.7.3.1*% Foam Concentrate Fittings.

4.7.3.1.1 Foam conceniraie piping shall use fithngs made of

the following materials, as appropriate o the foam concentrate

pipe material:

(1) Brass (redor naval}

(" Bronze

(3 Stainless steel (304 or 316)

(4 rher material, in accordance wath the foam concentraie
manufacurer’s certification of compatibilivy, with appro-
val from the AHJ, and as permimed by 4.7.3.1.2

4.7.3.1.2 Foam concentrate Ruings shall not be carbon steel
o galvinized.

4.7.3.1.3 Foam concentrate fitings shall not be less than
stancdard class weight,

4.7.3.14 Foam concentrate fiting shall be in accordance with
one of the following or as permitted by the AH|:

{1 ASME B16.5

{2) ASME Bl6.11
{3)  ASME Bl16.15
{4) ASME Blia24

4.7.3.2 Foam Solution Fittings.

4.7.3.2.1 Foam solution fittings shall be one of the following:
(1) Galvinized steel
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(2)  Suminless sieel

i3) (ther matenal, in accordance with the manufactarer’s
certification of compatibility and with approval of the
AHJ

(4 Unprotected carbon steel pipe, when discharge devices
are closed to the atmosphe re

(5 Internallv/externally coated materials that are listed for
the application

4.7.53.2.2 Foam solution fittings shall not be less than standard
class weight.

4.7.3.2.3 Foam solution Artings shall be in accordance with
one of the following or as permitted by the AHJ:

(1)  ASME Bl6.]

(2) ASME B16.3

(3)  ASME Bl6.4

i4) ASME Bl6.5

i5)  ASME Bl16.9

i6)  ASME Bl6 11

() ASMLE B16.25

(8 ASTM A234/A254M

4.7.3.24 Cast-iron finings shall not be used where dry sections
of piping are exposed o possible fire or where htlings are
subject o stress in selfsupporting systems,

4.7.3.2.5 Listed rubber or other elastomericqgmsketed fittings
shall he permitted w0 be used in Are-exposed aveas if the foam
svstem is actuated automaticallv.

4.7.3.2.6 Listed rubber or other elastomericgaske ted  fittmgs
shall be permitted 1o be nsed in fire-exposed areas if the foam
system is actuated manually and high-tempemmre-rated extra-
heavy-duty grooved Aoings and gaskets have been wested in
accordance with API STD 607 and meet these crteria within
inclustry standards,

4.7.4 Joining of Pipes and Fittings.
4.7.4.1 Threaded Pipe.

4.7.4.1.1 Pipe threading shall be in conformance with ASME
B2 or IS0 7-1.

4.74.1.2 PTFE tape or the toam concentrate manufaciurer’s
compatible threaddocking compounds shall be used ar pipe
joints in the foam concentrate supply line,

4.7.4.2 Grooved Pipe. Dimensions of cut- and rollgrooves
and ontside diameters of piping matenals shall conform o the
psnufactiurers’ recommendations and the 1Eong aboraories'
certifications. '

4.7.4.5* Welded Pipe.

4.7.4.3.1 Field welding shall conform to the requirements of

AWS B2/ BEM or equivalent,

4.74.3.2 Shop welding shall conform o the requirements of

Sectiom 0.0 in NFPA 13

4.74.5.3 Precautions shall be taken to ensure that the open-
ings are fully ent ont and that no obstructions remain in the
WHLETWaY,

4.74.34 Precautions shall be wken 1o ensure that no gabvanic
corrosion oocnrs between piping and Rrangs.
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4.7.5 Sirainers.

4.9.5.1 Sirainers shall be provided where solids of a size large
enough o obstruct openings or damage equipment are
Prresent,

4.7.5.2 The ratio of the strainers open basker area o i inlet
pipe area shall be at lease 10: 1.

4.75.2.1 The net open area of the stuainer shall be at least
four times the area of the sucrtion piping,

4.7.5.2.2 Suainer mesh size shall be in accordance with the
pump  manufacturer's  recommendations  based on foam
COMCENIGLE YVISCOsiy,

4.7.6% Valves,

4.7.6.01 Al valves For waiter and [oam solation lines shall be of
the indicator type, such as O5&Y or post indicator

4.7.6.2 Auwiomatic valves tor toam concenirate lines shall be
listed for this service,

4.7.6.3 Valve specificanons for warer use shall be permited
criiside the hazard or diked area.

4.7.6.4 Insile the hamed or diked area, amtomatic control
villves and shutoff vilves shall be of steel or other alloy capable
of withstanding exposure to fire temperatures.

4.7.6.5* Valve Supervision. All valves (main water. foam
concentrate, and [oam solution) required for antomatic foam
systems shall be supervsed in their operatiing position by one
of the following methods;

i1} Central station, propretary, or remote statdon signaling
service in accordance with MFEPA 72

2} Local signaling service thar will cause the sounding of an
adible sipnal at a constntdy amended location in accord-
ance with NEPA 72

(31 Valves locked in the open position

{4}y  Vabves located within fenced enclosures nnder the conirol
of the owner, sealed in the open posinon, and inspected
weekly as part of an approved procedure

4,768 Where a pressure-reducing water deluge valve is used
o control the discharge pressure, the set-pressure shall be
recorded on a permanenty marked weatherproof metal or
rigidd plastic sign secured with corfvosion-resistant wire, chain, or
other approved means.

4.8 System Types. The following four tvpes of svsiems shall be
permitted:

(1) Fixed

12 Semifxed
131 Mobile
{4} Portable

4.9 Operation and Control of Systems.
4.9.1 Methods of Actuation.

4.9.1.1 Systems shall be permitted 0 be actoated antonati-
cally or manualls.

4.9.1.2 Al systems shall have provisions for manual actuation,
4.9.2 Auwtomatically Actuared Systems.

4.8.2.1 An automatic system shall be activated by automatic
deterion equipment.
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4.9.2.2 Where operation s automatic, o reliable source of
energy shall be wsed.

4.9.2.3 The need for an altemate power supply shall be deter-
rnined by the AHJ.

4.9.2.4% Automatic Detection Equipmeni.

4.9.2.4.1 Auromatie detection equipment — whether pneu-
matic, hydranlic, or electric — shall be provided with supervi-
sion arfanged so that filare of equipment or loss of
supervsing air pressure or loss of eleciric encrgy resulis in posi-
tive nodification of the abnormal condition,

4.9.2.4.2 Where approved by the AH], small systems for local-
ized hazards shall be permitted 1o be unsupervised.

4.9.2.5% Elecric amtomatic  detection  equipment and  any
auxiliary elecrric :-qmpmem. if in hazardous areas, shall be
designed expressly for use in such areas.

4.9.2.6 The system shall be permitted to be arranged to shut
off antomatically after a predetermined operating tme,

4.9.2.6.1 Automanae shutdown and the predetermined operat-
ing time shall be approved by the AHJ.

4.9.2.6.2 Where antomatic shutdown is required, an alarm
condition shall remain wmtl manlly reser

4.9.2.7 Detection System.

4.9.2.7.1 The dewcion system shall activite a local alarm as
well as an alarm at a comstantly attended location,

4.9.2.7.2 The detection system's alarms also shall be actoated
when the system 15 operated manally,

4.9.3 Manually Aciuated Sysiems.

4.9.3.1 Contrals For manuslyac mated sysiems shall be located
in a place removed from the hazard zone to permit them w be
operated in an emergency, vet close enough o ensure operator
knowdedge of ire conditions.

4.9.3.2 The locatiom and purposes of the controls shall be
indicared and shall be related 1o the operating instructions.

4.9.4 Equipment.

4.94.1 Al operanng devices shall be designed for the serice
conditions they encounter.

4.94.2 Operating devices shall not be vendered imoperative,

or be susceptible o inadverient operation, by environmental
Factors such as high or low emperaiwre, atmospheric humidiny
or pollution, or marine conditions,

4.94.5 Operating device systems shall have means for manual
ACTLEL o,

Chapter 5 Low-Expansion Foam Tank, Fueling, and Spill Area
Systems

5.1* Types of Hazards. This chapter shall cover design infor-
mation for the use of low-expansion foam w protect outdoor
storage anks, interior Hammable hguid hazavds, loading racks,
diked areas, and nondiked spill areas.

5.2* Outdoor Fixed-Roof {Cone) Tanks. The following meth-
ods Tor protectng exerior ixed-roof anks shall be incloded

within this secaon and shall mol e considered w e in o
order of preference:

{17 Foam manitors and handlines, including those supplied
by compressed air foam generation technolog

2)  Surface application with fixed foam 'I'I:Ihl:'“]'lz’llht' oultlets,
inchuding those supplied by compressed air foam genera-
it Lesc Tl ogy

(3 Subsoprface .'q:r.r_-d Il

(1) Semisubsurface ingection methods

5.2.1 Supplementary Protection. In addition w the primary
means of protection, supplementary protection shall be provi-
ded in accordance with the requirements found in Section 5,4,

5.2.2 Basis of Design. Swsiem design shall be based  on
pmlrulng the tink requiring the largest foam solution How,
including supplementary hose streiims,

5.2.3% Limitations. Fixed ouwtlets shall not be used o protect
horizontal or pressure tanks.

G.2.4 Design Criteria for Foam Monitors and Handlines.
5.2.4.1 Limitations.

5.2.4.1.1* Monitor nozzles shall be permitted 0 be used as
the primary means of protection for cone roof anks when part
of a portable, mabile, or semidixed system (adequate fire water
delivery, foam concentrane -=-1I|3|-|:|I1.1 and por table or fxed Toam
monitors), which can be put in service within 4 hours to
protect the cone roof mnk when the following requirements
are met:

(1) Risk assessment completed
{2)  Preancidemt contingency plan completed
{3 Where approved by the AH]

5.2.4.1.2 Foam handlines shall not be permited w be used as
the primary means of protection for fixed-roof tanks over 30 ft
(9 m} i diameter or those over 2006t (5.1 ) in heighr,

3.2.4.2 Foam Application Rates.
3.2.4.2.1% Flow Considerations.

5.2.4.2.1.1 To determine actual soluton flow reguirements,
consideration shall be given to potential foam losses from wind,
arudd eiher Tactors shall be ineluded in the caleuianons.

3.2.4.2.1.2 A factor of L5 additonal foam applicanon rate
shall be used as a minimum 1o compensate for these factors.

5.2.4.2.2% The design parameters for the use of monivors and
handling noezles w0 protect anks containing  hydrocarbons

shall e i accordance with Table 524,202,

5.2.4.3% Tanks Containing Flammable and Combustible
Liquids Requiring Alcohol-Resistant Foams.,

24.3.1% Watersoluble and cermin tlammable and combusti-
ble ligquids and polar solvents that are destructive © regular
(nom=leoholresisiant ) foams shall use aleoholresisant foams.

5.2.4.3.2% For liquids in depths greater than 1 in. (25 mm).
rnoanitor amd [oam hose stregms shall De limired for nse with
spescial alcohobresistant foams listed and /or approved for the
prrpose.
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Tahle 5.2.4.2.2 Foam Hindline and Monitor Protection for Fixed-Roof Storage Tanks Containing

Hydrocarhons
Minimum Application Hate Minimum
Discharge Time
Hydracarbon Type gpm /It mm ,/ min® iminutes)
Flash point between HHF and 140"F 016 6.5 5l
(ARC and 60°C)
Flash point below DHPF {(38°C) or liguids .16 6.5 5
heated above their Hash points
Crude petrolenn 016 .5 i
Noues;

(1) o dueked b this rable are gasohob and unbeaded gasolines contaning no moee than 1) percent
oacvpenated additves by valume, Where ocvgenaied additives coment excecds 10 percent by vol umse,
prowctnn s ol i accordance with 5245, Certidn monaleashobressmant foams nagha be soiabsbe for se
with fuels containing oeoygenated additives of maore than 1 percent by valume, The manufacwrer shonld be

consulted for specilic hstings o approvals.

G2 Flammatzle Bepuids hiving a boiling point of less than HREE (535370 might require higher mies of
application. Suitble rares of applicaton showld be determined by wese. Flmmable hogoids witls oo wice cange ol
Bailing poings might develop a heat laver afver prolonged burning and then can require application mes of

(L2 i,/ (1% (B2 num/ mind oF more,

U Care shiould be taken in applying pormble foam streams o high-viscosiiv materials heaied above 200°F
(93 ). Coorond jeedgronent should be wsed inappling Foeam o anks continieg o ols, burning asphals, or
burning licguids that have a boiling point above the boiling point of warer, Althowgh the comparatively low
watelr eonient ol fowns can bepeficially cool sock foels ava sbow rane. Ieean also cowse viclent frodiieg mnd

“slopaover” of the mok's coneenis,

(41 Tesung by the LASTFRIRE Croup has confirmed tha the use of compressed ale fomm delivery systems can
extimgEuish tatk Hres vsing moniors, handbines, and fixed foamn applicaton appliances, The eesulis of testing
b sty sgencies, other thivd-paciy reseace b festing organbeciens, o ogeoks inieer's disss shoold be asedd o

determine application rmtes for this oype of hydrocarbon fice contral,

(51 When usiieg SFEE, the user shoobd veter to Anmex H e the manufciuier's secommenttions io

determine apphication rles,
= L Amdnem® ik equivalent o mm /S mi,

24939 In all cases, the manufacinrer of the toam concen-
trafe aned the foam-making equipment shall be consulied as o
hvations and for recommendations based on hstings or
specific fire tests,

5.2.4.4" Design Parameters. Where monitors and  handline
nozzles are used to protect tanks containing lammable and
combusiible liguids requiring alcoholresistant foams, the oper-
aton time shall be 65 minutes an listed application rates, unless
the Toam manufacturer has established, by fre test, that a
shorter time shall be permitted.

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

5.2.5.1* Fixed Foam Discharge Outlets.

5.2.5.1.1 For the protection of a flammable liguid contained

i a vertical fixed-roof {cone) atmospheric storage tank,
discharge outlets shall be attached 10 the tank.

5.2.5.1.2 Where two or mare discharge outlets are required,
the outlets shall be spaced equally around the ank peripliemn.

5.2.5.1.2.1 Such outlets shall be mdividually piped and sepa-
rately valved for isolation ouside the dike area in accordance
with 100.5.1,

525122 Each outlet shall he sized 1o deliver foaim at the
minimum application rate or higher.
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5.25.1.3 Fixed foam discharge ontlets shall be atached at the
top of the shell and shall be located or connected o preclude
the possibility of the tank contents overdflowing into the foam
lines,

5.2.5.14 Fixed foam discharge owtles shall be auached so
that displacement of the roof will not subject them ta damage.

B.26.1.5 Fixved foam discharge oanlets shall be provided with
seal. Frangible under low pressure, o prevent entrance of
vapons into foam outlets and pipelines.

3.2.5.1.6 Fixed foam discharge outlews shall be provided with
inspection means o allow maintenance and for inspection and
replacement of vapor seals.

5.2.5.2 Design Criteria for Tanks Containing Hydrocarbons.

5:.2.5.2.1% Fixedroof {(cone) tanks shall be provided with
approved fxed foam discharge outlets as indicated in Table
R252.1.

5.2.5.2.2% Minimum Discharge Times and Application Rates,
Where fixed foam discharge outlets are used for fixed-roof
fcome)  anks  containing hvdrocarbons,  the  minimaiamn
discharge times and application rates shall be in accordance
with Table 5.2.5.2.2.
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Tahle 5.2.5.2.1 Number of Fixed Foam Discharge Outleis for
Fixed-Roof Tanks Containing Hydrocarbons or Flammahle and
Combustible Liguids Requiring Alcohol-Resisiant Foams

Tank Diameter (or Equivalent Area) Minimum Number

of Discharge
Fi m Dhatleis
Up 1o 80 Upio24 I
Chver B0 to 120 Cheer 24w 37 2
Civer 120 1o 140 Orver A7 1 435 3
e 140 1o TG0 Orver 42 w449 4
Cer 160 o TR0 Creey 40 1 A B
e TR po 200 Orier 5O w0 61 6

Orver S Chver 6] i
Plus 1 outlet for each
acdditional 504K fi*
(465 m*=}

5.2.5.2.3 IF the apparatss avilable has a delivery rate higher
than {1 E‘pmf'l'{" 4.1 mm/min}, a proporticnate reduction in
the time figure shall be permtied o be made, provided that
the time is not less than V0 percent of the minmum discharge
tmes shown,

5.2.5.3% Design Criteria for Tanks Containing Flammable and
Combustible Ligquids Requiring Alcohol-Resistant Foams.

5.2.53.1 Watersoluble and certain thanmmable and combiast-
ble ligquids and polar solvents that are  destructive 1o
nonalcohol-resistant foams shall require the wse of alcohol-
Pesistant foams.

5.2.5.3.2% [In all cases, the manufcirers of the foam concen-
trate and the foam-making equipment shall be consulted as o
limitations amnd for recommendations based on listings or
specific fire tesis,

52533 Fixedroot (cone) tanks shall be provided wath
approved fixed foam discharge outlers as indicated in Table
2521

5.2.5.34 Minimum Discharge Times and Application Rates,
Minimum discharge tmes and application rates for Axed-roof
(cone) tanks containing fammable and combustible liguicds
requiring alcohol-resistant foams shall be in accordance with
Table 5.2.5.5.4.

Table 5.2.5.2.2 Minimum Discharge Times and Application Rates for Type 11 Fixed Foam
Discharge Qutlets on Fixed-Rool (Cone) Storage Tanks Containing Hyvdrocarhons

Minimum Application Rate

Minimum Discharge
Hydrocarbon Type gpm /Tt mm,/ min® Time (minuies)

Flash point hetween 100°F 0,1 4.1 M}

and 140°F {38°Cand GO°C)
Flash point below 100°F {1,110 4.1 L]

(A0 or liguids hearecd

abowve their Hash points
e r]t‘ll‘(]lt!!Jl'll {1 4.1 hh

ones:

i 11 Included in this mhike are gasohols and anleaded gasolines conmining oo mone than 10 perceni
oncygestaied additves by volumae. Where oxvgenatsd additives content exceeds L0 percent by voluome,
prstecticn is nomnally in accordance with 55505, Cerain nonalcohol-resiseant foams might be suitahle for use
with fuels comedming oxveenared addivives of more oo [0 percenn by volumse, Comsulll meaafaciares for

:1-|n.'1"|l"||. rﬂlill:Hh [H1 4 u|:r|J|:'|.r'.:t|:1.

{2 Flammable liguds having a bodling poing of fess ghan TOO°F U870 might recuire higher raves of

.|E:|1|i||.'.|li1|n. Suntable canes of '.||.|1;'Eli'|-|:u[il.r|| shsuled be derermbmed by wesl.

() For high-viscostoy ligpuids heaied abaoyve 200°F (H3"CH, lower initial raies of application mighi be desimble 1o
ke e fronling wmd ::?cpuhiu-l: of the spored ||||ui|:|.. :HILH.I._iLH'I:U'I:IIL'I'lE slvouale bae sed b '.||'|E.1!'t"||'|_ﬂ; Fomms o
ianks comiaining bot oils, buming asphales, or burming liguids cthat have boiling poings above the Bailing paini
el wistes Although the comparaively low water content of foauns can beoeticially eool such louids s a slow

rwter, b8 can also canse violent frothing and “stop-over™ of the mok’s conoenis,

41 Type 1 discharge outdets are considered obsolete, and those currently installsd become Type 1 catles o
dhivmapged, Refor o0 A05,2,02.3 for addigonal intormeon and minimun discharge dmes for existing Tvpe 1

autlens,

{5 Testing by the LASTFIRE Crowup has confinmed thar the vse of compressed air foam deliverny svstems can
extinguish ank bres ssing monivors, kandlines, and fxed foam applicatioen appliances. The resubs of estng
ba listing agencies, ofther third-parsy research estng argani@mbons, or manufacooress data shouwld bse s o
dewemine application s e this wpe of hvdrocirbon fre control.

() When using 5FFF, the user should refer to Annex Hoand the manotfacouners’s recomimendations to
dewrmine applicaion rapes.

*L/min-m* is equivalent o mm. min,
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Tahle 5.2.5.5.4 Minimum Application Rates and Discharge
Times for Fixed-Roof {Cone) Tanks Containing Flammahle
and Combustible Liquids Requiring Alcohol-Resistant Foams

Minimum Discharge Time
(minutes)
Application Rate for Specific Type Il Foam Discharge
Product Stored Otlet
Consult manuctarer fon i b

iis.liuﬁ.-i o Ha'u-:ciﬁr pmduc:h

b LR L

i1 Mast corventy manuficired alcohol-resisant foams are suiiable
forr visee with Thpse 1T fisied Foaum dise harge outles, However, some older
abrohobresistant foaims require gentle surfsce application by Tvpe 1
fred Tomn discharge ouwtbers, Consult wamoEwivrers for lisings on
specific produces,

(21 Tvpe Ldisclharge oudes ae considered ahsolete, and tdhose
currenty instalbed Become Type [T owtbers if damaged, Befer o

AL 252 fowr eckeld ol kefoormation s b om discharge thees
for existing Tepe | ouileis,

5.2.6 Design Criteria for Subsurface Application.

5.2.6.1* Subsurface foam injection systems shall be permitted

for protection of hiquid hydrocarbons in vertical fixed-roof

atmosphenc storare tanks.
P £

5.2.6.1.1 Subsurface injection svstems shall not be used for
protection of Class IA hyvdrocarbon liguids or for the protec
tion of alcohols, esters, kewnes, aldehydes, anhydrides, or
other products requiring the use of aleohol-resistant foams.

5.2.6.1.2% Foam comcenotes and equipment for sulsorface
injection shall be listed for this purpose.

5.2.6.2% Foam Discharge Outlets.

5.26.2.1 The discharge outlet into the tank shall be permitted
o be the open end of o foam delivery line or prodoct ne.

5.26.2.2 Ouwilers shall be sized so thar oo generator
discharge pressure and foam selocity limimtions are not excee-
dhed,

5:2.6.2.3 The foam velocity ar the point of discharge int the
tank contents shall not exceed 10 f/sec {5 m/sec) for Class IB
ligquicls o 240 [i/sec (6 mysec ) for other classes of liquids nnless
actual wests prove that higher velocities are satistaciory.

5.26.24% Where two or more outlets are required. they shall
b Toncate] s thiat the foam travel on the surface cannot exeeed
LO4) f1 (30 m}.

h26.25 Each ouilet shall be sized to deliver foam at the min-
i application rate or higher

5.26.26 For even foam distribution, ontlets shall e peromit-
ted w be shell connections or shall be permitted o be fed
through a pipe manifold wathin the @ank from a single shell
CONNEcon.

5.26.2.7 Rather than installing additional tank nozzles; shell
comnections shall be permined o be made in manway covers,

5.26.2.8 Tanks shall be provided with subsurface foam

discharge outlets as shown in Table 5.2.6.2.8.
5.26.5% Foam Discharge Outlet Elevation.

5.26.5.1* Foam discharge outlets shall be located so as not 1o
discharge intooa water baotion.,

Tahle 5.2.6.2.8 Minimum Number of Subsurface Foam Discharge Outlets for Fixed-Roof Tanks

Containing Hydrocarbons
Tank Diamener Minimum Number of Discharge Ouitlets

Flash Point Below 100°F Flash Point 100°F

fi m (38°0) {38°C) or Higher
L'p 1o 80 Up o 24 1 |
e B0 o 1240 Over 24 1o 37 o 1
Creer 120 vo 1 Over 37 to 45 5 &
COiver 140 oy 164 e 43 po 44 4 2
Cmeer DO to 1840 Over 49 to 56 5] 2
Creer 1RO 1o S Uver 35 to 6l i 3
Creer 2] Chver G 5 3

Flus | outlet for each
addclitional S04 fr
{465 m*)

Plus | owilet for each
additional 7500 i
{700 oy

MNones:
(1) Foe Class LA Hoguids, see 520,01

021 Table 525G2L5 is hased on extapekiton of fire test daee on 20 {56 mj, 85 & (@8 m), and 115 f (55 m )

dimeter mnks contaming gascline, onwle o, and hesane, respecively

(550 Thee most viscons fuel chat his been extinguished by subsurface injection where stored at ambicene
coditions [G0°F {16 ] kal o viscoary of $40 centstakes {2000 5517 and apour poing of 15°F (-9,
Subsurface injecrion of foam genermlly s mot recomme nded for foels that bave o viscosty greater chan 40

centstokes (A0 S5 ar thieir minimwm anieipated siorge emperairee,

(41 Tn addition {0 the control provided by the smothering effect of the foam and the cooling effect of the
wacer in the foamn thar reaches the surface. fire control and exiangushment can be enlanced Further by the

rollinsr of cool praduct w the surface,
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5.2.6.3.2 The requirement of 5.2.65.1 shall be accomplished
b having the outlets located at lease 12 i, (3H) mm ) above the

||iH|1|'\| Wil Lesi ]:_-Ll'] {40 |I|I|"|.I'||| |'||"\-|||I_I|' |'ir||'| ol ||'||' ik,

52647 Subsurface Injection Back-Pressure Limitations, The
sizes and lengths of discharge pipe or lines used beyond the
ooy maker andd the ano i||i|Ir'|| maximum depth of the foel w ]
be protected shall be such that the back pressure is within the ¥ Continucus seal
range of pressures under which the device has been tested sndd

Top deck
histesd by testinge laboratones. i

5.2.6.5 Minimum Discharge Times and Application Rates.

5.2.6.5.1 The minimum discharge tmes and application rates

I-I'II 'H.IIII'H.I.I|1:||.I [ ;I'I_FIIIi-I.:I.'!iII” Ll Ii.":l:'irllli:l‘l. '\1|l'||;|‘|_-|'|' |..;|.'||I-,'\-| '\IIJITI I"I' kIEIurE
in accordance with Tahle 5.2.6.5.1.
5.2.6.5.2* In cases where liquid hydrocarbons contain foam-
clesiructlive |_||1:-|,||,z| s, the manubacoorer ol thee foann concen
trate shiall be consulied for recommendanons based on hstings E;:I?L'fﬁfﬁph
ancl o :|||'|r|||'.:||x
5.26.5.3 If the TR B R avanlahle has a delivery rate |'|i_4_-|'|'u| Sagling -
than 0.1 gpm/fi- (4.1 mm/min}, a proportionate reduction in ;m'g
Chee time pare shall be |||_'|1||'|:I..-r| s e roacle, |||4:-'.'i1|| el thia
the tme 15 not less than 70 percent of the minimum discharge
Lipme shiosyin arscd thiat the mnasimouoam foam velocity is i aceord
ance with 5.2.6.2.5,
Tank -
5.2.7* Semisubsurface Systems. All equipment used in semi- shell
st fnee svstems shall Bee listed on A ONE  for this prirpHse,
5.43% Dutdoor r_:l|_|-|_'|1-T1 ] Fll‘:.ﬂll‘rpﬁ R F Tanks, Chatcdows CHpeny
top Hloating roof @mnks shall be as illustrated in Figure 5.5(a) FIGURE 5.3(a) Pantograph-Type Seal Open-Top Floating
through Figure 530} Kool Tank.

5.3.1 Tamk Protecton Oplions,

B.A.1.1 Tanks shall bee protecied by el area |I-||I|:1"ii1:-|| oary Iy
e e 8 i W by seal 'ln'uwc'1in|| and full surface Profeciion |5y

. T
3.7.1.3)

Table 5.2.6.5.1 Minimum Discharge Times and Application Rates for Subsurface Application on
Fixved-Roof Storage Tanks

Minimum Minimum
Application Rate Discharge
Time
Hydrocarbon Type gpm,/ it mm, min® {minutes)
Flaxli |||I.I|1i Berween 1O°F amd 1-407°F {11 4.1 il
(A8 and BOECH
Flasls ||||]|1‘. laglaowy 10D (S0 o il | 4.1 55
lgquics heated above their flash poinis
Crude petrolenm i1 i1 5
e RIS

1) Thie maxinicm ;|_||||ii| wicsey rafes shall be U220 cpm fie® o8 b e s i )

£ 21 For high-viacosiy baueds heaned absove 2000F (9370, lower mitial mies of application might be desiable o
minimize fraching and |-'-..||-|Hi| vy 0of thie seored |ir|||i|I Cetaredd |||-:I_-|1'u--.'| shawekel e visedd in 14 fving foams o
fitks contaning Bol ok, barming asphalis, o busming Biods thae aee heagesd above the bodling pomon of waner,
Ythowety the CORRNL [HAI atively low water content of Tooums coon beneheially cool such i|-:|ni|I- WA slevw raie, B O
absor cavse viclemt frothing and "sloprover” of the tank's conteEnis,

{5 When weing SFFFE thie nser showld refer v Annes H oand the manulibaeourer's recommiendaiions 1o
dewemine applcation s,

“1 i||i||l|'|'l.'.i.:-\.l'll'lll..\.lll'lu LCk TTUNTT » TTN S

M2 Editon
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Weginer
shueld

Hanger
bar
Curtain
s2al

Saal
envelooe

Resiliant
urathans
foam

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

Seoondary

Slamloss sbeel shan i

Top dachk

Support plate —

Primary seal =——f

ﬁnwh_i{:’/ﬁ

Resiien foam
Fusd laval——"|
Tank shell ——*

Bottorm chisch

Bumpeyr

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

5.3.1.2 Seal area protection systems shall be permitted for the

following npes of roof construction:

(1) Sweel double deck

(2)  Steel pontoon

(23" Other ank construction that has pessed exiermal ank
CONSITUCHoN festing

5.3.1.5 The following tank constuction wypes shall be protec-
ted with both seal avea and full surface proection due o the

20271 Editaon

[ II:I||

[T T
800 - ? I {300
i fa
Sainless ff f )
;E‘_I;ﬁb = Dirain sloks
Lnt | . i
10-gauge {3.5 I';'g"m:_l']
Plastic: rm} foar dam = hezighl

2 . (51 mim)
above top of
——

S, g, bBotorm of ponboceas

sesondary
e=al
T.EI_"!: Q- .'._ v
B ot
F
Premary
anvelopa ]
i, O
4 kzating o

Aesilient foam Bottom pate of bk

FIGURE 5.5(d) Double Seal System for Floating Roofs
Using Plastic-Foam Log (Secondary Seal ).

higher probability thar the toating roofl will be damaged and

sink ima fAre:

(1} Roofs made from floating diaphragms

(2} Roofs that rely on floattion device closures that are easily

submerped if damagecd
(31 FPan roofs

5.3.1.4 Tanks equipped with the following floating roof types

shall not e coversd m Secthon 50

i1} Roofs made from floating diaphragms

(27 Rools that rely on Aomton device closures that are easily

submerged if damaged
i3} Pan roofs

5.3.2 Systems for tanks so equipped shall be designed in

accordance with 5,429,

5.3.3% Types of Fires Anticipated,
P pate

5.3.3.1 Subsurface and Semisubsurface Injection. Sulsurface
and semsubsurfice injection shall not be wsed for protection
of open-top or covercd floating roof tanks because of the possi-
hility of improper distnbuton of foam at the fuel surface

caused by the floaing roof, even if paraally submerged

5.3.3.2 Seal Area Protection. The [oam protection Bacilities
for an open-top Hoating roof’ mink seal area shall be based on

T '||:I|'|'I'||j_?||'| 535,

534 Meihods of Seal Fire Proteciion.

5.3.4.1 The [ollowing methods for fire protection of seals in
open-top floating roof tanks shall be as required in 535

through 53,7

(1}  Fixed discharge outlets
(2}  Foam handlines

(5}* Small portable monitors {500 gpm (10 L/min} or less]

from the wp platform
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5.5.4.2 Supplementary Protection. In addition o the priman
means of protection, supplementary protection shall be provi-
ded in accordance with the requirements of Section 5.4,

53.3.4.3% Basis of Design. System design shall be based on
protecting the tank requiring the largest foam solution How,
including supplementary hose streams,

5.5.5 Fixed Discharge Outlets Design Criteria for Seal Area
Protection.

5.3.5.1 Application of foam from fived discharge outlets shall
bt permitted w be achieverd b either of the following wo
e thicls;

(1) The frst methaod discharpes foam above the mechanicl
shoe seal, 8 metal weather shield, or a secondary seal.

(2)  The second method discharges foam below a mechanical
shoe seal directly onte the flammable liguid, bhehind a
mietal weather shield directy onto the ihe seal envelope,
or beneath a secondary seal onto the primary seal.

5.3.5.2% Top-of-Seal Method with Foam Dam.

5.3.5.2.1 Fived toam discharge outlets located above o
inechainical shoe seal, abasve 3 mibe seal weather shield, o
abowve a secomdary seal shall be used in conpunction with a foam
rliam,

5.53.5.2.2 The following shall be permited to be owo methods
of application of fixed foam discharge outlets:

(1} Fixed foam discharge outlets (normally Tvpe IT) mounted
above the top of the tank shell

{2)  Fixed foam discharge outless mounted on the periphery
of the floating roof

5.3.5.2.3% For this appheation, the fixed foam discharge
ontlers shall ned be fied with a frangible vapor seal device

5.3.5.3 Top-ol-Secal System Design.

5.3.5.0.1 The design parameters for the application of fixed
foam discharge outlets on top of the seal to protect open-top
Hoating rool tanks shall be in accordance with Table 525,31
and Figure 5.3.5.3.1.

5.3.5.3.2 The requirements specified in Table 55531 apply
to tanks containing hvdrocarbons or Alammable and combsti-
Ble materials requiring aleoholresistant foams,

3.3.5.3.3 The required minimum application rates specifed in
Table 5.3.5.3.1 shall apply, unless listings for specific products
require. higher application rates where Type I fixed foam
discharge outlets are used.

5.3.5.34 If the application rate is higher than the minimuom
rate specified in Table 5.35.3.1, the discharge time shall be
permitted to be reduoced proportionately, provided that the
reduced time @8 not less than 70 percent of the minimum
discharge times specified.

5.5.5.3.5 Below Primary Seal or Weather Shicld Method.

5.45.3.5.1 Fixed foam discharge outlets located below either a
mechanical shoe seal, a metal westher shield, or a metal secon-
dary seal shall use the designs that are illustrated in Figure

5.3.5.3.5.2 A fooon dam shall e amstalled if o mibe seal s usecd
and the op of the tube seal is less than 6 n. (152 mm) below
the top of the pontoon,

5.4.5.0.6 Below-the-Seal or Weather Shield System.

5.3.5.3.6.1 The design paramerers for the application of fixed
foam discharge outlels below the seal (or weather shicld) o
protect open-top floating rool mnks shall be in accordance
with Table 5.5.5.3.6.1.

5.3.5.3.6.2 The requircments shown in Table 5.3.5.3.6.1 shall
apply o tnks containing  hyvdrocarbons o flammable el
combustible materials requinng alooholresistant foams.

5.5.5.3.6.3 The required minimum application rates shown in
Table 5,3.6.5.6.1 shall apply unless listings [or specific prodoces
regquire higher application rates when Tvpe 11 hxed foam
dlischarge outlers are used,

5.3.5.0.6.4 Below-theseal (or shield) applicaton shall not be
usestd with combustible secondary seals,

Tahle 5.3.5.3.1 Top-u f-Seal Fixed Foam Di.nr_'hn.rge Protection for ﬂpen-Tup and Intermal ]-"]-uaﬂn.g Roof Tanks

Maximum Spacing Between Discharge

Dutlets with
y Minimum T .
. Minimum Applicaiion P 12 in. (305 mm) 24 . (600 )
APPME],}IE Ralﬁp Dischiurge Foam Tham Foam Dam
Thasteation Time
Deail gpm/ [t* mm/min®  (minutes) F m fi m
Mechanical shoe seil A .3 20 41l | Hi 24
Tuhe sestl with metal B 3 20 41 12 Hil 24
weather shield
Fully or partly combustible L 7 20 40 12 80 24
seconeary seal
All meml] secondary seal [ 5 2 ETH B2 Hi o4
PRI G

{11 Where the fixed foam discharge ontleis are mounted above the top of the tank shell, a foam splashboard is necessary due o che effecto of winds,
{2 When using SFFE, the vser showld reter te Annes B and the nsmufaeiores™s secommiendations o determine ::F‘:-|||i|.'.|li1'||l. oL,

" - :' i . s
L minam- is l."l'|.|.||I'|.EI|L'II-|: Eck TTREFL TTRNEN,

2027 Edition
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Frsam darn

Foarn maker (typical}

Foam discharge piping
| e E - ]
{‘ Tank sheil .i‘ Ficaling roof
Floating roo

DETAIL A — Baksw-1he-seal appheation

DETAIL & — Top-of-zeal application . i 5
Foam discharge above mechanical shoe saal Foam discharge below mechanical shoe seal — ag loam dam

/Fuam mizser (bypsoal)
k ! -
35 I._Fc-am dischargs piping

Yeather shisid
proved i y
fﬁfcharga Mital waather sieeld I" Foem discharge piping
devica Foam dam T, ‘_"'5:“_
of mare _-]r P;'EJ' BUpROrS

:1.“1 I; Foam dizcharge paping
r %‘—Flaal-ng toof

k Tank shall Sl
T — Floating roofl

DETAIL B — Below-the-shield appication
Foam dischargs below metal weathes shieid
DETAIL B — Top-ol-seal applicaiion Topof seal & in, (150 mm) or mong below top of Roating rool
Foam discharge abowve metal westher seal

Weather shield

- Foam dam 12 in, (300 mm)
| minTm hiigh

oy Fagm dischar i
= P G Py

Combustile fabnc or
metal and combustibls

Agproved fabric secondary seal Less than T
dscharge G in. (150 mm
daviom Foam dam :
*1 Foam discharge piing f i
| T sl
DETAIL © — Below-the-shield apphcation
Tank shel g Foarm dischange below metal weather shiekd
Saal ) Top of seal less than 6 in. {150 mm} betow top of floating roof

DETAIL C — Top-of-s=al applcation
Faarn dschangs above secondary combushinla
fabric seal, or metal with combustible fabnic seclions

Foam dischangs
g

Approved - Metal secondary seal
discharge Altzmative
evice Foam dam armangament

E Faarn discharge pipin
e palalal Tank shall
DETAIL O — Below-the-e=al application
Tan shell i ™ Foam discharge below metal sacondary seal
Saal Floling roof This toam application method = Aol acceptable il secondary seal i

|
Seal N Floating roof

constructed of any combustible labric sections.
DETAIL D — Top-of-seal application ;
Foam discharge above metal secondary seal {Eister i spezation bom-sael |

FIGURE 5.5.5.3.5.1 Typical Foam System Arrangement

FIGURE 5.3.5.3.1 ical F Ilustrations £
Trpival Foaur Sjsten el Tustrations for Below-the-Seal {or Shield) Application.

Top-ol-5eal Fire Protection. Both lixed foam (wallmouwnited)
and roof-mounted discharge outlets are shown for illustrative
purposes. Although both methods are shown, only one is
needed.

20271 Editaon
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Tahle 5.3.5.3.6.1 Below-the-Seal Fixed Foam Discharge Protection for Open-Top Floating Rool Tanks

Minimum Application Rate

Minimum
Applicable Discharge
IMustration Time Maximum Spacing Between
Seal Type Dretail gpm /0" mim S min® (minures) Dhischarge Outlets
Mechanical shoe seal A (.5 204 [} T3 I (44 m )} — Foam clam
not required
Tube seal with morve than 6 in, B (1.5 2004 L1 () 11 (18 m1) = Fomm dam not
{15 iy betwesn top of e recuired
aned wop of pontoon
Tube seal wath less than 6 in. [ (0.5 L I 1] i {18 m) — Foam dam
i 13} mm) hetween top of mhe required
and top of pontoan
Tube sead with foam discharge [ ) 204 141 1 (18 m) = Foam dam ot

beedow el secondary seald

required

FIT s : L
S minam” is ':"':l'-“"-':ll'.'i'-'; Erx TTRETY ITHERD,
A& meal secondary seal s equivalent oo a foan dm,

5.3.5.4 Foam Dam Design Criteria.

53540 The foam dam shall be cireolar ane constrmcted of ai
least Mo, T LLS, siandard gauge thickness [001234 i, (2.4 nvm) |
steel plate.

5.3.54.2 The foam dam shall he welded or otherwise fastened
Lo the loating roaof,

5.3.5.4.3 The toam dam shall be designed o retin [oam al
the seal area, at a depth w cover the seal area while cansing the
foam 1o How katerally 1o the point of seal rmpture,

5.3.5.4.5.1 Dam height shall be ac least 12 i, CHHE ) as
meastred firom the connecion between the seal and the roof.

5.3.5.4.3.2 The dam shall extend at least 2om, (4 mm abasve
a metal secondary seal or a combustible secondary seal using a
plastic-foam log.

5.3.5.4.53.3 Dam height shall be at least 2 in. (50 mm) higher
than any burnout panels in metal secondary seals,

53544 The fosun o shall Te an least 12 in, (30 afim ), baii
ot more than 24 in. (600 mm), from the @nk shell.

5.3.54.5*% To allow drainage of minwater, the foam dam
busttomm shall be slotted on the hasis of 0004 in” of slol area per
(1" of dammed area (278 mm® of slot area per m” of dammesd
area), restricting drain slois (0 a maximum 3% in: (10 mm) in
height, as shown in Figure 5.5.5.4.5,

5.59.6% Foam Handline Design Criteria [or Seal Area Protec-
tion.

5.3.6.1 Foam handlines shall be permitted 1o be wsed from the
winel givder for exunguishment of seal Rres in open-top flogt:
ing roof tanks.

5.3.6.2 Listed or approved equipment shall be used.

5.3.7 Foam Monitor Design Criteria for Seal Area Protection.
Momitors shall not be wsed as the primary means of floatng
roof seal fire extinguishment because of the dithouloy of direct-
ing foam mio the annular space and the possibility of sinking
Lhie risnf,

Mot Diasm halgid 1o b &l heas)
2in. (51 mm) above top of seal

—— Fafric seal

—— Shig

[—Circuiar dam

= Floating raof

Drain shats
max 3 in.
{10 mim)
in hasigint

FIGURE 5.3.5.4.5 '[‘J.rpc'bcaj Foam Dam {or Fl-naling Rool
Tank Protection.

5.4% Outdoor Covered (Intérnal}) Floating Roofl Tanks. See
Figure 5.4.

f.41 Requirements for tanks equipped with the following
Aoarting roof vpes shall not be covered in Section 5.4

(1) Roofs made from Hoating diaphragms

{2)  Roob made from plastc blankets

(3 Roofs made with plastic or other flotation matenal, even
il encapsulated in metal or fberglass, except as permitted
in 5.4.2

(4)  Roofs that rely on flotaton device closares thar are easily
submerged it damaged

(7 i roody
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ALitarmabc
tank gauga piping

Step-on thief hateh
ncated over sampla wall

Clpdianal owariow wanl

8 in. {3 mmi}
5. 5. ground cablas —

Center vani
-

Ground cable roof attachmeant
= Antirotation roof fitting
Paripheral roof went!

f inspaclion halch

Automatic gauge float wal

Sample wall

Shell rmarnasay

Floating roof seal 4

Rim plate =

FIGURE 5.4 Typical Covered Floating Roof Tank.

5.4.2% Seal area ||||'|i|'| o svsiens shiall he e tee] Tor 1hie
following tvpes of rool constucton:

(1Y Sweel double deck

2y Steel ponioon

(3% TFab T|r||rir| strface comtaet, netallic suadwich |'|;|||:|_
conforming w Appendix H, “Internal Floating Roofs,”
1|'r||:'|1|'1_||r-|1l~u ol AL ST G50

i4)* Full higquid surface contact, composite sandwich roof /seal
syater, designed i accordance withl the e formanc
criteri; i Appendix H, “Internal  Floatng Rowofs,”
requirements of APLSTD 650 and the following:

tal  Fiberglss . components shall be made from hizh
I,_"'l':ll:lt' "-'l||'|| [ Wl ]'1""\-i|:| with a corrosion-nesistant
ETREAR RN ~.'||.|'I:|1'4,' and b compatible with the suored
procduct.

(b} The Lo laver shall exlhiabit o fhame SpH ] aneles e
excesding 25 when tested in accordance with ASTM
ER4 (Class A),

(e} The structoral laminate of the composite sandwich
ALRITR RN '\-|I|.|_I.I l_u' '||| P T |:-|r|.:|_||r|; l.-.i':l: _-'l."i-'["'l-l i FIH',.E'

(d} Core material shall be of a closed-cell struciure for
inhierent recdundant beevvaney andd shall e clema
cally compatible with the stored produc

(&) e rool siirfaces shall e g .:.|':||||||:"-.\_ Oe-plece
construction that utilizes chemicl bonds 10 join all
CONTEORETLS

2021 Editaon

= Antirolation cable passes
fhrough Fting bolted to
rim plats

% Rim pontoons

Antrotaton lug wekded to floor

Tank support column wilh column well

e Cover access hatch
\"‘— Vacuum breakar and actuator kg

i The '!ll'1i|||r'IL'I semi]l svstemn shall be :—'\.;""-'i:-'\.l" st
uithze noncombusitble material w0 cover the m
SpkbCE,

2.1 AN olye IV ol roaod construction shall ||.'||'.|i14' [l

surtace [Prerlies RERTEN
5.4.2.2 Design for Full Surface Fire.

54221 Where the basis for design s a full surface fire, the
covered (intermal ) floating roof ok shall be (reated as equiva
lent o g ixedrool (conel mnk of the sune diagmeter for the
purpose of Toam system design.

4222 For a full surtace fire, the boam facilives shall be
Ii_l'\.l:_lhlll_'ll. i accordance wirly 52255 and Sectjion 5O EXCED tha
separalely valved laterals for each foam discharge shall not be
||'r|;|i||'||.

54.2.23 For this application, fixed [oam discharge outlets
shall not be fitted with a frangible vapor seal device.

54224 Subsurface and semisubsurface injection shall not be
used because of the possibaliney of -““I“""i“"' dliztribation ol
biwanm,

5.4.2.3 Design for Seal Area Fire,

542,51 Where the basis for design is o seal fire, the cove red
(internal) Aoating roof tank shall be treaved as eguivalent w an
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oper-top loating roof mnk of the same diamerer for the
purpose of foam system design.

54.2.5.2 For a seal fire, the foam discharge system shall be
designed in accordance with the requirements specified in
Table 5.5.5.5.1 unlizing fixed foam discharge outlets.

5.4.2.3.3 Supplementary Protection. In  addibon 1w the
primary means of protecion, there shall be provisions fo
supplementary protection in accordance with the reguirements
ol Section B,

5.4.2.3.4% Basis of Design.

5.4.2.54.1 Swiem design shall be based on protecting the
tank requiring the largest solution fow, ncluding supplemen-
Ly [iorse sireams.

5.4.2.3.4.2 I the application rate is agher than the minimom
rate specified in Table 52.65.1, the discharge time shall be
prermmitied o be reduced proportionately, Bt shall not e less
than 1 percent of the minimum discharge times specified.

5.5 Indoor Hazards.

5.5.1* This section shall address foam  fAre-extinguishing
svstems, which are intended 1o protect indoor siorage tanks
that have liquid surface areas of 400 f* (37 m*) or greater.

5.5.2 Discharge Outlets. Tanks tor stonng liguid hydrocar-
baonis shall be Roed with T1.|.'u: I, tank-mounted fxed foam
discharge ontlets as specified in Table 5.2.6.2 8,

5.5.3 Minimum Discharge Time and Application Rate.

5531 The minimum application rate for indoor hydrocar-
b storage tanks shall be 0,16 gpm/f° (6.5 mm/min) of
hquid surface area.

5.5.5.2 Minimum discharge time shall be as specified in Table
5.2.5.2.2 tor Type 1 fixed foam discharge owtlers.

5533 If the application rate is higher than the minimom
rate specified in 552, the discharge ome shall be permined o
be reduced proportionately, but not to less than 70 percent of
the minimum disehiarge Gmes indicated,

354 Design Criteria for Indoor Storage Tanks Containing
Flammahle or Combustible Liquids Requiring Alcohol-
Resistant Foams.

A4 17 Watersoluble and certain Dammable and combostis
Ble  ligquids and  polar  solvents  that  are  destructive 1o
nonalcoholresistant foams shall require the use of aleohol-
Pesisran [omms,

5542 Inall eages, the manufacmirers of the fisam concentiate
and the foam-making equipment shall be consulwed as to limi-
taticns and for recommendations based on listungs or specific
Hre tests.

5.6% Loading Racks.

5.6.1 Within the scope of this standard, loading racks shall be
defined as being either ruck or rail car tvpes for the porpose
of Inading or unloading product,

5.6.2 Total rack size, Hammable or combustible prodoces
mvilved, proximity of other hazards and exposures, drainage
facilities, wind conditions, ambient temperatires, and available
stafl all shall be factored into the design of a loading rack [oam
EYRICTI.

A.6.3 Methods of Protection. The [ollowing methods shall e
permitted for protecting loading racks:

{1} Foam-water sprinkler application utilizing air-aspirating
[oam-water sprinklers or pozeles or nonsuraspivsting
open stuvdard  sprinklers or foam  nozzles  wsing
compressed air foam delivery systems

{23 Foam monitors or foam monitors using compressed air
fosun delivery systems

(31 Other devices approved by the AHJ

5.6.4 Design Criteria for Foam-Water Sprinkler Systems. The
design critena for sprinkler svstems shall be in accordance with

NFPA L6
5.6.5 Design Criteria for Foam Monitor Protection Systems.

A.6.5.1% Areas 1o Be Protected by Monitor Nozzles. Monior
nozzle system design shall be based on the wial ground area
within the curly.

5.6.5.2 The intent of the design shall be o protect the canopy,
pumps, meters, vehicles, and miscellaneous equipment associ-
ated with the loading and unloading operation in the event of
aapill 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.
3.6.5.3.1.1 Foam wpes not inchded in Table 565,51 shall be

permitted where used in accordance wath their listing.

5.6.5.3.2 Ifa fuel deprh of more than 1 in. (25 mm) can accu-
mulate within the protected area, the application rate shall be

e vesisedd o 0,16 gi}lll_."l'r: {65 mmySmin

Table 5.6.5.3.1 Minimum Application Rates and Discharge Times for Loading Racks Protecied by Foam Monitor Nozzle Sysicms

Minimum Application Rate Minimum
Discharge Time
Foam Type gpm,/ Tt mm,/ min * { minutes) Product Being Loaded
Protein and fluoroprotein 116 [ 5 Hyvdrocarhons
AFFE, FFFP, anel aleahiol-resistani ). 110 5] Hyvdrocarbons
AFFF oir FFFP
Alcoholresistant foams Consult manulfaciurer for b Flammable and combustible houids

lstimgs on specific products

requiring alcohol-resistant foam

S minem” is ecpuivalens womm S min,
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577 Diked Areas — Outdoor,

5.7.1 For the purpose of this standard, diked areas shall be
areas bounded by contours of land or physical barriers that
retain a fuel wo -.t-(l-l':'p[hﬁlt wer than 1 in. {25 mm}).

5.7.2 Protection of these areas shall be achieved by either
fixed discharge outles, fxed or portable monitors, or foam
hosel ines.

5.7.3 Methods of Application. Where foam protection is used
for a diked area, it shall be permiited w0 be accomphished by
any of the following methodds:

i1} Lowdevel foam discharge omlets
(2 Foam monitors or foam hoselines
i3 Foam-water sprinklers or nozzles

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

5.7.3.2% Minimum Application Rates and Discharge Times for
Fixed Discharge Outlets on Diked Areas Involving Liguid
Hydrocarbons. The minimuam application rates and discharge
times for Axed toam application on diked areas shall be as
specified in Table 5,7.3.2,

5.7.3.53" Fixed Foam Discharge Outlets,

5.7.5.5.1 Fxed foam discharge outlets shall be sized and locas
ted to apply foam aniformly over the dike area at the applica-
ton rate specified in Table 57,32,

5.7.3.3.2 Larpe dike areas shall be permitted 1o be subdivided
to keep the total design solution within practical limais.

5.7.3.4 Fixed Foam-Water Sprinklers or Nozzles.

5.7.3.41 Where fixed foam-swater sprinklers or nozzles are
nsed, the system design shall be inaccordance with NFPA 16,

5.7.3.4.2% Where foamewater sprinklers or no#zles are used as
the primary protection, the design shall imclude the possibility
that some of the foam discharge will be cartied by the wined
bevond the area of the fuel spill.

5.7.3.5 Fixed Low-Level Foam Discharge Outlets,

5.7.3.5.1 Fixed low-level foam discharge outlets shall be
permitied 1w b open pipe fitings or directional flow nozzles

designed o discharge a compact, low-velocin [oam stream onio
the inner wall of the dike or, where necessary, directly onto the
ilike o

5.7.5.5.2 Fized lowvdese] foam discharge owtlets shall be locy
ted around the dike wall, and, where necessary, inside the dike
ared, o apply foam uniformly over the dike area

5.7.3.5.3% Limitations.

5.7.3.5.5.1 Where hxed discharge oulders insmlled ar o low
level are used as the primary prc:rlm tion, they shall be located
s0 that no point in the dike areais more than 30 £t (9 m) from
a discharge outlet where the discharge per outlet 15 60 gpm
(230 L main) or less,

5.7.3.53.2 For outes having discharge rates higher than
G gpm (250 L/mm), the maximum disance between
discharge oullets shall be 6 [T {18 m).

h 354 Foam Monitors. YWhere  moimitors ave wsed o
discharge foam onto the dike area, thev shall be located
cuitside the dike area,

5.7.3.54.1 Where [oam monitors are used as the primary
protecicn, the design shall include the possibility that some of
the foam discharge will e carried Iy the wind beyond the area
of the fuel spill,

5.7.3.5.4.2 Where the monitor discharge is in the form of a
compact, high-velocity foam stream, i shall be directed against
the dike walls, mnk surfaces, or other siructures to prevent its
plunging directly into the buriing liguicd surface.

574 Diked Arews Involving Flammable or Combusiible
Liquids Requiring Alcohol-Resistant Foams.

4.1 Watersoluble and certain flammable and combustible
ligquids and polar solvents that are desumctive o nonalcohol
resistant toams shall require the use of alcohokbresistant foams.

742 Systems using these foams shall require special eng-
neering consideration

2743 The design criteria for diked areas involving flamma
ble or combustible liguids requinng alcohol-resistant foams
shall be as stated in 5.7.4.3.1 through 5.7.4.3.3.

Table 5.7.5.2 Minimum Application Rates and Discharge Times for Fixed Foam Application on

Diked Areas Involving Hydrocarbon Liguicds

Minimum Discharge Time

Minimum Application Hate | minutes)
Typee of Foam Discharge Class 1 Class [1
Outlets gpm /i’ mm,/min® Hydrocarbon Hyvdrocarhon
Lowdevel foam 014 4.1 M} A
dizcharge ouilers
Foam monitors 016 .5 M 20
Foam using Consult Consul L pa 1}

compressecd air foam manuficiurer manufaciurer
technology T listed fior listed
ITLIITTLATL M1 I
application application
rale rate

*L/min-m* is equivabent o mm, min.
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Tahle 5.8.1.2 Minimum Application Rates and Discharge Times for Nondiked Spill Fire Protection Using Portable Foam Nozzles or

Moniors
Minimum Application Hate Minimum
Discharge Time
Foam Type gpm; [t i min® (minues ) Anticipated Product Spill

Protein and flunoroprotein 016 15 Hydrocarbon

AFFF, FFFF, and alcohol-resistant 0.1 15 Hyidrocarbon

AFFF or FFFP
Alcohol-resistamt fomms Camsult manufacturer for listngs on 15 Flammalle and combustible

specific produocts

ligpuids requiring aleohol-
Pesistaint foain

1 minem” is copuivalent i mm S i

5.74.3.1 Methods of fixed protwcoon shall be the sume as
thise described in 5.7.5.3 for hvdrocarbon hazards.

5.7.4.3.2 Applicaton rates shall be in accordance with manu-
Facturer recommendations based on listings o approvals for
specific products and comresponding foam-making devices.

5.74.3.53 The mmnmum discharge tme shall be 3 mimtes.
5.8% Nondiked Spill Areas,

5.8.1 Design Criteria for Protection of Spill Fires Involving
Hydrocarbons or Flammable and Combustible Liguids Requir-
img Alcohol-Resistant Foams,

5E.1.1 To determine protection for spill tires, the potential
spill area shall be estimated,

5.8.1.2 Omece this area has been determined, Table 5812
shall be used 1o calculate requirements 10 be used as design
criteria for portable nozzles or monitors.

5.8.0.21 Foam wpes not included in Table 5.8.1.2 shall be
permitted where used in accordance with their isang,

5.9% Supplementary Protection.

5.9.1 Additional Protection. In addition to the pomary means
of protection, some types of hazards shall require provisions for
supplemental means of protecaon,

5.9.2 Supplemental Foam Hose Stream Requirements,

5O Approved foam hose stream equipment shall be provi-
ded in addition © @ank foam insallaions as sapplementary
protection for small spill fives.

5.9.2.2 The minimum number of fixed or porable hose
streams required shall be as specified in Table 5.9.2.2 and shall
provide protection of the area,

Table 5.9.2.2 Supplemental Foam Hose Stream Requirements
Diameter of Largest Tank

Diameter of Largest Tank Minimum Nomber
of Hose Sireams
ft m Reguired
Lip to 64 U'pto 20 1
G o 1940 20 to 56 o
Owver 120 Orver 34 3

5.9.2.3 The equipment for producing each foam strenm shall
have 'a solution applicanon mte of at least 50 gpm (190 L/
mind, with the minimom number of hose streaams shown in

Tahle 5995

5A24 Addinonal foam-producing matenals shall be provicecd
o allow operaiion of the hose stream equipment simoul e
ously with tank foam insallations as specified in Table 59,24,

Table 5.9.2.4 Hose Stream Operating Times, Supplementing
Tank Foam Installations

Diameter of Largest Tank Minimum Operating Time®
It m {minutes)

LUp o 35 Upto L1

35 1w 45 11 vy 29 H)

Crver 45 Chver 249 M

PRaed on simulaneoss operation of the required mimimum ook
af hose stregms discharging o s rate of 585 apm (1900 L min)

Chapter 6§ Low-Expansion Foam Sprinkler and Spray Svstems

A1 Administration.

6.1.1 Scope. The design, installaton, and mamtenance of
foam-water sprinkler and spray systems shall be in accordance
with this chapter. These svstems shall be desipned with the
required density for either foam or water application as the
controlling factor, depending on the design purpose of the
swstem, It is nol the intent of this standard o specify where
foam-waler sprinkler and spray protection i required. The
determination of where [oam-water sprinkler and spray systems
are required shall be made in accordance wath such applicable
bualding amnd hre codes or standaeds such as NFPA 30 or
MNEFPA 400

6.1.2*¥ Purpose. The purpose of these reguirements is o
provide a ressonable degree of protection for life and property
from fire through ms@llation requirements for foam-water
sprinkler and spray svstems based on sound engimeering pringi-
ples, test data, and feld experience.

6. 1.3 Application.

6.1.3.1% Becse of the dual extinguishing agent discharge
characterisic, these svstems shall be selectively applicable o
corm bination Class A and Class B hazarls,
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6.1.3.2 Foamawater deluge swems are applicable e the
protection of two-dimensional flammable liguid hazards, They
shall be permittesd o be wsed for any of the purposes or combi-
nations thereof detailed in 6.1.3.2.1 through 6.1.3. 2.5

6.1.3.2.1 Extinguishment. The primary purpose  of such
systems is the extinguishment of fire in the protected hagzard,
For this purpose, foam solution discharge densites shall be
provided by svstem design, use of selected discharge devices,
amd provision of supplies of water @t reguired pressures o
accomplish the system design. Foam discharge rares shall be
able w provide required rates of water discharge from the
svaterm unl shar off durng the design period and following
depletion of foam concentrate supplies.

6.1.3.2.2 Prevention. Prevention of fre in the protected
hazard is a supplemental femre of such svsiems, Manual oper-
ation of a system o discharge foam or water sclectively from
the discharge devices in case of aceumulations of hazardous
materials from spills i such occupancies as garages, aircraft
hangars, perochemical planis, paimt and varnish plamts, o
from other causes in the protecied area;, will afford protection
against ignition, pending cleanup measures, In osuch cases,
manual system operation provides foam ocoverage in the area
with water discharge manually available,

6.1.3.2.3 Control and Exposure Protection. Control of five o
allow contralled buming of combustible matenals where extin-
puishiment is not possible and exposire protection o redoce
heat transfer from an exposure fire can be accomplished by
witler spray or [osim, or both, from these special sistems, The
degree of accomplishment &5 related srongly 1o the fixed
dlischarge densities provided by the system design,

6.1.3.53 Foam of any type 5 not an effective extinguishing
agent on fres involving liquefied or compressed gases (e.g.,
buiane, mnadiene, propane). on materials that will react
violently with water (e.g., metallic sodivm) or that prodoce
hazardoos inacerials by reacting with water, or om Bres involving
elecirical equipment where the elecirical noncondue tivity o
the extinguishing agent is of primary imporance,

6.1.3.4* Only alcoholovpe fosom shall be used on fires in
watersoluble solvents and polar solvents, Manufactorers of
foam concentrates that are manufacured for the protection of
such hazards shall be consulted for applicability.

6.1.3.5 Consideration shall be given 1o potential contamina-
tiom of water supplies, weating systems, and effluent by foam
comcenirte, foom, or foam solution minolf, The Toam concen-
trate manufacturer and the appropriate AH| shall be consulted
for gundance. (5o Anwex £, |

6.2 General System Requiremenis.
6.2.1 General System Information.

6.2.1.1 Foam-water deloge and preaction sistems shall be
prowided with automatic and awxiliary manual tapping means
in accordance with 64,10,

6.2.1.2 Manual operation only shall be permimed for foam-
vater deluge systems where acceptable to the AHJ.

6.2.2 Types of Systems. Foam-water systems shall be of the
wel pipe, dey pipe; deluge, or preaction wvpe,
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(.25 Foam Discharge Dhoration.

6.23.1 Svstems shall deliver [oam to the hazards they protect
for a specified period at given densities, either poor to water
discharge or llowing water discharge, depending upon system
design purpose.

6.2.3.2 Following completion of discharge of foam solution w
the hazards protected, foamewater sprinkler and spray svstems
shall discharge water until manually shut off.

6.2.4*% Reserve Supply of Foam.

6.2.4.1 The AHJ shall be consulted as 1o the means by which a
reserve supply of foam concentrate shall be made available.

6.2.4.2 The reserve supply shall be listed for use with sysiem
companents. {(See .53}

6.2.5% Preprimed Systems,

6.2.5.1 Wet pipe foam-water systems shall be preprmed with
fosum-water solution.

6.2.5.2 Svsiems shall not be reguired w be preprimed where
recommmended by the foam concentrate manofactorer and
where approved by the AHJ.

.26 Approvals.

B.2.6.1 Prior o designing a svstem for consideraton, the AH]
shall be consulied.

6.2.6.2 All plans and specifications for the installation shall be
approved by the AH] prioe o installation, and such aucthoriny
shall be consulted as to devices and materials used in system
constction and as woselection of the foawm concentrate @ be
prowided tor sestem use.

6.26.3 All equipment and concentrates shall be approved tor
the particular application intended.

6.3 Working Plans. Working plans shall e in accordance with
Chapier 4.

6.4 System Components.
4.1 Approved Devices and Materials.

6.4.1.1 All componem parts, including foam concentrates,
shall be listedd for the nse intended.

6.4.1.2 Where listed components are not manufactured, the
components shall be of an approved type.

f.4.2 Discharge Devices.

6.4.2.1 Discharge devices and foam concentrates shall be
listed tor use together.

6.4.2.2 Ddscharge devices tor foam-water deluge and spray
shall be permitted w be airaspirating, such as foam-warer
sprnkler and foamwater spray nowles, or they shall be permii-
terl tobe non-air-aspirating, such as standaed sprinklers,

6.4.23 Discharge devices for foam-water wet pipe, dry pipe,
and preaction systems shall be automatic in operation and shall
be non-airaspirating,

fd3® Foam Concentrale. Foam copcentraes shall be
accordance with the requirements of Section 4.3,
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6.4.4 Foam Concentrate Proportioning Means.  Foam concen-
trates shall be m accordance wath the requirements of
Recton 4.5.

6.4.5% Foam Concentrate Pumps., Foam concentrate puamps
shall be in accordance with the requirements of Section 4.6

6.4.6 Foam Concentrate Storage Tanks. Storage tanks for
Foam concentrate shall e in aceordance with Section 4.0,

6.4.7 Piping, Valves, Pipe Fittings, and Hangers.

6.4.7.1 PFiping, valves, pipe fitongs, and hangers, inchading
cormosion-protection  coatings, shall be in accordance with

MNFPA 13,

6.4.7.2% Piping, fmings, and valves shall be of 4 material
compatible with the foam concentrate, foam solation, or water
tsed, as applicable,

6.4.7.2.1% Foaun concentrate pipe and valves shall be made of
one of the following materials:

(1) Brass {red or nasal)

{2 Bronze

(3 Stainless steel (30400 316)

{4 Oiher material, in accordance with the foam concen trate
manufciurers certificiion of compatibiliy with  the
foam concentrate and as approved by the AH] (Ser

211
6.4.7.2.2% Carbon steel pipe shall nos be nsed, (See 4.7.7.2,)

6.4.7.2.3 Pipe carrving foam concentrate shall not be galvan-
izl (e d. 703 )

6.4.7.2.4 Foam concentrate pipe shall conform w one of the
following standards:

(1) ASTM A312

(2) ASTM B43

(3) ASTM B35

{4)  Oher standards as allowed by 4.7.1.4

65.4.7.2.5% Foun solution pipe shall be made of one of the
Foallovwi g materials:

(17 Galvanized steel

{2y Stainless steel

(3 Imternal/external corrosion=resistant pipe in accordance
with the foam manufactorer’s specification for compati-
hility and acceprable 1o the J.[-EI

{4 L'npmtﬁcteﬂ carbon steel pipe, when the discharge devi-
ces are closed 1o the atmosphere (See £.7.2.1.)

6.4.7.3* Rubbergaskewed fittings shall be permitted o be used
o connect pipe in fre-exposed areas where the foame-wiate
system is automatically controlled.

6.4.7.3.1 Fire-exposed areas in which these fittings are located
shall be protected by awtomatic foanewater svsiems of ofher
.'IPFL'I.‘ﬁ'HI IMeans.

6.4.8 Stramers for Foam Concentrate.

6.4.8.1 Where listed strainers of the proper size are not availa-
e, strainers that have a ratio of open-basker area to inlet pipe
sizes of at least 10:1 shall be used.

6.4.8.2 Strainers shall be capable of removing all solids ot a
size that wonld obstruct svstem compene nis,

6.4.8.3 Perforamons shall be no larger than the smallest orifice
itn the system and no less than Yin, (3 mm),

4.9 Automatic System Detection,

6.4.9.1 Detection required for foam-sater defuge svstems shall
be in accordance with NFPA 15.

6.4.9.2 Detection required for foam-water preaction syslems
shall e in aceordance with NFPA 13,

6.4.9.3 Detection and actoation circaitry shall be supervised
through a hsted panel in accordance waith NEPA 72

6.4.10% Test Connections. System test connections shall be
sized w accommaocate both the low flow of the proporioner
andl the maximum anticipated fow through the proportioner.

f.4.11 Stock of Spare Sprinklers.

G.4.11.1% A supply of at least six spare sprinklers shall be
maintained on the premises so that any spanklers that have
operated or been damaged i oany way can he promptly
replaced. [13:16.2.7.1]

6i.4.11.2 The sprinklers shall correspond w the tpes nd
temperature ratings of the sprnkles im0 the  propery.
[18:16.2.7.2

6.4.11.3 The sprinklers shall be kept in a cahinet located
where the temperature 0 which they are subjected wall at no
tme exceed the maximum ceiling emperaures specified in
Table 6.4.11.3 for each of the sprinklers within the abinet
|13:16.2.7.3]

6.4.11.4 Where dry sprinklers of different lengths are -
stalled, spare dry sprinklers shall not be required, proviced that
& means of retorning the sviiem W service iz [urpished.
[13:162.7.4]

6.4.11.5 The stock of spare sprinklers shall include all wvpes
and ratings installed and shall be as follows;

(1} For protected facilines having under M0 sprinklers — no
tewer than six sprinklers

{2)  For protected facilites having 300 o 1000 sprinklers —
o fewer than 12 sprinklers

i3 For protected facilities having over 1000 sprinklers — no
fewer than 24 sprinklers

[13:16.2.7.4]

6.4.11.6% One sprinkler wrench as specified by the sprinkler
manufacturer shall be provided in the cabinet for each typee ot
sprinkler installed 1o be used for the removal and mstallation
of sprinklers in the ssstem, | 13:16.2,7.6]

6.4.11.7 A list of the sprinklers installed in the property shall
be posted in the sprinkler cabinew [13:16.2.7.7]

G LET. D The list shall include the following:

(1) Sprinkler ldentification Number (SIN) if equipped; or
the mamufacturer, model, Rfactor, deflector vpe, ther-
miatl sensitiviry, and pressure rating

(2)  General description

() Cuantity of each tvpe to be contained in the cabinet

(4 Dssue or revision date of Che Tist

[13:16.2.7.7.1]
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6.5 System Design and Installation.
6.5.1 General,

6.5.1.1 Foamewater sprinkler systems shall meet the minimam
desigm critera as presented in this chapter.

6.5.1.2 Except as allowed by 65262 65222 1(B), and
G.0.6.2, where oceupancy siandards specilv more  stringent
criteria, they shall take precedence.

6.5.1.3 The design and installation of foam-water svstems shall
be entrusted o experienced and responsible persons.

6.5.2 Design Criteria.
6.5.2.1" Referenced Standards.  Svatem designs shall conform

to-all the applicable requirements of the follovang standards
unless otherwise specified in this standard:

il)  NFPA 13
(2) NFFPA 14
(3) NFPA 15
i4) NFFA 20
(5) NFPA 22
() NFPA 24
(7)) NFPA M)
(8) APPSO
(9 ANFP T2

6.5.2.2% Design Approach.

6.5.2.2.1 The design discharge density shall be in accordance
with the applicable oceupancy standard for water or fosm-water
systems but in no case less than {116 g;:l-mx'tl! {6.5 mm/m"}.

6.5.2.2.1.1 When using SFFF, the user shall refer to Annex H
amd the manufacturer’s recomme ndations o determine appli-
AN TALEs.

6.5.2.2.2 Foam-Water Wet Pipe, Dry Pipe, and Preaction
Svslens.

6.5.2.2.2.] Total Design Area.

(AY* The total design area shall he 5000 [t* (465 m*),

B) Where applicable occupancy standards specify  design
areas different from that specified in 65222 1(A). the ocou-
pancy standards shall mke precedence,

0.5.2.23 For the purposes of hvdranlic calculations, the water
supply shall meet the requirements of 6.2.3,

6.5.2.5 Foam Solution Discharge Duration.

6.5.2.5.1 The toam solution shall be designed o discharge tor
a period of 10 minues (based on the: density as specified in
65221} over the entire switem area for deluge and spray
foam-wier systems and over the design area for wel pipe, diy
pipe, and preaction foam-water systems.

6.5.2.5.2 Where acial system discharge exceeds the mini-
muun as specified in 6.5.2.2.1, a proporionate reducton in the
duration of the foam discharge time shall be permitted, but in
1o case shall the duration be less than 7 minues.

6.5.2.4 Proportioning System.  The propotioning  sywsiem
selected shall be o accordance with Secmon 4.5,

65241 Foam concentrate pumps shall be designed and
installed in accordance with Section 4.6,

6.5.2.4.2 Fower Supply and Controller.  The power supply and
controllers for the drivers of foam concentrate pumps shall be
installed in accordance with NFPA 20 and NEPA 70

(.5.2.5 Foam Concentrale Lines,

6.5.2.5.1* Where foam concentrate lines arve run  under-
ground or where they run aboveground for more than 50 £t (15
m}, these lines shall be maimntained full, and & means of check-
ing the tightness of the system shall be provided.

6.5.2.5.2 The temperature of the foam concentrate lines and
connpaonents shall be mainiained within the storage tempera-
ture limits specified for the foam concentrate.

6.5.2.6 Containment, Drainage. and Spill Control.

6.5.2.6.1* Facilities shall be provided for the safe removal or
retention of the largest antcipated Hammable liguid spill plas
the free water reaching the floor from the fixed fAre protection
svarem, as well as the discharge from hose sireams.

Table 6.4.11.53 Temperature Ratings, Classilications, and Color Codings

Maximum Ceiling
Temperature lFemperature Rating Temperature Glass Bulh

F i K C Classification Color Code Colors

[0 38 135=17101 Bi=77 Ordinary Uncolored Orange or
or black Tl
150 (iH) 175225 Ta-107 Intermediate White Yellow or
green
225 17 plaz 1R T ] 121-149  High Blue Blue
M0 144 325475 [ 6141 Extra high B Purple
375 1491 U5 204-246  Very extra Green Black
high

47D 246 MM =530 260=-302  Ulra hagh Orange Black
(25 3249 (1Y) 43 Ultra high Orange Black

|18:Table 7.24.1)
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6.5.2.6.2 Where applicible occupancy  standareds  specih
containment or drainage that differs from that spectfied in
6.5.246.1, the oceupancy standard shall take precedence.

6.5.3 Equipment Location. Equipment items, such as storage
tanks and proportioners for foam concentrates; pumps for
water and foom concenirates; and control valves for water,
foam concenirates, and foam solution, shall be located as near
as possible o the hazared or hagacds they protect bat shall not
b exposed 1o a fire in a manner that is likely (o impair system
peerformance.

6.5.4 Alarms. Alarms shall be provided in accordance with
thie requirements of NEPA 15

6.5.5 Sirainers.

6.5.5.1 Strainers shall be installed so that they are accessible
For cleaming or (lushing.

6.5.5.2 Strainers shall be installed so as o be accessible fo
cleaning (Aushing} while maintaining svstem discharge during
AN emergency.

6.5.6 Sprinkler Spacing and Location,

6.5.6.1 Sprinkler spacing shall not exceed W [ (9.3 m?) per
sprinkler or exceed 12 §i (3.7 m) spacing between sprinklers on
a branch line or berween branch lines. Except in baildings
where the primary structural members are 26 fi (7.6 m) apart,
the lineaoline distance shall be permitted 1o be 12 [T 6 in.
{38 m) where the system has a density of 20.25.

6.5.6.2 Where applicable occupancy standards specify a sprin-
kler spacing different from thar specified in 6.5.6.1, the ocou-
pancy standards shall ke precedence.

6.5.6.3 For foam-water preaction systems, the requirements of
.58 shall also take precedence.

6.5.7 Temperature Rating.

6.5.7.1 The temperature rating of sprinklers shall be within
the range of 250°F to 300°F (121°C w0 149°C) where they are
lowcared an the roof or ceiling,

6.5.7.2 Where sprinklers are located at an intermediae level,
the temperature mting shall be within the range of 135°F 1o
L70°F (B7°C w 77°C), unless ambient conditions require a
higher rating,.

6.5.8 Foam-Water Deluge Systems.
6.5.8.1 Tripping.

6.5.8.1.1% In amomatic svstems, the detection equipment shall
be connected to a means tor wipping water deluge wbves and
ather sustem-conrol equipment,

6.5.8.1.2 Supplemental manual means for this purpose also
shall be provided.

6.5.8.2 Foam Concentrate Injection.

6.5.8.2.1 In mutomatic systems, foam concentrale injection
shall be activated auwomatically by, or concurrently wath, activa-
tion of the main water supply control vabe.

6.5.8.2.2 Manual operating means shall be designed for this
SULTE PUTPHSE,

6.5.8.3 Automanic detection equipment. whether poeamatic,
brvdranlic, or electrie, shall be provided with complete supervi-

sion arranged so that Bilure of equipment, los of supervising
air pressure, or loss of electric energy results in clear notifica-
ticaiy o the shooemal eonditio.

6.5.84 Where used in a corrosive atmosphere; the detection
devices shall be of materials not subject o corrosion or of
materials protecied to resisl corrosion

6.5.85% Automatic detection equipment of the eleciric wpe
andd any auxiliary equipment of the electric wpe, if in hazard-
os arens, shall be designed specifically for use in such areas,

6.5.8.6 In automatic systems, manually operated mipping devi-
ces shall actuate the automatic control valve by mechanical,
peumatic, electric, or other approved means,

6.5.8.6.1 The manual device shall be sirong enough o
prevent breakage.

6.5.8.6.2 Manual controls shall not necessitate a pull of more
than 40 1 {force) [178 N| or a movement of more than 14 in.
{350 mm) W secure aperation.

6.5.49 Fire Department Connection.

6.5.9.1* When a fire department connection is reguired. it
shall be installed on the supply side of the proportiones,

6.5.9.2 Where a fire department connection is provided, the
following items shall be evaluated betore installation or use:

(1) Overpressurizing of system components

{21 Imbalance of proportioning equipment

{3 Dilution of proportioned foam solution

{4y  IDisturbance of system accessory devices inchading, bt
il fimvivesd g, the following:

(a)  Pressure swiiches
() Hvdraulic conmol valves
fch  Main control valve trim

(30 Pressures amd Aows exceeding the foam svstem desipn
capahility

6.5.9.3 A sign that states the following shall be placed at the
fire department connection;

FIRE DEPARTMENT COMMECTION
THIS CONNECTION FEEDS A FOAM-WATER SPRINKLER
SrSTEM,

Do WOT PUMP AT PRESSURES
EXCEEIDMMNG [ irserd elexign presiure| UUNTIL FOAM
LIQUID SUPPLY IS EXHAUSTED.

IF INCIDENT 15 CONTROLLED BY FOAM BLANMEET, 1O
NOT DESTROY FOAM BLANRKET BY EXCESSIVE APPLICA-
TION
OF WATER,

6.5. 10 Hydraulic Calculatons.
6.5.10.1 Foam-Water Deluge Sysiems.

6.5.10.1.1 Svitem piping shall be hydranlically designed 1w
obiam uniform foam and water disinbution aned o allow for
loss of head in water supply piping.

6.5.10.1.1.1 The adjusiment in pipe sizes shall be based on a
maximum variation of 20 percent above the specified discharge
rate per sprinkler or nozzle,

6.5.10.1.2 Fipe sizes shall be adjusted according 1o detailed
friction-loss calculaiions.
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6.5.10.1.2.1 These calculations shall show the reladonship
between the water supply and the water demand.

6.5.10. 1.3 Hydraulic alealations for piping carrying water or
foam soluton shall be in accordance with NFPA 13,

6.5.10.1.5.1
carrying plain water:

6.5.10.1.4* The friction losses in piping carmang  foam
concentrate shall be calenlmed using the Darcw-Weishach
foroula.

6.5, 10,141 Friction factors for use with the Darcv-Weishach
formula shall be selected from the graphs shown in Figure
60010141 (a) through Figure 6.5.10.1.4.1{d).

6.5.10.1.4.2 In calculaing the Reynolds number {or selecting
friction factors from the graphs, the el density {or specific
gravity} of the foam concentrate to be emploved in the system
shall be used,

5105 The wiscosicy used shall be the actual viscosiy of

the foam concentrate at the lowest antic Fli.1|.t"l'i .“.[('r'l'ﬂgt‘ |.i.":'l'l'lr.|'."‘l'-
Alnire,

6.5.10.1.4.4% For purposes of computing  [riction loss in
piping using alcohal-resistant foam concentrate, the designer
shall consult the foam concentrate manubcturer for Fiction
rharacteristes.
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Piping carrving foam solution shall be stred as if
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Moody Diagram for Cast-lron Pipe,

6.5.10.1.5 For purposes of computing Miction loss in piping,
the 0 valines shall be used for the Hazen-Williams formula i
accordance with Table 6.5, 10015

6.5.10.2 Foam-Water Wei Pipe. Dry Pipe, and Preaction
Systems,

6.5.10.2.1 System piping shall be hydraalically designed 1w
obitain uniform [oam and water distibution and o allow fog
loss of head insvstem piping.

6.5.10.2.2° Two scis of hydraulic cleulations shall be prow-
dliedd, as follows:

i1} Actsal caloulated demand flow and pressure Dased on the
mest hydranlically demanding condition, balanced o the
available water supply

(2} Actual calculated demand flow and pressure based on the
least hvelraulically demanding design area, balanced wo
the available water supply

6.5.10.2.3% Hydranlic balance 0, and comparson with, the
available water supply shall venly that the acmal sysiem
discharge will not exceed the capability of the loam concen-
trate supply w provide fosum solution discharge s specified in
6.52.3.] and 6:5.2.5.3.

6.5.10.2.4 Pipe sizes shall be adjusted according o detailed
friction-loss calenlations,
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6.5 10.2.4.1 Friction-loss calenlagons shall shese the relation-
ship between the water supply and system demand.

6.5.10.2.5 Hvdrulic caleulations tor determming the foam
solufion andd wader ow charactensics of sysiems covered b
this stamdard shall be in accorlanoe with NFPA 1S,

6.5.10.25.1 Frctondoss characterstics for  foam  solution
piping shall be considered the same as il the piping were carmy-
ing waler.

6.5.10.2.6 For purposes of computing friction loss in piping,
the € values in Table 6.5:10:0.5 shall be used in the Hazen-
Willizwims Bk,

6.5.10.5 Friction Loss.

6.5.10.3:1 The friction loss in piping carrving foam concens
trate shall be calculated in accordance with the requirements
ol 6,0, 1001 .4,

6.5.10.3.2 For purposes of computng [rnction loss in piping
using aleoholresistant foam concentrate, the designer shall
consult the foam concentrate manubciurer for [riction charac-
teristics.

6.6 Acceptance Tests. Acceptance tests shall be in accordance
with Section 124,
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Moody Diagram for Steel Pipe, B2

Table 6.5.10.1.5 Hazen-Williams C Values

Pipe or Tube ' Value®

Unlined cast or ductile iron 11K}
Black steel (cry systems including

preaction b B0}
Black steel {wet systems ncluding

deluge) 120
Calvanized steel (dry systems

ine lucling preaction) (K}
Caalvanized steel (wel svstems

inelucing deluge) 120
Plastic (liated } all | REtl]
Cement-lined cast or ductile iron 144
Copper tube, brass or stainless steel 151}
Ashestos cement 14
Conerete 1440

The authority having jucisdiction s permieed woallow other Cvalues,
[13:Tahle 27.2.4.4.1]
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6.7 Inspection, Testing, and Maintenance.  [nspection, testing,
and maintenance shall be in accordance with Chaprer 15

Chapter 7 Medium- and High-Expansion Systems

7.17% General Information and Reguirements. This chapier
shall apply to requirements for a design of medium- and high-
expansion fom sysienms,

T.2 Use and Limitatons,

7.2.1 Medium- and high-expansion [oams shall be specibcally
evaluated o wverify the applicability of medium- or  high-

expansion foam as a fre control agent for the type of hazard.

7.3% Hazards Protected. Hazgards that medivm- and high-
expansion foam systems shall be permited 1w protect inclode
thie following:

i1} Ordinary combustibles

(2] Flammable and combustible guids

(3 Combimanons of (1) and (2)

(4)  Liguefied namral gas (high-expansion [oam only)

7.3.1 Susceptibility of the protected hazard w water damage
shall be evaluated.

7.3.2% Mednim- and high-expansion foam svstems shall not be
used on fires in the following hazards except where component
evaluation, including tests, indicates acceptability:

(1) Chemicals, such as cellulose nivvare, thai release oxveen
or other oxidizing agents 1o sustain combustion

(2)  Energized unenclosed elecirical equipment

(3 Waterreactive metals such as sodiim, potassiom,  and
Malk {sodium-potassinm allovs)

i4) Hazardous water-reactve materials, such as  wiethyl
aluminum and phosphoris pentoside

i5)  Ligquefied flammable gas

7.4 Types of Systems. The tvpes of svstems within the scope of

this standared shall be provided as follonws:

i1)  Total tHooding systems
(2)  Local application sstens
i3)  Portable toam-generating devices

7.5 Systems Protecting One or More Hazards,

7.5.1 Systems shall be permitted o be used w protect one or
more hazards or groups of hazrds by means of the same
supply of Tosim concentrate ancd water,

7.53.2 Where, in the opinion of the AHJ, wo or more hazards
can be simultaneously involved in fire by reason of their prox-
imity, each hagard shall be protected with an individual system,
or the system shall be arranged 1o discharge on all potentially
involvied hazards simultaneously,

7.6% Occupant Safety and Rescue Operations.
7.6.1% Ovcupant Evacuation.

7.6.1.1 Facility oceupants shall be briefed on svstem operation
tactvation and emergency shutdown) and evacuation proce-
dures,

7.6.1.2 Upon svstem actiivation, occupants shall evacuate the
facility and assemble in a predetermined location to conduct a
count of personne,
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16,13 Foam discharge points relative 1o building exits shall
not inhibit evacnation where possible.

7.6.2% Rescue Operations.

746.2.1 Upon notification of entrapped occupantis), only
trained rescue personnel wearing full personal  protective
equipment with seli~contained breathing appartus shall enter
thie fosam=hilec Bacility,

7.6.2.2% To facilitate rescue operations, facility doors shall he
fully opened and a blended attack of coarse water and induos-
trial silicone-based defoaming agent shall be utilized,

i.6.2.2.1 Faciliy foam generators shall remain operatonal
{water only) to aid in foam dispersion.

76.2.5% Rescue personnel shall ose a straigheine search
pattern and search wands o effectively cover bnge foor spaces,

T.6.2.51% To ensure effective communicialions, rescie person-
nel shall remain within line-ofsight of each other.

J.6.5% Elecirical Clearances.

7.6.5.1 All system components shall be locited o maintain
minimm clearances from live pares as shown in Table 7.6.3.1.

4632 The clearances given are bor altitudes of 3281 fu {100
i b oo less.

Th652.1% Araldtuces i excess of 3281 ft { IO m), the clear-
ance shall be increased ar the rate of 1 percent for each 328 0
(O m) increase i alitode abose 3251 & 0 HHR m ).

7.635.2.2 To coordinale the required clearance with the elec-
irical design, the design BIL of the equipment being protected

Table 7.6.3.1 Clearance from Medinm- and High-Expansion
Foam Equipment to Live Uninsulated Electrical Components

Nominal Line  Nomisal E’IJ“"““'“
Voltage Voltage to Design BIL® islinocia:

(kv Ground (KV)  (KV) In. mm
To 15 Tor @ 110 7 178
a9 13 150 10 254
4.5 o 300 19 330
16 97 950 17 439
L] 40 S50 o5 635
115 66 i) 17 G0
138 8 650 # 1118
161 5 750) Ro 1321
| =200 L14-15%2 o) 63 LIS
Bian Fii) 1530
1175 H7 a9 )
13000 a8 9450
RT3 166-220) 1435 1041 2760
15500 121} 3048
56H) 20) 1675 131 4897
L80H) 142 8607
1995 154 4886
SIME=F000 S e L1 | G4 42057
931 184 1674

#Rasic insulation level (BIL) valoes are expressed as kilovel s (kY the
peanabeer being the crest vilue of the full wove inpube s that the
chicerical equipment is desizned vo withiseand,
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shall e wesed as a Tasis, although this s nol material at nominal
hine voltages of 161 kV or less.

7.6.3.2.3 At voltages higher than 161 kY, 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
ton gronned shall be based on the design BIL used rather than
on the nominal line or ground volage,

7.6.3.2.4 The clearance berween uninsulated energized pars
of the electrical swstem equipment and any portion of the
medinm- or high-expansion foam syvstem shall not be less than
the minimom eleamnee priwided  elsewhere for electrical
svstem insulations on any individual component.

7.7 Operation and Control of Systems.,
7.7.1% Detection of Fires,
001 Auronmatie detection shall be used fon lixed sysiems.

7-.7.1L1.1* Bemoval of antomatic detection shall be permitted
when approved by the AH]J.

7.7.0.2% Auntomatic detection shall be lw listed or approvesd
rmethods or devices capable of detection and indicating hear,
smake, or Hame. Automatic detection devioes shall be msalled
in accordance with N9 72,

7.7.1.3 Detection bw the use of combustible vapor deteciors o
an abnormal condition in the hazard, such as process trouble,
shall be arranged using approved industrial practices as speci-
Fied by an enginecring studdy.

7.7.14% A reliable source of energy shall be used in detection
SVElems,

F.7.1.4.1 The power supply bor elecrical detection swslems
shall be independent of the supply for the protected area.

7.7.1.4.2 Armangement of the power supply shall be in accord-
ance with requirements of M 72 Tor continuity of powe
supplies.

7.7.2 Supervision. Supervision of amomatic detection  and
aciuation equipment shall be provided and arvanged so tha
there will be an immediate indication of failure, preferably at a
consantly atterded Iocition.

7-7.3 Alarms.

7731 Audible alarms shall be installed to indicate the operna-
tiomn of the svatem, to alert personnel, and o indicate Galure of
any supervised device or equipment.

7.7.3.2 Such devices shall be of such a type and shall be provi-
cled in such mumbers sl ar such lecations as are necessiry 1o
accomplish their purpose satistactorily.

¥.7.3.3 Analarm shall be provided o show that the system has
nperated,

7.7.34 Alams shall be provided o give ample warning of
discharge where haandis) to personnel exist.

7.7.3.5 Alnms indicating fallore of supervised devices or
equipment shall give prompt and positive indication of any fal-
ure and shall be distinetive from alarms indicating operation or
FazEardows comnditions.

7.74% Operating Devices.

7.7.4.1 Operating devices shall include [oam  generators,
valves, proportioners, eductors, discharge controls, and shut-
diwn equipment,

7.7.4.1.1 Operation shall be controlled by listed or approved
mechanical, electrical. hyvdraulic, or ponenmatic means.

T.7.4.1.2 A reliable source of energy shall be nsed.

7.7.4.1L.3 The electrical power supply for an electrically oper-
ated medinm- or high-expansion foam system shall be as reliae
ble as a fire pump circuit in accordance with NFPA 20,

7.74.2 All operating devices shall be approved for the service
they will encounter and shall not be rendersd inoperative or
susceptible 1w accidental operation.

7.7.4.2.1 Provision shall be made o protect piping that is
normally filled with liguid from freezing.

o043 Al devices shall be locawed, insalled, or smiably
protected 5o that they are not subject to mechanical, chemical,
climatic, or other conditions that will vender them inope rative.

T44 Manual controls for aciuation and shutdown shall e
conveniently located and accessible at all times, including the
time af fire and svsiem operation,

To7A44.1] Remote control stations Lor manual actoation shall
be considersd where the area is large, where egress is difficull,
or where required by the AHJ.

7.74.4.2 Manual eonwols for acmuaton shall operate the
system to the same extent as the antomatic control.

7.74.5 All amomatically operated eqguipment controlling the
peneration and distribuion of foam shall be provided with
approved independent means for emergency mannal opera-
Licen.

.51 IF the means for manual acmaton of the system
required in 791 provide approved positive operation inde-
pendent of the awtomatic actuation, it shall be permited o be
used as the emergency means.

7.7.45.2 The emergency means, preferably mechanical, shall
b accessible and located close 1o the equipment controlled,

1.7.45.3 Il possible, the svsiem shall be desipned so thae
complete emergency actuation shall be permited 1o be accom-
plished from one location,

2746 All required door and window closers, vent openers,
andl elecirical equipment shutdown devices shall be considered
integral parts of the system and shall function simultaneously
with the system operation,

AT Al manual operating devices shall be identified with
signs as (o the hazards they protect.

7.8 Foam Concentrate,
7.8.1 Quality. See Annex G,

9.8.1.1 The foam concentrate used in the swtem shall be
listese] tor use with the equipment,

7.8.1.2 The quality of the concentrate for performance under
the installation requirements of this stancdard shall be deter-
mined b rests,
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7.9 Air Supply.

A1 Air from ousicde the bazard area shall be used [or [oam
gencration unless data s provided o show thar air from inside
the hazard can be successfullyv employed,

7.9.2 The data shall be specific for the products of combus-
tion te be encountered and shall provide factors for increasing
foam discharge rates over those given in 71280 fire tesis indi-
cate Lhat need.

7.9.3 Venis trom the fire area shall be located to prevent recir-
culation of combustion products or other materials deleernions
ey the formation of foam into foam generator air inlets.

7.10 Foam-Generating Apparatus Location.

7.10.1 Accessibility for Inspection and Maimtenance. Foam-
penerating apparanis shall be locaed and arcanged 5o tha
mspection, testing, recharging, and other maintenance s facili-
e and interruption of protection s held woa minimam,

7.10.2% Protection Against Exposure,

7.10.2.1 Foamegenerating equipment shall be located as close
as possible w the hazard(s) it protects, bat not where it will be
unduly exposed 1o a fire or explosion,

70022 Foam generators insialled inside the hazard area shall
be |isted 1w resist or be protecied against fire exposure for the
cliraniog of the fire.

71023 Such protection shall be permitted o be in the form
of msulation, water spray or sprinklers, or other method as
determined by an engineering smdy

1024 In certain applicatons, addinonal generators shall be
permitted to be substimited for fire exposure protection based
o resules of e tests,

7.11 Distribution Systems.
7.11.1 Piping imd Fitings., Piping and Auings shall conform

tis the requirements of Chapter 4.
7.11.2 Arrangement and Installation of Piping and Fittings.

71121 A listed strainver for use wath the propoctioner and
foam generator shall be provided in the water line upstream of
thie water valve,

7.11.2.2 supplemenial stainers shall be permitted to be used
as recommended by the foam equipment manufacturer,

7.11L.3 Ducts.

7.1L31 Foam distribution and air inlet ducts shall be
designed, locaed, insmlled, and saiably protected so that they
are not subject w0 undue mechanical, chemical, or other
dlamage,

710L3.2 Duct closures such as selector valves, gates, or doors
shall be of the quick-opening type. so as o allow frec passage of
the foam,

711321 When duct closures are located where thev are
subjected o fire or heat exposure, either inside or outside the
area to be protecied, special care shall be taken (o ensure posi-
tive operation.

71033 Ducts shall be designed and installed so that undoe
rbalence is avoided, and the actual [oam discharge rate shall
be determined by west or other method acceplable o the AHJ.
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7.12 Total Flooding Systems General Information.
7.12.1 Description. A wital Aooding svstem shall consist of

fixed foam-generating apparatus complete with a piped supply
of foam concentrate and water, arranged w© discharge inte an
enclosed space or enclosure around the hazrd.

7.12.2*% Applications. Total Aooding svsiems shall be permit-
ted 1o be used where a permanent enclosure s provided
around the hazard w enable the required amoant of fire-
extinguishing medium o accumnlare at the proper depth and
ton be maintained for a perod of time required o ensure fire
contral oF extinguishment in a specilic combustible material.

123 General Reguiremenis.

71251 Towl Hooding svstems. shall be designed, insalled,
testedd, and mainained in accordance with the applicable
requirements of this standard,

1232 Omnly listed or approved equipment and devices shall
b vsecl 10 thiese svstems,

7.12.4 Total Flooding Enclosure Specifications.
7.12.4.1* Leakage.

7.12.4.1.1 Openings. Openings below design filling  depth,
such as doorways and wincows, shall be arranged o close auie-
matically betore, or simultaneously with, the start of the foam
discharge, with due consideration for evacuation of personnel.

124111 Opemings shall be designed o maintain closare
cduring a fire and shall be capable of withstanding pressures of
fosumn and sprinkler warer discharge,

T12.4.1.01.2 Where openings cannol be protecied by auto-
matic clesing  devices, the wial flooding swstem shall  be
designed w compensate for the probable loss of foom,

(A} The sstem design shall be wesied 1o ensure proper
performance.

(B) If the foam system is permitted o stant prior to com plete
Closure of the space 0o be filled, additional foam ouwtput shall
be allowed to compensate for the losses.

(C) This shall be verified by test hased on the individual site
comelitions,

T.12.4.1.2 Veniilation.

7.12.4.1.2.1 Where owsicle air is used for foam generation,
high-level venting shall be provided for air that is displaced by
the foam.

7.12.4.1.2.2 Venting velocity shall not exceed 1000 ft/min
(05 ) in free air

7.124.1.23 The required venting shall consist of openings,
either normally open or normally closed and armanged 1o open
antomatically when the system operanes,

TA24.1.24 Where design criteria demand exhanst fans, they
shall be approved for high-temperature operation and installed
with comsiceration for protecinon of swatches, wiring, and other
electrical devices 0 ensure equal reliahility of exhaust fan
performance. Operation of the Ens shall not compromise
foam generator operations,
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7.124.1.25 Where [orcedsair ventilating  swsiems  interfers
with the proper bumldup of foam, they shall be amomatically
shuit dlown or closedd,

7.12.5 Foam Requirements.

7.12.5.1 General. Total Hooding meditm- or high-expansion
foiam shall be discharged at a rate required w fill the enclosure
toa depth above the hazard belore an unacceptable degree of
damage ocours.

7.12.5.2 Foam Depth.
¥.12,5.2,1 High-Expansion Foam.

F.12.52.1.1 The minimum wial depth of foam shall be not
bess thian 11 tmes the height of the ghest lazaid but in oo
case less than 24 in. (G0 mm} over this haszard.

7.12.5.2.1.2 For Hammable or combustible liguids, the
required depth over the hazard shall be permitted o be consid-
erably greater than the requirement of 7.12.5.2.1.1 and shall be
i less than the cepth determined by wesis, Tests shall duplicate
the anticipated fire event in the protected area.

7.12.5.2.2 Medium-Expansion Foam.

7125221 Required depth over the hamred shall vay with
EXPANSION,

¥.12,5.2.2.2 Depth shall be determined by tests, (e 71263

end Anmex 2. )
7.12.6 Submergence Yolume for High-Expansion Foams.

FA26.1 Sobmergence volume for sprinkler protected areas
shall be defined as the depth as specified in 7.12.5,2.2.2 multi-
plied by the Aoor area of the space to be protected in accord-
ance with 7,123,

7.12.6.2 Submergence volume for unsprinklered rmoms of
rombusitle construcgon or finish shall he based on the enare
volume, including concealed spaces,

TJ2.6.3 The volume I:Il'.i"lll'.llli."l'i b vessels, machinery, or other
permanently  located t‘vI.'E!.IIFlI'.II-t‘lH shall b Flt‘l'l11|!|t"d o he
deducted when deter minang the submergence volume

T12.6.4 The volume occupied by stored material shall not be
deducted when determining the submergence volume.

7127 Submergence Time for High-Expansion Foams.

TA2.7.1% Recommended times o achieve submergence
volume for various tvpes ol hazards and building consirmictio
shall be as shown in Table 71271 and in accordance with

NFPA 226, Table 4.1.1.

7.12.7.2 Shorier submergence times shall be permitied o be
required depending on the factors included in 71208,

11273 The submergence tme shall be based on a maximum
of M) seconds delasy Derween fve derection and st of foam
discharge.

TAL2T74 Any delays in excess of 50 seconds shall be deducted
from the submergence times in Table 7.12.7.1.

7.12.7.5 Where use of high-expansion foam on polar solvents
is contemplated, the foam equipment supplier shall substani-
ate suitability for the intended nse,

.12.8% Rate of Discharge.

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

7.12.5.2 High-Expansion Foam.

1.12.8.2.1% The raw of foam discharge necessary for extin-
guishment or conirol @ permit overhaol shall be dependent
on the strength of sprinkler protection, the nature and config-
uration of the hazard, the valnerability of the surucoire and
contents o hre, and the loss potential o life, property, and
production,

7.12.8.2.2 The foam discharge rave shall meet the foam depth
requirements and submergence times of Table 712,71, with

Table 7.12.7.1 Maximum Submergence Time for High-Expansion Foam Measured from Start of Foam Discharge in Minutes

Construction Type

Type IT (000), Type 11 (200),

Type I (all), Type I1 (222, 111),

Type V (000} Type IV (2HH), Type V (111)

Hizard Sprinklered  Not Sprinklered Sprinklered  Not Sprinklered

Flammable liquids | ffash poins below 100°F (387C) | i 2 f b
having a vapor pressure notl exceeding 40 psia (276 kPa)

Combustible liguids [flash poings of 100°F (38°C) and 4 3 h {1
abiwe | #

Low-clensity combustibles (i.e., foam mibhber, foam plastics, 4 £ [} 41
rolled tissue, or crepe paper)

High-density combustibles (i.e., rolled paper kralt or ¥ L 4 &'
coatedd banded)

High-density combustibles (i.e,, rolled paper kralt or b 4 (5 !
coated unbanded)

Rubber tires 7 5! 8 i

Combustbles in cartons. bags, or fiber doms 7 Y H 6!

FPGhn sokvents are not included o this @ble, FEonmable Lopoids Basiog boifing podos lower than TOUEF (3870 miglhy veguive igher appliearion

rates, See MEPA S,

"These submergence dmes might not be divecdy applicabbe wo storage pited above 1500 (400 m) o where fice s pread through combustible contents is

very i,
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compensation [or normal foam shrinkage, foam leakage, and
breakedown effects of sprinkler discharge.

TA28.2.% Calculation.

7A28.25.1%* The minimum rate of discharge or total genera-
tor capacity shall be calculated from the following formmnla:

[7.12.8.2.4.1]

H:[%""H:-.J A BT L )

where:
fi = rane of discharge in fi*/min (m*/min)
V = submergence volume in ft’/min {m®/min)
1" = submergence time in minules
R; = rate-of foam breakdown by sprinklers in it/ min (m/
minh
.y = compensation tor normal foam shrinkage
€ = compensation for leakage

7.12.8.2.5.2% The factor (A} for compensation for breakdown
by sprinkler discharge shall be dewermined either by test or, in
the absence of spechic test data, by the following formula:

[7.12.8.2.5.2]
R,=5%0

where:

5 = foam breakdown in i /min - gpm (m'/min « L/min) of
sprinkler discharge, Sshall be 11 "/ min - gpm (D748
m’ /min: L/min}.

{1 = estimated total discharge from maximum number of sprin-
Klers expected w operate in gpm (L/min).

7A2.8.2.5.5F The [acwr (G for compensation for normal
foam shrinkage shall be 1,15, which is an empirical factor basec
on average reduction in foam quantity from solution drainage,
firve, wetting of surfaces, absorbency of stock, and so forth,

7128.23.4% The bfcwr () [or compensation for loss of

foam due to leakage around doors and windows and through
unclosable openings shall be derermined by the desipn engi-
neer after evaluation of the structure. This factor shall not be
permitied o be less than 1.0 even [or a siructure completely
tight helow the design Glling depth. This factor shall be permit-
ted to be as high as 12 for a building with all openings
normally closed, depending on foam expansion rato, sprinkler
operation, and foam depth.

7.12.9 Quantity.

7.12.9.1 High-cxpansion foam concentrate and water shall be
proviadded to permil continnows operation of the entire system
for 25 mimtes or o generate four times the submergence
volume, whichever is less, but in no case less than enough for
15 mimutes of full operation.

7.12.9.2 The quantty for medinmm-expansion foam shall be
cdetermined by esis developed by an independent testing labo-
ALY,

7.129.3 Reserve supplies shall be provided in accordance vath
]

20271 Editaon

TA2.10% Maintenance of Submergence Volume for High-
Expansion Foam.

7.12.10.1 To ensure control or extinguishment, the submer-
pence volume shall be maintained Tor at least 60 minutes Tor
unsprinklered locations and 3 minutes for sprinklered loca-
Lifns,

TA210.2 Where the hazard consists of flammable or comls-
tible liquids m noncombuostible  containers, the time
7121001 shall be permited to be reduced,

7.12.10.3 Method.

7.12.10.3.1 The submergence volume shall be permited w be
maintained by continuous or intermittent operation of any or
all of the generators provided.

TI2.10.3.2% Arrangements and procedures shall be provaded
to mainmtain the submergence volume without waste of foam
CEHCE e,

7.12.10.4% Overhaul. Overhaul procedures shall be preplan-

ned o prevent loss of control by submergence of the hazard.

7.12.10.5 Distribution. The mediom- and  high-expansion
foam generators shall be Tocated such that a relatively even
builcup of foam will mke place throughow the protected area
cluring the discharge period,

7.13 Local Application Systems.
13,1 General Information.

7.15.1.1 Description. A local application svstem shall consist
of fixed foam-generatng apparatus complete with a piped
supply of foam concentrate and water that s arranged o
discharge foam directly omo a fire or spill hazard.

T.15.1.2% Uses.

7.15.1.2.1 Local applhcation systems shall be permitted 1o be
used for the extinguishment or control of fires in faonmable o
combustible hoguids. ligquetied mitral gas (LNG), and ordinary
Class A combustbles where the hazard is not wotally enclosed,

TAEL22 For multiple-level or three-dimensional fre hazards
where toml building tlooding is impractical. the indivadoal
hazard shall be provided with containment facilities,

7.15.2 General Reguiremenis.

7.15.2.1 Lowal application systems shall be designed, installed,
tested, and manned in o accordance with the applicable
requirements in this standared.

7.15.2.2 Only listed or approved equipment, devices, and
agents shall be used in these svsiems.

7.15.3 Haeard Specifications.

715851 Extent of Hazard. The hazard shall inclode all areas
o o1 fromm which fire shall spread.

T.15.5.2% Location of Hazard.

7.13.3.2.1 Local application mediom- and  high-expansion
foam systems shall be permited w be used w protect hazards
located indoors, under partial shelter, or completely ontdoors,

7.1335.22 Provisions shall be made w compensate for winds
ane other effects of weather.
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7.13.3.3 Foam Requirements for Flammable and Combustible
Liquids and Solids.
7.13.3.3.1 General. Foam shall be discharged at a rate 1o

cover the hazrd w a depth of at least 24 in, (600 mm) within
2 minues.

7.15.3.3.2 Quantity,

7.13.3.3.2.1 Foam concentrate and warer shall be provided to
permit continuons operation of the entire svstem [or at least
L2 minmbes.

7.13.3.3.22 Reserve supplies shall be provided in accordance
with 7.12.9

7.13.3.3.3 Arrangement.

1335351 Discharge outles shall be arranged o ensure thal
foam i delvered over all areas that constiinte the hazard,

7.13.3.3.3.2 Where parts of the hazard are elevated or mased
up from the ground or Aoor line, the arrangement of the
system  shall be such that foam will be deliversd o, and
retaaned on, such parts in the requited depth w ensure promg
and final extinguishment

7.14% Foam Applications for Liquefied Natural Gas (LNG).
7.14.1% System Design Considerations.

7.14.1.1 The determinadon of the highexpansion foam
system design shall depend on an analysis specific w the indi-
vidual site.

7.14.1.2 The analysis shall include effects of heal exposure on
adjacent plant equipment,

7.4 LY Automnatic alarms and actuation shall be vequired fo
Fixed systems.

7.04.L3.1 Where an enginecring study shows that antomatic
protection is not required, the sysiem shall be permined o be
activated manually

7.14.2% Foam Discharge Rate per Unit Area.

7.14.2.1 The discharge mate per unit area shall be established
by tests and shall be able w achieve a positive and progressive
reducton in mdiation within the time hmitations established in
Chee analvais,

T.14.2.2 The discharge rate per unmit area determined by the
test in Section G4 shall be increased by the necessary Bctor
account for the inital vaporization mte and the configuration
ial thie Tsismard.

1423 Aler steadvsiate  comirol condibons have been
reached, the discharge rate per unit area established in the test
for maintenance of fire control shall e wsed o maintain
control.

7.14.3 Quantity.

7.14.3.1 The initial quantity of foam concentrate shall permit
a continuous application at the inital design rare for fire
control to reach steadystate conditions.

T.14.3.2 Additional foam concentrate supplies shall be on
haned o provide conrol maintenance for the calculated fre
dluration.

T.14.3.3% Foam Swsiem Arrmgement. The [am svstem shall
have foam cutlets armanged o supply foam to cover the design
fire area within the specified time.

7.15 Portable Foam-Generating Devices.
7.15.1 General Information.
7.15.1.1 Description.

7.15.1.1.1 Pormable Gam-generating devices consist of a foam
generaton, manually operable and transportable, connected by
mess of hose, or piping and hose, (o a supply of water and
foam concentrate,

7.15.1.1.2 The propomioning equipment shall be integral 1o
or separate from the foam generaton,

7.15.1.1.3 A separate foam concentrate supply shall be permir-
ted 1o be provided for each unit, or solution shall be permitied
to b piped from central proportioning eguipment.

7.15.1.2 General Requirements.

T.15.1.2.1 Pormable oam-repnerating devices amd  associated
equipment shall be vsed and maintained in accordance with
the applicable requirements in this standard,

7.15.1.2.2 Omnly listed or approved equipment and devices
shall b wsed.

7.15.2 Hazard Specifications. Portable foam-generating devi-
ces shall be permitted 1o be gsed 10 combat fives in all hazards
covercd in this chapter.

7.15.3 Location and Spacing.

7.15.3.1 Porable foam-generating devices that are preconnec-
testh 1o s wartesr or solution supply shall be placed where they are
accessilde and shall have enough hose to reach the most distant
hazare they ire expected o protect.

7.15.3.2 Foam concentrate shall be geeessible for ammediate
LI5Es,

7.15.3.3 Portable foam generators shall be located such that
they are not exposed o the hazared,

7.15.34 When portable foam generators are not preconnec-
tedd to o water or solution supply, their associaved equipment
shall be located and arranged for immediate wansport w all
designated hazards.

i.15.4 Foam Requirements.
7.15.4.1 Rate and Duration of Discharge.

i.154.1.1 The e and duration of discharge, and conse-
quently the quantity of foam concentrate and water, shall be
determined by the tvpe and potental sise of hazand.

7.15.4.1.2 To the extent that the specific hazards are identi-
fiedd, the applicable requirements of this chapter shall apply.

7.15.4.1.3 Sinultaneous Use of Portable Foam-Generating
Devices. Where simulaneouws wse of two or more devices s
possible, supplies of foam concentrate and water shall be acces-
sible o supply the maximum number of devices that are physi-
cally possible 1o be used at any one nme.
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7.15.5 Equipment Specifications.
7.15.5.1 Hose.

7.15.5.1.1 Hose used o connect the generator o the water o
solution supplies shall be listed lined hose meeting requine-
ments of NFPA 1861

7.15.5.1.2 The hose size and length shall e selected with
consideration to the hydraulics of the entire svstem.

7.15.5.1.3 Hose shall be stored in an amangement thar will
permit immediate use and shall be protecied agamst the
weather.

7.15.5.2 Electric Power Supply and Connections.

7.155.21 Power supply and connections needed for opera-
tion of the generator shall be capable of ransmitting the
required power and shall be selected for the intended use,

7.15.5.22 All power cables shall be suthiciently rugged 1o with-
stand abuse in service, shall be imperiouns o water, and shall
contain a grouncd wire.

7.15.5..5 FElectrical connectors shall be waterproof.

7.15.6% Traming. All personnel shall be properly trained m
the eperaton of porable oam-gencrating equipment and in
the necessary hirebhghting technigues.

Chapter 8 Compressed Air Foam Systems

5.1 General,

#.1.1 This chaprer shall prowide requirements for the correct
use of compressed air foam system compone nts.

B.1.2 All components shall be listed tor their intended use.

B.1.2.1 Where listings for components do oot exist. conpo-
nenis shall be approved,

8.2 Water Supplies.
21 Quality,

8.2.1.1 The water supply 1o compressed air foam systems shall
be permitted 1o be hard or soft, fresh or salt, but shall be of a
fualiny so that adverse effecs on foam formation or foam stabil-
ity oy not oo

8.2.1.2 No corrosion inhibitors, emulsion breaking chemicals,
or any other additives shall be present withowt pror consulu-
tion with the feam concentrate suppliern

8.2.2 Quantity.

#8.2.2.1 The water supply shall be of a guanmy o supply all the
discharge devices and compresseed air foam hoses that shall be
peermmvitied 1o be nsecd simulianeoosly for the specified nme.

8.2.2.2 This quantity of water shall include not only the
volume required for the compressed air foam apparatis Fatat
ilso water that shall be permitted o be wsed i other fire
fighting operatons, in addition o the normal plant reguire-
1T s,

8.2.3 Pressure. The pressure available ar the nlet o the
compresscd air foam system under reguired flow conditions
shall be at least the minimum pressure for which the ssstem has
been designed.
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8.2.4 Temperature. Water temperatires shall be between HEF
(4°C) and 100°F (38°C).

8.2.5 Design. The water system shall be designed and in-
stalled in accordance with NFPA 24,

8.2.6 Swrage. Water supply shall be protected against freez-
ing in climates where freezing lemperatures are expected.

8.3 Foam Concentrate.
8.5.1 Quality.
B.3.1.1 Foam concentrate shall be listed,

8.3.1.2 The foam concentrale used in a compressed air foam
sysiem shall be that listed for use with the equipment.

8.3.1.2.1 The pet formance of the system shall be dependemnt
on the composition of the foam concentrate as listed with asso-
ciated Tuels and protection storage armangement (consultappli-
cable stindard for storage armangement protection).

83.1.2.2 The qualny of the concentrate for proper perform-
ance mnder the ins@allation reguiremenis of this standard shall
he determined by suiable tests.

8.3.2 Quantity,. The amount of foam concentrate in the
syslem shall be ar least sufficient for the Lurgest single hagird
protecied, ora group of hazards that are o be protecied simnl-
taneously,

853 Storage Tanks.

8331 Swrage manks shall e of corrosion-resisting  materials
and construction compatible with the foam concentrate.

8.3.85.1.1 Consideration shall be given 1o design of the stomge
tanks o minimize evaporation of concentrale,

8.3.3.2 Markings shall be provided on storage anks o identify
the type of concentrate and its intended concentration in sole-
Li,

8.3.4 Swrage Conditions.  Foam concentrate shall be stored
within the listed temperature limitations,

8.3.5 Reserve Supply of Foam Concentrate.

8.3.5.1 A reserve supply of foam concentrawe sufficient
myeet system design reguirements shall be provided in order o
put the svstem back into service after operation.

B.3.5.2 The reserve supply shall be in separate tanks or
compartments, in drums or cans on the premises, or available
from an approved outside source within 24 hours.

#.5.6 Compatibility of Foam Concentrate,

BA60 Dhifferemt mvpes of foam comncentrates shall not be
mixed for storage.

8.3.6.2 Different brands of the same type of concentrate shall
nol be mixed unless data are provaded by the manufacturer w
prove that they are compatible and are acrrplrrl by the AH]J.

8.4 Air or Nitrogen Supply.

8.4.1 Quantiry.
8.4.1.1 Primary Supply. The amount of air or nitrogen shall

he a1 least suthicient for the largest single hazard protected, ora
group of hazards that are to be protected simulaneoush.
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B.4.1.2 Reserve Supply. A reserve supply of air or nitrogen
sufficient to meet system design requirements shall be provided
in order w put the svstem back into service after operation o
available from an approved outside source within 24 hours.

5.4.2 Storage Containers.
B4.2.1 Storage containers shall be lstesd.

B.4.2.2 Pressurized storage containers shall be designed o
comply with all transportation reqguirements from the point of
origin to the destination,

84.2.2.1 Conuuners shall be designed, tabncted, inspected,
certfied, and stamped in accordance with Secton VI of
ASME Hailer and Presvre Vessed Coele.

8423 Pressunized stworage containers shall not be located
where they are subject o severe weather condifions or 10
mechanical, chemical, or other damage.

8.4.2.4 FEach pressurized stomage container shall be provided
with a releasing device,

B.4.3 Supervision. A or nitrogen pressure shiall be super
visedd for high and low pressure.

B.4.4 Regulators. Hegulators controlling the air or nitrogen
prressure for compressed air foam systems shall be Disted for the
intended purpose.

845 Plant Air Plant air shall be permitted 0 be utilized
where the facilitt has an air supply that complies with the
requircments of a dedicated main and reserve air supply,
inchoding the quality, quantty, pressure, and reliability require-
ments of the listing, and shall be subject o the approval of the

AHJ.

BAb Air Compressor Alr compressors used as o dedicared
source of air supply shall be listed for use on fire protection
SYSTETS,

8.5 Compressed A FoameGenerating Method. The method

nsed to generate compressed air foam shall be listed.

H.6 Distribution Systems.

8.6.1 Piping:. Pipe shall be in accordance with £7.2.5.

B.6.2 Fittings. All pipe httings shall be in accordance with
4.7.3,

8.7 Compressed Air Foam Discharge Devices.

8.7.1 Compressed air foam discharge devices shall be listed tor
the intended purpose,

B.7.2 Discharpge devices shall be locaed and installed so that
they are not subject to mechanical, chemical, climatc, ar other
conditions that would render them inoperative.

B8 Operation and Control of Sysiems.

B.A.1 Operation and control of svstems shall be in accordance
with Sectiom 4.4,

8.9 System Types.

8.9.1 Compressed air foam systems conforming to this chapter
shall be fixed deluge-vpe sysiems, fxed sprav-ivpe svsiems, ol
fixed or semidixed pipe Tvpe 1 and Tvpe 11 applications,
wherein compressed air foam shall discharge simuluneounsly
From all noreles or devices upon system activation.

8.9.2 The svstem shall be permitted oo be designed 1o protect
asingle zrone or multiple rones.

H. 10 Limitations.

8.10.1 Compressed air foam systems shall be designed ancd
installed in accordance with their listing for the specific
hazards and protection objectives specified in the listing,

B.10.2 These mitations are cdeseribed o the mamfetorer's
listed design manual, which shall be part of the listng of the
sysiem.

B.11 System Design. The swtem shall be designed in accord-
ance with the manufactiurer’s design manual, which shall be
part of the lsting.

8.12 Installation of Piping amd Finings. Piping for
compressed air foam swiems shall be installed in aceordance
with NFPA 13

A.13 Installation of Automatic Detection.  Awtomatic detection
devices shall be installed in accordance withh NF9 72

8.14 CAFS Discharge Device Choice and Location.

8.14.1 Discharpe devices shall be of the tpe lised for the
intended purpose.

8.14.2 Discharge devices shall be located in accordance wath
listing limitations on spacing, Aoor coverage, and alignment

8.15 Discharge Density. The design discharge density shall be
in accordance with the applicable occupancy standards and in
accordance with the manufacturer’™s listing bt in no case less
than (L04 gpm//f" {163 mm/min) for hwlrocarbon fuel appli-
cations  ancd (06 g'[.'ul:n_f’t!: (2% mm/mimn tor aleohol and
ketone applications,

8.15.1 Where fixed spray-type systems are used [0 profect
three-dimensional equipment, the minimum density shall e
applied over the projecied area of rectangolar prism envelope
for the equipment and s appurtenances.

8.1t Discharge Duration.

B.16.1 The system shall be designed to discharge compressed
air foam for a minimum period of T minues over the entre
ared for deluge-type systems and a minimum of 5 minutes for
fixed sprav-vpe systems and shall be in accordance with the
manufacturer's listing.

B.16.2 Back-up fire sprinkler protection shall be permitied w
be applied as required by the AHJ.

H.17 Sysiem Flow Calculation,

8.17.1 General. Compressed air toam flow mvolves a mixture
of both hwdranlic and pneumatic elements, which shall e
addressed together in the system design (o preserve the foam
Bubble struetore wntil foam is diseharged om a hazared,

8.17.2 Swiem flow caleudatnons shall be performed using a
calenlation method for compressed air foam within the limita-
ticns of the manufae wirer’s design manual,

8.17.3 No calculagons shall be required for a hised pre
engineered system design using the mamifacturer's listed
dhesign manal,

2027 Edition




1144 LW, MEDIUM-. AND HEGH-EXPANSION FORAM

8174 Compressed air foam piping lt"llﬂ;lll‘- anel configura-
tions of fittings and nozeles shall be in accordance wath the
irsanubetire s listedd Tinmatatios,

8.18 Plans and Specifications. Plans and specifications shall
be in accordance with Chaper 4.

B.19 Testing and Acceptance. Compressed air foam sysiems
shall be wested in accordance with Chaprer 12,

B.20 Maintenance. Compressed air [oam  svstems shall be
maintained in accordance with Chapter 15,

Chapter 8 Specilications and Plans

9.1* Approval of Plans. Plans shall be sabmitted to the AH|
for approval before installation or modification o an exasting
SYSTEIN.

9.1.1 Deviation from approved plans shall require permission
of the AH].

9.2 Specifications. Specifications for foam systems shall be
developed and shall include the requirements of %.2.1 through
923,

9.2.1 The specifications shall designate the AHJ and shall indi-
cate whether submission of plans is reguired,

9.2.2 The specifications shall siate that the installation shall
conform to this standard and shall meet the approval of the

AHJ,

9.2.3* The specihcadons shall inchude the specific tess
required to meet the approval of the AHJ.

0.3 Plans.

9.3.1 Prepamtion of plans shall be entrusted onlv 1o fully
experienced and responsible persons,

9.3.2 These plans shall be drawn w an mdicaed scale or shall
be dimensioned,

9.3.3 The plans shall include or be accompanied by the
fallowang intormation, where applicable:

(1} Name of owner and ocoapant

(2} Lowcation, inchiding sireet address

{3) Point of compass '

(4 Full height eross section, or schematic diagram, incloud-
ing structural member information construction of dike
anid tank

(5} Size of supply main and whether dead end or circulanng
—iF deadd ened, direction and distince o nearesl ciros-
lating main — and water fow test resulis and system
elevation relative 1o test hydrnt

(6} Other sources of water supply with pressure or elevation

(7} Make, wpe, model, and model nmimber of discharge
devices

(8)  Pipe type and schedule of wall thickness

() Nominal pipe size and cuting lengths of pipe (or
cenbeEio-center dimensions},

(1 Types of Artings ancd joints, and locations of all welds and
bends, The contractor shall specify on diawing  any
sections to he shop welded and vpes of lings or st
tioms 1 be wsesd.
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{11} Tvpes and locations of hangers, sleeves, braces, nd
methods of securing foam chambers or other discharge
devices when applicable

(12} All control valves. check valves, drain pipes, and test
CONNeciions

(15 Piping provisions for tlushing

{14} For hydreaalically designed systems, the informaton on
the hyedraulic dam nameplate

{15} Graphic representations of the scale used on all plans

{16} Mame and address of contractor

{17y Hvdraulic reference points shown on the plan that
correspond with comparable reference points on the
hydraulic calculation sheets

{14} Information about backflow preventers (manufacturer,
size, Ivpe)

(149} Sizes and locations of hydrants, showing sizes  and
numbers of outlers and whether outlels are o be
equipped with independent gate valves. Whether hose
howses and  equipment are e be provided, and by
whovm, shall be indicaged. Static and residweal hwirauLt.
that were wsed in flos tests shall be shown

{20} Sizes, locations, and piping armngements of hre depari-
Men connecions

{21}y Physical details of the hazard, including the location,
arrangement, and hazardous materials involved

{22} Type and percentage of foam concentrate

{231  Required solution application rate

(24} Submergence volume calculations

(25} Water requirements

{26)  Calculations specifving required amount of concentrate

(271 Hwvdraulic calculations

(28) Calculation specifving required amount of air

(24} CAFS flow calculations report

(50} Idenuficamon and capacity of all equipment and devices

(31} Lowaton of piping, detecion devices, operating devices,
generators, discharge outlets, and anxiliary equipment

(32} Schematic wiring diagram

{33)  Explanations of any special features

834 Complewe plans and demiled dam descnbing pumps,
drivers, controllers,  power  supply,  Auings,  suction  and
discharge connections, and suction conditions shall be submit-
ed by the engineer or contractor w the AH] for approval
before installation.

935 Where field conditions necessitate any change affecting
swstem performance from the approved plan, revised “as in-
stalled” plans shall be supplied for approval to the AHJ.

936 Chars that specify head, delivery, efficiency, and brake
horsepower curves of pumps shall be fumished by the contrac-
[LEIE

9.3.7 Hydraulic Calculations.

9.3.7.1 General. Hvdraulic calculaiions shall be preparesd on
forms that inclade 2 summary sheet, detailed worksheets, and a
priaph sheet,

9.3.7.2 Summary Sheet. The summary sheet shall contain the
following information, where applicible:

{1} Dae

(2} Location

(3} Name of owner and occupant

{4}  Building number or other identificaton

{5} Descrption of hazard

(6} Name and address of contractor or designer
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(7} Name of approving authoray
(8}  Swvstemn design requirements, as follows:
{2)  Design area of foam applicaion, it (m*®)
(b} Minimum rate of toam
(¢} Applicadon, gpm/° [mm/min or gpm (L/m}|
per outlet
(e} Provected area per foam chamber or discharge
device, It (m™)
{e)  Duration of foam applicatoen (min}

(1} Total feam requirements as calculated, including allow-
ance for inside hose, outside hydranes, and exposure
protection (such as dike area protection)

{100 ® Aciual discharge concitions, as follows:

{a) Total actmal foam applicaton, gpm (L/min )
{h  Duration of foam application (min}
{11}y Allowable flow range of each proportioner

9.3.7.3 Detailed Worksheets. Detailed  worksheets or
computer printouis shall contain the following information:

(1} Sheet number
(2} Foam chamber or discharge device deseripion and
diseharge constant ( K)

{3) Hwdraulic reference poini

{4} Flow in L/min (gpm)

{5) Pipe size

{6) Pipe lengths, center-to-center of fittings

{7} Equivalem pipe lengths for httings and devices

(8) Friction loss in psi/ft (har/m) of pipe

{41 Towal frictwon loss between reference points
{11y Elevaon head in psi (har) between reference points
(11} Reguirved pressare in psi (bar) ot each reference point

Velocity pressure and normal pressure if included in
cale wlatons
(12} Notes (o indicate starting points or reference o olhes
sheets or to clarfy data shown

9.5.74 Graph Sheet. A graphic representation of  the
complete hvidraulic caleulation  shall be plotted on semi-
exponential graph paper (') and shall include the follow-
ing:

(1) Water supply curve

(2} Foam system demrand

{3 Hose allowance, where applicable

9.3.7.5 Water Supply Analysis. Summanzed information
regarding the available water supply shall include the following
in formaion:

(1) Mode tag at the source

(2} Siate pressure [psi (bar) | available ar the source

(3 Residual pressure [psi (har} | available at the source

{4y Tosal Aow [gpm (bar)| available at the source

(3) Available water pressure [psi (har)| at the sonree when
the total caleulated demand is Flowing

(6 Total calculated water demand [gpm (L/m}| at the
solrce

{7}  Reqguired pressure |psi (bar)]| at the sonrce when Howing
total caleulated demand

(#) Total water Aow mte [gpm (L/m)] at the source,
balanced o the available water supply

{2 Balanced pressare [psi (bar)] at the source when flowing
total water flow rane,

Chapter 10 Installation Requiremenis

1.1 Foam Concenirate Pumps.

10.1.1 Foam concenwate pump discharge pressure shall not
exceed the working pressure of the concentrale piping or
components in the svsiem,

10.1.2 Positive displacement pumps and centrifugal poamps
are capable of overpressuring the system and shall be provicded
with means of presure relief from the discharge o the suppl
sitle of the circuil 0 prevent excessive pressure and tempera-
Laare,

1.2 Flushing.

10.2.1 Pumps shall be provided with a means for flushing with
Wl

10.2.2 Foam concentrate piping systems shall be prowvidedd
with Flush mler amd oucler connees Gons.

10.3 Power Supply.

10.3.1 Power supply for the drivers of foam concentrale
pumps shall be installed in accordance with NFPA 20 and
NFPA T

10.3.2 Power supplies shall be arranged such that disconnect-
ing power from the protected facility during a fire does not
disconnect the power supply o the [oam concentriale pump
feeder ciromt,

10.3.53 Coniroller.

10.3.3.1 A conwoller governing the strt-up of foam concen-
trare pumps with elecric drivers of 34 horsepower or less shall
b Distesrd as @ limated] sevice controller.

10.3.3.2 A controller governing the start-up of foam concen-
trage pumps with electric devers of greater than 30 horse power
shall be listed as a full service fire pump controller.

10.3.53.3 A controller governing the start-up of foam concen-
trate pumps with diesel engine drivers shall be Tisted as a diesel
engine fire pump conuoller.

10.3.4* Service Disconnecting Means,

10.5.4.1 A service disconnecting means in the feeder circuits
to limited service controllers shall be permited, where allowed
by the AH], provided the disconnecting means is supervised for
the correct position.

10.3.4.2 Supervision for correct position shall be performed
v o o thve Tollowing:

{1} Central station, proprictry, or remote station signaling
elecirical supervision service

{2) Loeal electical supervision through wse of a signaling
service that will cause the sounding of an andible signal @t
a comstantly attended point

(3 Locking the discomnect in the correct position with
maonthly recorded inspections

10.4 Low-Expansion System Piping.

10.4.1 All piping inside of dikes or within 5 f1 (15 m) of anks
ot diked shall be buried under at beast 12-in, (300 mm) of
carth or, if aboveground, shall be supported and protecied
against mechanical injury,
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10.4.2% For svstems that apply foam o a ank’s lguid surface
from the top side. all piping within the dike or within 50 {1 (15
m} of anks not diked shall be designed o absorb the upwand
force and shock caused by a tank root rupture.

10,4.3%* Omne tlange or union joint shall be provided in each
riser al a conveniem tocaton, preferably directly below the
foam maker, to permit hydrostatic testing of the piping system
up o this point

10.4.4 Hose connections for semi-fixed foam svstems on fixed-
roof {oone} tanks shall erminate outside the dike area a least
oiie tank diimeter from the monk Bue in no case less than 50 fi
(13 m}.

10.4.5 The mlets to the piping shall be finted with corrosion-
resistant metal connections, compatible with the edquipment
supplving foam solution to the system, and provided with plugs
0 Caps,

10.5 Valves in Low-Expansion Sysiems.

10.5.1 The katerals 10 each foam discharge outler on fixed
roof tanks shall be separately walved oulside the dike in the
Following circiumsiances;

i1) Al fixed systems
(2 Any Emerals of a semi-fiked swiem not supplied by an
mdividnal hose connection

10.5.1.1 Vales shall be located either in the central foam
station or al poinis where the laterals branch from  the
commaon supply line,

10.5.0.2 These valves shall not be located within the dike.

10.5.1.53 Valves shall be located at a oistance of at least one
Gink cipmeter fromm the ok but in noocase Tess than 50 0t (15
m},

10.5.1.4 Shutoft valves shall be permitted 0 be located at
shoreer distances. where remotely operated, subpect o the
approval of the AH].

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

10.5.3 The water line to each proportioner inlet shall be sepa-
rately valvec,

10,54 For solsurface applications, each foam delivery Tine
shall be provided with a valve and a check valve unless the
latter s an integral part of the high back-pressure foam maker
or pressure generator 1o be connected at the time of use,

10,5.5 Where product lines are wsed lor foam, product vilving
shall be arranged 10 ensure that foam enters only the ank o
be protecred.

10.5.6 Drain valves than are accessible shall be provided for
low points in undergronnd and aboveground piping.

10.5.7% Bladder Tank Valves.

10.5.9.1 For bladder tank systems with muliple rsers, the
water supply feed 1w the bladder tank shall be arranged
prevent the discharge of foam concentrate into nsers that have
been isolated, to prevent rther discharge into the hazard,

10,5.7.2 For single-riser svstems, the water feecd wo the bladder
tank shall be located above the system control valve.
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1.6 Hangers, Supporis, and Protection for Pipework.

10.6.1 Where protecing hazgards where there 15 a possibality of
explosion, pipework shall be romted 1o aftord the best protec-
tion apainst damage.

10.6.2 The supply piping o foam outlers that protect a given
hazard in a fire area shall not pass over another hazard in the
same fire area.

10.6.3  All hangers shall be of approved tvpes.

10,64 Tapping or drilling of load-bearing structaral members
shall not be permitted where unacceptable weakening of the
structure would ocoar

1L6.5  Amachments shall be made o existing steel or concrele
structures and equipment supports.

10.6.6 Where systems are of such a design that the standard
method of supporting pipe for protection purposes cannot be
used, the piping shall be supported n such a manner as to
produece the strength equinvalent wo that afforded by the stand
ard means of support.

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

0.8 Tesi Connections. Valves and hose connections shall be
installed o Gacilitate testing of proportioning equipment.

19.8.1 A M in. (15 mun) female National Pipe Thread (FNTPT)
threaded connection for a pressure gauge shall be provided at
the most remote Axed foam discharge outler.

10.8.2 The % in (15 mim) connecaon for foam makers and
foaim chambers shall be installed 2w 4 pipe  diameters
upstream of the discharge device inlet.

10.8.3 Where gabanized piping is used in accordance with
4.7.2.2, the threaded connection shall be instalted on the spool
picce prior o being treated o prevent localized comnosion at
the connection.

Chapter 11 Low-Expansion Foam Systems for Marine
Applications

11.1% General.

11.1.1 This chapter shall cover desipgn information for the use
of low-expansion foam svstems that are necessary for marine
applications where required by the AHJ.

11.1.2 The provisions of Chapters 4, 5, 7, and 9 of this stand-
ard shall not be applicable unless specifically referenced,

11.1.3% Components.

1LL3D All componenis shall be Bsted or approved [or their
mtended application and shall be approved for use in a marine
ETNITOnmenL

11.1.3.2 Each manufactiurer shall maintaim a system  design
manual describing basic system design arrangements  and
denotng each of the manufacturers’ products within the
h':n‘ﬁ-lt.‘l'll.

11.1.4 Foam concentrates shall be approved.

1141 The concentrate used in a foam system for protecting
a fMlammable or combustible liguid shall be approsved for hydro-
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carbons in accordance with & test method equivalent o the
L0 2 (9.3 m*) hydrocarbon method given in Annex F.

11.1.4.2 Four comsecutive fire tests shall be completed — mwo
Lising sen water and two using freshwater,

11.1.4.3% Concentrates intended for nse on polar solvent
systems shall be approved for hydrocarbons in accordance with
L1141 and approved for nse on polar solvents in accordance
with a method comparable o UL 162,

11.1.5 The toam supply shall conform to the requirement of
+4.3.2.2.

11L.L6 The water supply shall conform to the reguiremems of
4.2.1.1 through 42_1.3.

11.1.7 The foam system shall be capable of being actuated,
including introduction of foam solution inw the foam main
within % manutes of nobficaton of a hre,

11.2 Fixed Low-Expansion Foam Systems for Machinery
Spaces,

11.2.1% Where mstalled, svstems provecting machinery spaces
shall be capable of discharging the required quantity of expan-
dled foam o provide a foam deprh of a least G in, (150 mm)
over the Largest area over which oil is expected 1w spread.

11.2.2 The toam solubon apphation rate shall be in accord-
ance with either of the following:

{1y Prodoct listing
{2}  Approval by the AHJ

11.2.2.1 The minimum foam solation application rate shall be
0.16 gpm /At (6.5 mun/ min ) for a minimum of 5 minutes.

11.2.3 The system shall be capable of generating foam for
extinguishing hvdrocarbon fires.

11.2.4 Moeans shall be provided for effectve distributon of the
foam through a permanent svstem of piping and control valves

ton discharge outlets and for foam to be directed by fixed foam
ourlers.

11.2.5 The foam expanston ratio shall not exceed 132:]

11.2.6 Where a deck foam ssstem is also installed, the foam
supply and proportioning system shall not be required o be
sepRrale,

1L2T The quangy of [oam concentrate shall be  that
reguired to meet the single largesy svsiem demand.

11.2.8 Controls.

11.2.8.1 Svstem conrols shall be simple 1o operate and grou-
ped together in a location accessthle durnng fire conditions in
the protected area.

11.2.8.2 Instructions in permanent letering shall De alTixed w
the equipment or in 4 position adjacent thereto.

11.28.3 Remotely controlled devices shall have local mechani-
cal override,

11,3 Fisxed Low-Expansion Foam Systems on Deck for Petro-
leum and Chemical Tankers.

11.5.1* Purpose. The purpose of this sectiom shall be o
provide guidance for the design and arrangement of deck

foam systems that are expected o prosade the  following
p:ﬂ'fumul.:n-rt:

{1} Extinguish deck spill fires and maintain a foam blanket
while hot metal conls.

(2) Control or suppress cargo manifold fires except those
involving three-dimensional pressunzed liguid Ares.

(3 Suppress or control tank hres involving a portion of the
cargo arca, assuming that the top of the tankis) wathin
the design ares is open @ weather and that the rajectory
of the foam is not obstructed.

(4 Prowide protecton for the crew while arrangements are
being made 1o abandon ship.

(3 During lightering operations, the deck foam system Tow-
ing water shall protect the exposed vessel from fre on an
adjacent ship while preparations are made o ger the
exposed vessel under way.

{G)  The deck foam system s not intended © provide exin-
guishment, suppression, or control of incidents resolting
fromn major explosions or collisions that canse the fire o
exceed the area of the single largest tank.

(7) The deck foam system shall be designed and arranged o
withstangd the effects of weather, vibraton, corrosion,
atrain, and impact expected during the ship's operanon,

(®)  Suppress vapors from an anignited spill on deck,

11.3.2 Control Station.

11.3.2.1 The main controel station for the system shall be loca-
ted aft of the cargo areaand be operable in the event of fire in
the main area prodected.

11.5.2.2% Operating instructions and  diagrams of piping
svitems and valves shall be provided in clear and permanent
lettering and shall be athxed o the equipment or in a position
visihle thereio,

11.3.2.2.1 The diagrams shall show which salves are o be
opened in the event the system must be activated.

11.3.2.2.2 The diagrams shall explain thoronghly and clearly
all the steps necessary o put the system inlo operation,

11.3.2.2.3 Each valve shall be labeled descriling its funetion.

11.3.2.3 The control station shall be provided with emergency
lighting.

11.3.3*% Fire Main Capacity. Clperation of a deck foam system
aL ns required foam solution flow rate shall sull permit the
simultaneonus use of the required number of streams of water
and other services provicded by the fre main system,

11.3.4* Rate of Application. The mie of application of foam
solution for fires on deck shall not be less than the greatest of
[1.3410or 11542

11.3.4.1 Rate of application for hydrocarbon fuels shall be in
accordance with the product lisnng or approved by the AHJ
it in mo case less than the Following:

(1) Deck spill calenlarion: (0,16 H].I'I'II_-"I.IE (050 m/ min J over
1} percent of the cargo block deck area, where the cargo
hlock deck area s the maximum breadth of the ship
multiplied by the total longitdinal extent of the cargo
tank spaces

{2)  Largest mnk caleulation: (.24 Ir.;pm,-"l'lu (978 mm/min} of
the horizontal sectional area of the single largest tank

{3) Largest monitor calculation: (LO74 gpm.-fflu {50 mm/
min} of the area protecied v the largest monitor, such
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area being entirely forward of the monitor, ot not Jess
than 330 gpm ( 1250 L/ min)

11L.3.4.2 Kae of application for polar solvents shall be as
follows:

(1) Since required foam application mtes are permitted
vary, polar solvents are placed in representative groups
based upon fire performance tests,
(2) Fire tests are wsed o determine the minimum foam
design application rate for the group and are conducted
using one or more solvents representing the most diffe
cult extinguishment case or the actual polar solvent.
(3 The [ollowing minioom foam design application rates
and polar solvent groupings shall be specified in the foam
manufaciurers  system design manwal oand  shall be
approwesd:
ta)  Deck spill calculation: the highest required Toam
application rate tor any polar solvent that is permit-
ted 1o be tansporied by the ship, applied over
1} percent of the cargo block deck area, where the
cargo block deck avea s the maximuim breadth of
the ship multiplied by the 1ol longimdinal extent
of the cargn ank spaces

ih}  Most demanding tank cleulation: 158 percent of
the highest required foam application e, for any
polar solvent that is permitted o be transported by
the ship, applied over the horizontal sectional area
of the single largest mnk

te) Where dedicated cargo tanks are specifically
designed for a particnlar polar solvent and such
sobent is not permitted o be carried in other @anks,
the foam system design 5 permiited 10 ke no
consideration this limitaion.,

tel)  Largest monitor caleulation: 45 percent of the high-
es1 required foam applicaton rae for any polar
solvent that is permitted 10 be transported by the
ship, applied over the area protecied b ihe T
monitor, such area being entively forward of the
miomitor, bt not ess than 3340 gpm (12 L/min)

11.3.5 Discharge Duration.

1L.A5.0% Foam concentrate shall be provided o supply the
system for 30 minmes.

11.3.5.2 For ships that are both transporting only hydrocars-
bons and using gas inerting of cargo vapor spaces, Lhe
discharge duration shall be permitted to be N minutes,

11.3.5.3 Allowance shall be made to 611 all foam soluton and
concentrate piping ancd still provide the required duration.

11.3.5.4* Minimum discharge duration shall be based on the
aciual capacity of the installed equipment.

11.4" Fomnm Ohatlen Dhevices,

11.4.1 Ome hundred percent of the reguired foam application
shall be by using one or two monitors located immediarely aft
of the prowecied area,

11.4.2 Omn vankers less than 4000 metric wns dead weigh,
hand hoselines only shall be permitted o be installed in liea of
LTETATS T 'dpl‘.'t'ifit‘ﬂ i 1141, prowided thar the eapacine of each
hand hoseline is at least 25 percent of the wotal foam solution
o rate,
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1.5 Monitors,

11.5.1 The capacity of any monitor shall be at least
0.074 gpm/fE (302 mm/min) of the deck area protecied by
that monitor, with such area being entirely forward of the
E Mt Tal e

11.5.2 The capacity of each monitor shall be not less than
M) percent of the required foam application rate and not less
thian 330 gpm (1250 L/ min ).

11.5.3 The distance from the monior o the farthest extrem-
ity of the protected area forward of the monitor shall be not
more than 75 percent of the moniwn throw insall air conedi-
tions,

1154 Foam monitors amd hand hoseline connectons shall be
situiatesd both port and starboard at the front of the accommo-
dation space facing the cargo mnks deck,

1155 If provided, these monitors shall be located at least 8.2
fi (2.5 m} above the mam deck and shall be directly accessible
1o the deck above the freeboard deck.

1156 The foam system shall be capable of delivering foam w
the entire cargo block deck area,

11.5.6.1 Ships fittedd with bow or sterm loading and unloading
arrangements shall be provided with one or more addiional
maonitors located to protect the bow or sterm arrangements,

11.5.6.2 The area of the cargo line fore or aft of the cargo
ock area shall e provided with monivoe protection,

11.5.6.5 Foam monitors shall be mounted on platorms,

11564 Platfarms shall permit 360-depgree access around the
MO LS.

11.56.5 Plattorms shall he mised o allow the monitors an
unobstructed throw insofio as practical,

115668 The monitor isolation salve shall be accessible from
the monitor platform.

11.5.6.7 Platforms higher than 6.5 ft (2 m) shall be provded
with handrails or chain wails.

115,68 Access to the monitor platform shall be via valkway
or permanent ladder,

11.5,6.9 Prowisions shall be made Tor securing monitors while
ar ses,

11.5.7 Monitors,

11.5.7.1 Moniors over TR gpan (3800 L/ming shall be prosys
ded with two operator handholds or one handwheel for each
swivel,

11.5.9.2 Monitors shall be designed o prevent unwanted
mawement doe 1o reaction forces.

115,73 Monitors shall be capable of being locked inw posi-
tion while operaing at full flow.

11.6 Hand Hoselines.

11.6.1 Hand hoselines shall be provided o ensore Plexibiliny
of action dunng firefighting operations and 1o cover areas
obharructed from monitors.
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F1.6.2 The capacity of any hand hoseline shall be naor less than
LO0 gpn (380 L/min}, and the hand hoseline throw in stall air
convelinions shall B et less tham 50 00 (015 m).

11.6.3 The mumber and location of foam solution outets stall
e such that foam from at least two hand hoselines shall be
permitted o be simultaneously directed onto any part of the
carge hlock deck area.

11.6.4 Hand hoselines and hydrants shall be mounted on
monitor pladorms or at deck level.

11.7 Hydraulic Calculations.

11.7.1 Hydranlic caleutations shall be performed in accord-
ance with NFPA 15, Foam solutdon shall be considered o have
Che same v raulic chiaracteristics as water,

11.7.2 Foam concenirate  hwvdeulic caleulatons  shall e
performed in accordance with the foam concentrate manufac-
rure r's svatemm design manual,

11.7.3 Ohifices shall be permited o balance flows o monitors
and fixed foam outlets for marine applications.

11.58 Isolation Valves,

11.8.1 Isolation valves shall be provided in the water, foam
concentrate, and foam soluton mains (mmediaiely forward of
any monitor position) to solate damaged sections. In addition,
each monitor and hose stanon shall have an isolation viabe,

1L.8.2 Isolaton valves shall be operable from accessible loca-
tiomns.

11.8.3 Moniwr soluion valves shall be in accordance with
L1.5.6.3 thirough 115,64,

1184 All solation valves shall be installed with the bonnet
alywe the horizonial.

11.85 Isolation valves shall be pt’li]-ﬁ-l'h"ﬂ with a ready means
For visual indicaton of valve position,

11.9 Hangers, Supporis, and Protection of Pipework.

11.9.1 PFipework shall be ronted w iftord protecton agains
damage.

11.9.2% All hangers and piping supports shall be designed for
marine applications.

11.9.3% Deck foam solution piping shall be independent of
Fire mam piping,

11.9.4 Where the fire main and foam main are connecied wa
conmmon maonitor, check valves shall be tnscalled,

11.9.5% The system shall be arranged to prevent the possibility
ol freezing,

11.9.5.1 Portioms of the system t'}up:.l:-:vd o wesather shall be
selfdmaining.

11952 Wel or pressunzed portions of the system shall be
prrotected against Ireerng,

1110 Testing and Inspection.

FL10G1* Foam swstems shall be inspected  and  tested i
accordance with h1plrn 1land 12

11.10.2 Annual testing shall include tesis conducted  in
accordance with Section 12,6,

11.10.3 The swiem supplier or owner shall proside w the
ship's crew a system use, inspection, and westing videotipe.

11.11 Foam System Concentrate Storage.

11.11.1 Foam concentrate storage shall be in compliance with
4.3.24,

1L.TLLT* The primary deck foam concenirane storage tnk
shall be located on or above the frechoard deck level in the
space containing the svstem control station described in 11,32,

I1.11.1.2 All [vam concentrate shall be stoved in an accessible
location unlikely o be cut off in the event of fire or explosion
and not having direct opening or exposure to the cargo are.

11.11.2 Foam concentrate tinks shall be in compliance with
4 503,

11.11.2.1* Tanks shall have expansion domes.
11.11.2.2 Tanks shall be fitted with baffles 1o prevent sloshing.

11.11.2.3 Each concentrate storage tank shall be provided
with a brass, stainless steel, or other coOrmosion-resismant pressuore
vacuum (V) vent.

11.11.2.4 FEach mank shall have a support structure for mouant-
ing the tank o the ship's structure.

11.11.2.5 Each wank shall have a sump or other means o
prevent clogging of the foam concentrate suction pipe in the
event of sedimentation or other foreign materials in the ank.

1L.11.26 The foam concentrate suction pipe shall ake
suction above the bottom of the sump.

11.11.3 Tanks shall be ot a design and materials designed tor
constant sloshing of the liquid against the tank structure,

11.11.4 Each tank shall have a manway or openings for inmer-
nal inspection and arcess.

11.11.6 Tank suction and reton connections shall erminate
netr the bottom of the ank so as mw redice the chance of
premature foaming due (o agitation during system operation.

11.11.6 Atmosphenc anks shall be provided with means for
continuous refilling of the ank.

11.11.7 Foam concentrate storage shall be within the foam
concentrale manufacturer’s recommended temperature limita-
TICHS,

11.11.7.1 Stomage spaces shall be provided with heat 1o
prevent freezing of the foam concentrate and piping,.

11.11.7.2 Storage shall be in comphance with 4.3.2.4 and
4524.1.

11.11.8 Foam concentrate compatibility shall be in compli-
ance with 4.4.1 and 44.2, The foam concentrate siorage tank
shall be provided with a label specifving foam manufacturer
fom tvpe, and quantiny

11118 Omnly one type of foam concenwate shall be carried on
baoviarel,

11.12 Supply Arrangements.

11.12.1*% Foam proportioning shall be by the balanced pres-
sure  proportioning method emploving a dedicated  foam
COCe AL |.':I||I"II|::I.
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11.12.2 Onthier tvpes of syiems acceptable o the AH] shall be
permitted.

11.12.3% Foam concentrate pumps shall be in compliance
with Section 4.6.

11.12.4% Foam and water pump moters and contollers shall
comply with IEEE 45 or equivalent.

1L.12.5 Foam and water pumps shall be capable of operation
during loss of the main power sistem,

11.12.6 Eleciric power for foam pumps, water puamps, and
other electncal components of the foam system shall be in
accordance with the provisions of 4.3 and 435 of SOLAS
Regulations 112 applicable 1o fire pumps.

11.12.7 Where diesel pumps are provided. they shall be
connected o a listed diesel pomp controller,

11.12.8 The deck foam swstem piping shall not be roued
through, immediately admeent to, or immedately above the
CAFEO P 1oGm,

11.13 Piping Materials.,

11.15.1 Piping shall be in complance with Section 4.7, excepl
as provided in 111311,

11.13.1.1 Unprotected carbon steel pipe shall not be used for
foam solution piping,

11.153.2 Fipe in areas subject o fire exposure, including rodi-
ant and condwcted heat, shall be of steel or other alloy rated
for the pressare, possible fre emperaire exposure, and envi-
ronmental conditions expected.

11.13.3 Foam concentrate piping shall be constructed  of

material compatihle with, and not afTected by, the concentrate.
L1354 Foam concentrate piping shall not be galvanizec,

11.15.5% Pipe thread joint sealants nsed [or f[oam concentrate
lines shall be in compliance with the foam concentrate mam-
Facturer's recommendlations.

TL13G When foam solution piping s asembled using unpro-
tected steel pipe and fittings. it shall be hot-dip gahanized after
fabrication.

11.13.7 Where pipe and Ruings are gabvanized, all disoorbed
areas shall be repaired using a cold gabanizang produoct.

Chapter 12 Acceptance Testing

141 Inspection and Visual Examination.

1211 Foam systems shall be examined visually 1o determine
that they have been instlled in accordance with approved
plans and specifications.

12.1.2 Foam systems shall be inspected for such items as
conformity with  installation  plans;  continuiny  of - piping;
removill of temporary blinds; accessibility of walves, controls,
and panges; and proper insallation of vapor seals, where appli-
cuble.

12.1.3 Devices shall be checked tor identiication and operat-
INE NSt ions,
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12.2 Flushing after Installation.

12.2.1 In order to remove foreipn materials that have entered
both underground  and aboveground water supply  mains
during installation, the water supply mains shall be flushed
thoroughly at the maximum practicable mate of How hefore
connection is made 1o sysiem piping,

12.2.2 The minimum rate of low for dashing shall now be Tess
than the water demand rate of the system, as determined by the
systern design,

12,23 The How shall be continued o ensure thorough clean-
ing.

1224 All foam system piping shall be Aushed after installa-
tion, wsing the svsiem's normal water supply with foam-forming
materials shut off, unless the hazard cannot be subjected
water How.

12.25 Where flushing cannot be accomplished, pipe interiors
shall be visually examined for cleanliness durnng installation.

12,251 All compressed air foam system piping interiors shall
be carefully visually examined and, if mecessary, cleaned during
installation of the pipe.

12.2.5.2 Compressed air foam system piping shall be lushed
after installation, vsing the svstem’s air supply in lieu of flushe
ing with waler.

12.5% Accepiance Tests,

1251 The completed system shall be tested by gualified
personnel w meet the approval of the AHJ.

12.3.2 These rests shall be used o determine that the system
has been stalled in accordance with approved plans and spec-
ihearions, and that it fincions s intended.

124 Pressore Tesis,

12.4.1 All piping, except piping handling expanded Foam fon
other than subsurfice application, shall be subjected w a 2
hour hydrostatic pressure gaoge test at 200 psi (1379 kPa) or
) psi {345 kPa) in excess of the maximum pressure amticipa-
ted, whichever is greater, m-acoordance with NFTRA 1.

124.2 Drainage pitch for all normally dry horizontal piping
shall be venfied.

125 Operating Tesis.

12.5.1 Before acceprance, all operatng devices and equip-
ment shall be tested for functon.

12.5.2 Tests tor total Hooding systems shall establish that all
antomaric closing devices for doors, windows, and comveo
openings, and antomatic equipment interlocks, as well as anto-
matic opening of heat and smoke venis or ventilators, will funee
L LN Sysiem operation,

12,53 Tesis shall include a complete check of elecuical
control cireniis and supervisory sysiems [0 ensure operation
und supervision in the event of failure.

12.5.4 Water Supply Test.

12541 The main dmin valve shall be opened and remain
open until the ssstem residual pressuve stabilizes,
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12.5.4.2 The static and residual pressures shall he recorded on
the contractin’s material and test cenificate,

1255 Operating Test for Control Valves., All control valves
shall be fully closed and opened under ssstem water pressure to
CNEITE PUoper o ralion.

1256 Operating instructons provided by the supplier and
device identificanion shall be verified.

126" Discharge Tests.

12.6.1 Where conditions permit, How tests shall be condocted
to ensure that the hazard is fully protected in conformance
with the design specification

12.6.2 The concentration of the Toam soluton sample shall De
verified by one of the following measurement devices:

(13* Digial refractometer

(27% Digial electric condie vty

(3 Listed digid fow mevers (total Fosw and foam concens
frate)

(4] Other means acceptable o the AH|

12.6.3% The following data shall be required:

(1) Static water pressure

{2)  Residual water pressure at the control valve and an i
remote reference point in the system

(3 Aciual discharge rate

{4}  Consumption rate of foam-producing material

(3 Concentration of the Fosgm solution

12.6.3.1 For compressed air toam systems, the [ollowing data
shall be recorded as part of any discharge test:

(1) Sate water pressure

{2)  Residual water pressure at the control valve

(&) Swystem air pressure

(4) Concentration of the toam soluiions

12.6.4% The foam proportioning system shall be permitted o
e tested with a listed or approved method thar does mol
require discharge of foam concentrate, (Se Avwnex [, )

12.6.5 The foam concentrate mducton rate of @ proportioner,
expresses as a percentage of the foam solution Dow {water plus
foam concentrate), shall be within minus 0 percemt 10 plos
A0 percent of the manufacmrer’s listed concenratons, or plus
| percentage point, whichever is less. For information tests for
phiwsical properties of foam, see Annex 1D,

127 Approval of Low-, Medium-, and High-Expansion Foam
Systems.  The installing contractor shall perform the following
Lasks:

{1} Noofv the AH] and the property owner or the properm
owner's anthorized representative of the time and date
testing will be performed

{2} Perform all acceptance tests required by this chapter

(3* Complete and sign the conractor’s material and esi
certificate for low-, medinm-, and high-expansion foam
HYRLEITS

128 System Restoration. Afier acceplance [esis ave comples
ted, the system shall be flushed and restored o operational
consclinion,

12.9 Acceplance Tests of Foam-Water Deluge and Spray
Systems.

12.9.1* Flushing of Supply Piping.
12.9.1.1 Underground mains and lead-in connections shall be
thoroughly flushed before connection s made oo the sysiem

piping.
12.9.1.2 Flushing shall be in accordance with NFPA 24
12.9.2 Hydrostatic Pressure Tests,

12.9.2.1% Al piping, including foam concentrate lines and the
system piping, shall be hydrostatically tested ar 200 psi (158
har) or at 50 psi (3.5 bar) in excess of the maximum static pres-
sure where the maximum static pressure exceeds 150 psi (1003
bear}.

12.9.2.1.1 The pressure shall be maintained wathout loss for 2
hioars,

12.9.2.1.2 Bladder wnks shall not be included i pressure
Lesls.

12.9.2.2 Underground Piping Systems.  Underground water
piping shall be tested in accordance with NFPA 24,

12.9.3 Systemn Tests Dhischarging Foam from  Foam-Water
Deluge and Spray Systems.

12.9.5.1% Acceptance Tests.

12.0.5.1.1 Approval of Systems. The installing contractor
shall perform the following:

(1) Nouly the AH] and the property owner or the property
owner’s authorized representative of the tme and dae
testing will be performed.

{2)  Perform all required acceptance [ests,

{(#  Complete and sign the contractor’s material and  rest
certificate Giee P (293 0.0 )

(4)  Remove all temporary system components such as caps
and siraps prior o placing the ssstem in service,

12.9.3.1.2 Acceptance tests shall be conclucted (o ensure than
the hazard is fully prowected in accordance with Chapter 4 and
o determine the Mow pressures, actual discharge capacity,
consumption rawe of foam-producing materials, safling needs,
and other operating ¢haracterisics,

12.9.3.1.3 The wesis shall incloude the fedlosing:

(1) Foam discharge from a single system
(2)  Simultaneos foam discharge of the maximum nomber
ol svalems expected to operate ona single hazard

12.9.3.1.4 The discharge shall be cominued for the time
required 1o obtain stabilized discharge.

12.9.4*% Proportioning System Testing,

12.0.4.1 Operation of the proportioning equipment shall be
verified by flow teses,

12.9.4.1.1 For closed (wer pipe, preaction, o dry pipe)
systems, the concentration shall be veritied by How tesis at the
actual caleulated discharge demand for the least hydraulically
demanding condition and at the minimum design flow mte of
the system. For open deluge sysiems, the concentration shall be
verified by How tests at the midrange design flow rate of the
EARLE .
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Sprinkler/Spray System

Sample Contractor’'s Material and Test Certificate for Foam-Water

PROCEDURE

workmanship, & fadure 1o comply with approving authority's requiremeands or local crdinances.

Upon completon of work, megection and tests shall e made by the conbracton's regresentative and winessed by T progssy ownsr of
their avihonead agent, All dafecis shall be comecied and sysiem i in service bafors conbracior's parsonnal finaly Bave e joi

A certificate shall ks filled out g signed by both representatives. Coples shall be pregarad lor approving autharfies, cwners, and
contrachor. 1 is undersiood the ownars representatve s sxgnature o no way prejudices &y cakm aganst conlreciors for taulty material, poar

Areg of coverage: [ Total  []] Partial [ &peciai hazand [JOtnes

Progarly nams Dk
Propsay eddress
Accapbed by approving authorlies namea)
Aelcirgss
H - —
i Instafiation conforms o accepded plans [} ves [_J Mo
Eguipmeant usad & approved [ ves (Ao
It no, axplain deviatons
Has parson in chame of g aguipmant besa instructad as dves Hro
to kzcation of control vaives and cars and malnenance
of this naw aguipmand?
It nio, explain
Instructions
Have copesa of the lolowing been lefl on the premises? D"f‘as DNU
1. Byastem components natructons (4 ves [ ro
2. Cang and maintanance mstructions D"I"EE DNU
3. NFPA 25 [ ¥es (dno
Locaton of
wrsiom | Supplies buildings
Yaar of Ouifice Temparaiureg
Maka Modal manufaciure slza Cruaniity rating
Sprinklers of
Mozzhes
Fipa and Typa of pipa
fittings Type ol fittings
Ganaral =
Bruibding hype: [_] Mew (] Existing [ Aenovation Brga:
Contruction type:  [_] Fire rasistve [(JIMencombustible  [_JOrdnary [ Heawy timber [JWood trame [CIminad
Oiooupancy classdicaton:
Foam=-watar system type
[ et (=550 [l Preaction [ Desuge () Spray [ Preprimad
Sprinkisr cmitted in any areas? [_] vas ™
Spare aprinkler provided? [Jves (S
Spronkler wrench providea? [ Yes (L

Fire Pump

Fira pump provided?  [_] Yas [
IF yes, atad capacity: qomaE Pt
Type of pump: [l Elactric [ ezl [ I Steam

£ 2020 Mational Fing Protechon Assocation

MFPA 11 (p. 1 0f 3)

FIGURE 12.9.3.1.1 Contractor's Material and Test Certificate for Foam-Water Sprinkler/Spray System.
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Hydroatatic teat

ASppangiestedal _ psifor__ howrs =

Dry piping praumatically tesfed? | ves (Ao
Equipment operates paoperly? [Jves (I
L‘Ind;.m certify & the Instalng conirector that addidves and cormcaive chamicals,

sodum s¥cabe, brna, or other corosive chemicals weana not used for testing systems ] yes [Jro
o sloppEng Eaks?

Main drain test

Stalicpressurs_ psl Resshalpressure _ pm=

E-a:irl;lnw;e-.-m Indicaks maans usad for orsand flow 1est of backfow device,;
e

flore 1es1 Whan means io iest device was openad, was systam flow demand craated™ [dves (N (TIPS
Alarm valve or flow indicator

Minsmum lime io operate
Alarm davice through tast connection

Tepe aks hode Minutss Seconds

Dry pipe operating test

Diry walva Q.on
Maks Moged Sarialno, | Make _Model Serl no.

Time o top through Weter A Trip polnt Teme witar Alarm opesated
test cormection pragsure Pressure alr pressurs raachad last outhksl prcperly

Moutes | Saconds el | pa psd Menutes | Seconds | Yes No

TTETEEEEE

Deluge and preaction valves

Opemtion ] Pneumate ] Bssctric [_] Hydraulic

Piping supervised? [dves [ No | Detocting meda supansed? (dves o
Dl:la-sﬁ\'e:h'a- m; 3 tir from '||'TEI manuaal 1ri|.:|: remota, or bl:llfn.m:;nhul. admnsﬁ T D."I"E-IB: |:|N|-:|“

s there an accessdle tackty It no, explain
neach circud o Eating? [ es T

Make Moda! Does each crcull oparats Doz pach cmcud operale Maximum fims io
supendsion loss alarm? valva raleasa operale raleasa?

Yas Mo Yoz Mo hinuiss | Seconds

Foam syslem concentrate tests
High fiows rate g =] &=

Results fall within —0% % +30% for balanced pressune systam: [T ves S
Low fiow rate gpm @ psi =

Fiesults fall within =0% % <30% for balanced pressuns srstem: (] Yes W™
For positve pressuare sysiems with pump or pressure controlied bleasdes tankand nbne

palanced pressune type proponioneng systems: —0% b +30% or gresern: |:|‘rea Dl'-.ln
Foam concentrate mducion rale —0% o +30% of manuiacturer's listed inducton rate or

1 parcendage point, whichever is less, al listed flow rales: D‘n’m DNI:I
Balanced pressune proportioning syslems prodice the minsmum parcentage of
manutacturar's requiraments =% @ miremum Ested oy i D Yas D Mo

Posdiva presswune proporfonng with pumps or prassung-coninofiad bladder tanks produca iha
mesimum percentane of mansacturars requremant +30°% or 1 percentags pold, whichever

i less, at the mmimum listed oy mis; [Jves Y
Varighia preasure orifce type propariionens produce e percentage —0% to + 305 or

1 pesceniage poind, whichever s less D‘l‘ﬁ DNI:I
Foam dschange was colleched and disposed of propeily D"ﬁas DN-:!-
Approwed simulated foam concentrates were used for This 1est: [ Yes [
Type

All foam rasidwe wae removed from the piping sysbem by flushing wih cean waler ¥ ves dne

& 200 Mational Fing Protection Assocstion NFPA 11 dp 2 0i 3]

FIGURE 12.9.5.1.1 Corfinted
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Hydraubg Nameplaie provided IF re, emplain
okl
niFneEks (dves [ i
Data laht in servdos with & controd valves open!
Tesls witnessed by
* Cwiner / Authorized Agant Thle Dats
Contractor Tile Diate

Additions’ explanations and notss

1 2020 Mationa! Fire Pmbection Assogiahon

NFFA T (. 3 0f3)

FIGURE 12.9.3.1.1 Contimued

129.4.1.1.1 For open deluge swsiems, the concentration shall
be verfied by flow tests at the actual calculated discharge
clemand.

12.9.4.1.1.2 Foam How tess shall incelude & minimsnm fow test
for wet pipe, drv pipe, and preaction systems equal o the flow
ol the most remots (4) sprinklers.

12.9.4.1.2 During the tests the pressure at the proportioning
devices shall be at the design operating pressure of the system
Or systems tested,

12.94.1.3 The percentage of all foam concentrates injected
into the water at their listed flow rates shall be wathin the mis
grven in 12.9.4,1.4.

1294.1.4 The foam concentrate miduction rate of a propors
tioner, expressed as a percentage of the foam solution flow
(water plus foam concentrate ), shall be within minus (0 percent
o plus 30 percent of the manufacorers listed concentrtion,
or plus | percentage point, whichever is less.

129.4.1.4.1 Full-tlow westing of the proportioning system and
discharge device shall be required o properly evaluare the
proportoning sysiem.

12.9.4.1.4.2 For balanced pressure and  positive  pressure
proporiiening svstems, flow tests shall be permitied o be
conducted through the test connections required in G410,

12.94.1.4.3 For positive-pressure proporioning with pumps
or pressurecontrolled badder mnks the percentage al mini-
i listed flow sheall be ar the maximum percentage of manue
facturer’s requirement plus M percent, or 1 percentage point,
whichever is less.
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12.94.1.44 For variable orifice wype  proportioners  the
peroentage shall be minus ) percent and plus 30 percent or 1
percentage point, whichever is less,

12.94.1.4.5 For balanced pressure and positive  pressure
proportioning  swstems, flow tests shall be permitted 1o be
conducted through the st connections required in G410, For
other proportioning system types, full-How testing of system
and discharge devices is required o properly evaluade the
Proporioning sysiem.

1294146 Flow wsis for wet pipe, dry pipe, and preaction
systermns shall be conducied ac the low end of the hsted design
How rate of the proportioning equipment and shall meet the
criteria of 12.9.4.1.4.

1294.1.5 When performing foam system proportioning tests
the discharge foam solution shall be collecred and disposed of
by either the owner, the owner's representative, or the instal-
ling contractor in accordance with the requirements of the
AHJ.

12.94.1.6 The one-ime recycling of discharged foam solotion
w preprime the system, if collected in a manner thar will
prevent contamination, aned if in accordance with the design
criteria of the applicable standards, shall be permited,

129417 Where approved by the AHJ, simulated  foam
concentrates or aliernative test svstems shall be permiited to be
substinuted For actal foam concentrate, but system pressures
and lows shall remain as described above and meet manufc-
turer's system requirements and recommendations.
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12.9.4.2 Rate of Discharge.

129421 The rate of foomn soluton dischage shall be
computed from hydranlic calenlations wtilizing recorded inlet
or end-olsystem operating pressurve, or both.

12.9.4.2.2% The foam concentration shall be caleulaed by @
refractnmetric means, & conductivity method, or other
approwed methods,

12.9.4.3 Flushing the System.

12.94.3.1% After operation with foam, foam-water deluge and
spray sysiems shall be flushed with water to remove foam resi-
tlue,

12.9.4.3.2 Those portions of the system normally containing
foam concentrate when the swstem is in service shall not be
reguired v be fleshed.

12.9.5 Instructions. The msalling contractors shall provide
the owner with the tollowing:

(13 Al lierature and instructions provided by the manufac.
turer describing proper operation and maintenance of
any equipment and devices installed

{2} Piping layomt dmawings, electrical schematics, and
hvelraulic calenlations

(3 NFPA 95

12.9.6 Hydraulic Design Information Sign.

12.0.6.1 The installing contractor shall identify a hyvdraulically
designed sprinkler svstem with 2 per manently mar keed weather-
proof metal or rlgLrJ plastic sign secured with corrosion-
resistant wire, chain, or other approved means, | 135:28,5.1 |

12.9.6.2 Such signs shall be placed at the alarm valve, dry pipe
valve, preaction valve, or deluge valve supplying the corre-
sponding hvdraulically designed area. | 13:28.5.2

12.9.6.3 The sign shall include the following information:

(1)  Location of the design arca or areas

(2}  Discharge density over Uhe design area or areas

(3)  Required flow a nel resicdual pressure of the most hydraoli-
cally demanding calenlaion

{4) Required tHow andd pressure of the least hydranlically

demanding calculation

Discharge duration of foam solution

(6)  Hose siream allowance included in addition to the sprin-
kler demand

{7} The name of the installing contractor

129.7* General Information Sign.

12.9.7.1 The installing contractor shall provide a general
informaion sign used o determine svstem design basis and
information relevant to the inspection, testing, and mainte-
rance requirements required by NFPA 25, [135:28.6.1 |

12.9.7.1.1 Such general information shall be provided with a
permanently marked weatherproof metal or ngd plastic sign,
secired with corrosion-resistant wire, chain, or other accepla-
e means, [15:28.6.1.1]

12.9.7.1.2 Such signs shall be placed at each sysiem control
Fiser anel ausiliary svstem eonirol valve,

12.9.7.2 The sign shall include the followine informan o

(1} Name and lscation of the facility protected

(2) Oecupancy clssiheaion
(3) Commodity classification
(4)  Presence of high-piled and/or rack stovage
(5)  Maximum height of storage planned
(6)  Adsle width planned
(7)) Encapsulation of pallet loads
(8) Presence of solid shelving
(0 Flow test daa
(100 Presence of Dammable/ combustible Tiquids
(117 Presence of hazardons materials
(127 Presence of ocher special storage
(13)  Locaton of venting valve
(14) Locaton of auxiliary drains and low point drains on dry
pipe and preaction systems
(15 Owiginal resulis of mam diain low test
(16 Original results of drey pipe and double interlock preac-
Lo valvie Test
(17)  Name of installing contractor or designer
(18)  Indication of presence and locaton of anifreese or
other anxiliary svstems
(19 Where injection systems are installed 1o wear MIC or
corrosion, the type of chemical, concentration of the
chemical, and where informaton can be found as o the
proper disposal of the chemical
(200 Foam concentrate type and percent concentration

Chapter 13  Inspection, Testing, and Maintenance

13.1 General.
13.1.1 Minimum Requiremenis.

13.1.1.1* This chapter shall provide the minimum reguire-
ments for the routine inspection, testing, and maintenance of
low-, medium-, and high-expansion foam, as well as foam-water
sprinkler syvsiems,

13.1.1.2 Table 13.1.1.2 shall be used o determine the mini-
mum required frequencies for inspection, testing, and mainte-
nance, | 25:01.1.1.2

13.1.2 Other System Components. Five pumps, water siorage
I.H.I.Ik!-i.. COHTLTARL COTHACHTE T 15, A o valves commion te other tfi.'[.l-l:'!-i
of water-based fire prowcion systems shall be inspected, wested,
and mainmined in accordance with Chapters 8. 9, and 135,
respectively [of NFPA 25], and as specified in Table 13.1.1.2,
[25:11.1.2]

13.1.3  Alarm aned deteciion devices shall be tested and inspec.
tewd in accordance with NFPA 72

13.1.4 Swstems shall be so armanged that tests and inspections
an be made withow discharging foam soluoon o the system
piping in order o check opemton of all mechanical and elec-
trical components of the system,

13.1.5% The svstem shall be arranged so that tesis are
performed with as little loss of foam concentrate as possible.

13.1.6% If during routine inspection and testing the system is
determined to have been altered or replaced, it shall be deger-
mined whether the system operates properly.

13.1.7 All persons who are expected to inspect, test, maintain,
or operate apparatas shall be thoroughly tramed, and raining
shall be kept curment.
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Table 13.1.1.2 Summary of Foam-Water Sprinkler Sysiem
Inspection, Testing, and Maintenance

Reference
System/ Component Frequency INFPA 25]
Inspection
Control valve{s ) Chapter 13
Deluge/preaction Chapter 13
valve(s)
Discharge device Monthly 11.24
location (spray
noeEzle)
Discharge device Annually 11.2.4
lercatinm
(sprinkler}
Disclarge device Monthly =24
position (spray
nerEelel
Dischiarge device Anmually 11.24
s
(sprinkler)
Dirainage in system Chiarterdy 1§ B
Area
Fire pump system Chapter 8
Fittings corrosion Annually 11292
Fiutings damage Annually 1132
Foam concentrate Quarterdy 11.2.6,4
slraimeris)
Ganges Chiprer 13
Hangers,/ hraces/ Annmally =23
SUPPOCTS
Pipe corrasion Annually 11.2.2
Pipe damage Annually 1122
Froportioning Monthily 11,28

sysiemis) — ll
Strainer(s) —
Mainline
Water supply piping
Water supply tank(s)
Waterflow alarm
devices
Tesi
Backfow
preventeris)
Complete toam-
warer sprinkler
SVRTETIN S )
(operational wes)
Control valve{s)
Deluge/preacaon
valve(s)
Diischarge device
levcation
Discharge device
obslriction
[Macharpe device
ROt
Fire pump system
Foam-water solution

b vears

Annually

Annually
Annally

Annally

Annnally

11.2.6.1

11.2.5:1
Chapter 9
Chapter 13
Chaprer 13

11.3.2. 1135

Chapter 13
Chapter 13

11.3.2.6
11.3.2.6
11.3.2.6

Chapter 8
11.55
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{Crml s )

Table 13.1.1.2  Contineed
Reference
System, Component Frequency [NFPA 25]
Manual aciustion Annually 11.53.4
clevice{s)
Valve status test Chapter 13
Water supply flow Chapter 7
Lest
Water supply tnk (s} Chapter 9
Waterflow akirm Chaprer 13
fleviees
Mainienance
Backflow Chapter 13
prevenieris)
Bladder tank wpe
Foam concentrate L0 years 11459
Link —
hvel postatic test
Sight glass L vears 11451
Check valve (s) Chapter 13
Control valve(s) Chapter 13
Delnige/ preaction Chapter 13
witlees
Dietector check Chapter 13
valve (=)
Fire puomp system Chapter 8
Foam concentrate Momhly 11.4.7.1
PRI O ration
Foam concentrate Per manufacturer’s 11.4%

samples

Foam concentrate
strainer{s)

[ndirne Balanced
pressure ype
Balancing vilve
diaphragm
Foam concentrate
pruampis)

Foam concentrate
tank

Line vpe

Fosim concentimnles

Lk — corrosion

and pickap pipes

Focum concentrate:

tank = drsin anc

Mush

Fess e v L

venis

Proportioning
systemis) stancard
pressure type
Ball drip
fautomalic iype)
clrann valves
Caorvesinm anid
Ividrostatac test

II

recommendation

Ouarterly

b years
b years®

L0 years

L vedis

1) vears

D vears

5 veurs

[ venars

Secuion 114

11.4.58.3

11482

11.45.4

11.4.6.1

11.4.06.2

11.449

11.4.4.1

11.44.4

feeiml ey
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Tahle 13.1.1.2 Condinped
Eefercoce
System / Component Frequency [ NFPA 25]
Foam concentge 10 vers 11.4.4.2
tank — dram and
flush
Standard balanced
pressure type
Balancing svilve 5 years 11.47.3
diaphragm
Fisum coficetirane b years® [1.4.7.2
prummpis)
Foam concentrate 10 years 11474
iank
Staineris} — b years [h26:1
mainline
Waner supply Anmeally 112,52

Water supply tankis) Chaprer 9

FA&lsc pefer i manufacnrer s instruciions and frequency, Mainenanae
inrervals other than preventive maintenance are ol provided, as they
depend on che resulis of the visual inspections and operational teses,
Fow Foami -zt LR irkles SVAIACIIS i irerad Il.:illy.:nm. varderr 1o Theo

i prspection, est, wndd maintenance reguicements of Tahle 1111 in
MNEPA 44

[25:Takde 11.1.1.2]

13.2 Low-, Medium-. and High-Expansion Foam Systems.,
13.2.1° General.

13.2.1.1 A least annually, all foam systems shall be thoroaghly
inspeeeted and tested for correct operation.

13.2.1.2 The goal of this inspection and westing shall be o
ensure that the svstem is in full operating conditgon and that i
remains in that condition until the next inspection,

13.2.1.3 The inspection report. with recommendations, shall
be filed with the owner.

13.2.1.4 Between the regular service contract inspections or
tests, the system shall be inspected by competent personmnel
tollowing an approved schedule.

13.2.2% Foam-Producing Equipment.

13.2.2.1 Proporioning devices, their acoossory  equipment,
and foam mukers shall be inspected.

13.2.2.2 Fixed discharge outlets equipped with frangible seals
shall be provided with inspection means W permit oo e
nance and for inspection and replacement of vapor seals.

13.2.2.2.1% At least annually, water shall be discharged
through each foam maker discharge outlet w confirm that
Fooaam makers and foam solution feed lnes are not obsiracted
Iwy cletiris,

13.2.2.2.2% Alternative methods where approved by the AH]J
shall be permitted.

13.2.2.3* Proporioning equipment shall be tested anmually in
accordance with Section 13.2.0.

13.2.2.4 Compressed Air Foam-Producing Equipment.

13.2.24.1 Compressed air foam-generating equipment  ard
accessories shall be inspected annually,

13.2.2.4.2 Discharge devices shall be visually mapecied anmu-
allv [or evidence of mechanical damage,

15.2.3 Piping.

13.2.3.1 Aboveground piping shall be examined w determine
is condition and w verify that proper drainage pitch is main-
Lainel,

13.2.3.2 Pressure tesis of normally dry piping shall be macde
when visual inspection indicates questionable strength due 10
corrosion or mechanical damage,

13.2.3.3 Underground paping shall be spot-checked for deteri-
oration at least every 5 years.

13.2.4 Strainers. Suainers shall be inspected in accordance
with manulacierer's instruetdons and shall be cleaned after
each vse and flowe test

13.2.5 Detection and Actuation Equipment. Control salves,
ineluding all autematic and manoalacmoating devices, shall be
testesd at regular intervals.

13.2.6 Foam Concentrate Inspection.

13.2.6.1 At least annually, an inspection shall be made of foam
concentrates and their amks or storage containers for evidence
of excessive sludging or deterioration.

13.2.6.2 Samples of concentrates shall be sent w the manufac-
turer or qualified ahboraiory for gquality condition westng,

13.2.6.3 When the foam type and brand of foam are Known,
the quality testing shall confirm the product meets the manw-
o turer’™s specifications.

13.2.6.4 CQuamity of concentrate in storage shall meer desipgn
requirements, and tanks or containers shall normally be ke pt
full, with space allowed for expansion.

13.2.7 ngh-l"rﬁmnm Cyvlinders. High-pressure evlinders used
in compressed air Foam systems ihﬂ” rod e n:‘rh.uh-: o wit bt
a hvdrostatic test {and remarking) i more than 5 veas have
i.“IdFlHHi from the date of the last test. Cylinders that have been
i coniinuous service without {hwhmhmg shall be permitted (o
be retained in service tor a maximum of 12 vears, after which
they shall be discharged and retested before being retimed to
service,

13.2.8 Operating  Instructions  amd  Training, Cperation,
system deactivation, and maintenance instructions and lavous
shall he posted at conrol equipment with copies of each on
file.

13.3 Foam-Water Sprinkler Sysiems,
13.3.1 General

13.3.1.1% If during routine inspection and testing the foam-
water sprinkler system is determined to have been aliered or
replaced (e.g.. equipment repliced, relocated, or foam concen-
trate replaced), it shall be determined whether the svsem
operates propery. [25:11.1.4.1]

2027 Edition




11-58 LW, MEDIUM-. AND HEGH-EXPANSION FORAM

13.3.1.2 Obstruction Investigations.  The procedures outlined
in Chapter 14 [of NFPA 25] shall be followed where there isa
need o conductan obstruction investgation. [25:11.1.5]

13315 Impairments. The procedures outlined  in Chap-
ter 15 [of NFPA 23] shall be followed where an impairment 1o
protection occurs; {25:11.1.6]

13.3.1.4 System  Piping and Fitings.  Svstem piping  and
fittings shall be inspected for the following:

(17 Mechanical damage (eg., broken piping or cracked
fittings}

(2)  External conditions (e, missing or damaged paint or
r:c:ralir:gﬁ. s, and COTTOSION)

(3 Misalignment or trapped sections

i4)  Low-point drains {antomatic or manoal)

(%) Lowation and condition of mibbergaskered huamgs

[25:11.2.2]

15.3.1.5 Hangers, Braces, and Supports. Hangers, braces,
andl supports shall be inspected for the [ollowing and repaired
or replaced as necessary:

(1) Conditon (eg, missing or damaged paint or coating,
rust, and corrosion)

(2)  Secure amachment to struciiral supports and piping

(3)  Domaged or missing hangers, braces, and supports

|25:11.2.3]

13.3.2 Inspection.
13.3.2.1% Foam-Water Discharge Devices.

13.3.2.1.1 Foam-water discharge devices shall be inspected
visually and maintained 0 ensure that they are in place,
continue o be aimed or pointed in the direction iniended in
the system design, and are free from external loading and
COLTOAIDTT, |Eﬁ:] 1.2.4.1 |

13.3.2.1.2 Where caps or plugs are required, the inspection
shall confirm they are in place and free o operite as intended.
[256:11.2.4.2]

13.3.2.1.3 Misaligned discharge devices shall be  adjusted
(aimed) by visual means, and the discharge patterns shall be
inspected at the next scheduled flow est [25:11.2.4.3]

13.3.2.1.4% Inspection shall venly that unlisted combinations
of discharge devices and foam concentrate have not been
subsminted. [ 25:11.2.4.4]

18.5.2.2 Water Supply.

13.3.2.2.1 The dependability of the water supply shall be
emsured by regular mspection and  maintenance, whethes
furnished by a municipal source, on-site storage wanks, a fire
pump, or private underground piping ssems, [35:11.2.5.1

15.3.2.2.2* Waer supply piping shall he maintained free of

internal obstuuctions, [25:11.2.5.2]
13.3.2.8 Siraners.

13.3.2.5.1 Mainline and individual discharge device strainers
ihasket or screen) shall be mspected every 5 vears for damaged
and corroded parts, [25:11.2.6.1 |

13.5.2.5.2 Other maintenance mtervals shall be permined,
depending on the results of the visual inspecton and operating
tests. [25:11.2.6.2

20271 Editaon

135258 Discharge device strainers shall he removed, inspec-
ted, and cleaned during the fhushing procedure for the main-
line stvamnet, | 25:11.2.6.3]

13.3.2.534 Foam concentrate srainers shall be inspected visu-
ally 10 ensure the blowdown valve is closed and plugged.

95:11,2.6.4]

135255 Baskets or screens shall be removed and inspected
after each operation or low test. [25:11.2.6.5]

13.5.2.4 Draimage. The area beneath and surrounding a
fooum-water spray svatem shall be inspected 1o ensare that drain
age facilities, such as trap sumps and drainage trenches, are not

blocked, and retention embankments or dikes are in good
repair. [25:11.2.7]

15.3.2.5% Proportioning Systems.

15.3.25.1 The components of the vanous proportdoning
syslems deseribed in 13.3.2.5 shall be inspected in accordance
with the frequency specified in Table 131,12, [26:11.2.8.1]

13.53.25.2 Valves specified to be inspected shall bhe permitted
o be open or closed, depending on specific functions within
each foam-water sprinkler system, [25:11.2.8.2]

15.3.2.5.53 The position (open or closed) of valves shall be
verified in accordance with specified operating  conditions,
[25:11.2.5.5]

15.3.2.54% Inspection of the concentrate tank shall include
verihcation that the quantity of foam concentrate satisfies the
requirements of the onginal design, [25:11.2.5.4]

13.5.2.5.5 Additional mspection  requirements  shall  be
performed as detailed for the proportioning svsiems specified
in 15.3.2.5, [25:11.2.8.5]

13.5.2.5.5.1 Stmndard Pressure Proportioner.

{A}* The presure shall be removed before the inspection o
prevent imjury. [26:11,2.8.5.1.1]

(B) The inspection shall verify the following:

i1} Ball drap valves {(automatic drains} are free and opened.

12} Extermal corrosion on foam concentrale storage @anks is
ol present,

[26:11.2.85.5.1.2

13.5.2.5.5.2 Bladder Tank Proportioner.

(Ay* The pressure shall be removed before the inspection o
prevent injury. [26:11,2.8.5.2.1]

(B) The inspection shall include the following:

i1} Water comrol valves o foam concentrate tank

(2} An inspection for external corrosion on foam concen-
Iraile storsze tanks

(3} An inspection for the presence of foam in the water
surronnding the bladder (annual )

[25:11.9.859.9)

15.5.2.5.5.3 Line Proportioner. The mspection shall mclude
the [ollosying:

(1}* Strainers

(21 Verificanon that pressure vacuwm vent is operating freely
(3} An mspection for external corrosion on foam concen-

trabe storaze anks
[2R:11.2.8.5,3]
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13.3.2.5.54 Sandard Balanced Pressure Proportioner.  The
inspection shall inchide the following:

{1)# Sirainers

{23* Verbication that pressure viacum vent is operating freely
(3 Veriheation that gauges are in good operating concdition
{(4) Ventication that sensing line valves are open

(5} Verifieation that power is ivaikable s foaom Higuid pomp
[25:11.2.8.5.4]

13.3.25.5.5 In-Lime Balanced Pressure Proportioner. The
inspeec tion shall include the following:

{10% Strainers

(2)* Veribeaton thai presure yacunm vent is operating freely

(3 Venhcation that ganges are in good working condition

{(4) Verificaton that sensing line valves al pump wnit and
indmwvidual proportioner sations are open

(3)  Verficaton that power is available w foim liguid pomp

[25:11.2.5.5.5]

13.3.25.5.6 Orifice Plate Proportioner. The inspection shall
include the Follosing:

(1)* Stramers

(2)% Veribeation than pressure sacuim vent is operating freely
{3  Venhicahon that ganges are in good working condition
{4} Verification that power is available w foam lguid pump
[25:11.2.8.56]

13.3.5* Operational Tests. Frequency of system tests shall be
in accordance with Table 13.1.1.2, [25:11.3]

13.3.3.1% Test Preparation. Precantions shall be mken 1o
prevent damage to property during the tes. [25:11.5.1]

13.3.5.2% Operational Test Performance.

13.3.53.2.1 Operational tests shall be conducted to ensure that
the foam-water sprinkler system{s) responds as designed, both
automatically and |11.1.:1u.1|h [2B:11.3.2.1]

13.3.3.22 The test procedures shall simulate anticipated
emergency events so the response of the foam-water sprinkle
system{s) can be evaluated. [25:11.5.2.2]

13.5.5.2.3 Where discharge from the sytem discharge devices
would create a hazardous condinon or conflict with local
requirements, an approved altemate method to achieve full
flow conditons shall be perminted. [25:11,52.3]

13.3.3.2.4 Response Time. Under test condinons, the auto-
matic fre detection swsems, when exposed o oa est source,
shall operate within the reguirements of AFPA 72 for the npe
of detector provided, and the response time shall be recorded,
[P5:11.5.2.4]

13.5.3.2.5 Discharge Time. The time lapse bemween opera-
tion of detection systems and water delivery time 1o the protec-

ted area shall be recorded for open discharge devices,
[25:11.5.2.5]

13.3.5.2.6. Discharge Patterns.

13.3.5.2.6.1 The discharge patterns from all of the open sprn
devices shall be observed 10 ensure that paterms are not iope-
ded by plugged discharge devices and 1o ensure thar discharge
devices are correctly positoned and that obstructions do not
prevent discharge patterns from covering surfaces 1o be protec-

ted, [25:11.8.2,6.1]

13.3.3.2.6.2 Where obstructions oocur, the piping  and
discharge devices shall be cleaned and the system retested.
[25:11.5.2.6.2]

13.3.3.2.6.3 Discharge devices shall be permitted (o be of
different orifice sizes and tvpes. [25:11.5.2.6.3]

13.5.3.2.7% Pressure Readings.

13.3.3.2.7.1 Pressure readings shall be recorded at the most
hwdranlically demanding discharge device,

13.3.3.2.7.2 It shall be permissible 1o test the full flow
discharge from foam-water deluge systems wsing water only in

liew of Toam, [25:11.3,3.7.2]

13.3.3.2.7.3 A second pressure reading shall be vecorded an
the main control valve, [25:11,5.2.7.3]

13.3.5..7.4 Readings shall be compared to the hwlraohe
design pressures 1o ensure the original swstem design reguire-
myetils are mel [25:11.5.2.7.4]

15.3.3.3 Multple Systems. The maximum number of systems
expecied 0 operate in case of fire shall be vested simulcamne-
ously wy inspect the adequacy of the water supply and concen-
trage pump, [25:11,3.3]

13.3.3.4 Manual Acuation Devices.
shall be tested annoally, [25:11.5.4]

13.53.3.5 Concentration Testing.

Mol actwaion devices

13.3.3.5.1 Durnng the operational west, a foam sample shall be
taken, [25:11.5.5.1]

13.3.3.5.2 Where approved by the anthority having  jurisdic-
tion, simulated foam concentrates or alernative est systems
shall be permitied to be substimied for actual foam concens
trate, but system pressures and flows shall remain as described
above and meet manulfacmrer’s swem regquirements  and
recommendations. [25:11.5.5.2]

13347 Mainl enamoe.

13.3.4.1 Maintenance of foam-water sprinkler svstems shall be
in accordance with the requirements of those chapters cover-
ing the specific component parts. [25:11.4.1 |

13.3.4.2 Foam Concentrate Samples.  Samples of  [oam

concentrates shall be sent to the manulaciurer or qualified
labaratory for quality condigon westing at the frequency recoms
mended by the manufaciurer. [25:11.4.2]

13.3.4.3 Foam Components. Maintenance of specific foam
components shall be in accordance with 15544 through
13348, [25:11.4.3]

13.53.4.4 Standard Pressure Proporioner.

13.53.4.4.1 The ball drip (automatic-tvpe) drain valves shall be
disassembled, cleaned, and reassembled. [25:11.4.4.1]

13.3.4.4.2*% The toam liguid storage tank shall be drained of
foam liquid and Aushed. |25:11.4.4.2]

13.3.4.4.3 Foam liguid shall be permived o be salvaged and
rewsedl. [25:01.4.4.3]

13.3.4.4.4 The toam liquid tank shall be inspecied for internal
and external corrosion and hydrosiatically tested w the speci-
fieel working pressure. [28:11.4.4.4]
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13.3.4.5 Bladder Tank Proportioner

13.3.4.5.1 Sight glass, where provided, shall be removed and
cleaned. [25:11.4.5.1]

13.5.4.5.2% The foam concentrate bladder mnk shall be
hydrostatcally tested at svstem working pressure. [ 26:11.4.5.2]

15.3.4.52.1 The hvdrostatic test shall not create a pressare
differential across the diaphragm. [25:11.45.2.1]

13.3.4.5.2.2 While under sytem working pressure, the exte-
rior of the foam concentration bladder mnk shall be inspected
for leaks. [25:11.4.5.2.9]

13.3.4.6 Line Proportioner.

13.34.6.1 The toam concentrate tank shall be inspected tor
internal corrosiog, | 25:11.4.6.1 |

13.3.4.6.2 Pickup pipes inside the ok shall be inspected tor
cormosion, separation, or pluggang. [25:11.4.6.2]

13.5.4.6.3 The foam concentrate tank shall be drained ancd
flushed. [25:01.4.6.3]

13.34.6.4 Foum concentrate shall be permitted 1o be sahaged
and rensed. [25:11 4.6.4]

13.3.4.7 Standard Balanced Pressure Proportioner.
13.3.4.7.1 Pump Operation.

13.5.4.7.1.1 Foam concentrate shall be cireolated back 1o the
ank. [25¢11.4.7.1.2]

13.3.4.7.2 Servicdng. Foam pumps, drive ain, and drivers
shall be serviced inaccordance with the manufaciurer's nstroc-
tions and frequency but not at intervals of more than 5 vears
[25:11.4.7.2]

13.3.4.7.3 Flushing. The diaphragm balancing valve shall be
flushed through the diaphragm section with water or foum
concentrate wil fiuid appears clear or new, [25:11.4.7.3]

13.3.4.7.4 Corrosion and Sedimeni.

13.3.4.9.4.1 The foam concentrate ank shall be inspected
internally for corrosion and sediment. [26:11.47.4.1]

13.3.4.7.4.2 Excessive sediment shall require draining and
flushing of the tank. [25:11.4.7.4.2]

13.53.4.8 In-Line Balanced Pressure Proportioner.
13.5.4.8.1 Pump Operation.

13.3.4.8.1.1 The foam concentrate pump shall be operated.
[25:11.4.8.1.1 ]

13.3.4.8.1.2 Foam concentrate shall e cirenlated back o the
mnk. [25:11.4.5.1.2]

13.3.4.8.2 Servicing. Foam pumps, drive train, and drivers
shall be serviced in accordance with the manufacmrer’s instrac-
tions and frequency but not at intervals of more than 5 years.

[25:11.4.8.2]
15.34.8.3 Flushing. The diaphragm alancing valve shall he

flushed through the diaphragm section with water or foam
concentrate until Huid appears clear or new, [25:11.4.8.3]
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1535484 Corrosion and Sediment.
13.3.48.4.1 The foam concentrate tank shall be inspected

internally for corrosion and sediment., [25:11.4.8.4.1 |

13.3.4.84.2 Excessive sediment shall require drining and
Aushing of the tank. [25:11.4.8.4.2]

15.5.4.9 Pressure Vacuum Venis.  The procedures specified in
15.5.4.9.0 through 13.3.49.13 shall be performed on pressure
vCULm vents every 5 vears. [25:11.4.9]

133491 The vent shall be removed from the expansion
clomme, [25:11.4.9.1]

15.3.4.92 The vent shall be inspected 1o ensure that the open-
ing 15 not blocked and that dire or other foreign objects do ot
enter the k. [25:1 1,402

13.3.4.9.3 The vent bonnet shall be removed. [25:11.4.9.5]

15.3.4.94 The vacuum valve and pressure valve shall be lifted

onl [2311.4.59.4]

13.3.4.9.5 The vent body shall be Mushed intermally, and the
vacuum valve and the pressure valve shall be washed thor-
oughly, [25:1].4.8.5]

153496 The vent shall be inspected 1o ensure that the
screen 15 not clogged, and the use of any hard, pointed objects
o clesir the sereen shall e avoided, |25:11.4.9.6|

13,5495 1If the lignid has become excessively gummy or
sclidified, the vent body and pars shall be soaked in hot soapy
water. [25:11.4.9.7]

15.3.4.98 The vem body shall be twirned upside down and
draned thoroughly, |25:1 1.4, o.8]

133499 TPares shall be dried by placing them in a warm and
dry area or by using an air hose. [25:11.4.9.9]

15.3.4.9.10 Pars shall be spraved with a light Teflon® coating,
anel the vent shall be reassembled. [25:11.4.9.10]

1534911 The vse of any tvpe of oil for lubricaion purposes
shall not be permitted. [25:11.4.9.11]

15.3.4.9.12 The vent honnet shall be rrlerr-.'l and the vent
shall be mrned upside down slowly a few times o ensare
proper frecdom of the movable parts, [25:11.4.9.12]

1554915 The vent shall be atmched 1o the I|qu|r] sLOrLEe
tank expansion dome. [25:11.4.9.15]

153.45.5 Component Action Requirements,

15.5.5.1 Whenever a component in a foam-waler sponkler
system 8 adjusted, repaired, recondidoned, or replaced, the
action required  in Table 13351 shall be performed.

[25:11.5.1 |

13.5.5.2 Where the original mstallaton standard i differen
from the cited standard, the nse of the appropriate installing
standard shall be permited, [25:11.5.2
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Tahle 13.3.5.1 Summary of Component Action Requirements

Repair/
Component Adjust  Recondition Replace Required Action
Wiater Delivery Componenis
Discharge devices X M (1} Inspect tor leaks at system working pressure
{2) Inspect for impairments at onfice
Fire depantiment connections X h 4 A See Chapter 13
Mamnal release X X X {1} Operational test
() Inspect bor leaks ar system working pressure
{3} Test all akurms
Pipe and fintings on closed-head system X b X Hydrostatic test in conformance with NFPA 16
Pippe and fitings on open-head svsiem X X b4 Oyperational How test
Foam Components
Ball drip (antmatic-type } drain valves See Chapler 13
Bladder ank X X X Inspect water jacket for presence of foam
CONCEntrate
Frviam concenirae X X Submit a sample for aboratory analvsis for
confonmance with manufacturer’s
specifications
Foam concentate pump See Chaprer 8
Foam concentrate siratner{s) See Chapter 13
Foam concentrate ank X x X Inspeect for condition; repair as appropriate
Proportioning system (5] X x 4 Conduoct How test and inspect proportioning by
refracicmeter test or equivalent
Water supply tank(s) See Chapler 8
Alarm and Supervisory Components
Drevec o systei x = x Oiperational wst for conformance with NFPA
16 and or NFPA 72
Pressureswite h-tvpe waterflow X X X Operational test using inspector’s Lest
CONRECiion
Valve supervisory device Y Test tor conformance with NFPA 16 and /or
NEPA 72
ane-type wate ribow X x x Oiperational s wsing Nspector's [es
conneciion
Witer motor pong x Oiperational st using mspecior's 1est
CONMEeCiion
Status-Indicating Components
Cramges Y A Verity at i psi (1) bar) and system working
pressure; see Chapter 13 regarding
calibration
Testing and Maintenance Componenis
Auxiliary drains X bt X Inspesct for leaks an system working pressire
lnspectonr’s st connection X b 4 X Inspect for leaks at system working pressure
Main drain X X X Full-dlow main drain tess
Structural Componenis
Hanger/seismic hracing X Y X Inspect for conformance with NFPA 16and/or
NFPA 13
Pippe stands A = X Inspesct for contormance with NFPA 16 and /o
NFPA 13
Informational Components
Greneral information sign X X X Inspect for conformance with NFPA 16 and /or
NEFPA 13
Hyvelraudie imformation sign X Yt X Inspesct bor conformanee with NFPA 16 and/or
NFPA 13
‘alve signs X b X Inspect for conformance with NFPA 16and/or

NIPA 13

[ E5: Tkl L1521 |
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Amnex A Explanatory Material

Annex A is nol a pard of e weguivements of teis NFPA doronent bui is
inclueded for Drformalional frirposes andy. This annex condaing exlon-
afary matenal, wimbered o corvespond with the applicable text fare-

jreafates,

A.l.1 Firehghting foam is an aggregate of aifilled bubbles
formed from agueous solutions and s lower in density than
famumable liguids, Tt is used principally o form a cohesive
floating blanket on flammable and combustible liguids and
prevents or exanguishes five by excluding air and cooling the
fuel. It also prevents reignition by suppressing formation of
flammmable vapors, It has the propeny of adhering 1o surfaces,
which provides a degree of exposure protection from adjacent
fives. Foam can be wsed as a Are prevention, contol, or exin
guishing agem for Hammable liquid hazards. Foam for these
hazards can be supplied by Axed piped svsiems or portable
foam-generating systems. Foam can be applied through foam
dlischarge outlers, which allow it to fall gently an the surface of
the burning fel. Foam can also be applied by portable hose
streams using foam nozzles or large-capacity monitor nogzles of
subsurface injection systems.

Foam can be supplied by overhead piped syitems tor protec-
tion of hazardous oceupancies associated with: poteniial flam-
mable liquid spills in the proximity of high+value equipment or
for protection of large areas, The foam used for lammalle
liquiael spills is in the form of a spray or dense “snowstorm.” The
foam particles coalesce on the surface of the burming foel after
falling from the overhead foam outlets, which are spaced
cover the entire area at a uniform densi, (For spstenms vageened to
et faoth foen s waler spreay design critevia, xee NFPA 16.)

Large-spill Hammable liguid fires can be tought with mohile
equipment, such as an arcralt crash wock or industrial [oam
truck equipped with agent and equipment capable of genermt-
ing large volumes of foam at high rates, Foam for this ovpe of
hazard can be delivered as a solid stream or in a dispersed
pattern,  Standards  for  mduswial  foam oucks  include
NFPA 19, and standards for aircraft crash tmucks inchode
NFPA 414.

Foam does not break down readily and, when applied at an
adequate rate, has the ability to rxlmgunh tire progressively. As
appheation continues, foam Nows casilv. across the burming
surface in the form of a tight blanket, preventing reigniton on
the surfaces already exmnguished, Foam is not suitable Tos
three-dimensional flowing !iquid fuel fires or for gas fires.

To deermine where foam protection is required, see appli-
cable standards such as NFPA 30, Foam can be applied w
protect the surface of a Bammable hiquid that is not burning,
The foam concentrate manofaciurer shouold be consualted w
determine the optimum method of application, rvate of
discharge, application density, and frequency of reapplication
required 1o establish and maintain the inegen of the foam
blankeL

A.LLL2 The final deasion on what foam protection should be
provided will be i sitespecihic decision based on the local oper-
atng conditions, the requirements of the AHJ, and the associ-
ated risk o safery, the enmvaronment, asset Toss, and ongoing
business. These factors could justfy higher levels of nsk reduoc-
tion than those reguired by the AH].

A3 21 Approved. The National Fire Protection Association
does not approwe, inspect, or certity any installations, proce-
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clures, equipment, or materials; nor does it approve or eviluate
testing laboratores, In determining the acceptability of installa-
tions, procedures, equipment, of materials, the authoriy
having jurisdiction may base acceptance on compliance with
NFFA or other appropriate standareds, In the absence of such
standards, said authonty may require evidence of proper instal-
lation, procedurs, or use, The authority having jurisdiction
may also refer w the hstings or labeling practices of an organi-
gation that is concerned with product evaluations and is thus in
a position to determme compliance with appropriate stancards
for the current production of 1isted iems.

A3.2.2 Authority  Having Jumdkﬂun (AH]J). The phrase

“authority having jurisdiction,” or its acronym AHJ, is used in
NFPA documents in o broad manner, since juriscie Gos aod
apprival agencies vary, as do their responsihilities. Where
public safety is primary, the anthority having jurisdiction may
be a federal, state, locl, or other regional department or indi-
vidual such as a fre chiel; five marshal; chiel of a fre preven-
tion burean, labor department, or health department; building
ofhicial; electirical imspector; or others having stamtory author-
ity. For insurance purposes, an insurnce inspection depart-
ment, raing  boreau. or  other insurance  company
representative may be the authority having jurisdiction. In
many circumstances, the property owner or his or her designa-
ted agent assumes the role of the authorty hiving junsdiction;
at government installations, the 1‘um|lhltl-[il:|||:., officer or depart-
menial official mayv be the authony having jurisdiction.

A3.24 Listed. The means for identibing listed equipment
may vary for each organization concerned with product evalua.
tion; some arganizations do not recognize equipment as lsted
unless it is also labeled. The authority having jurisdiction
should utilize the sysiem emploved by the listiing organimiion
o pdentify a listed produoct.

A5.53.2 Comcentration. The wpe of [oam concentrate nsed
determines the percentage of concentration required. For
example, a 3 percent foam concentrate is mixed in the rato of
W7 parts water to 3 parts foam concentrate o make foam solue-
L,

A3.3.3 Discharge Devices. Examples include, bat are nol

Imited to, sprinklers, sprav nozzles, and hose nozzles.

AS.53.3.5 Non-Air-Aspirating  Discharge Devices. When
discharging AFFF or FFFT solution, they generate an effective
AFFF or FFFP with a discharge pattern similar to the water
discharge pattern.

A3.3.4.2 Type | Discharge Outlet. The foam trough shown
schematicallv in Figure AS34.200) consists of sections of steel
sheet formed into a chate that s securely attached 10 the inside
cank wall so thar it forms a descending spival from the wop of
the tank ty within 4 ft (1.2 m) of the botom. (S Fgow
A3 34200

In Fignre A3.342(0), note that one brace |4 in. (13 mim)
plate, 12 in. (W) mm) long| should be provided ar each shell
course, This brace helps maintain the shell in place during the
carly stages of the fire and prevents buckling before cooling
wiler i applied.

AL3S5 Eductor (Inductory. An air foam hose nozzle with
builtin eductor is the tvpe of proporiioner in which the jet
the foam maker is utlized e drall the concentrate [see Fig
A3 35 The hottom of the concentrate container shonld bhe
ol more than 6100 (L8 m) bélow the leve]l of the foam maker.,
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FIGURE A.3.3.4.2(a) Foam Trough.
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FIGURE A.3.3.4.2(b) Typical Air Foam Fiping [or
Intermediate Back-Pressure Foam System.

Roadway

The length amnd size of hose or pipe between the concentrate
container and the foam maker should conform w the recom-
rmendations of the manufacmrer. Hvdrocarbon surfactani=tvpse
foam concentrates are synthetic foaming agents generally
bazed on o bvdrocarbon surface active apgent. Thiey 5|]-||J{I1Iu'
foms of widely different character (expansion and drainage
times), depending on the vpe of foam-prodocing devices
emploved. In general, such foams do not provide the sability
and burn-back resistance of q.'lllilh‘ll'l wpe foams or the M]J-l-ri
control and extingumishment of AFFF, bat they can be useful for
petroleuwm-product spill firetighting in accordance with their
listings and approvals. There are hydrocarbon-base [oaming
agents that have been listed as foaming agents, wetting agents,
or combination toaming/wetting agents, The appropriate list-
ings should be consulied wo determine comrect application rates
] methods.

ASSA] In-Line Eductor.  This eductor 1= used Tor sl lation
in a hoseline, wsually at some distance from the foam maker or
playvpipe, as a means of drafting air foam concentrate from a
container. (S Figure A_3.3.3 and Figw A.3.3.5.1.)

The indine eductor must be designed for the flow rate of the
particular foam maker or plavpipe with which it is 1o be used,
The device s very sensitive o downstream  pressures and
4IL"'LH11|:i]'IhI'I is designed for use with specified lemgths of hose o
pipe located between it and the foam maker.

Bustion
chamber

Cantiod vahie
Wiahiz disc

Diaphiragm

FIGURE A.3.3.5 In-Line Eductor.

The pressure drop across the eductor is approximately one
thirel of the inler pressure.

The elevation of the bottom of the concentrate container
sholel mot Beoamore than G O1LS m) below the educton

AS 310 Foam. A foam s made by miging air imo 3 water
solution containing a toam concentrate, by means of suitably
designed egquipment. Tt Nows freely over a burning Tiguicd
surface and forms a tough, airexcluding, continuous blanket
that seals volatile combustible vapors from access 1o oo I
resists dismuption from wind and draft or heat and fame attack
andd is capable of resealing in case of mechanical rapiare. Fire-
highting foams retain these properties for relatively long peri-
offs of tme. Foams also are defined by expansion and are
arhitrarily subdivided into three ranges of expansion. These

FIGURE A.3.3.5.1

Foam Tanker.
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ranges correspond broadly w certaim tvpes of nsage describaed
below, The three ranges are as follows:

(1) Low-espansion foam — expansion up w20

(2) Medinme-expansion tomm — expansion from 20 o 200

(3 High-expansion foam — expansion from 3HH o approxi-
rmaie by |00

A3.5.12 Foam Concentrate. For the purpose of this doco-
ment, “loam concentrate” and “concentate” are used inter-
changeahly.

A55.12.1 Alcohol-Besistant Foam Concentrate. There are
three general tvpes, One s hased on watersoluble natral polys
mers, such as protein or Huoroprotein concentrates, and also
contains alcohol-insoluble  materials than  precipimae as an
imsoluble barier in the bubble structore, The second wpe is
based on ssathenc concenirates and contains a h::"li'l agenl
that surrounds the foam bubbles and forms a protective maft on
the surface of water-soluble [els; these foams can also have
film-forming characterisiics on hyvdrocarbon fuels. The third
wpe is based on watersoluble natural polymers, such as Tuoro-
protein, and contains a gelling agent that protects the foam
from warersoluble fuels. This foam can also have hlm-foroing
and tluoroprotein  charactenstics on hydrocarbon fuels.
Alcoholresistant [oam  concentrates are  generally used in
concentrations of 3 percent to 10 percent solutions, depending

on the nature of the hazard w be prowcted and the vpe of

COMCEIraie.

A5.5.12.2 Aqueous Film-Forming Foam Concentrate (AFFF).
The [bam Bimed acs as a barrier both o exclode Gie o
oavgen and to develop an agqueous film on the fuel surtace that
i capable of suppressing the evolution of fuel vapors, The
foam produced with AFFF concentrate is dry chemical compati-
Ile and thus is saitable for combined use with diy ¢hemicals,

ALEIEZS Film-Forming Fluoroprotein Foam  Concentrate
(FFFP). In addition o an airexcluding foam blanket, this
concentrate also can deposit a vaporization-preventing film on
the surface of a lipnd fuel 1t s dihoed with water o form
3 percent w6 percent solutions depending on the vpe, This
concentrate 15 compatible with certain dry chemicals.

A3.3.125 Fluoroprotein Foam Concentrate. This type of

foam utilizes o protein base plus stabilizing additives and inhil-
itors 1o profect against freezing, corrosion, and  bactenal
decomposition, and it also resists fuel pickup, The foam is
usually diluted with water to form a 3 percent or 6 percent solu-
tion and s dry chemical compatible.

AS512.6 Medium- and High-Expansion Foam Concentrate.
This equipment can be agraspirating or blowerfan wpe,

ALS.12.7 Protein Foam Concentrate. These concentrales are
diluted wath water o form 5 percent v 6 percent solutions
depending on the type, They are compatible with certain dry
chemicals,

AL S12.8 Synthetic Fluorine-Free Foam (SFFF). Conmming-
tion of per- and polvfiuoroalkyl substances (FFAS) from equip-
ment previowsly umsed with fluorinated foam concentrates or
from  environmental sources can potentally be found in
synthetic Huormedtree foam concentrates that were not speciti-
callv manubwcmred nsing these subsunces,

A3.3.12.9.1 Ovher Swthetic. Foam Concentrate. i general,
s wsie is linnied 1o ru::LahI: norzle foam application tor spill
fires within the scope of their listings. The applicable listngs
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shonld be consulted o determine proper application raes sind
methods,

A3.3.14.2 Foam Generators — Blower Type. The blower can
be powered by electric motors, inernal combustion engines,
anr, gas, or hydrlic motors or water motors. The water motors
are usually powered by foam solution,

ABEL6 Foam Solation. For the purpose of this docament,
“foam solution” and “soluton® are used mterchangeably.

A5.3.17.1 Compressed Air Foam Systems (CAFS). Discharge
of CAFS begins with automatic actuaton of a detection system,
or with manual actmation  that opens  valves  permiaiting
comnpressed air fosom generated in the mixing chamber o How
through a piping system and to discharge over the area served
b the discharge devices or hoses, C ampressed air foam systems
are permitted o protect flammable and combustible Houids.

Compressed air foam systems are not permitted o be used
o the following fire hazards:

(1} Chemicals, such as cellulose nitrate, that release sofficieni
oxven or other oxidizing agents 1o sustain combustion

{2} Energized, unenclosed electical equipment

(3)  Water-reactive metals such ax sodium, potassium, and
Malk (sodivm-potassinm allovs)

(4} Hawardows  warerreactive materials  sach as  triethyl-
aluminum and phosphorous pentoxide

(5} Liguefied Dammable gas

A3.3.17.2.1 Foam-Water Sprinkler System.  The plpmg
network 18 equipped with discharge devices, consisting of sprin-
klers or nozzles, for discharging the extinguishing agent over
the area o be protected. The piping is connected 1o the water
supply through a control valve that is commaonly actuated by
operation of automatic detection equipment installed in the
same areas as open discharge devices, When this walve opens,
water Hows into the piping system, foam concentrate s injected
intee the water, and the resuliing foam solution dischargng
throngh the discharge devices generates and distributes foam.
Upon exhaustion of the foam concentmte supply, water
discharge follows and continues unul manoally shut off. Exist-
ing deluge sprinkler svstems thar have been converted o the
use of agqueous film-forming foam or Glm-forming HAuoropro-
tein foam are considered foame-water sprinkler svstems.

These sistems can be preprimed with foam solution, This
solution would remain in the piping untl the system is called
et 10 Operile.

Prepoamed systems could  require dmining. flushing, and
repriming on a periodic hasis fse Sedion 1030 This proceduore
will require an investment in both time and matenal and
should be programmed into the ol system operating oost,

A33.17.2.1.1 Foam-Water Deluge System.  Foamewater sprin-
klers are open-tyvpe sprinklers designed to do the following:

(1} Receive foam soluton (water plus liguid conce ntrate)

(2} Direct the solution throngh an integral foam maker, the
nogle action of which breaks the solution intw spray and
discharges it into a mixing tube, where it combines with
air drawn in through openings in the housing

i3} Provide mixing chamber capacity for development of the
air foam

{4} Direct the tormed foam: discharging from the open end
of the mixing wbe against a deflector, shaped w distrib-
ute the foam ina pattern essentially comparable o the
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water distribiion pamern of present-day siandard sprin-
klers {nomenclature from NFPA 13) and to da so with
essentially no impmgement of the foam on the ceiling

(5 Develop a water distribution pattern directly comparable
to that of standard sprinklers, in the case of discharge of
water only {i.e_, in the absence of foam)

The normal direction of discharge from foam-water sprin-
klers is dowmward. To provide a choice in installation design,
foam-water sprinklers are produced for nstallation in the
vpright position and in the pendent position with the paterm
of discharge in either case in the dowoward direcion. Sprin-
kler deflectors are formed w prodoce the reguired discharge
pattern, which could mean differing shapes of deflectors for
each of the two positions of insmallation, The variation n the
shape of deflectors is illuostrated in Figore A3.5172. 1.1,

When the valve in a foam-water deluge system opens, water
flows into the piping svstem and discharges from all discharge
devices attached therewo.

AS5.17.2.1.2 Foam-Water Dry Pipe System.  After the valve is
opened, the water then flows into the piping system and out
the opened sprinklers.

Dry pipe systems are inherently slower in operation and have
a tendency o develop internal scale, Since the foam solution
would be proportioned into the system upon operation. the
first discharge would be an effective foam, However, due 1o the
slower operation, this should be considered the least desirable
tvpe of sprinkler swstem for closed-head foam-water sprinkler
application.

ALS1T7.01.3 Foam-Water Preaction System. Actuation ol
the detection svstem opens a valve that permits water o flos
into the sprinkler piping svstem and 1o be discharged from any
aprinklers than hive activared,

FIGURE A.3.3.17.2.1.1 Variations in Deflector Shape.

These systems combine the features of hoth wet pipe and dry
pipe systems. The piping is empty and might or might not
cofntain air under low presure lor supervision of the piping.
There is a separate detection system that operates the water
control valve to release Foam solution into the piping, {The
actmating means of the valve is described in NFPA 15) This
detection swstem should be more sensitve than the sprinkler
elements.

With this armangement, foam solution is wsually released into
the piping before the sprinklers operate so that, when they do,
there s an immediate discharge, as with @ wet pipe svstem. To
ensure this discharge, supervision of the dcnation system is
recommended.

Foam solution would be propontioned into the system upon
operamon, so there 5 no need for prepriming, Owerall
response time generally approaches that of a wet pipe system.
Actual time of foam discharge would depend on the wpe of
separate detection system used and the ope of fire. With a
rapitdly developing fire, the sprinklers might begin o operate
very close to the initial operation of the sépamte detection
systern, and the piping might not have tme w [l with foam
sulution w achieve immediate discharge. With a slowly develop-
ing fire, there would be sufficient time to fill the piping, and
there would be a discharge of fresh foam upon sprinkler opera-
L3cHi.

These swstems are more complex than div pipe and wet pipe
systems, and this factor should be considered.

AG5.17.2.1.4 Foam-Water Spray System.  Foamrwater spray
nozzles combine a foam maker with a body and a disuibuting
deflecton. They generate foam in the same manner described
for Toam-water sprinklers, where supplied with Foam soluton
under pressure, and distribute the resulting foam, or water in
the absence of foam solution, in a special patem peculiar o
the particular head.

Foamewaler spray nozzles are awilable in a number of
patterns  with variations in discharge capacin, (5 Figur
0 0 o

AS35.17.2.1.5 Preprimed System. These systems have the
piping normally filled with foam solution so that there is an
immediate discharge of solution when the sprinkler operates.
They iare the Fastest, simplest, and most reliable of all wpes of

FIGURE A5.3.17.2.1.4 Foam-Water Spray Nozzle.
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sprinkler ssstems, Foam concentrates in soluton will form sedi-
ment or can deteriorate where stored in svstem piping. Contact
the manufacmrer for guidance.

ALLITS Mobile  System. For
NFPA 18901,

AS.5.17.5 Semifived System. The fixed piping installation
might or might not include a foam maker, Necessary foame
producing materials are transported o the scene after the fire
starts and are connedcted o the piping,

mskrile SyElEIES, woE

A3 ED8 Foam-Generating Methods. Foam nozzle and mon-
tor sireams can also be employved tor the pomary protection of
process wnis and buoildings, subject o the approval of the
authority having jurisdiction. The discharge characteristics of
the equipment selected w produce foam nozele and monitor
streams for outdoor sworage wnk protection should be verified
by actuiald tests o make certain that the streams will be effecive
on the harards involved, [Se Fioue A 33080 thmough Fipoe
A 3.3 18(el]

ASEDR.] Compressed Air Foam-Generating Method.  The
resulting compressed air foam Hows through piping or hoses 1o
the hazard being protected,

AL 20 Handline, The nozzle veaction vsually linits the soluw-
tion flow to about 500 gpm (1150 L/ min}.

AS5.25.1 Fixed Monitor {Cannon). The monitor can be fed
solution By permane nn piping or hose,

A3 5241 Foan MNoele or Fized Foam Maker They are
coustrucied so that one or several sireams ol foam solution
issie into a space with free access o ain. Part of the energy of
the hoguid is used to aspirate air into the stream, and b
lence downstresum of fhis point creates a stable boam capable of
being directed 1o the hazard being protected. Various types of
devices can be installed an the end of the nozzle 10 cause the
foam to issue ina wide pattern ora compacted stream.

A55.24.2 Self-Educting Nozzle. The foam concentrate is
mixed with the water at the desired proporioning injection
raie.

A8.5.25 Pressure Foam Maker (High Back Pressure or Forcing
Type). Sulficient velocity energy is conserved in this device so
that the resulting foam can be conducied through piping or
hose 1o the hazard being protected

ASG26.1 Balanced Pressure Pump-Type Proportioning. By
means of an auxiliary pump, foam compound 5 injected mto
the water stream passing through an inductor, The resalting
foam solution 4 then delivered o a foam maker o plavpipe.
The proportioner can be inserted into the line at any point
berween the water sonrce and foam maker or plypipe, [See
Fignre A.3.3.26.1. ) To operate, the main water valve s opended
and a reading of the pressure indicated on the duplex gonge is
taken, When both gange hands are set at the same point, the
cotrect amount of foam concentrate is being injected into the
water siream. This reading is done antomatically by the use of a
differential pressure diaphragm valve,

Metered proportioning has the following limiations:

(1) The capacity of the proportioner mn be waned from
approximately 50 percent w 200 percent of i rated
CApArity.

(2)  The pressure drop across the proportioner ranges from &
psi o 3 opsi (54 kPa oo 207 kPa), depending on the
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volume of water Mowing through the proportioner within
the capaciy limits of item (1),

(3} A separate puinp is needed o deliver concentrate to the
pProporioner

AB.5.26.1.1 In-Line Balanced Pressure Proportoning. A blad-
der @ank in conjunction with a water pressure=reducing valve
upstream of the proportioner can be utilized in place of the
foam concentrate. pump package, See Figure A3326.1.11(a)
anel Figure A 5.5.26.1.1(h).

FIGURE A5.5.18{a) Handline Foam Norzle.

FIGURE AS3.08(b)  Adjustable Straight Stream-io-Fan
Pattern Foam-Water Monitor.,

FIGURE AS5.5.18(c) Adjustable Straight Stream-to-Spray
Foam-Water Momior
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FIGURE A3.3.18(d) Wheeled Poriable Foam-Water

Maonitor

y o 4

-

FIGURE A.3.3.18(e)

Portable Foam-Yater Monitor,

A55.26.2 Coupled Water-Motor Driven Pump Proportioning,
The positive displacement pump draws the foam concentraie
from an atmospheric siorage @nk and feeds it into the water
Mow, which passes through the water motorn The ratio between
the volumes transferred per rottion of the two devices deter-
mines the propormoning rato. Yaration of the svstem pres
sure, wlumetic fow  rotate, or viscosity of the foam
concentrate will not affect the proportioning ratio becanse of
the positive displacement character of the two devices. See
Figire A5.5.20.2

ABE26.3 Direct Injection Varable Pump Output Proportion-
img. Direct injection foam proportioning systems  utilize o
foam concentraie pump © inject [oam concentrate divectly
inte the water stream, Foam proponioning system operation is
nm affected by water pressure or interrupted while the foam
concentrate tank is refilled. Direct injection foam proportion-
ing svatems are generally anomatic reguladon proportioning
systems. Automatic flowsensing direct injection foam propor-

tevming svstems urilize an inline fowmeter{s} o mvoniwr the
!-i'!.-'!-ih.'l'tl.l:l[.'lf.'!l'.ﬂil!j.{ conditions. Syvstem operating data is transnit-
ted 10 an electronic control, which controls the foam pump
output to maintain the desired proportioning ratio. The follow-
g twio dlifferent flow sensing svstems are availalale:

(1} An elecronic control receives electronic signals: corre-
sponding w0 the proportoning tatio from the control
pancl and water How data from the flowmeter. The elec-
tronie conirsl then commands  the foam concentrale
pump module to deliver foam concentrate at the propor-
tienal rate, [See Fogere A.33.20, 3000 ]

(2} An elecronic control receives electronic signals corre-
sponding o the [oam concentrate Now Trom a Toam
concentrate Qowmeter, the proporiioning ratio from the
control panel, and water flow dam from the water Howme-
ter. The electronic control controls the proportioning
ratio through a foam concenrate metering vahve shown
in Figure A 55265 (b). In a water motor foam propor-
Honing system, a water motor drives a positive displace
ment foam concentrate pump. The water motor can be of
either a positive displacement tvpe or o turbine vpe,
Water motor foam proportioning systems are aulomatic
repuliting  proporioning  systems. Where a  positive
displacement water motor drives the foam concentrate
pump, the rato of the water motor displacement o the
displacement of the foam concentrate pump is the mbo
of the desired foam solution, A positive displacement
Wiler molor proportioning system requires no external
powen fSee Fewe A 3.3.26. 3]

A water turhine=drven [oam propormioning system uses a
water turbine o power a positive displacemem foam concen-
trate pump. Flowmeters sense the foam concenrate pump
outpul and the water fow, sending signals to an electromic
control thar controls the proportioning raio b adjusting the
water urbine speed. [See Fipee A.3.3.26. 3¢d )]

AS5.28 Pump Proportioner  (Around-the-Pump  Fropor-
tioner). This device consists of an eductor installed inoa bypass
line between the discharge and suction of a water pump. A
small portion of the discharge of the pump flows through this
eductor and draws the required quantty of air foam concen-
trate [rom a container, delivering the mixiure w the pump
suction. Varable capacity can be secured by the wse of a
manually conrolled multipored  metering valve,  [See Figurne
A5 26 fin))

A pump proportioner has the following limitations:

{1} The pressure on the water suction line at the pump mst
he esentially zero gauge pressure o muost e oon the
vacuum side. A small positive pressure at the pump
SUCHON Gl canse a reduction in the gquantty of eoncens
trale educted or couse the flow of water back through the
educior  inie the concentrale  container (S Fpuer
A.Z.3.28.)

(21 The elevation of the bowom of the concentrate container
should not be more than 6 ft (1.8 m} below the propor-
toner. (See Fiere A,3.3 25, )

(3)  The byvpass siream 1o the proportioner uses from 10 gpm
o 40 gpm (38 LAmin wo 151 L/min) of water depending
om the size of the device and on the pump discharge pres-
sure, This fctor must be recoenized in determining the
net delivery of the water pump.
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FIGURE A.5.3.26.1

AGS50 Spreading  Coeflicient.
grven by the following equation:

Spreading  coeflicient s

[A.3.3.30]
| o, O

where:

8 = spreading coefficient in dymes/cm

T, = surtace tension of ceclohexane m dynes /em

I, = surface tension of the [oam solution in dynes/em

T = the interfacial rension between the foam solution and the
evclohexane in dynes/cm

A3.3.31.1 Cone Roof. There are several ivpes of roof sssiems
that can bhe considered cone roofs or domes (se Fmoe
A 33311 The roof can be self=upporting or designed with
support members such as stmctural chord or “radial™ mfters.
The rool can be supported with vertical eolumns as well.

A cone roof has the following characterancs;

i1} Ivis used predominately for combustible hguods.

(2)  Trhasa fixed strucoural roof svstem that is permanent,
(3) v will not Fail or "melt” away easily.

(4)  Itis vented.

(3) It includes no other roof system, intemal or otherwise.
(6)  Tn has no foam dam.

A.5.5.31.2 Exiernal Floating Roof. For the purpose of this
standard, an aluminum geodesic dome 5 not considered a
cone of dome ool Aluminum geocdesic domes are often osed
to cover what would otherwise be an external Hoating roof
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_ﬁ:P Viakvad flush-cut connection {plugged)

Foarm concenirabe storage lank

/— Dirain vaive

Fom oonoantaybe
return vaive

Waler supply

st Vavind fhush-in connection (plugged) .@ Diaphragm balancing wilve @. Compound gauge

%> Ball vatve

'qp- Gaie vale

A - Swing chesk valvg
“i Pressure refisf valie

@ Dugplex gauge

(B} Proportioning contralier

Balanced Pressure Proportioning ( Pump-Type) with Single Injection Point.

system, These rool coverings cannot withstand  the tempera-
tures expected from a full surface or im seal fire, The pres-
ence ol such a covering over the op of a loating rool system
will not be considersd adequate w withstand a fire; theretore,
the rood will still be considered an external loating rool, (S
Fige A 35 31 2(n) awd Fipiwe A3 3312701

An external tloating roof has the tollowang charactenstics:

i1} Itis used predominarely for bath flammable and combis-
tible liquads.

12} Ttis a Noating rool sstem with vapor seals,

{3} It might have a roof structure that is considered exiernal
because it 15 not substantial or will il or "melt” away
easily {e.q, the aluminum geodesic dome}.

(4 Itis vented.

() Iemight or meight oot have a foam dam.

A3331.3 Internal Foating Roof, There are several differen
typers of internal foating roofs (IFR), including single- and
donble-deck pontoon roof systems (e Fgue A, 33313 They
are tvpically constructed of carbon steel, aluminum tabing, and
plastic,

A intersal Hoating roof has the Following characterisices,;

i1} Itis used predominately for flammable liguids,

(2} Itisa Moating rool system with vapor seals.

(31 It is considered internal becanse 1t is cove red with a Axed
strictural cone or dome ool system that 5 permanenthy
attached to the exterior ank shell.

(4} Tois vented or gas padded.

ia) It might or might not have a foam dam.

ol |
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Expasnsion doma and e Fill conmection with fill funms|
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and motor &ssembly ,,h / supply
=
)
i Pressure roguiating valve
a7 Valved fushiin connection (plugged)
,% Diaphragm balancing vahe
Walwed Nushi-oul eonmecion | ad} =—==—Waler
<> Gate valve ""pff. Phigg
<4 Bal valwe Mg, Strainer with valved side outlst = Foam concenirale
A~ Swing check valve I’@ Fressure gauge Foam solution
“i Pressure refief vahe B Proportioning conirofier — - —-— [FoEm concenirate sensing

FIGURE A.3.3.26.1.1{a)

A5 G52.2 Pressure  Proportioning  Tank. This  method
cmplovs water pressure as the source of power. With this
device, the water supply pressurizes the foam concentrate stor-
ape lank. At the same tme, water flowing through an adpcent
venturi or orifice creates a pressure  differential,. The low-
pressure arca of the ventun is connected 1o the foam concen-
trate tank, so that the difference bemween the water suppl
pressure and this low-pressure area forces the foam concen-
trate through a meering onfice and inw the venturd, Also, the
differential across the ventur varies in proportion o the How,
s one veniur will proportion properly over a wide [low range,
The pressure diop through this unit is relaively low. [See Fguee
A3 332 3a)]

A special test procedure s available 1o permit the use of a
minimum amount of concentrate when the pressure propor-
Honer system is testing.

The pressure proportioning ank has the tollowing limita-
Liemns:

(1) Foam concentrates with specific gravities similar 1o water
can create a problem when mixed,

{2} The capacity of these proportioners can be vared from
approximately 5 percent 1o 200 percent of their rated
capacity.

{3} The pressure drop across the proportioner ranges from b
psi o 30 psi (34 kPfa to 207 kPa), depending on the
volume of water Howing within the capacity limits of item

{2).

In-Line Balanced Pressure ( Pump-Type) Proportioning with Multiple Injection Points.

{4)  When the concentrate is exhausted, the system must be
turned off, and the @nk dmined of water and refilled
with [oam concenirate.

(3 Since water enters the tank as the foam concentrawe s
discharged, the concenuae supph cannot be replen-
ished during operaton, as with other methods.

() This system proportions at a significantly - reduoced
percentage at low flow rates and should not be used
below minimum design Mow rate,

A diaphragm (bladder}) presure proporfioning tank also
uses water pressure as a source of power. This device mearpo-
ates all the advaniages of the pressure proportioning ank with
the added advantage of a collapsible diaphragm that physically
separates the foam concentrate from the water supply.

Diaphragm pressure proportioning tanks operate throagh a
similar range of water flows and according w the same prine-
ples as pressure proportioning anks. The added design featre
is @ reinforced elastomeric diaphragm (Madder) that can be
used with all concentrates listed for use with that particular
diaphragm (Madder) material, JSee Finie A, 3.3.32.200).]

The proportioner is a modified veniur device with a foam
concentrate feed line from the diaphragm tank connected to
the low-pressure area of the venmrt, Water under pressure
passes through the controller, and pant of this fow 15 diverted
into the water feed line w the diaphragm ank. This water pres-
surizes the tank, forcing the diaphragm filled with foam
concentrate w slowly collapse, This forces the foam concen-
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‘h ]

Mgmmﬂrﬂ-ﬂﬂt 140 psa—-175
pei (97121 bar}
FIGURE A.3.35.26.1.1(b)

trate out through the foam concentrate feed line and ino the
lovw-pressure area of the proportioner controller, The concen-
trate 15 metered by use of an orifice or metering valve and
mixes in the proper proporiion with the main water supply,
sending the correct foam solution downstream to the foam
makers,

The limitatons are the same as those listed for the pressure
proportioning tank, except that the sytem can be used for all
ivpes of concentraies,

Al A foam system consisis of @ water supply, a foam concen-
trale supply, proporioning equipment, a piping svstem, foam
makers, amd discharge devices designed o distibine Tomm
effectively over the harard. Some sstems include detection
clevices,
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IneLine Balanced Pressure (Bladder Tank Type) Proportoning with Multiple Injection Points.

Ad.l.l FM Approvals Class 5130, UL 139, or UL 162 should
be consulted for possible listing requirenenis.

A42.1.1 Recwled water, processed water, or gray water can be
utilized for foam production. When used, a competent evalua-
tion for the suitability of the water quality should be conduc-
pescl.

A4.2.1.2 Additional water supplies are recommended for
cooling the hot ank shell w assist the foon in sealing against
the shell. Some foams are susceptible to breakdown and failure
o seal as a vesult of heanng the tank shell due w prolonged
burning prior to agent discharge.

A4.2.14 Higher or lower water wemperatures can reduce
Fosum efficicnoy,
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illing [ I Mon-relurn flap il I Water
= o L - i ik !
) Mobile foam_y
= | concenirale™ | =
Foarm Supply
COncEntrals Foam concentrate flow metar
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Tanax shudoff
e .
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Foam concentabe lest line

FICURE A.3.353.26.2 Coupled Water-Maotor Driven Pump Proportioning System.

Ad e d |t should be ascertaimed whether the msallanon of
a listed ackflow prevention assembly is requirec,

A4.2.2.3.1 Local regulavnons might reguire a means  for
removial or contaimment of the largest lammable liquid spill
Pl the acteal calculated Aow from the maximum number of
svstems expected 0 operate for their caleulated duration plus
hiose siresms,

AN The purpose of the fire department connection is to
supplement the water supply but not necessarily provide the
entire sprinkler system demand. Fire department connections
are not intended w o deliver a specific volume  of water,

[13:A16.12.5.1]

A45 11 The foam concentrate proportoning  equipoent
and discharge devices produce finished foam with cerain qual-
ities, including expansion ratio and 25 percent dainage time.
The esting conducted by the Fire Proteciion Research Founda-
tion showed that expansion ratios of 7 to 10 were critical for
SFFFs" abdlity o extinguish fres, Consultation with the foam
concentrate and/or foam equpment manutacturer maght be
necessary o confirm acce plable operating parmameters,

Prizgsure vaguwm wanl

Concentraie
—r— Elacironic tank
—7— control
,l Tank drain
Sirainer Tank shutoff
O
e a—
Prassure qauge Yanable displacement
1 concentrate pump
ﬂ. Water pumgp
Floinevial ar —
Wetefoam  +-.._yCompound _Foam concenirale
discharge e gauge Wiater
................ e
‘Water suction S 2 2
Elactric

FIGURE A.3.3.26.3(a) Single-Meter Flow-Sensing Direct
Injection Foam Proportioning System.
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:l ~ gauge é ¥ Tank shutot
—-|- 3 3 '!'
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Floaminiar pump -—
Waterloam :.___@, Strainer
discharge |, Concentrate
! pup N
Compound L ooncentrate oullel = o
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Foam concentrate

E— o m—

FIGURE A.3.3.26.5(b) Dual-Meter Flow-Sensing Direct
Injection Foam Proportioning System,

Pressure vacuum went

Tark shuloll Concentsste
Concenirale p'.ll'l'“ll'.'ld.h tank
albraingr
iy Tank drain
@ Pressura gauge
F ';— — :-i—_ i Walar pump
Waterffoam -
dischange Weater motar 5

&y Compound gauge
ﬁ'-'-'alar suchon

Foarm concanirala

FIGURE AS5.5.36.3(c) Water Motor Foam Proportioning
System.

A4LLLE2 Mientimes different brands of similar types of
foam concentrates are found 1w be chemically compartible,
However, betore different types or brands of concentrates are
mixed for long-erm storage, evaluations should be made o
determine compatibility. A number of parameters should be
considered and evaluated before concentrates are mixed [og
storage. In additiom w chemical compatibility, one should
consider effects on proportioning and  discharge  hardware
imany histings and approvals are very specific with regard 1o
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FIGURE A35.5.26.5(d) Water Turbine—Driven Flow-Sensing
Direct Injection Foam Proportioning Svsiem.
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Wiater suction ling
Shuiof O <
vahe in —*
bypass ing i Educior
» kMetering valee

Foam concenirats
pickup

Foam
Concentrale
conlaine

FIGURE AS.5.38  Around-the-Pump Proportioner,

operating pressures, flow ranges, and materials of construction
of hardware components), Fire performance and foam guality
resulting from the admixture of two concentrates showld be no
worse than the individual concentrates used in the admixiure,
The application method should be the same for both foams
being mixed. The swtem design appliciion rate  (density)
might have to be changed if one of the foam concentrates
being admixed is liswed or approved at an application rate
idensity) that is higher than the one used for the initial design.
This generally applies 1o alcohokresistant foams since their list
ings and approvals are application-rate sensitive.

A43.1.2 Sone concentrmates are sultable for wse both on

hyerocarbon fuels and on water-miscible or polar fuels and
sl vents.
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Fixed roof
{shown as
column-supported)

ZEIEE
'\\" ¥

SRR colurmng Tank snall

S
i

FICURE A.3.3.31.1 Cone/Dome Rool System. (Source: Rob
Ferry, P.E., Trinity Consultants, Inc. |

Open fop (no fixed roof)

Croerllow deain — Aotass hateh
Deck leg Gauge hatch'
Vacuum bmeaker et |:u:|r'|.
Sold guidepold
Hirm Saal [ unes kot
irnechancalk-shoe) \ Gauge float
W
L = Sl
e f—l I = =
== T
Rim vent Tank shedl

FIGURE A.3.3.51.2{(a) External Floating Rool System.
{Source: Rob Ferry, BE., Trintty Consultands, Tnc. }

A4S LA4) The method of meassurement should e ident-
fied, including the device used and parameters such as emper-
ature, spindle number. and spindle specd in revolutions: per
minwie (eg,, Brookheld viscomener).

A4 322 The level of concenurare in the sworage tank shoukd
be monitored o ensure that an adequate supply 1s available at
all rimes. The harard requiring the largest fodam solution fos
rate does nol necessarily dictate the total amount of foam
concentrate required. For example, a Cliss 11 product tank
requiring a How of 300 gpm (1150 L/min) foam soluton for
A0 minutes would require 2700 pal (1020 Ly of 3 percent
concentrate, A Class | product wnk requiving a flow of

Fixed-rool center vent Flad ol
_ ) {shown as
Pergpheral venting typically sill-suppartmg

provided al 1he eaves alarminum ckame)

= Extsmai-yps floating roof

FIGURE A.3.3.31.2(b) External Floating Roof System with
Geodesic Dome (Considered External Floating). (Sowrce; Rob
Ferry, BE., Trinity Consultants, fnc.)

Fized-roof center vent

Periphersl
roof wents s v
1 -Ed—.
— H—aflre— e —
e — =
Tank shall B Floating roof

Vacuum braaker (shown cutaway)

FIGURE A.3.3.31.3 Internal Floating Roof System With
Fixed Cone or Dome Roof Covering. (Source: Kob Ferry, PE.,

Trimety Coniseileeeis, Inc,

250 gpm (950 L/min} foam solution for 55 minutes would
require 415 gal (1570 L) of 3 percent concenimtion,

A43.23.13 Some [oun proportioning svstems can have an
inherent problem related to loss of foam concentrate and /or
damage o bladder wanks or foam pomps if not shut down prop
erly following system activation, There are two scenarios that
can occur depending on the proportioning svstem arrange-
ment. Bladder tank proportioning systems with the water feed
line o the bladder ank{s) connected below the foam riser
maml shuloff outside screw and yoke (O5&Y) gate valve can
be vulnerable depending on the system shusdown procedure
followed. When the riser shutoff valve is closed first, foam
concentrate continues © flow inw the depressurized riser
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show all required valves.

FIGURE A.5.5.52.2(a)
Propaortioning Tank.

Typical Arrangement of Pressure

lllrrHIt_,h the proportioner foam I'Ill'.‘lt'!'ll.!j., orifice, 1T this conedi-
tion continues, all foam concentrate n the bladder tank wall be
forced into the riser and foam solution distribution piping, In-
Ine balanced pressure or balanced pressure foam pump-type

proportioning systems can also experience a similar loss of

foam  concentrate depending on the system installation
arvangement. IF the water supply (riser OS5&Y) valve is locased
betore (upsiream} the foam proportioner with the foam pump
stll runming, the same potential for foam concenate loss
exists. When the water supply {riser OS&Y) valve is closed, the
foam proportioner is no longer pressurized and foam concen-
trate will be forced through the propordoner and metering

i‘f"

Fill &g

Sight gauge

any remote signaling sourcs.

FIGURE A.3.3.32.2(b)
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Foam concentrata line

Mote: & malorized fam conoentigla valse
P,.r" mltﬁ the actvation of this syslem

Diaphragm ( Bladder) Proportioning Tank.

oribce into the riser 10 allowed to connnoe, this condition will
dieplete the foam tank and possibly canse harm to the foam
pump by running in s “dry” condition, Close the foam concen-
trate -.upph' valve hefore i.lmm:ng off the water supply valve, 10
prevent loss of concentrate, In the case of a pump-tyvpe ag.slt'm.
it wall allewy foam o reciculate back o the foam tink unul the
foaum pump s shut off, Alternatively, 1o the case of bladder tank
systems, the water feed walve w the mnk(s) could be closed,
which would stop the foam injection process,

AA43.2.5.24 Where sight glasses are used o gaoge the foam
concentrate level, they can indicate false levels if the more
viscounls [oam concenmates are wsed,

A43.2.3.3.1 Where sight glasses are used o gauge the foam
conmcentrate level, they can indicate false levels if the more
visconls fogm concenisies are wsel

A4.3.2.4.1 Since such systems might or might not be operated
for long periods after installation, the choice of proper storage
conditions and maintenance methods fargely determines the
reliability and the degree of excellence of system operation
when they are put into service,

A43.24.2 Foam concenirates are subject to [reezing and w
deterioration from prolonged storage at high temperatures.
The sworage emperatire should be moniored w ensure that
hsted temperature limitations are not exceeded. Concentrates
can be stored in the containers in which they are transported
or can be transferred o large balk storage tanks, depending
on the requirements of the swrem. The locaton of stored
containers requires special consideration to protect agains
exterior deterioration duoe o msing o other causes, Bulk stor-
age containers also require special design consideration 1o
minimize the liguid surface in contact with air.

Interna) Blpdder

——————— Water supply

Foam solution

Foam concaniraie line

Ball vakha
Swiing check vale

Molorized valv {ophanil)

Proporioning comroier
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FIGURE A.4.5.2.2(a)
Interconnecting Piping.

Ad4l]l Often, different brinds of the same tvpe of foam
concentrates are tound to be chemacally compatible. However,
before different brands of concentrates are mixed for long
term storage, evaluations should be made o determine such
compatibalin, A number of parameters should be eonsidered
and evaluated before concentrates are mixed for storage. In
addition w the chemical compatibality, one should consider
effects on proportioning and discharge hardware (many lis-
ings aned approvals are very specific with regard w operating
pressures, flow ranges, and materials of construction of hard-
ware components). The application method should be the
same for both foams being mixed. The system design applica-
tiom rate (density) nught have o be changed if one of the foam
concentrates being admixed is listed or approved at an applica-
tion rate (density) that is higher than the one wsed Ffor the
initial design. This generally applies to alcohol-resistant foams
sinee their listings and approvals are very application rate sensi-
tive.

A44.2 Some expanded foam 8 not compatible with all dry
chemical agents.

A45.1 Some alcoholresistamt foam  proportioners  reguire
roe e higher fow pates o meet the minimum ow and prope)
proporioning percentage of the toam concentrate being used.
In balanced pressure svsiems when the flow is less than the
listesd minimum, the foam percentage is less than the reguired
where a smaller proporiioner should be applied or an in-line
balanced pressure proportioning system should be used when
the flow vate is below the minimuom listed flow rate the percent
age is greater than the design percentage of the foam concen-
Lrate,

A4B5.2.2 Figure A4.5.2.2(a) through Figure A4.5.2.2(h) are
schematic armngements of equipment illustrating the principle
of operaion of viious proportioning methods, Other arranges-
ments or components can be wsed o accomplish the same
[T OSE,

Foam Liquid-Concentrate Storage Tank, Liguid-Concentrate Pump, Metering Proportions, and

The proportioning device selected should be capable of
providing a nominal concentration of foam concentrate over
the range of Hows and pressures for the hagard bemg protec
ted. Balanced-pressure proportioning systems ntlizing  foam
concentrate pumps will tend w proportion ata higher percent-
agre than antcipated when operating at low flow rates.
However, diaphragm or bladder tnk=type svstems will propor
tion at a significantly reduced percenmge at low flow mtes and,
therelore, shoukl not e wsed below their minimum desigin
flow range. ( See Section 9.3, )

The foam hguid-concentrate metermg orifice can be caleala-
tesel b using the following Tormula:

[A4.5.2.2]
@, = KGi*JAP

where:
2 = volume of foam liguid concentrate [gpm (L/min} |
K = comstani of partcolar foam hquid concentrate (available
froan the manedc e
. = orifice constani
o = diamerer of orifce [in. (mam) |
AF = pressure differential across the onfice plate |psi (bar) |

The coefficient € 15 affected by several factors, including
onifice shape, viscosity of foam |l{|1llfl velocity, amd rato of
arifice diameter Lo pipe diameter.

A45.2.3(3) Indine eductors {inductors) should be used only
for open-head or deluge svstems,

AAS5Z24 See A45.22 for formula for caleulation of size of

orifices used in metenng foam concentrates,
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FIGURE A4.5.2.2(b) Balmced-Pressure Proportioning System.
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FIGURE A4.5.2.2(c)  Pressure Proportioning Tank Method (Pressure Proportioning Tank with
Diaphragm). The arrangement of these devices can take a variety of forms. A single 1ank or a
battery of inks manifolded together can be used.
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FIGURE A.4.5.2.2(d) Balanced-Pressure Proportioners (with Concentrate Pump).
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FIGURE A.4.5.2.2{l)

A4 Foam concentrate pumps are generally of the positive
displacement variery, Centrifugal pumps might not be soitable
for use with foam concentrates exhibiting high-viscosity charac-
teristics, The foam equipment manufcturer should be consul-
ted for guidance.

AdG.]  Foam concentrate pomps are generally of the positive
displacement variete. Centrifugal pumps might not be suitable
for use with foam concentrates exhibiting high viscosity charac-
teristics, The foam equipment manufacturer should be consul
ter] [or guidhance,

Aq6.3.1 Any type of pump {such as a centrifugal or positve
displacement pump) capable of overpressurizing the sysiem
should be provided with an adeguene means of pressure relief.

Adb.4.1 Flushing of the foam concentrate pump might be
necessary at perindic intervals or following complete discharge
of concentrate.

AAGT Special atention should be paid w the vpe of seal
nsecl.
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In-Line Balanced-Pressure Froportioning System.

A4.7.1 This sectuon addresses the pipe section that contains
foam concentrate from the foam concentrite siorage ank 1o
the side inlet of the proportioner or eductor.

AA4T.11 Some fluoroprotein from concentrmtes are incom-
patible with stainless steel pipe, Check with the manufacturer
of the foam concentrate o ensuve compatibility of the foam
concentre pipe material.

A4.7.1.2 Carbon steel pipe has been used for concentrate
pipe, Some foam concentraes, in particular aleoholresistant
foam concentrates, are corrasive to the carbon steel pipe and
coulld deteriorate the integrity of the pipe, Cairbon sieel pipe is
also spusceptible 1o oxdation when air is present in the pipe.

AATLT Addunional pressure may be required 1o stan {low
firomm a static conditon, The friction losses associated with Liree
pipe networks may have a significant impact.

AA4T7.1.9 Fiping pitch is needed o drin water and is nod
intended o drain viscous liguids such as foam concentrate,

AA4.7.2 This section address the pipe section{s} that contains
foam solution located from the How-through outlet of the foam
concentraie proportioner of eductor o the discharge device,
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FIGURE A.4.5.2.2(g)

AAT.21 Most deluge tvpe foam water systems are subject o
harsh envirommental conditions, which can subject the foam
solution feed line piping w internal 0 external corrosion,
Types of systems that fall mio this category include open head
sprinklers, foam spray nozzles, monitors, foam chambers, fixed
foam makers, fixed medinm expansion foam makers, and high
t'}-.pﬂllrimll foamm svstems, These sysiems are n’rm‘ulh utilized fo
protection of fel storage tanks, diked foel conminment areas,
LM facilives, vuck and eail ear loading racks, aircralt hangars,
warehouses, marine docs, interior fuel storage tanks, refineries
and manubcnring processing areis

The foam solution piping on these sysiems is exposed o
thermal changes, air movement, and other environmenital
conditions that can cause condensation, and the resultng

In-Line Balanced-Pressure Proportioning System with Bladder Tank.

corrosion can lead to the formation of debos and pipe scale,
This material can inhibit proper function of the foam system
discharge devices due w blockage, To alleviate the problem of
foam systems with piping that s normally open w the
wu:mumlmb aunmp!wlr these vpes of svitems are o be
constructed using pipe fiting materials identified in 4.7.2.1
and 4.7.5.2.1, Corrosive atmospheres could require other coat-
ings.

AA475.1 Corrosive atmospheres could require other coatings.

AA4T AT Welding is preferable where it can be done without
introdducing fire hazaids,
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FIGURE A.4.5.2.2(h) Pressure Proportioning Tank with
Diaphragm.

AAT6 A hazard avea genevally includes all aress within dikes
and within 15 m {50 i) of tanks wathout dikes, Ocher areas that
should be considered hazird aveas inchude the following:

i1} Locatons more than 50 ft (15 m) from tanks withou
dlikes, if the ground slope allows exposure from acciden-
tally released lammable and combustible liquids

(2)  Extensive manifold areas where flammable and combisti-
ble liguids might be released accidentally

(3 Onher similar areas

The presence of lammable and combustible lguids within
pipelines that do not possess the potential o release Hammahle
and combustible liguids should nor be considered as creating a
hazard area. Ball valves can be used for loam concentrate
Proportioning systems,

A47.6.5 Many valves in the foam proportioning system, if letr
I incorrect positon, can compromise or even disable Che
foam proportioning  system. Examples of valves critical o
proper opevation of the foam propomioning swstem that are
intended s be supervised include, bat are not limited w, valves
in the supply from the foam concentrate storage @ank, valves in
the return o the storage tank, storage wmnk drain valves,
sirainer blow-oll valves, foam concentrate pump supply and
discharge valves, vpass valves around diaphragm valves or
pressuretegulanng valves, and valves at the inlet 1o the propor-
foer.

AA4.9.24 Sceapplicable sectons of AFPA 72

A4.9.2.5 See Article 500 and other articles in Chapier 5 of

NFPA 70,
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A5] There have been cases reporied where the application
of foam through solid streams that were plunged into the fam-
tvable liguid has been beligved o be the sonrce of ignition of
the ensuing fire. The igmitions have been atiributed to siatic
discharges resulting from splashing and mrbalence, Theretore,
any applicaton of foam o an Ll:rli;,,nil.t'rl flammable liguid
should be as ﬁr:lll:' as possible, Correct application methods
with portable equipment might indude a spray pattern or
banking the foam stream off a backboard so that the foam
flows gently onto the liquid surface. Also, eorrectly designed
fixed fodm chambers on tanks could e expected o deliver the
foam fairly gently and not canse a problem. Covered (internad)
foanng rool mnks can experience two distinet wypes of fires: a
full surface area fire (as a result of the floating roof sinking) or
a seal fire. There have been few lires in double<deck on
pontoon-type floating rool tanks where fixed roofs and venting
are. designed in accordance with NFPA 30, Prior o selecting
the method of protection, the vpe of fire that will serve as the
Basis for design should be defined,

Chelelion Fixed-Rool (Come) Tinks, Within the scope of this
standard, fixed-rool (cone) tanks are defined as vertical odin-
drical tanks with & Fxed roof desigoed as a conical section, and
they comply with the requirements set forth in NFPA 30, Typs-
-rLLII"r. these ks Tve o weak seam ol the junction of the veri-
cal side and roof. In the event of an internal explosion, the
seann usially parts and the roof bDlows off, leaving the shell
intact o retain the @ank contents. The resulung fire involves
the entire exposed surface of the product,

These systems are used for the protection of outdoor process
arl l.i.-m'lgr tanks. They include the protection of such hazards
in manulactiring plmu::. as well as in large tank farms, oil refin
enes, and chemical plants. These systems usually are designed
for mamal operation but, i whole or i part, can be anto-
matic in operaton. Foam svstems are the preferred protection
for large outdonr tanks of Hammable liguids, as shown in
Fagure A5.1.

The following decision process is to be used by the owner or
AH] 1o determine the appropriate five protection  method
ifixed or portable} tor ontdoor storage tnks:

(1} Derermine which of the following mank conligurations
apply (see definiions for further explanation of ank
confguratiomsg:

(al  Cone roof tinks

ih)  External Moating roof mnks

el Aluminum geodesic dome fixed roof ank

id)  Internal Hoating roof ank

(e} Onhers that are ot covered by NFPA 11 (eg.
conerete tanks)

121 Derermine the sfoof constivuction | The wmnk construction
and the root construction assist the AH| or owner/opera-
tor in determining what tvpe of fire protection {fxed or
portable} that will be needed o protect the @nk];

{al  Cone roofl tank (s Section 3.2 for specific fire frodechion
et ails )
i Seel fixed rool

(b}  External floating root wnk (e Section 5.3 for speafic
free prentection details )

1. Steel: All moofs in accordance with Annex O af
APl 5TD 650 designed for EFR applications
are all steel construction, including buovant
compartmented sections, There are twa types:
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Foam chamber

Foam made here at chambers

FIGURE A.5.1  Schematic Arrangement of Air Foam
Protection For Storage Tanks,

annular pontoon Aoating roofs and  double
ek floatng roots.

i, Chber sieel or other consoructon: Cable
suppoted, center annolar pontoon (maght
ol be in accordance with Annex © of AP
ST )

(¢} Internal Hoating roof ank (e Seclion 3.4 for specific
e fratection de berals ).

() Sreel double deck (in accordance with Annes © of

AP 5TD 650

(e} Sweel annular  ponwoon  {in  accordance  with
Annex C of APL STD 650)

(1 Sweel pans (in accordance with Annex C of APLSTD
bl

fg)  Aluminum, plastic, composite, or other {in accord-
ance with Annex H of APLSTD G505 . Annex H roals
might be steel, aluminum, compaosite, stainless steel,
or other matenals. They have much less buoyvancy
than Annex © roods annd are pormally suitable for
operation only in IFR t@anks that are not exposed 1o
the weather.

(h)  rher aluminum, plastic, composite, or other

{3 Step 3 What is the five hazard (s} being protecied against?

(a)  Seal area fire

(b} Spill on roof fre

{c}  Full iank surface arca hAre

(d)  Combinaion of the above

(e)  Dke fire area

() Other vpe of fire

(41 Step 4 What wvpe of fire protection svstem is being selec-

ted o provide thar protections {This step should be in

aceordance with the section in Chapter b than applies w0

the construction as selected previoushy )

{a)  Porable handlines {dike aren, seal area)
(b} Portable momeors {dike area, seal area, tull surfce)
(¢} Fixed seal extinguishiment system
{d)  Fixed full surface -rxi.lngm*. himent SYELETn

(5)  Step 5 Go w the secdon in the rmlln-.unh list for specihic
fire protection requirements:

{a)  Cone rool mnk Gee Saction 5.2)
(b}  External tloating roof tank (see Section 5.3
(e} Internal Hoating rool tank {see Secfion 3.4

A.5.2 Historical records of ixed foam systems, where the ank
roof is partially damaged and open or completely blowm off,
would suggest that the fixed foam pourer swstem could have
been compromised, and porable monitor nozzles might have
been needed o supplement or replace the svstem and extine
guish the fire.

ASZS The requirements provided in this section are Based
on extrapolations of test experience and appropriate listings
and reflect the limitanions knowin 1o dawe, Foam can Bl w seal
dg'll!ll'i! the tank shell as a result of prolonged free buming
prior to agent discharge, 1f 11ul.’]t'li]l.h’|ll." water supplics are availa
ble, cooling of the tank shell is recommended. Where the
entire ligquicd surface has been involved, fres in anks up 1w
150 fi (46 m) in diameter have been extinguished with lange-
capacity foam monitors. Depending on the fixed-roof ank
outage and fire intensity, the updraft due 1o chimney effect can
prevent sulficient foam from reaching the bwming liguid
surface to form a blanket. Foam should be applied continn-
ously and evenly, Preferably, it should be direcied against the
inner tank shell so that it lows gently onto the burning liguic
surfiace withown undue submergence. This can e diffhcult o
accomplish, as adverse winds, depending on velocity and direc-
tion, reduce the effectiveness of the foam stream. Fires in fived-
roof tanks with miptured roofs that have only limited access for
o application are nol easily t':-:lmglmhﬂt b monitor appli-
ction from ground level. Fixed foim monitors can be installed
for protection of dmm storage areas or diked areas,

Ab5.24.1.1 Since the most common cone roof ank hre
invidlves an overfill of the cone roof tank or an internal explo-
sion that results in wotal or partial roof separaton, the AHJ
should develop and approve appropriate response tactcs o
deal with each credible scetario when mobile foam monitons
or handlines are selecwed as the method o be used. The pre-
incident contngency plan should be in accordance with Al
BRI 20021,

Testing by the Copenhagen Airport Fire Department and the
LASTFIRE Consortivm bas demonstrated than some SFFF can
be applied to both spill and fuel in-depih bres using monior
noezles o successfully extnguish those tvpes of fires,

A5.24.2.1 The specified minimum delivery vate for primary
protection assumes that the additional foam solmion that is
determined using the 1.5 cwor will be enough o deliver the
remaining necded specified foam o the area being protecied.
Testing by the FPRF would supgest that some SFFF needs 1o be
airaspirated. Nozzles with an airaspiration tactor of at least 8
tor 10 should be vsed,

AS5.24.2.2 Where protection is desived for hwdrocarbons
having a flash point above 200°F (93.5°C), a minimum
discharge time of 35 minuces should e psed,

AS2453 When some older wvpes of aleoholresistant foam
concenirate are used, consideration should be given o solu-
ton tansit tme, Soluton mansit dme {Le., lht‘ elapsed tme
between injection of the foam concentrate into e water dnd
the induction of air) might be limited, depending on the char-
acieristics of the [oam concentraie, the water iemperamre, aned
the nature of the hazard protected. The maximum: solution
transil time of each specific installation should be within the
limits established by the manutachurer.

A524.51 In general, alcohol-resistant foams can be effec-
wvely applied through foam monitor or foam hose streams 1o
spill fires of these liguids where the liguid depth does not
exceed 1 i (25 mm). Recent FP'RF testing on 5FFF would
suggest that any gasoline with a minimum of 1 percent etha-
mol st be treated a8 a polar solvent for foam selection puorpo-
LT
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A5 LA5.2 1IF application resulis in foam submergence, the
performance of alcoholresistamt foams usually  deterorates
sipnificantly, particularly where there is a substantial depth of
fuel. The degree of performance detenoration depends on the
degree of water solubility of the fuel (e, the more soluble, the
greater the detenoration). Special alcoholresistant foams are
available for polar solvents in depths greater than 1 m, (25
mim |} in hoth AFFF and SFFF

A 244 Foam should oot be used wath monitors or hamdlines
o plunge intn polir solvents such as ethanol. Every efforn
should be made 1w apply the foam as gently as possible w the
Fuel svrface. When using landlines, care should be exercised
s gently apply the foam.

A52.5.1 For this application, discharge outlets are commonly
called foam chambers, Most foam chambers are of a Tvpe 11
discharge ontlet design, since they are normally suiable for use
with modern foams,

AB 2521 It s recommended that, [or anks greaver than
200 fr (61 m) in diameter, at least one additional discharge
outler should be added for each additional 3000 [° (460 m=) of
hiuicl surface or fractional part thereof. Since there has been
limnited experience with foam application to fires in fixed-roof
tanks greater than 140 £t (43 m) in diameter, requirements tor
foam protection on such @nks are based on the extrapolation
of data from successful extingnishments in smaller tanks. Tests
hawe shown that foam can travel elfectvely accoss an least T
(30 m) of burning liguid surface. On fixed-roof anks of over
200 Fu (6T m) diamerer, subsorface njecion can be used o
reduce foam travel distances for tanks containing hydrocarbons
only. Unless subsurface foam injecton s utlized, a properly
sizedd flanged connection should be installed on all atmos-
pheric pressure storage tanks, regardless of present inte nded
senvice, 1o facilitate the future installation of an approved
discharge owtlet f & change in servce should require such
installation. Figure A5.2 5.2 1ia) and Figure AS252.1(h) are
wpical fixed foam discharge outles or foam chambers,

A5.2.5.2.2 Type | discharge outets are considered obsolete,
and Type 1 outlets that are damaged efectively become Type 11
outlets, Minimum discharge times and application mates for
Type | omlets curremtly installed are provided in Table 5,2.5.2.2
for hxed-rool anks stoving hvdrocarbons and in Table 5.2.5.3.4
for flammable and combustble liguids requiring alcohol
resistant foams.

A5LABE The swiem should be designed based on hghting a
fire in one @ank ara time. The rae of application for which the
svstem is designed should be the rate computed for the priotec-
ted tank considering both the liguid surface area and the wype
of flammable liquid stored. For example, the property contains
a4l [ (12 m} diamerer tank storing ethwl aleohol and 35 [
i1l m) diameter tnk sionng sopropy ether The liguoid
surface area of a 40 it (12 m) diameter ank equals 1257 11"
(117 m®). Assuming the solution rate for ethy aleohol s
0.1 gpm/f” (4.1 mm/min}, then 1257 gpm/ft* « 0.1 = 126 gpm
(477 L/min), The Tigquid strface ared of a 35 ft (11 m) diame-
ter tank equals 962 ft- (RO m2y.

Assuming the solution rate tor sopropyl ether 15 (015 gpm/
fi* (6.1 mum/min}, then 962 [ = 0,15 gpm/° = 14 gpain. Foa
51 units: Sodution rate = 84 x 6.1 = 543 L/min. In this example,
the smaller wnks storing the more volaile product reguire the
higher foam-generating capacit. In applying this requirement,
dlue consideration should be given w the uore possibiliny of
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change (0 a4 more hazardous sérvice requinng sreater sales of
application. Unfinished solvents or those of 1echnical grade
can conmin quantites of impurities o dilienis. The propes
rate of application for these, as well as for mixed solvents,
should be selected with due regard o the foam-hreaking prop-
erties of the mixtore.

AB5.2.5.5.2 Switems using these foams require special eng-
neerimg consideration.

A5.2.6.1 Experience with fuel storage mank hrefighting has
shown that the main problems are operational (ie., difficulty
in delivering the Toam relatively gently 1o the foel surface at an
application rate sutficient 1o effect extingnishiment). A properly
engineered and insalled subsurfce [oam swiem offers the
potential advantages of less chance for foam-generation equip-
ment disruption as a resolt of an inital tank explosion or the
presence of fire swrounding the tank, and the ahility w
conduet operationy a safe distance from the ank. Thuos, the
opporiunity for establishing and main@ining an  adequate
foam application rate s enhanced, The following guidelines
regarding  fire attack are recommended.  After necessary
suCon connections are made o the water supply and [odam
maker connections are made w foam lines, foam pumping
operations should be initated simulaneously with opening of
block valves permatting the start of foam flow o the tank. Solo-
ton presure should be brought up w and maintained ar
design pressure.

When toam hrst reaches the burning hquid surtace, there
can he a momeptary incresse ino inlensiey cansed by the
mechanical dcton of steam formagon when the first foam
combiets the heat of the five, Inidal Dasie veduction and veclue-

alrn'..

=l W ?‘
_— ‘!ﬁﬁ y .'*"L
FIGURE A.5.2.5.2.1{a} Foam Chamber.
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FIGURE A.5.2.5.2.1(hj

Foam Chamber Deflector.

tion of heat s then usually ~:|u|t:- rapid, and gradual reductiion
i lame height and intensity will occur as the foam closes in
againsl the wnk shell and over the mrbulent areas over foam
injection points. If sufficient water supplies are available, cool-
ing of the ank shell at and abose the liguid level will enhance
extinguishment and should be used. Care should be taken that
water sireams are not direcied into the mnk where they conld
disrupt the established foam blanket. Afier the fire has been
substntially extinguished by the foam, some hire can remain
over the point of mjection. With Hlash poinis below 100°F
(3270 (Class 1B and Class IC liqulr]s} the Are over the tarbn-
lent area will continue untl it is adequately covered by foam.
With gasoline or rqun.llrnt hquids, when fire remains only
over the area of injection, intermittent injection should  be
used so that foam will retrogress over the area rluang' the tme
foam injection is stoppecd, Depending on local circumstances, it
might he possible o extinguish any residual flickers over the
turbalent area with portable equipment rather than continue
the relagvely high rate of application to the whole mnk. If the
tank comtains a buming hguid capable of forming a heat wave,
a slogrover can ocour from either topside or subsurface mjec-
tiom of [oam, especially i the tank has been buarning for
LO minutes or longer. Slop-over can be controlled by intermir-
tent foam injection or reduction in foam-maker inler prressure
nntil slopover ceases. Once slop-over has subsided, and in the
case of hguids. that do not form a heat wave, the pump rate
should be comtinuous. Figure AS526.1(a) and Figore

Produc
lina

High back-pressure fo

FIGURE A5.2.6.1(a)
Installation,

Semifixved Subsurface Foam

AL26.1(h) illustrate typical armangements of semifixed subsoar-
Fce systems,

AS2.6.1.2 The expansion ratios for subsurface ingection are
typically between 2:1 and 41, Limited resting with SFFFs
applied with subsurface form injection sysiems suggests har,
for some foels, some SFFFs can be applied using subsurface
foam injection svstems, However, the user should check with
the specific foam manufacturer o confirm that i has been
testedd fow that nse.

AS26.2 Fipure ALLG2(a) through Figure AL.262({c)
should be used to determine foam welociy. Expanded foam
flow rate, adjusted w the supply curve, s should be used for this
caleulationy; that is, muluply the supply caleulation flow rate by
the maximum expansion ratio of 4:1, Expanded oam velocity
also can be calenlated by using the following formulas:

[A.5.2.6.2a]
English velocity (ft/sec) = Fapandes '_UM] (g
" KA
where:
gpm = gallons per minute
K = constant 44
A = area of ID of the injection pipe (5
or
[A.5.2.6.2b]
V= EF"”;ﬂ 1) ADS5
e
where:
i = pipe ID (in.}
[A5.2.6.2¢c]
L/min k
Metric velocity (m/sec) = %2122

d_

whiere:

= pipe I} (mm)

Fipure AS2L62{d) iHusirates optional arrangements for
multiple subsurface discharge outlets,
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A5 LG24 Fire wests have proven that most tvpes of firefight
ing foam applied by monitors, fised foam appliances, and
conmpressed air foam appliances can aned will el over a burn-
ing fuel surtace greater than W) ft (30 m). Test results show
that travel of 130 ft (40 m} toas moch as 150 ft (46 m) is possi-
ble. See JASTHEE Onming Testing of New Cenevation Foco DY
Large Seale Exfended Flow Test Refrord for supportng test data.

AB2.6.3 Figure AS2Z6.3 illusorates a tvpical foam inlet wnk
COMNe o,

ABSLGAT  Ligquid hydrocarbons that contain foam-destructive
products might require higher application rages. Some [ogams
might fail to extinguish fires in gasolines containing oxygenates
whete subsurfice discharge 15 used at the usially required rate.
Optimum fluoroprotein foam, AFFF, and FFFP characteristics
for subsurface injecton purposes should have expansion rafos
between 2 and 4 S Hgue AS26.30a) and  Fouw
L5263 10L]

Porlable heah back-preesurs
foam maker ior subsurfacs
E.'.-f.- in_ {65 mmy} Appllcilion Adapier pipe
fing hose hread Chedk vahs iz hose
{thr=aded)

/ Outboard tarminal —//
= heapber miet swival

conmection with plug
22, |B5 mmb

FIGURE A.5.2.6.11(h)
Subsurface Apphcation in Semifixed Svstem.

AS5.2.64 The back presure consisis of the stacic head plus
pipe froction lodses between the foam maker and the foam inlel
w the mnk, The Iriction loss curves, as shown in Figure
A5 2 6.4(a) and Figure A5.2.6.4(b), are based on a maximum
foam expansion of 4, which is the salue 10 he used for friction
loss and mlet velocity caleulanoms.

AS26.5.2 Liguid hvdmocarbons that contan foam-desumctive
procucts might require higher application rates, Some foams
might fail woextinguish fires in gasolines containing oxygenates
where subsurface discharge is wsecd at the nsoallv reduired rave,

AS5.27 This secuon describes the desigpn eriteria thar are
applicable to systems used to apply foam o the surface of fved-
rood (cone) storage tanks via a flexible hose dsing from the
hase of the ink Manutacturer recommendations should be
followved for the design and insallation of such svsiems. For
semisubsurface system amangement, see Figure A5.2.7.

Imlat vahs
(gate valwe)

Foam
Mo

Product or
Toarm ling

Typical Connection for Portable High Back-Pressure Foam Maker for

i1 il

X

40 12.2

J

30 4.1

V4

Foam welacity

20 &1

10 3 “-f /r /‘,r

,...-P""'..-'"__..-'

/

Pl
/,/"
T

gpra 800 1800 2400 3200 4000 4500 500 Gald T200
Lfmin 3028 G5 a0a4d 12111 1513 18167 21185 2283 Fr.E51

Expanded foam rate

FIGURE A.5.2.6.2(a) Foam Velocity vs. Pipe Size [2 % in (65 mm), 3 in. (80 mmy), 4 in. {100
pren p, 6 . (150 mum), 8 . (200 ooy, 10 i, (250 mm), and 12 in. (306 mm ) | — Standard
Schedule 40 Pipe.
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6.1

Es
e

Foam velocity

AN

1 3
L
1]
gpm 2000 4000 G000 BO00 10,000 12,000 14000 16,000
Cirrin 7570 15133 22710 30280 37848 45420 52900 60,560

Expanded foam rale

FIGURE A.5.2.6.2(h)
{ 450 mm) | — Standard Schedule 40 Pipe.

These systems are not considered appropriate for floating
rocf tanks with or withomt a fixed roof becanse the floating
roof prevents foawm dismribation, The flexible foam delivern
hose is contained inttially in a sealed housing and is connected
toan extermal foam generator capable of working r1h=11||u1 the
maximum product head, When operated, the hose is released
from s housing, and the hose floats to the surface as o resul
of the buovancy of the foam. Foam then discharges through
the open end of the hose divectly onto the liguid surface,

Consideraton should be given o the following Eeors when
selecting thas type of system:

{1y The wmwtal foam ourput should reach the surface of the
burming liguidd.

{2y With large 1anks, the semisulswrfice units can be
arranged o produce an even distributon over the fuel
surface.

{3 Any type of concentrate suitable for gentle surface appli-
catiom o the particular fuel can be wsed.

{(4) Foamegenerating equipment and operting  personnel
can be focated at a distance [rom the fre,

{A) The swtem can be wsed for the protecion of foam
destruenve lguids, provided the flesible hose 18 not affee-
ted by them

{6) Certain highviscosity tuels might not be suitable for
protection by this type of svstem,

(7)) There is no circulation of the cold uel and, therefore, no
assistance in extunguishment,

{8} The system can be difficult o check, test, and maintm.

{9 The high back-pressure foam generator has o produce

foam at a pressure sufficient to overcome the head pres-
sure of fuel as well as all Iriction losses in the foam pipe-
work, Frction losses with foam differ from those with
foaum soluion

Dresign application rates and discharge nmes for hvdrocar
bons are tvpically the same as for Tvpe 1 topside appllc ALacn
systems [ie, 0.1 gpim A (41 mm/ming ], Manufae irers
should be rulml!!_wi for appropriate application rates and
design reconimendations w be followed for protection of procd-
ncts requiring the use of alcohol-resistant foams.

Foam Velocity vs. Pipe Size |14 in, (350 mm), 16 in. (400 mm), and 18 in.

§$
=
30 9.1 / >
=
820 6.4 = ﬁfﬁ@’/
E _’,.fa;,c.ﬂ““
o
'|;|.-|-
I.Iai 10 3.1l /fﬁ [
25
gpm 000 8000 12,000 16000 20000 24000 28,000
L/rrir 15,153 30280 45420 0550 F50596 90840 105 980

Expandad foam rate

FIGURE A5.2.6.2(c) Foam Velocity vs. Fipe Size [ 20 in. (500
mm) amd 24 in. (600 mm) | — Standard Schedule 40 Fipe.

Duration of discharge should be in accordance with Tahle
AR T(al,

Semisubsurface foam units should be spaced equally, and
the number of unis should be in accordance with Table
AR Th.

ASS Within the scope of this standard, open-top floating roof
tanks are defined as vertical oylindrieal tanks withour fxed
rooty that have double-deck or pontoon-type floating ronfs and
are consiructed i accordance with the requirements of
BEPA 30, The seal can be a mechanical shoe seal or inhe seal.
The mbe seal can be equipped with @ metal wearther shield.
Secondary seals of combustible o noncombusiible materials
can alsor be installed, [See Fyrene 3, e ) throwgh Figne 5.30d L]

A53.1.2(3) LASTFIRE has developed  testing
Examples of other ank construction include full logusd surface
contact, metallic sandwich  panels and ll liguid  surface
contact, and composite sandwich roof/seal sysiems, designed

[ELRELERTHY |,
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Connections for subsurface foam makers

Gata valve !
‘/;:— ek vahe .

(6.1 m) - saf
typical K"f‘amd :
sl 3
2 ouliels Ruplure disg  TOMMECHN
(opdicmal)
Dz --al—\*:
= : e
3 nutlets
. o
T Tl
4 pulllels

FIGURE A5.2.6.2(d) Typical Arrangement of Semifixed
Subsurface System.,

Tank shel

Swing
Rupiure disc check
[ opbicmal) vahve  Gale ""T'j.?

— A} l=gsi
L 12in. (300 mm)
Foam & Waler botlom
[ (1R
Walved lnst conmsction

FIGURE A5.2.6.3 Typical Tank Foam-Maker Discharge
Connection for Subsurface Injection.

H_,,_ﬂ-.ﬁaf shrziner

2% M, (65 mimp

FHST swived inkel &ir strainar adapter

155 in. {40 fren)
FTIFT

in accordance with the performance eriteria i Appendix H.
“Intemal Floating Roofs.” of APLSTD G50,

A53.3 Opep-top feating roof anks can be subject to two
distinct wypes of fires: a seal fire or a full surface area five (as a
result of the floating roof sinking). Expericnce indicates that
the most frequent type of fire involves anly the seal of the float-
ing roof mnk. Prior to selection of the method of protection,
the type of fire that will serve as the basis for design should be
defined. (See NFFPA 30 for fire frotection requiremeniy. }

Muost fires in open-top loating roof @nks ocour in the seal
areps, and these fires can be exstinguished with the foam
systems described in Chapter 5. However, some fires invalve the
full surface area when the roof sinks, These hires are very infre-
quent and normally do not justify a fixed system o protect for
this risk. Plans should be made o Geht a foll surfice fre in a
floating root tank with porable or mobile equipment. Large
capacity fom monitor nogzles with capacities up w MEE gpom
(22,700 L/min) are cwrremtly available. I foam-proportioning
devices are not provided with the foam monitors, additaonal
foam-proportioning trucks might be required through mumal
aid. Generally, the number of foam-proportioning trucks availa-
ble at any location is not sufficient w fght & sunken floating
rool five, and oulside assistance is reguired,

Generally, the hre water svstems available in Hoating roof
tank areas are not designed w fight a full surface tire, so addi-
tonal water is required, Thevelore, relay pumping with munici-
pal or mutual aid water pumpers might be required o obtain
enough water for foam generation,

Another aspect 10 consider s the amount of loam concen-
trate available, The foam application rate of 016 gpm/ft
(6.5 mm/min) of surface area liswed in Chapier 5 might have
t be increased for very Large anks. Therefore, the amount of
foam concentrate available throogh momal aid should be
established prior 1o the fre. In some cases, it can be necessary
o increase the on-site fomm storage i mumal aid supplies are
limited.

Lt it is decided to fight a fire in a tank with a sunken roof
instead of protecting the adjppcent Bcilities and  allowing a
contolled bumont, the most important aspect is to have plan-
nedd ahead and held simulated deills, Coordinating the efors
of many ditferent organiztions and various pumping opera-
tions required for Aghting  potentially  catasirophic  fres
requires well-developed plans and plenty of practice.

ASIALE)Y It should be recognized thar overapplication of
focam tovaseal area can canse rool @l and esealate the fre.

2V in, (85 mm})
MMNET adapler discharge
o rret o ad standans

FIGURE A5.2.6.3.1(a)
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; . B in. (200 mm)
e MTIPT to

& in. (150 mm)
MTIFT dischangs
Preassure
iia'-'i?‘i Air strainer R

adapter |
Il
™~ e
}_/ &
Chwsck vl
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 Y in. (65 mm), 3 in. (80 mm), 4 in. (100 mm}, 6 in. {150 mam), 8 in.

{200 mm), and 10 in. (250 mm)}] — Standard Schedule 40 Pipe.

A5 543 The requirements given in this section are hased on
extrapolations of test expenence and approprate listings and
reflect the limitations known w date, Foam can [ail 1o seal
against the tank shell as a result of prolonged free burmning
prior o agent discharge, IF adequate water supplies are availa:
Ble, cooling of the tank shell is recommencled.

A53.5.2 See Figure A5.5.5.2(a) and Figure A5,55.2(h).

AS53.5.23 bHince all the discharge ourlets are supplied from a
common (ring) foam solution main, some wapor seal devices
mipght nod rupture due o pressure variations encountered as
the swtem i5 activated. [See Pguwe A5.3.5.2(a) and Figur
A5.3.5.3000.]

AD53.54.5 Excesive dam openings for drainage should be
prohibited 1o prevent loss of foam through the dminage slots.
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FIGURE A.5.2.64(h} Foam Friction Losses — 4 Expansion [12 in.

(300 ped, T4 i (350 mom b, 16 in, (000 m), 18 in. (450 mm),

20 in. (500 mm), and 24 in. (600 mm) | — Standard Schedule 40 Pipe.

ALLG Use of foam handlines for the extinzuishament of =eal
fires should be hmited (o open-top Hoating roof tanks of less
than 23t (76 m) in diameter, The Following design informa-
tiom applies 1o toam handline protection methods:

i1y A [oam dam should be mstalled m accordance with
23504

To esablish & sale base Tor operation at the wop of the
tank, a single fixed foam discharge outlet shonld be
installed ab the op of the stirs. This fixed foam discharge
crtlet is supplied w [Jnn"uir coverage of the seal area for
approfimately 404t (12 m) on both sides of the top of the
SLAIrs.

The hxed foam discharge outler should be designed o
dlischarge at least 50 gpm (190 L/min).

To permit use of foam handlines from the wind girder,
twor L5 i (40 mm) diamerer valved hose connections
should be prowvicded at the twop of the stairs in accordance
with Figure A5.3.6 The wind girder should be provided
with & railing for the satety of the firefighters.

(23

(40

4]

Ab4 Within the scope of this standard, covered (internal )
Moating rood tanks are dehned a3 vertical ovlindrical anks with
a fixerd metal roof (cone or geodesic dome) equipped wath
ventilation at the top and containing a metal double<deck or
pontoon-tvpe Hloating root or a metal floating cover supported
by ligquidtght metal floranon devices, They are constricied in
accordance with the requirements of NEFPA S, (See Figure 5.4.)

A5.4.2 The decsion to provide rim seal and //or full surface
protection foam systems should include consideration of the
tank roof and seal structure and the relative risk associated with

20271 Editaon

Table A.5.2.9(a) Duration of Discharge for Semisubsurface
Systems

Discharge
Product Type Time
Stored Foam Mininm (mimutes)
Hydrocarbons with flash Protein, AFFFE, ity
proint below TEIOCF Huoroproaein,
(AR FFFF, andd
aleoholresisiant
AFFF o1 FFFP
Flash point at or above All foams &1
HWHF (38°C)
Liguids requiring Aleahol-resisran hh

aleoholresisamnt foams Fovarms

potential fire scenarios. See Annex | for additional imformation
on the vim seal fire st protocol,

AS54.2(1) Impormant fire-tesistive. propertes of these roof/
seal svstemms include:

i1} Conductive wop and bottom  surfaces 1o prevent  the
buildup of static charge

(2} Flame spread Class A rating of the wp Luninate

i3}  Buovancy in accordance with AP STD 651, Appendix H

(41 Nomcombustible material covering the vapor space will

limat the spread of a potential nm-=eal fire
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Table A5.2.7(h) Mintmum Moumber of Subsurface Unils

Tank Diamecter Mmimum Number
of Semisubsurface
fi m Units

Up to Hi) Lip o 24 |
Crver 84 o 120 Chver 94w 37 2
Owver 1240 1 140 hver 57 w 43 3
Choer 14 o 166 Choer 458 1o 44 -+
e TE o 180 Chver 49 1y 55 b
Ower 180 1o 200 Ovver hib o Gl L1
ey 2000 (e 0] h

Plies 1 omilen fon
eare-h additional
A000 1 {465 m*)

| Product

il
iy
iLul

Compensaior

Hosa containars
Foam s=aling membrane

Block vahe

FIGURE A.5.2.7 Semisubsurface System Arrangement.

(3% Seamless constmction with chemical bonds wall ensure
the roof ssiem main@ing is integrity in an explosion,
prm':ﬂ:li:ng a full-surtace fire

AbA234 The hazad requiring the highest foam soluton
flow rate does not necessarily dictate the total amount of foam
concentrate required. The requirements given in this section
are based on extrapolations of test experience and appropriate
listings and reflect the Tiniations known ter date, Foam can fail
ton seal against the tank shell as a result of prolonged free burn-
ing prior to agent discharge. [ adeguare water supplies are
avitilable, conling of the tank shell is recommended.

ABS.L For other types of indoor hazards, see the design crite-
ria requirements of NFPA 16
A b4l Svstems using these foams require special engineer-

ing consideration.

A5G To minimize life and property loss, auomation of foam
systems protecting a tuck loading ek should be wmken inmo
account. NFPA 16 smes “Foam-water deluge and preacton

svsiems shall be provided with antomanc sud auxiliary manuoal
tripping means.” [16:4.1.1]

Manual operation only can be provided where accepiable 1o

the AH]J.

There are wo methods of automating foam monitor sysiems
for this applicaton:

(1) Completely automatic detection and acoation (Se o
cable sections of NFPA 72 for design evilria, )

(2)  Acmanon by push-button stations o other means of
maneal release,

The speed of sytem operation s always critical in minimiz-
ing life and property loss,

AS65.0 The correct choice of each monitor lecation is a very
important factor in designing a foam monitor system. Traffic
patterns, possible obstructions, wind conditions, and efective
foam nozzle range affect the design. The approprate moniors
and nozzles should be located so that foam is applied w the
entire protected area at the required apphoation rate, Consult
the manufacmrer of the monitor nozzle for specific perform-
ance criteria related 1o siream range and  foam  pattemn,
discharge capacity, and pressure requiremenis. Manufacturers
also should be consulted o confirm applicable listings and /or
approvals,

ALS  Generally, porable monitors or foam hose streams or
both have been adequate in Aghting spill fires in diked areas.
In order o obtain maximum fexibility due w the uncertainy
of location and the extent of a possible spill in process areas
and ank farms, portable or trileranounted monivors are more
practical than fixed foam systems in covering the area invalved.
The: procedure for hghting diked avea spill fires is (o extine-
guish and secure one area and then move on o extinguish the
next secrion within the dike, This technigue should be contine
ued until the complete dike area has been extinguished.

ASYS2 When using SFFE, the user should refer to Annex H
and the manufacturer's recommendations 10 determine appli-
cation rabes,

ASGS3 Fixed foam dischwrge outlets vary considerably in
capacity and range area of coverage,

ABLGSA42 Overhead application by foamewater sprinklers or
nizzles could require supplementary low-level foam applica-
tion o provide coverage below large obsiructions. Cwverhead
pipework can be susceptible to damage by explosion, Cwverheadd
application by foam-water sprnklers or noezles might reguire
supplementary low-level [oam application o provide coverage
below large obstructions, (verhead pipework can be suscepii-
ble 1o damage by explosion

AB57.353 Lowlevel foam discharge owtlets might requive
supplementary  overhead foam spray apphcation o provide
coverage of cooling for overhead stroctures or for ank surfa
oes.

ASRB For the purpose of this standard, nondiked spill areas
are areas where a flammable or combustible liguid spill can
ooour, uncontained by curbing, dike walls, or walls of a ronm or

Iilding,

In such cases it is assurmed that any fire would be classified as
a spill fire [i.e. one in which the lammable higuid spill has an
average depth not exceeding 1 in. (25 mm) and is bounded
only by the contour of the surface on which it is lying].
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Shield

Weatner shiekd

supply piping N R,

Foam discharge ouflat

-
12 Im, (300 mirm)
Fabricated — X Foam defecior
from mounted 1o clear
& i, (100 mm) uppermaost
s, wall piping position of ool
SCTEEn
24 in. (B0 )
Foam maker ﬁmcing
\Eire-hose # ‘Weathar T
GONMecions :
not shown m shield E
this wiswd) =4 in
iR (800 mm)
(10 gaLge l-
:Ei Flaating
Ptk foal —— Foam dam
Il Il
," Seenl
.,\\ (toroidal type showm)
wircheder g Tank shell
Y
W
S
Slope for
drainage
Tank shal
Plug L J

SECTION A-A

FIGURE A.5.5.5.2{a) Typical Foam Splash Board
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Foam solufion supply line

Shest steal shield can be rectangular or cut a5 shown
mounted on top of shell reinforced with acceptable suppors.
Ml irruirn demensions depend o minmmum chssrance meeded
batwesn foam chamber defiector and top posilion of roof,

{ See befow) E e

Al foam
ahamber posiion
!

Discharge oulket

|-|l~"¢’n-:if L —--L

T :__ F“""JH: 'Eurll:l
argle
Aplus | - ST Tk
i I 6% in. i
(300 mm} | (10 mm)
Windgirder
Solulion-piping 1o other
Notas, [ foam chambers can be
1. &0 A (12 mp max foam maker spacing | located above or bebow
using 12 v, (300 mem) high min loam dam, =4 wirdgirder Or al grade
2. 80 ft (24 m) max foam maker spacing leved.
uging 24 i, (SO0 mem) high min loam dam
Swing joist ﬁ

-

Damansion [ A) 15 1he height of the charmber opening
ahowe the top edge of tank shell. The minimum hsight
must clear the lop poaition of the floating roof,

A Dimension {m} L Dimeansion (rm)

24 in. (800 mm) 10 H {3 m}
36 in. (900 mm) 12 f (3.7 m)
4ft (1.2 m} 14 (4.3 m)

For Discharge Devices Mounted Above the Top of the Shell.
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Foam maker

discharge oullets Fhindt 30l ution. piring

for foam solution

FIGURE A.5.3.5.2(b) Fixed Foam Discharge Outlets
Mounied on the Periphery of the Floating Roof.

ABS Awdliary foam hose streams can be supplied directly
from the main system protecting the anks (epg., centralized
fixed pipe system) or can be provided by additional equipment.
The supplementary hose stream requirements provided herein
are not intended to protect agains: fires involving major fuel
spills; rather, they are considered only as [irst aid=wpe protec
thon for extinguishing or covering small spills involving areas in
srjuare feel (square meters) equal o those covered Dy about six
tmes the rated capacity [in gpm (L/min}| of the nozzle.
Permanently installed foam hvdrans, where used, should De
located in the vicinity of the hazard protected and in safe and
accessible locations. The location should be soch that excessive
lengths of hose are not required. Limitations on the length of
Froses that can be used depend on the pressure regquiremeris of
the foam nozele.

A6.1.2 The uses of foam {or mechanical foam, as it was Arst
called) for fire protection have increased greatly since it was
Arst wsed in the 149305, Orginal applications of this agent
itilized a protweinaceous-type foam-lforming liguid concentraie
delivered in water solution o a turbulence-producing foam
generator or nozzle that then diveced the mechanically
formed foam toa burning el ank or area of burming MNamma-
Ble fuel. (Details of these and similar applications are found in
NFPA 402 and NFTA 4053 As the technology Tor using this
agent developed over the years, new systems and new devices
for applving the foam w the hazard being protected aned new
foam-torming liguid concentrates were proven useful for fAre
protection purposes, The application of foam from overhead
sprnkler-iype systems using specially designed foam-making
nozeles capable of either forming a foam from proein-ope
foam concentrate solutions or delivering a satisfactory water
discharge pattern wheve supplicd wath water only was an earh
development (cdrc 1954) in foam Hre protection. Protein,
Huoroprotein, and agqueous Glm-forming concentrates or filme
forming Huoroprotein foam concentrates are suitable tor use
with foamewater sprinklers. This larer tvpe of foam concentrate
also has been found 1o be suitable for use with standard sprin-
klers of the type referved o in NFPA 13 where the svstem is
provided wath the necessary foam concentrate proportioning

equipment Care shiould be exercised w ensure that the choice
of voncentrate and discharge device are listed for use together

MNEPA 11 is based on available test dam and design experi-
ence concerning the design infermation, installation recosm-
mendations. operating methods, and maintenance needs for
the ypes of foam-water sprinkler systems previously deseribed
and foam-water spray systems utilizing protein, fluoropratein,
or agueons flim- forming foam or film-forming fluoroprotein
foam concentrates. These systems possess the commaon abiliy
to either discharge foam in a spray form or discharge water in a
satisfactory pattern for fire protection purposes.

A6 131 Cantion should be exercised when auxiliary extin-
puishing equipment is wsed with these svtems. Some extin-
guishing agents are incompaiible with some foams. The
mia il trers should be consalied.

Maost foams wre not considered suitable extnguishing agents
on fires invalving liquefied or compressed gases (e.g., butane,
butadiene, propame), on materials that will react violently with
water (eg.. metllic sodinm) or that will produce hazardous
materials by reacting with water, or on fires involving electrical
equipment where the electrical nonconductivity of the extin-
guishing agent is of first importance.

Ab. 134 Several AFFF and FFFP concentrates have been
listesdd with standard sprinklers for use on nonmiscible hyvdro-
carbons such as hepiane, gasoline, foel oil, crude oils, and so
forth, and therefore can be permitted to be used on these
products, Polar solvems in depth, such as acetone, methyl ethyl
ketone, methyl isobutyl ketone, methanol, ethanol, and isopro-
panol, have been successfully extinguished with special alcohaol-
type foam concentrates and standard sprinklers. In all cases,
the agent o he used should be determined o be effective o
the particular hazardous product by means of listing vests or
special esing by the manufacurer where necessary, Applica
tion rates can be higher than the required 016 gpm/f
(6.5 mm/mind for some specific polar solvents,

AG2A4 The purpose of a reserve supplv of concentrae is o
have the means available for lrlnmmg SVSIEms [0 seriace-ready
condition following system operation.

A6.25 Most west work conducted with closed-leead sprinkless
has been pcrﬁ:rm:ﬂ with preprimed systems or systems where
foam solution is discharged very 1p|||1.kh = i less than
I minumte. The inherent design ph:lmn:}pln 15 that foam solution
is discharged rapidly on the fuel hazard, Where only water is in
the sprimkler piping, the designer and the .-*LHl shoulel satisiy
themselves that the foam solution delay dme is acceptable for
the given hazard, Factors o consider include the combustible/
tHlammahle hguid el hazard. associated ordinary combasti-
bles, prolable fire groswth rate, number of sprinklers exXpec teel
tor operate, and the involvement of commodities at the time of
foam discharge. Fire growth factors incluade flash point of the
fuel, water miscibility, container package, and storage height.

Foam concentrate mamufacturers generallv do not recom-
mend  prepriming with foam  soloton where  alcohol-type
concentriles are wsed. The foam concenmrate manufaciorers
should be consuled. The Bctors cited in the preceding parae
graph should then be considered if the system s not
preprimed with foam solution, (See A 3.3 1021 for dmning and
Mashing meidaace. )

Ab45 Foam concentrates meeting the requirements of G.4.5
are available in 3 percent and 6 percent concentrations, Some
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FIGURE A.5.3.6

foam concentrates are available for wse at temperamires as low
as -20°F (=29°(C).

Ab.4.5 Foam concentrate pumps should have reliability eoquiv-
alent to that of approved fire pumps. Foam concentrate pumps
are generally of the positive displacement vadety, Centrifugl
pumps might not be suitable for nse with foams exhibitng high
viscosity characteristics, The foam equipment manufacturer
shoatldd b consulred For guidance,

A64.7.2 Some fluoroprotein foam concentrades are incom-
patible with stainless steel pipe. Check wath the manufactorer
of the foam concentrate 1o ensure compatbilite of the foam
concentrate pipe material.

AGAT.ET Most deluge-type foam water syitems are subject
harsh emvironmental conditions, which can subject the Foam
solution feed line piping o internal and external corrosion.
Tyvpes of svstems that fall inw this category include open head
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Typical Installation of Foam Handlines For Seal Area Fire Protection.

sprinklers, foam sprav nozzles, monitors, foam chambers, fixed
toam makers, fixed medinm expansion foam makers, and high
expansion foam svstems, These svstems are vpically ntilizec for
priovection of el storage tanks, diked fuel continment areas,
LNG [acilies, truck and il car loading scks, aireraft hangars,
warehouses, marine docks, interor fuel storage tanks, refiner-
ies, and manufacturing/ processing areas. The foam solution
piping on these systems is exposed w0 thermal changes, air
mowement, and other environmental conditions thal can case
condensation, and the resulting corrosion can lead o the
formation of debris and pipe scale. This magerial can inhibat
proper funcion of the foam system discharge devices due o
hirl'l.kq![.il*. Tor alleviate the |J:‘{:|1It'!ln of [oam systems with piping
that is normally open w the surrounding atmosphere, these
tvpes of svstems are o be construcied wsing pipe Riing materi-
als identified in 4.7.2.1 and 4.7.3.2.1. Corrosive atmospheres
could require ather coatings,
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Option A Opticn B
[Comi roler afber (Ganiraller bk
spatinhbEr il sprinklar wihes)

To aprinklers To sprinklars
o

O5&Y valve
(supervisad}

Sprekier vadve
(dabuge)

DSEY valvg
(Supervised)

Wabir supphy

Mote: Detads typleal of deluge aprinkler system with bladdsr-type proponicner.

FIGURE A.6.4.10 Test Connection Detail,

A6.4.7.2.2 See A4.7.1.2,
AG4.7.2.5 SeeAd.TLI.

A6.4.7.3 Rubberpgasketed frnngs subject o direct fire expo-
sure are generlly not suitable. Where necessary for piping flex-
ihility o for locatons subject o earthguake, explosion, o
similar hazards, such mmstallations can be permitted. In such
cases, special hanging or bracing might be necessary,

AGAID To provide a means of periodically checking the
performance of the proportoners used in foam sprinkler
systems, a test connection should be provided. Tvpical est
connections are illustrated in Figure AG4100 Two opiions are
pisssible in locating the proportioning controller in the sprin-
kler riser: before the main sprinkler valve or after the main
sprinkler valve, It the proportioning controller is located after
the main sprinkler valve, an additional supervised O5&Y valve
is needed to isolate the sprnkler overhead during the propor-
tioner test, The test connection should be rouied to o drain
area for easy disposal of the solution produced during the tes.

AG411.1 A minimum of wo sprinklers of each ope and
temperature rating should be provided. [13:A.16.2.7.1]

AGL1LG One sprinkler wrench design can be appropriate
for many types of sprinklers and should not require multiple
wrenches of the same design. [13:A.16.2.7.6]

A4 1170 The mmmmum information in the lst contaied
in the spare sprinkler cabinet should be marked with the sprin-

Sprinkber vales
[Gehuga)

OS4Y valve
(supervised)

Elacdcier tank

Water supply

Sprinklers Conlained in this Cabinet
Sprinkler Sprinkler
ldentification, General Temparature Quantity
SN Description Rating, “F Maintained
Extended
TYa125 Coverags, 1685 G
K25, upright
RAesidantial
VK404 oonceilad 155 4]
pendant
kssuad: 83119 Ravised:

FIGURE A.6.4.11.7.1 Sample List. | 15:Figure A.16.2.7.7.1]

kler identfication described in 6410171 a general description
of the sprinkler, including upright, pendent, residential, ESFR,
and so forth; and the quantity of sprinklers that is o be main-
tained in the spare sprinkler cabinet. [ 15:16.2.7.7.1]

An example of the 1t s shown in Figure AG4.11.7.1,
[13:A.16.2.7.7.1]

A6.5.2.1 For supeovision of valves, refer o NFPA 24 See
NFPA ocoupancy standards, where applicable,

A65.2.2 For protection of some flammable liguids, [oam
manufacturers might recommend application densites consid-
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Protect if pit

iz lees than

50 1t {15 m)
from building

Bain degin

FIGURE A.6.5.2.6.1(a)
A16.8.2(a) |

erably higher than the minimum densities specified herein o
by occupancy standards. These higher application densities
generally are o rvesult of specific fire tests performed on
particular fuel and should be considered in a svstem design.
Individual hazards might require mininmom discharge pressures
o aclequately compensate for environmemal effects such as
wined, See NFPA 15 for addinonal informarion.

AG522.2. 1A The «desipn area can only be modified Ly
oocupancy standards, such as NFPA 48 The design area moddi-
fiers of NFPA 12 for remobe area increases or decreases, such as
increases tor dv-pipe or double-interlock systems and sloped
ceilings, and reductions [or the use of guick-response spean-
ke, are not intended to be applicd to any NFPA 1] system,

A6.5.2.5.1 Where piping integrity 15 checked by pressuriza-
ton from a jockey pump or other suitable means, care should
be taken 1o pn:'r:frul l:l'l.'-l':l'Pl'-l.'!-i:'iLII'i.'."HIHM'l (18 !-."l.“.‘.l.t"l'll COHTEEHTE LTS
and piping. A suitable means ol pressure reliel should be provie
ded if necessary.

AB.5.2.6.1 Section 168 of NFPA 30 requires that control of
hguid spread be provided (o prevent a pool fire on the floo
from spreading and opening more sprinkler than the design of
the sprinkler svstem anticipates, For example, if the foam-water
sprinkler system is designed w provide 045 gpm/0° over 3000
fi* {18 mm/min over 280 m?), 16,82 of NFPA 30 requires that
the spread of liguid also he limited to 3000 [* (280 m=), Vari-
ous mesnsare available w achieve this conmol, [3kAC 682

Typical methods use wench or spot drains that divide the
floor of the storage area into rectangles having areas equal o
or less than the design area of the sprinkler syvstem. Drains are
centered under racks, and the floor is sloped toward the drain
renches with aominimum slope of 1 percent. The fhoor s made
highest mt the walls. See Figure AG526 1{a) and Figure
AGS26. 1 (h). Trenches are arranged as deseribed in NFPA 15
and as shown in Figure AG5 261 (c). Note particolardy the
dirmmensions of the trenches, and note that the solid cewering
spans one-hird of the width on either side of the open grate
and the open grate spans the middle thivd, Spot drains can be
similarly  armnged.  Another method, shown m Figore
ALD26. ] (d), wses spot drains locared ar building columns,
where the area between any four columuns does not exceed the
design area of the sprinkler system, The floor is sloped o
cirect water fow o the drains, [ 3004 16.8.2]
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General Scheme for Warehouse Spill Control of Liguids. [30:Figure

£

Connections o the drains are provided at rapped samps,
arranged as described in NFPA 15, See Figure A6.5.2.6.1(e).
To provide a safety factor, the drain pipes are sometimes sized
tor carry 154 percent of anticipated sprinkler discharge. The
following equaton can be used o calowlate the fow of the
drain pipe:

[A.6.5.2.6.1]
FulhbA
where:
F = flow {gpm or L/ min)
11 = sprinkler desipn density (gpm /A or L/min/m"}
A = sprinkler design area (ft° or m®)

[30:A.16.8.2

Additional information ean be found in Guddelines for Safe
Warshousing of Chewicals, Center for Chemical Process Safety,
American Instituee of Chemical Engneers. [30:A16.8.2 |

A Toam-water sprinkler swstein requires  the  following
contamment volume:

In LLS. units:

016 gpm AT = 5000 i + 250 gpm = 1050} gpm

1050 gpm = 60 min = 63,000 gal + volume of liguid in gal
I S unins:

G5 mmy/ m® x 465 m® + 946 L min = 39649 L/ min

3969 L min = 60 min = 238, 140 L + volume of liguid in L

A6.5.8.1.1 The spacing of automatic detection equipment for
systems installed for protection against bire exposure might call
for an arrangememt different from that required for other
vpees of systems.

A6.5.8.5 See MFPA T, Chapier 5, particularly Article 500,

A6.50.1 Wherever practicable, the fire department connec-
ton 0 the foam-water sprinkler svatem should be separate
from the normal building fire spronkler system, Signs and plac-
ards could be appropraate 10 alert the hre deparment.
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FIGURE A.6.5.2.6.1(¢)  Details of Liguid-Seal Trap.

[S0:Figure A.16.8.2(e) ]

AG510.0.4 The friction losses in piping carrying [oam

concentrate can be calculated by using the Darev-Weishach

formula, also known as the Fanning formula
For U5, eusiomary s

Darcy formnla:

AP =0, 000216

i

e ]

Reynolds numbeer:

MLGOp
i

AR =

where:
A = friction loss ( psi)
J = fncton Gctor
L = length of pipe (ft)
p = weight density of fluid {1/t
() = How (gpm}
i = pipe diameter {in.)
f = Reynolds number
o= alsolute (dvnamic) viscosite (c])

For S1 units:

Prarcy formula;

AP =050 —"H' {f
] I_i.'l
Reynolds number:

13 15 {-'?-p]
AR =21.22) —
[rru

where:
AP, = friction loss (bar)
J = friction factor
L = length of pipe (m]
p = density of fluid (kg/m %
€ = How (L i)
i = pipe diameter {mm)
A = Revinolds numiber

absolute (dynamic) viscosity (cl')

[A.6.5.10.1.4a]

[A.6.5.10.1.4b]
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A5 10144 The Darce-Weishbach formula iz sumable  [os
MNewlonian Foids: hossever, some alooholresistant foams are
pon-Mewionian  Fluads, The foam  manofaciarer shoald  be
constilted tor friction losses in alcohol-resistant foams.

A6.5.10.2.2 Where the specified areas of demand are selected
clise 1o the source of supply, the higher available pressiares can
increase Lthe flow beyvond the capacity of the foam proportion-
Ny eguipment.

AL BI0LE S Where excessive variations exist between calcula-
ted demand and available water supply, the actial excess
discharge can excesd the capacity of the foam svsem Lo oper-
ate for the minimuom F-mimete mn tme. A vertfication ealenla-
tion should be mmde as follows:

Multply the acwal predicied system fow by the fodn
concentrate percentige, then divide this answer into the foam
quantity as determined in 6.5.2.3.1. The time indicared showld
be T minutes or greater,

ATl Medinm- and high-expansion foam extinguishes fire by
reducing the concentration of oxvgen al the seat of the fire, hy
cooling,. by halting convection and radiation, by excluding
adeitional air, and by retanding Dammable vapor release, [(See
Amnex (0]

A.7.3  Use of high-expansion foam for polar solvents should be
proven by fire ests wsing polar solvents that are 1o be used in
the protected area.

A7.3.2 Under certain circumstances, it might be possible 1o
utilize medinm- or high-e=xpansion foam svstems for control of
fires involving Hammable ligquids or gases issuing under pres-
sure, bt ne general recommendations can be made in this
standard doe to the infinite varety of particalar situations that
can be encountered in acmal practice. Ability 1o control or
extinguish a fire in a given hazard might depend on such
factors as expansion, drainage, and fluidine These Betors will
vary with the concentrate, equipment, water supply, and air

supply

ATE The discharge of lrge amoonts of mediom- or high-
expansion foam can inundate personnel, while blocking vision,
making hearing diflicult, creating some discomfors i breatly
ing, and cansing spatial disonentation. This breathing discom-
fort will increase with a reduction in expansion ratio of the
foam while the foam is under the effect of sprinkler discharge.

AT6.1 Additional exits and other measures might be neces-
sary o ensure sate evacuation of personnel.

AT6.2 The following information is provided as a hest prac-
tice fow conductng search and resene i o foam=filled aircral
hangar. The use of lifedines 15 not recommended as they can
become entangled in obstacles hidden beneath the foam. The
foam emvironment will create a ol sensory deprivation for
rescue personnel. Thermal imaging cameras are ineffective in
locati ng victims.

AT6.22 Water should be applied nalizing handlines and
airerabt veseue and frefighang vehicle tarres in an indirect,
semi-fog patern, application method aimed above the foam,
discharging side o side creating a raindrop effect. Mass appli-
cation of water will knock-down the top laver of toam creating a
foam,water slurry, The application of industrial silicone-based
de-foaming agent through a handline {direct method ) metened
at G percent, wtilizing a [oam eductor, will efectively disperse
the foam shurry:
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AT6.23 Rescue personnel should line up abreast of each
other =0 as to have search wand overlap. Rescoe personnel
should conduct primary and secondary searches o0 ensure
methodical coverage of the facility. In aircraft hangars, the
search pattern should start ar the center of the hangar bay as
this area will have inisal agent application. Note that a search
wand can be a simple 6 [t (1.8 m) pece of PVC ppe, See
Figure A7.6.2.3(a) through Figure A, 7.6.2.5(d).

AT6.23.1 Pormable radios might not work under foam blan-
ket; therefore, rescue personnel shoald make enry when they
have line-ofsight with each other 1w ensure effective communi-
CALIOS,

AT.6.3  As used in this standard, "clearance” s the wr distance
between medinm- or high-expansion foam equipment, mclod-
ing piping and nozzes, and unenclosed or uninsulaied live
electrical components at other than ground powential. Since
meglium- or high-expansion foams are conductive, these clears
ances do not prevent conduction throngh foam. (See Z6.7.3.)
L'p o electrical system voltages of 161 KV, the design BIL KV
and comesponding minimum . clearances, phase w0 ground,
have been established through long use.

AT6.3.2.1 The clearances are based on minbnuwm  gepneral
practces related to design basic insulation level (BIL) salues.

AT7.7.1 Fires or conditions likely to produce fire can be detec-
tecd Ty hman senses or by auiomalic means,

AT TLLL  In outdoor locatons with minimal or no exposures
o lite hagards, such as LNG spill retention areas, immediate
detecnon and suppression of a fire is not critical for protection
of life and property. Detection by personnel and manual opera-
tom of & fixed system is considened accepralile.

AT.T.L2 See NFPA 72

AT TLA See applicable provisions of MFPA 72 Tor power
supply requirements.

A7.74 A bhlock diagram of a typical antomatic medium- or
high-expansion foam syiem s shown in Figure A7 4(a) Al
the present time, foam generators for mediom- and high-
expansion foam are of two tvpes, depending on the means o
introducing air — by aspirator or blower In either case, the
properly proportioned foam soluton & omade © impinge at
appropriate velocity on a sereen or porous or perforated
membrane or series of screens inoa moving airstream. The
l!qm-.'] films formed on the screen are distended I:u'rr the moving
arrstream 0 form 4 mass of bubbles or medinm- or high-
expansion foam, The foam volume varies from about 20 o
W) times the liquid volume, depending on the design of the
penerator. The capacity of foam generators s generally deters
mined by the time required to Gl an enclosure of known
volume by top applicaion within 1 minute o 5 minutes,

Foetm Catvieralon — Asxpavater Type, Aspirator-ivpe foam genera-
tors can be fxed or portable. Jet streams of foam solation aspi-
rate sulficient amounts of air that is then entmained on the
sereens o produce foam. [See firue A7 74001 ) These genera-
tors ustally produce foam with expansion ratios of nol more
than Y501,

Foam Generators — Mlaver i, Blower type foam generators
can be fixed or portable. The foam soluton s discharged as a
spray onto screens throngh which an atrstream developed by a
Fan or blower is passing. The blower can be powered by electric
motors, internal combustion engines, air, gas, or hydraolic
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FIGURE A.7.6.2.3(a)
Conduct Primary and Secondary Searches of the Facility.

maiors or waler molors, The water miotors are usially powered
by foam solution. [See fgue A7 7 4(c L]

AT.10.2 To determine its ability 1o withstand Are exposure
from the hazard area, & generator and s asociaced piping and
electrical wiring, protected in accordance wath the manufactr-
ers’ recommendations, should be started and operated satisfac-
torily after a S-minute exposure 10 fi (3 m) above a M
{46 m”) nheptane fire wang 1K gal (330 L) of fucl. The tesi
fire should be shielded w ensore Name impingement on the
Fene oG

AT 122 Examples of hazards that can be permitted 1o be
suceessfilly protected by 1ol Nooding sysiems include rooms,
vaults, storage areas, warchousing faciliies, and  buildings
containing Class A and Class B combustibles either singly or in
conmbination.

See NFPA L.

AT124.1 To assure the efheiency of a tnal Howing medium-
or high-expansion foam system, the development and mainte-
nance of a smable quanty of foam within the  particula
enclosure to be protected is required. Leakage from the enclo-
sure area should be avoided by sealing openings with doaors
and windows that close automatcally

AT It is imperative that the integrity of primary struc-
tural members be mainmined under fire exposure (which, in
sprnklered stmctures, normally support the sprinkler system .
Light, unprotectesdd bar joisis, and other similar types of
supports are especially vulnerable to damage by fast-developing
fires as compared o suppors in heawy sieel constrction,
Heavy, unprotecied steel framing is also more yulnerable than
Fivesresistive (concrete) or protecied stmctaral members,

Beginning at Hangar Center Where Initial Foam Knockdown Occurs,

Ly, \ . <

£ T g
FIGURE A.7.6.2.3(h) Firefighters Lined up Abreast of Each
Oher Moving Methodically Through the Foam.

AR Tess with loams of above Kzl expansion rano have
shown that extinguishment times for Hammable liquid fires
increased significantdy at rates of foam rise less than 3 [ min
{089 m/min). It is expected that at some expansion mto below
A00:1, Tower rates of [oam rise would be adequate, but insulfi-
cient tests have heen conducted o identify this ratio.

ATA28.2.1 The rate also depends on foam properties, such
as expansion ratio, water retention, effect of water contami-
nants, and remperatre effects on water retention,
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FIGURE AY.7.4(a) Block Diagram of Automatic Medium- or
FIGURE A.7.6.2.5{(c) Firefighters Sweeping 6 ft (1.8 m) High-Ex pansion Foam System.
Wands in a 18(-Degree Motion Searching for Anvthing Hidden
Beneaih the Fosm,

Foam schaan

<%]
----iﬂ o %o
I _‘ O i
foam --:—--:_-"-_n- "nﬂ
sotution f = oo
*. H °8
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Foam aokstion
spray

FIGURE AY.7Aib)  Aspirating-Type Foam Generatlor.

Seamh lme

eollapsas o o
L firsfighters as
viclim ks remowed

hctirm mmovad
by these firelightiers

FIGURE A.7.6.2.3(d) Search Line Shrinking and Continuing Forward After Victims Are Found
and Removed.
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FIGURE A.7.7.4(c) Blower-Tvpe Foam Generators,

AT12.8.23.1 The tollowing are sample calenlations of toal
high-expansion {oam generator capacily:

Calewlation Using UK, Uil

(1) Given: Building size — 1040 fr < 200 fr = 50 fi high.

{2)  Building construction — Light bar joist, Class | steel deck
roast, adequately vented. Masonry walls with all OpEings
closalle,

(3 Sprinkler protection — Wet swsiem 10 11 = 10 fr spacing,
.25 gpm/ I’ density.

{4) Oeupancy — Verucally stacked unbanded rolled keah
paper 25 ft high.

{3)  Assume: Fire will open 5 sprinkler heads. Foam leakage
around closed doors, drams, and so forth, hence €, = 1.2,

() Caleulation

{a) Foam depth: Depth =25 = 1.1 = 275 f1 (This depth
i reater than miniom cover of 2 fu)

(b} Submergence volume: V = 100 = 200 = 275 =
S50, 040 18

{c} Submergence time: T = 5 minutes (from Table
712,710

{d) Rawe of foam breakdown by sprinklers:
5= 101" min - gpm [from 7.12.8.2.3.2]
{1 = Number of heads = area/ head » density
=0 = (100x 1) = (.25 = 1250 gpm
Ro= 5= (=10 = 1250 = 12,500 ft' /min

e} Normal foam  shrinkage: €, = L15 |from
7128259

(F}  Leakage: €, = 1.2 (assumption)

(g} Towml generator capacity

[A.7.12.8.2.5.1a]
v
= { 7 +H,.J oGy WG

Ao [ !'L".I“':-f”m

1-11-.'11]!:} w115 = 12
i |

o= 169,000 t° / min

The mumber of generators required will depend upon the
capacity of the generators available,

Cafeulation Ustng ST Unots

(1) Given: Building siee — 30 m = 6] m = 9.1 m high,

(2)  Building construction — Same as LS. units calculation.

(3 Sprinkler protection — YWet swstem 3 m o« 3 m spacing,
14,2 mm,/min density.

(4) Occupancy — Vertically stacked unbanded rolled kraft
paper 7.6 m high.

31 Assume: Same assomplion as ULS, nnits calculagion.

{60 Calenbation

(a)  Foam depth: Depth =576 = 1.1 =84 m (This depth
is greater than minimum cover of 0.6 m. )

()  Submerpence volume: V = 305 x Al = 84 =
15,628 m"

) Submergence tme: T = 5 minutes {(from Table
TARET)

ieh)  Rate of foam breakdown by sprinklers:
5=10.0748 m'/min: L/min [from 7.12.8.2.52]
(= Number of heads = area/ head = densiy
=50 % {53 = L2 = 459 1./ min
Ry= 5% (= 0.0748 x 4500 = 343 m"/min

e} Normal foam shrinkage: €, = L15 [from
7.12.8,2.3.3]

{f} Leakage: € = 1.2 (assumption)

(g} Towl generator capacin:

[A.7.12.8.2.3.1b)

= L

b d

R :-[1'—+I1'5] .
T

B z[].-'a,ﬁ‘i’ﬁ

B

o

+.‘%—lﬂ] x 115 x'1.2
£ =4787 m' /min

ATI2.82.5.2 Where sprinklers are present in an area wo be
protected by high-expansion foam, simultaneows operation will
cause hreakdown of the foam. The mate of breakdown wall
depend on the number of sprinklers operating and the subse-
quent total rate of water discharge. The number of sprinklers
expecied 1o operae will depend on varions faciors as oatdined
in NFPA 13.

ATI28.23%4 It is essential that uncontrolled leakage be

reduced o an absolute minimum through the use of foamtghi
barmiers at all openings below the effective hazard control level

or depth. There will be an increased rate of [oan escape as 1is
fluiclity is increased by anticipated sprinkler discharge. Such
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leakage through drains, trenches, under doors, around
wandows, and so forth can be minimized by use of suiable auto-
matie closures, seals, or mechanisms, Additional genera
capacity should be added to compensate for the aggregate
losses where foam escapement cannot be effectively controlled,

ATIZID The choice of a twial flooding fodm system for
protection of a hazard does not necessarily imply that it is
expecied that the system will completely u-:uur_,uwh the fire or

even so nearly extinguish it as w render the fire meapable of

regaining the offensive. Rather, the ¢ffect sought might often
be speedy control with minimum fire damage w contents not
invalved in the fire

When high-expansion foam is establishing or has established
control of a fire, care must be exercised thal control is not lost.
The Following points should be kept in mind; depending on
the particular fire, some or all might be vital:

(1) All persons should be aware of the necessity Tor tight
closure. Emplovess, bngade members, and the fire
department should move mplf.liv to close any apenings
through which foam is being lost. Imprmw:'d closures
can be made of practically any available material such as
fine mesh screening, plastic, plywood, or cardboard.

(2) I the material involved s liable wosustain deep-seated
fires, such as furniture, packaged material, fibers, and
rolls of paper, particular care must be exercised in open-
ing up the arcas and removing the foam. Even where only
surface fire is thoughn possible, as i Mammable liguics,
smoldering Cliss A material can canse reignition.

(3 A Tsoaking” period should elapse hefore foam is remaoved,
This period can be as long as an hour and should be
predetermined based on the fuel in the area,

A7.12.10.3.2 Additional foam concentrate could be needed
should reignition ocenr

AT 12104 The following points showuld be considered during
overhaul operations:

(1) All foam and sprinkler systems that are shut off showld

have personnel standing by valves 1o turm them back on il

this should become necessary,

(2)  Foam supplies should be replenished if depleted.

i3)  Hand hoselines should be charged and manned. Personal
provective equipment should be donned, Self-contained
breathing apparatus must be worn in the “ready” position
ser there will be no delay in putting it in service,

(4)  Foam should be remeoved hirst from the hire area and
should be coordmated with overhanl and salvage opera-
tions, The wotal loss will be kept tooa minimum if thouglht-
less operations are avoided. Once the bre 5 under
coptrel, wndue haswe o extinguish the last ember can
greatly increase the loss.,

(5) Canvon should be aken in entering previously foam-
filled areas, particulardy in stmctures with pits or open-
ings in the floorn

(i) The area should be well ventilated, but openings through
which foam might be lost should be Kept o @ minimuam
andd manned for closing if this should become necessary:

(7) Comsiceration should be given wo disposal of the foam
prevent any undue hazard 1o adjacent areas.
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AT.13.1.2 These sysiems are best adapied o the protecton of
essentially fal surfaces such as confined spills, open tanks,
clrainbaoards, curbaed areas, pits, renches, and so forth,

ATIRE2 Fences constrocied of ordinary metal  windos
screen mesh have been shown o provide an etfective barrier
that allows confinement of mediwm- and high-expansion foam
10 & protected area.

A7.14 High-expansion foam has been shown o be effective n
controfling LNG spill test fires and in reducing downwind
vapor concentration from unignited LNG spill test fires in
confined areas up 1o 1200 ft* (110 m?),

Special provisions for higuefed naowal gas (LNG) fire and
vapor control are as follows:

(1} Aplecateon concepds for fire control, Tests sponsored by the
American Gas: Assoctadion (AGA} have shown that the
amount of radiion rom a buming LNG spill can be
reduced by as much as 95 percent with some  high-
expansion foams. This reduction is due in part o the
foam barrier, which redoces saporization by blocking
heat feedback from the Hames o the LNG, Foams having
a low-expansion ratio contin a great deal of water at
ambient temperature that tends o increase the vaporiza-
tion rate when it drains into the LNG. In the AGA tests,
control was established with expansion ratos greacer than
250:1, although an expansion ratio of about 50001 proved
most effective. Different brands of foam show considera-
ble varaton in their ability to control LNG fires. A
rapidly draining foam will increase the LNG vaporiztion
rates and exXagrerate the fire intensity,. The drer foam
remaining 15 less resistant w thermal effects and breaks
down more readily. Other factors such as bubble size,
fMuidity, and linear burm rate can affect e control,
Therefore, test results on LNG fires, including the test
described in Section G4 should be reviewed before
selecting a foam for LNG fire control.

(2 Degenneina vapor hazand coitedd, YWhen first evolved from a
spill, unignited NG vapors are heavier than air. As these
vapors are heated by sunlight or by contact with the air,
they eventually become buovant and disperse upward.
Before this up'.-m:ii dispersal ocours, however, high vapor
eoncentrations can form downwand of an unignited spill
at or near ground level. High-expansion foam can be
wsed b reduce this vapor concentration by adding heat
from the water in the foam to the LNG vapors as they pass
through the foam blanker Becanse of the induced buoy.
ancy, the application of high-expansion foam can reduce
downwined gas concentrations at ground level. Expansions
in the mnge of 750:0 w 1000:1 have been found o
provide the most effective dispersion conwrol, bur the
higher expansions can be adversely affected by wind.
However, as with lire control, ability 1o control Vapon
dispersiom varies among different foams and should be
demonsiratecd 1 esis,

See NFPA H9A for informanon on lire protection reguire
menis for LMNG Fuctlities,
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A7.M4.1 LNG fire and vapor control reference publications
are as follows:

(1) American Gas Associamon Project 1531, "LNG Spills on
Land.” November 15, 1975

(27 American (eas Associanon F:‘fllﬁl I5-100-1, "An Experi-
mental Study on the Mitigation of Flammable Vapor
Dispersion and Fire Hazards Immediately Following LNG
Spills on Land,” Febmary 1974,

{3 Gremeles, A, B, and Drake, E. M., "Gravity Spreading and
Avmosphenc Dispersion of LNG Vapor Clouds,” Fourth
International Symposiom on Transport of  Hazardous

Cargoes by Sea and Inland Waterwaw, Jacksonalle, FL,
October 1975,

{47 Humberi-Basset, B, and Monter, A, "Flammable Mibouare
Penetration in the Atmosphere from Spillage of LNG,”
Third International Conference on LNG, Washington,
DC, Seprember 1972,

{5 “Liquefied Natowal Gas/Characteristics  and  Burning
Behavior,” Coneh Methane Services, Lic,, 1963,

(6)  “LMG Vapor Concentration Reduction and Fire Control
with MSAR High Expansion Foam,” Mine Saferv Applian-
ces Research Corpe, Evans City, PAA

(7} Schneider, Alan L., “Ligquehed Nawmral Gas Safen
Besearch  Orveerview”  Natonal Technical  Information
Service, Springhield, VA, December 1975,

(8)  Welker, J., ev al, "Fire Satety Aboard LNG Vessels.” Janu-
ary 1976,

{9 Wesson, H. K., Welker, | R, and Brown, L. E., *Control
LNG Spill Fives,” Hydmearhon Processéng, December 1972,
This paper contains 105 additional references on many
aspects of LNG safery research, incloding the use of lllhh
expansion foam on LNG.

Since tme Lo iniiate actuation 1sa critical facoor in LNG Gre
contral, special amention should be given w heat effects and
pistential fire spread woadjacent areas during the time period
for application of foam into the LNG spill,

AT 142 Application rages are generally established v specific
fire tests such as that in Section G4, where the equipment,
water supply, Tuel, and physical and chemical makeup of the
candidate foam concentate are carefully controlled. While
these tests can be useful for comparing various fodams, they
often give mimmum application rates becanse they are conduc-
ved under jdeal weather conditions with no obstructions o
barriers to fire control. The final design rates are generally 5 1o
b ritnes the test rates, Thus, the rates can vary significantly from
o foam agent o snother,

A7.14.3.3 The minimum foam depth at any point in the
hazard area will vary, but most designs have attempted 1o
obtain 18in. w36 in, (450 mm o 900 mm) of foam depth over
the LG spill area within the time established in the analsis,

A7.15.6 Successtul extinguishment of fire with portable foam-
generating devices i dependent on the mdividual abality and
technigue of the operator

A8 Itis good practice tor the owner or his or her designated
representative h.e . architect, contractor, or other authorized
person) 1o review the basic hazard or modifications with the
AH] w obmin goidance and preliminary approval of the
proposed protecion concept. The possibality and  extent of
damage Iw the agent should be evalnated when selecing an
extinguishing system. In certain cases, such as tanks or contain-
ers of edibde oils, cooking oils, or other food-processing agents,

il in ather cases where contamination throongh the wse of {oam
could increase the loss potential substantially, the AH] should
b consulied regarding the wpe of extinguishing agent prefers
red.

A825 The cost of testing beyond the requirements of this
standard, but requested by the AHJ, should be considered, The
specification should indicate how testing costs are 1o be met.

AS3.5(27) See Chapter 25 of NFPA 13 for hydranlic caleula-
non procedures,

AL Actual discharge conditions are based on the
supply calculations (i.e., balanced 1o the available supply caleu-
lations, per 6.5 10,22},

AJ0S4  Limived service controllers generally do not have a
service disconnect means, In order o perform rontine inspec-
tion and maimntenance safelv, it might be desirable to provide
an external service disconnect. Special care must be mken 1o
ensure that the disconnect 8 not left in a position rendering
the foam concentrate pump inoperable.

A004.2 Ome of the following designs can be used;
(1) Piping less than 4 o, (100 mm) in dismeis

{#) Where piping is buried, a swing joint or other
means should be provided ar each tank riser o
absorb the upward force. The swing joint should
consist of approved standard weight sieel, ductile,
or malleable iron fittings,

(bl Where piping is supportecd abovepgronnd, it should
not be secured for a distance of 50 f (15 m) from
thee tank shell w provide Aexibiling in an upwioed
direction so that a swing joint is not needed. If there
are threaded conpections within this distance, they
should be back welded for strength,

(2) The vertical piping of 4 in. (100 mm) in diameter and
greater on the protecicd tank should be provided wath
o bace @l esch shell course. This design should he
permitted o be wsed in lien of swing joints or other
approved  aboveground  flexibility, as  specified  in
ATO42 1 (a) and A 1042{1)b). This fser can bhe
welded 1o the @mnk by means of steel bhrace plates posi-
tioned perpendicular to the tank and centered on the
Fiser pipse,

AN0AS With allwelded consumiction, this conld be the onlh

jovint that can be opencd.

A00.5.7 Failure 1o solate the water supply feed 1o the bladder
tank can canuse a continnation of foam concentrate discharge
inte the swtem riser. This continwed discharze can cause
damage to the bladder and siphon mbe inside the tank and
can waste [foam concentrate, Risers that have Glled with foam
concentrate due to this issue can be inadvertently drained, thus
contaminating the environment with fosm concenirse,

ALl The provisions of this marine chapier were deve loped
based on knowledge of practices of this standard, 5OLAS, the
[BC Code, and USCG regulations and guidance, In order o
harmonize the requirements of this chapter with the practices
of these other standards, the values given in the meric conver
sions in Chapter 12 should be considered the required value.

ANLL3 Approvals of specialized foam  equipment compo-
nents are npically based on complianee with a standard eguivae
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lent e UL 162, Component  review  should  include  the
followang:

(1) Fire suppression effectiveness
i2)  Relability
(3} Mechanical strengtly
(4)  Corrosion resistandce
15} Material compatibility
i)  Proper operation
(7} Stress, shock, and impact
i#)  Exposure to salt water, sunlight, emperatre extremes,
and other environmental elements
{4 Proportioning system test data (demonstrating accepti-
e injection rate over the imended flow range of the
'-i'|-"-il-l."l'l:l]-
(M Foam streson cange cata (based on still air resting wath
maonitor and nozzle combinations)
(11} Foam quality test data (demonstiating  satisfactory
performance  corresponding 1o smallscale  fire st
naogle foam gualiny

Chaality eontrol of specialty foam proportioning and applica-
tion equipment as well as foam concentrates should  be
achieved through a listing program that includes amanufac -
ing follow-up service, independent certification of the produoc-
tion process o [5O 9001, or a simikr goality control program
approved by the AHJ.

A11.1.43 Foams for polar solvents are first tested for hydro-
carbaon performance wsing a test derived from Federal Specifi
cation (RFA55C that was published from 19689 through 1950,
The foams are further wested for polar solvent system applica-
ton on the hasis of 50 B (46 m?) fre test performance in
accordance with UL 162, Approved manufacirers’ deck system
design applicanon rates and operaling  fimes  meorporate
cdlesign factors that are applied w the hre west application rates
and times.

A11.2.1 This svstem is intended o supplement, not replace,
any required wotal flooding machinery space fire suppression
sysiem. Foam sysiems comprising a portion of required primary
machinery space protecion can reguire longer application
times.

A11.3.1 Alhough shipboard foam systems share many simi
larities with ank farm foam svstems on Lind, there are impor-
tant differences  between  shipboard and  land-based  fire
protection, These differences, idenafied in (1) through (15),
result in foam system designs and arrangements thay differ
from systems used in what can appear to be similar land-based
hazards. The dilTerences are as follow:

i1} Foam fire tests of the type descrnbed m Annex F are very
eV,

{2} There is limited data regarding vse of systems meeting
USCG or IMO requirements on-actual Rres,

i3) There s linle or no separation between tanks.

(4} The vessel might be wicely separated from other hazards
or might be alongside another vessel or a terminal.

(51 The vessel maght not have access o inmediate frefighi-
N assistanee.

(6} Fires resudting from caastrophic events, such as explo-
sions and collisions, historcally are bevond the anboard
firefighting capabilities of the involved vessels, necessitat-
ing use of onside firchighting assistance. Many large
hires have wken several davs o extiinguish,
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{7} The number of frelighting personnel is Timited o the
available crew.

(8) Fires not subsmntially  controlled  within  the st
20 minutes can exceod the capability of the crew and the
o boarel svsiem,

() Ships are subject 1o rolling, pitching, and yawing, which
cin cause sloshing of the burning liquid and reduoced
performance of the foam blanket

{1 Application of foam w the fice is likely o be much faster
than on land because the deck foam system is in place
and can be activated smply by siarting a pump and
opening certain valves. There is little or no setup time.

{11} Tank fires do not seem w occur unless preceded by an
explosion.

(12} Explosions can cause substantial  damage o foam
systems. They can have unpredictable resulis on the

vesse] strueture, including bending deck plating in such
a way as to ohsouct toam applicadon, They can also
canse volvement of any mumber of tanks or spaces

(15} Most tankers use inert gas systems to reduce vapor
spaces above cargo tanks 1o less than 8 percent oxvgen,
thereby reducing the likelihood of an explosion.

{14} Ships pay the cost of transporing their fire suppression
SYSIEINS 071 CVETY VOVage.

{15} There is.a finite amount of space on each ship design.
Tanker deck foam monitors are located at or above the
elevation of wp of the tnk as contasted with wpical
tank farm wrangements where monitors must project
foam up and over the rim of a tank

Al1.3.2.2 Color coding the valves aids in identfication, For
exiumple, all valves that are w e opened might be painted
sopne distinerive color

ALL33 A fre main swstem can provide other services in aclds-
ton to fire protection. Other services, which could be left
operational durving a fire, need w be included in calcultions,

Ad134 Rawes of application are as follows:

(1} Differences between this section and SOLAS or the TBC
Code: The application rates prescribed in this section for
hydrocarbon fuels are higher than the rates given in the
International - Maritime  Orvganization’s  International
Convention for the Safety of Life at Sea (SOLAS) Chap-
rer 212, Repulation 61, as follows;

ial For deck spills, this section requires 016 gpm
fi* (6.5 mm,/min) applied over the 1) percent of the
carg block versus (147 gpm /5 (5,95 mm /min) in
SOLAS. This difference is basedd on a long history of
fire r:nmgumlnnrm experience using (L16 gpm i
(6.5 mum/min), It 5 also understood that the value
.16 H.‘-rll_."r[‘ (6.5 mm/min) s generally regarded
as the minimum foam applicatnon rate tor industrial
hazrds and reflects the minimum application rate
on the fuel surface, not at the discharge device.
Thus, loss of foam due o wind, obstructions, and so
forth, should be compensated for to provide
016 gpm/ T (6.5 mmAmin) on the liguid surface,

ih} For the single largest tank, this section requines
(.24 gpm/ T (9,77 mim/min) over the single largest
hydrocarbon ank versus 0147 gpm /i (5.98 mm/
min} i SOLAS, This difference is based on the
need to delver a2 minimum  of (L16 gpm/fi*
(0.5 mmy/ming onto the surface of the buming fuel
and takes into consideration the impact of wind,
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evaporation, and thermal updrafis, This value is
consistent with recent experience with the extin-
pguishment  of shore-based  storage  anks  using
mohile foam equipment similar to the monitors
usedd in deck foam svsiems,

For polar solvents, the foternationsl Bulk Chemioal
Canle (IBC Cordey provides two design methods, The
first method requires a foam application mate of
0.5 gpmAY (2003 nun/min} without restriction to
the type of chemicals that can be carmed or where
on the ship's cargo block they can be carried. The
second method allows arrangements with applica-
ton rates lower than 05 gpm/0* (20,3 mm//min},
This method is allowed it the country where the
vessel is repistered has determined through fite (ess
that the actual foam application mte at each cargo
tnk is adequate for the chemicals carried in thar
tink: The design practices given in this section
comply with the second method of the M8 Code

For reliance on monitor application, it is recognized tha
for land applications this standard generally restricis
monitor application of foam according o tank diameter
and surface area, A significam difference between moni-
ior apphcations on land and those on tank ships is that
the monitors on ank ships are located at or above the
clevation of the top of the tank. Therefore, shipboard
svatems do not sufTer losses of apent associated with long
throws getting foam up and over tank rims. Additionally,
ank ship monitors can be placed in operation immedis
ately after an incident, as there s little or no seiup time
and each monitor s required o be sized 1o deliver at
least 50 percemt of the required foam application rate.
The application rates given in this section incorporae
design facuors that allow the resulis of small-scale fire wsts
i be appliced o fullscale fires. Desipn Bactors ine lude
scaling Factors that allow the results of smallscale tests to
be extrapolated to large scale, In addition, compensation
factors are mehuded o account for losses expected from
wind, thermal npdraft, stream break-up, plunging, and

(e}

{2

Table A.11.5.4 Foam Application Rates

other adverse conditions, The applicaton rates and incor
porated design factors are shown in Table A 1134

The design philosophy given in this standard reflects tha
outlined in NVIC 11-82, NVIC 1182 assumes that the
minimum single tank design application rate will be
(16 gpm_.r'l'l” (6.5 mmy/min}. [t then allows monitors o
be calculated using 45 percent of the single tank rate,
SOLAS and the IBC Code require the monitor ta be
calculated at MY percent of the single ank rate. However,
SOLAS starts wath a single tank apphoation mte of
0147 gpm/AY {6 mm/min) so that 50 percent of that
rate exactly equals (L0735 gpm/fi*(3 mm/min)}, which is
5 percent of the NVIC 11-82 minimum applicanon rae
of 16 gpm/fi° (6.5 mm/min}. The IBC Code also
requires monitors o be sized for 5 percent of the single
tank flow rate.

{4

AALES1 Foam apphcation durations given in this section are
penerally lower than those given in other sectons of this siand-
ard. This difference is based on historically quick deployment
of marine deck foam sstemns and also @akes into account all of
the tactors lsted in A3 L

A11.3.54 The flow rates during an actual svstem discharge
will generally be greater than the minimuom raes caleulaied
dunng system design becanse pumps, eductors, and nozzles are
tpically not available i sizes for the exact minimam flow rate
necded. Therefore, this equipment will tvpically be selected at
the next larger commercially available size, Because the sysiem,
bult of components larger than the minimuam required, wall
How foam at a rate greater than the minimuam calculated, the
foam concentrate will be used taster than the minimum usage
rate, Since the concentiate will be used at & rare higher than
the mimimum, the storage quantity should be sized 1o provide
the actual delivery rate during the entire reguired discharge
claration.

Adl4 Although foam handlines are required for supplemen-
tary prodection, it is not practical w rely on handlines for
primary firefighting. Therefore, all regquired foam application
st b prowided by monitors that cover the protecred area,

Scaling Design Fuel Surface Compensation Required
Fuel Scenario 100 Fi* Tesi Fire Factor Application Kate Diesign Factor Application Rate
Hydrocarbon  Deck spill 0.06 gpm /i 2.67 (8/3) 0,16 gpm /I L4 0,16 gpm /It
(24 o/ imin ) (3 mmy/ {65 oo Sin
(LTHT]
Hydrocarbon  Single largest 0.06 gpm./1® 2,67 L16 gpm /fi* 1.5 .24 gpm /t*
tank (24 mm /) (6.5 mm,/ {45 mm
min min® )
Poalar Dyeck spill Rate 2 (UG gpm)/ [ D RT Test rite = 2 67 1.1 =016 gpm.-"ﬂ:
(2.4 mom S min) as 2 (L16 gpm / (6.5 mum S mb )
dlertermined Tw i (6.5 mm/
sl 1
Polar Single Targest Rate z (.06 gpm/ i 2,67 Test rate = 2,67 1.5 = (.24 gpm /i

tank (2.4 mm min) as
determined by

sl

2 (L16G gpm/
i (6.5 mm)/
namn

{8 s/
mint

Mape: L Smibn-m® B erpuivalione o i,
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A11.9.2 Tipe should be uniformly supported o prevent move-
ment due to gravity, heaving of the vessel in heavy weather,
impact, and water hammer, Pipe should he supporied by sceel
members.

AL93 Deck toam system piping is not a substitute for any
portion of a vessel's fire main system, Conversely, the reguire-
ment 15 mtended o clarty that foam injected into the ship's
hire miain is not a substitue for a dedicated foans system on the
weather deck. The requirement is not intended to prevent the
proportioning of foam o a ship's fre main, Such a capability
may be of great wlue during a machinery space fire or any
ather fire involving Hammable liguids,

A 1185 The swsiem should be arranged o prevent ice from
forming in any portion of the system. Sloped piping and
manual low point drains are considered o meet the reguire-
ment that the swtem be self-drmining.

A1l10.1 Refer w the environmental report (Annex 8] for
further information relaved 10 environmental issues when
systemn discharge tests are performetd.

A11.1L11 The primay foam concentrate tank is the tank
containing the wur:ph' caleulated w sanisty the requirements of
11.5.4 and 11.5.5. The locaton of emergency back-up supplies
andl supplies of concentrate for rehilling the purtmw tank are
not subject to the storage location restrictions of 11112
However, all foam concentrate storage is subject (o other provie
sions of this chapter such as those regarding prevention of
freezing and foam compatibilicy

A 111120 Cormosion occurs at the air/oam Sank interface.
Theretores, the small surface area of this interface n the @nk
clomme resilis in less cortosion than if the interface ocours in
the body of the ank. Tank domes are also used o reduce the
mailable free surface subject w sloshing, Sloshing  causes
premature foaming and adversely affects foam proportioning.
In addition, sloshing can cause cracking or ather damage 10
the tank. Foam also evaporates, so the use of a pressure vacunm
(%) vent is necessary, A PV vent allows air o enter the tank as
hopd s discharged. allows air (o leave the tank as liguid flls
the tank, and allows the PY valve 1o prevent evaporation of the
COnCemnirale.

A11.121 Examples of acceptable arrangements are shown m
Figure AZ3I6.1 and Figure A3.3.36.1.1(a). Consideration
should be given 1o the need for spare or redundant critical
eqipment.

A11.12.3 Where foam concentrate pumps are Hushed with

sea waier, the pump should be constncted of materials suitable
for use with sea water.

A11.124 Poruons of TP 127 E are generally considered equiv-
alent w [EEE 45,

ALL1ES Some pipe point sealants are soluble in foam
ConCeE L irae.

AT Acceptance lesis should encompass the following:

(1) A foam svstem will extinguish a Hammable higuad fre of
operated within the proper ranges of solution pressure
ane concentration and At sulhcient discharge density per
square foot (square meter) of protected surface. The
acceptince st of a foam system should ascecain the
following:
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{a) Al Toam-producing devices are operaling ar system
design pressure .mrl at system design foam solotion
COmeE o,

{h} Labomtory-type lests have been conducted, where
necessary, o determine that water guality and foam
liquid are compatible.

(2} The edlowing data are considered essential w the evaluoa-
ton of foam system performance;

(a)  Salc water presure

{h} Stabilized flowing water pressure at both the control
valve and a remote reference point in the system

ic}  Rate of consumption of foam concentrate

The concentration of foam soluwtion shonld be determoned.
The rate of soluton discharge can be eom puted from hvdraolic
caleulations utilizing recorded inlet or end-of-svstem operating
pressure Or both, The foam ligoid concentrate ¢onsmmprion
rate can be calculated by tming a given displacement from the
storage ank or by relfactometric of conductivity means, The
calculated concentration and the foam solution pressure
shonuld be within the operating limit recommended by the
mmanifac irer

A12.6 The rate of concentrate consumption can be measured
by timing a given displacement from the foam concentrate st
age tank, but only m systems where the storage tank is small
enoughand the west run time s long enough so that this can be
acoomplished with reasonable accuracy.

AL2.6.2(1) Instruments should have auwomatic temperature
CON PN AAtion.

AL2.6.2(2) Digital electrie conductivity can be accomplished
by handheld or online computer data acquisition  devices.
[nstruments should hase automatic wmperature  compensas
L.

A12.6.3 Recording the expansion ratio and drain time of
SFFF and comparing them o the manufactarer’s listing report
or manufacturer’s specifications can help . ensure system
performance, See Annex H,

AdZ2.64 FM Approvals 5138 should be consulted for possible

hsting requirements.

A2T(3) A sample material and test certificate is provided in
Figure A.12.7(3).

AT2.9.1 Underground mains and lead-in connecions o
sistemn risers should he thished through hydrants at dead ends
of the system or through accessible a]:nu'..'-rgw:uumi tushing
outles; allowing the water w rmn umil clear. I wager is supplied
from more than one source or from a looped system, divisional
vitlves should be closed 1o produce a high-velocity flow through
each single line.

It 5 recommended that foam concentrate hnes e tested
wsing foam concentrate as the testing medinm,

AJ2.9.2.1 To prevent the possibility of serious water damage
in case of a break, pressure should be maintained douring the 2-
hour test period by a smallcapacity pamp, with the main
comirolling gate closed tghily dunng this period.
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Contractor’s Material and Test Certificate for Low-Expansion Foam
PROCEDURE
Upon comgpéston of work, [nspecton and 1esis shed be made by the confractor’s iepresantabve and witeessed by an owner's representaive.
All dofacts ehall e cormectad and aystem (et In seryics boedose contractons personng fnally [Bave the job
A certdicate shat be #ad out and sagnad by both represantatves. Copses shall e prepared for approving authentas, ownars, and confractor
It is undfarsiood tha ownst's reprssantabive’s sgnahire nncoway prejudses any caim against contractor lor Raulty matsmsal, poor worsmanship,
o fallure to comply with appaoving authaonty's reguirements or bocal ordinances.
Prapearty nama | Date
Property addrass
Accepled by approving authodies [names)
1
Z
3
Afdracs
1
Plans o
|
instalation comdorms o accepted plans J Yes IJ Ho
Equipment used s approved = Yas J No
H nea, explain deviations
Has parson i chargs of fire equipment bean Bsinicted 55 1o Incatan of - Y= T
coniid valves and care and masntenance of this naw egqupmsent?
H ng, emplain
Have coples of the fokoweand bean ladt on premisas?
Instructions 1, Sysiem componsnis mstructions IJ Yes - Mo
2. Care and manisnance irstroctions d vas Id Mo
3. NFPA25 d Yes ld ‘No
4, With whom hawe the copes bean left?
Suppias buikings Lnuaer footage
Location
of syatem
Tetal square footage
aar of Cwrilica
Discharge faka Model manufaciure Biza Guanlity CHiar
devices
Pipe and Type of pipe
ings Type of fittings
= Alarm device Maximum fime fo operaie thrsugh fest connection
e L Typa Make Size Model i, Sec.
indicator
Dry valma oD
lake Lizp Miosciad Senal no. Type Maka Lizp Modal Seral no.
4 Acceberator
' Exnhaugstar
Timea ta irip j Trg point Time waber Alarrm
Dry pipe el Water pressuns Alf pressune o uré’éum i cperated
operating connacton bt oastlal! priperiy
gt Wi Sec. PSl PSI Min. | Sec. | ‘es No
Wihout
..
Wik
g?.n.
im0, exgpéain
"haapa e [rom Time inSpecice’s el conneciion is opansd,
0 2020 National Frs Protecton Assocakon [ e I O O

FIGURE A.12.7(3)

Sample Material and Test Certificate.
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Operation ' Pneumatic - Elecric - Hydrauke
Pipingsuperased? ' Yes diNe  Detecting media supenvised? e ' No
Doas valve oparate from the manual tig, remate, or bath control stations? J Yes I Mo
1= there an accessble facilly moeach crou for testing? W ney, explain
Deluge & B )
preaction valves d ves [ No
Dross sach Grouit operala Cees each circull opserate Maxirmasm e o
Mol supervision koss alarm? valve release? operala resGase |
g Mo Yas P Min Sec.
Locsaticn Elaka and Residual pressura
and Fiosar rmicdel Setting Stathc pressune i Flcren) Flow rate
Preasune- :
reducing Ikt (psil Curtlat [psi) et (psi) Durtlet (psi) Fiorey {igpm)
valve test s
Enckilow ake flioeet Lize
proventars
Hagn fiow rale g & pal
Results fall within <0% 10 =30% for balanced prassure system: W Yes ' Mo
Low Hlow rate gpm & pal
Rasults fall within 0% to +30% for balanced prassure system. . Yes ' No
For positlve prassune systems wih pumg of pressure controfied bladder tank and In-line bafancad pressure fype proporboning systems:
~{F% 10 +30% or greater: J ¥es ' No
Foam concentrate induction rabe —0% 10 +30%% of manufaciuress listed Inducton rate or 1 percentage point, whachewves = bess al
Ested flow mates: | Yes ' Mo
Faiin Balanced pressune prorioning syatems produce the minimum percentage of manuiactrers requirements —0% &t minimum
Ested flowmte: [ Yes 1 Mo
Positvs prassura propariioning with pumps or pressure-conbrolled bladdss fanks producs the maximum percentags of manubicturers
mequiement +30°% or 1 percertage point, whichever i [ees &t the mnkmom listed fiow rate: [ Yes I Mo
Variable pressura orfice type proportionars produce the percantage 0% 10 +30% or 1 parcentage point, whichaver is less: J Yes ' No
Foam decharme was codected and disposed of propey: 1 Yas = Mo
Approvad simulated foam conoentrates were usad kor this tast: J ¥es 1 No
Type
Al foam rasidua was removed from tha piping system by fushing with cloan water I vas L No
Tost _I-Iydruntﬂb:. Hydrosiatc tests shall be made & nod less than 200 pal (13,6 bag) for 2 hours of 53 psi {34 bar) above siaile prassure
description in excess of 150 pal {1002 bar) lor 2 neurs. Difesental dny-piese valve clapgers shall be k=i open during e 2sl e prevent damage.
Al abovegrownd pipeng leakage shef be stopged. Masimum static pressure:
Preumatic: Estabish 4 psi (2.7 bar) air pressurs and magsura drop, which shall nol exeead 1'% ps2 (3.7 bar) in 24 howrs, Test
presaure tanks at normal water leved and alr pressurse and messure alr pressurns drop, which shall not excesd 1% pal {01 bar in 24 hours.
Al prpdng hydrostatically tested st pal (—_barider — bws. | b, siate reason
Diry piping pnaumatically tsted dves ‘dho
Equipmen operates propssly dves o
Do vou &s the sprinklsr contmactor cartify that additives and corrosiva chemicals, sodium silicats or darivatvves of sodium sificaba, brins, ar
other aorogie chemicals were nol usad for testing systems of slopping ieaks? d Yee I No
Tosts Dran | Peadng of gauge located naar water supply besl Rasidual prassure with valve i tes! pipe cpen wide
|l |connection: pal | bar) psi | . bar}
Undarground mains and lsadkin connaclions 1o system nsers Bushad balors connection made b sprinkler piping
Vardied by copy of the U Form Mo, BSB dyes 1 Mo CHher Expéain
Flushad by mstaller of undemround sprinkler piping  (JdYes ' Mo
I povedar-drvan fastenars arg usad m concrats, has reprasantatve H ne, explain
gampde lasting been setigfactondy complsted? . Yes [ Mo
@ 2020 Matlonal Fire Protection A ssoclaton MFPS 11 (g 2 ad 3)

FIGURE AJA2.5(3) Continued
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Blank testing | Mumbser used Locations Mumizes rasmowed
gaskots
Welded piplng dves o
Hyes....
Do you certidy a3 fe sprinkier cortractor that welding procedores comply with the requirements of &t east AWS B2.17 [Aves (A N0
Do you cartity that the welding was pedormed by weldars qualified . complianea with the mogusmmants ] ves LMo
of af leest AWS B2 1/82. 1M
Do you cartify thal wakiing was camsd out i gompliance with & docwmented gquasty contral procsdurs 10 ] ves LMo
afsure that 8 disca are ratnavad, that apenangs in piping are smaoth, that slag and other wabsng regadue ane
remioad, and thad the dernal dismeters of pipang am nat penstrated?
[J¥es dNo

Culouts [discs) | Do you certity that you have a control feature i ensure that a¥ culouts (disce) are redrieved?

Hydraulic data | Mameplate provided It ne, explain

namepiate o ves (A Mo

Date ledt In sarvice with a¥ control vahes open:
Remarks

Marme of sprinkéer contractor

Address

Fhona

Fax

Signatures

Tasts wilnassad by

Fosr proparty ownas (signed)

For aprinkler eontractor {slgned)

Tila Diata

Tile Date

HAckditiomal expianation and notes

& 2020 Mational Fire Protection Associaton

NFPA 11 {p 301 3)

FIGURE A.12.7(3) Comitmued

A29.5.01 The following are acceptance test recommenda-
Lioms:

(1) All wsis should be made by the comtractor in the pres-
ence of the inspector for the AH]J.

{2 Before asking for final approval of the protective equip-
ment by the AHJ, insallaton companies showld furmish o
written statement (o the effect that the work covered by
its contract has been completed and all specified Hushing
of underground, lead-in. and swtem piping has. been
successfully completed, together with specified hvedro-
stANC pressire Lests and system fodun discharge tesis,

{3} The samples of the contractor’s material and test certifi-
cates for aboveground and underground piping  that
appear in Chapter 16 of NFI'A 13 can be useful to the
contractor as a puide in fing written statements as de
scribed in AL29.5.1 (2,

{4} Where full flow tests with foam cannot be performed tor
foam-waner deluge systems, a tull Aow discharge test with
water onby and a test of component function - verify
design capability should be considered. Where  full
dise harge tests with water cannot be performed, @ test of
component function to verity design capability shoudd be
performedd.

{(3) Foams produced from foam-sater discharge ontles are
generally of lower expansion and faster drainage than

foams from other foam-producing devices: Laborawory
listing and test daa demonstrate that satisfactory fre
comtrol and extinguishment of petroleam fuels can be
achieved uvsing foam-water sprinklers  producing  [oam
charactenstics as in Table A 12931,

Numerical values developed by use of the test methods refer-
enced in Table AJI28.5.] are not directly comparable, so care
should be taken w use the proper test method, In general,
AFFF drains much more mpidly than protein and  fluoropro-
tein foams, necessitatng nse of the alternate methogd,

A1Z94 NFPA 11 s a standard for installation of foam-water
fixed spray and  sprinkler systems used as deluge open
discharge devices (hixed nozzles or sprinklers) and closed
systemns wtilizing heatactivated fusible sprinklers applied in wer
pape, ey pipe, o preaction-ivpe  sistems, This standard
includes the use of low-expansion foams such as aqueons film
forming foam (AFFF) for hydrocarbon foel, alcohol or water-
miscible fuels wang toams that are AFFF/ARC, and flm form-
ing noroprotein (FEFP) [oams for use on hvdrocarbon fuels,
Foam concentrates are proportioned into the supply w0 the
discharge system using several different methods of proporiion-
ing syitems, depending on the tvpe of application and the vpe
of foam concentrate being applied, Also, different manufictar-
ers inclhude several different methods of proportioning their
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Table A.12.9.3.1 Foam Expansion Drainage Time

25 Percent Drainage Time,

Minimum {scc)

Type of Foam Expansion
Protein foam and fluoroprotein foam 3:1 we R
Adgue os ﬁlm—immlug foam %1 B

15
il

Nowe: Test data apply to foam char teristies determined by the method specibed o Annes Diaf NEPA L]

foam concentrates hased on performance of the proportioning
eruipment and combination of use with diferent foam
concentraes and equipment size restrints, Past full-scale fire
testing has shown that when applving foam-awater solution of
AFFF or AFFF/ARC foams through sprinklers or fixed spray
nozzles, reduced application density and/or higher storage or
fuicker extinguishment is possible, Also, the systems allow foa
continued flow of water to be used for cooling after extinguish-
ment of flammable o combustible fuel fives. 15 the installed
proportioning equipinent is insufficient to provide the proper
foame-water mixmre o the discharge sysiem across the critical
flow range of the system in a fire situation, then the svstem will
fail 1o control the fire, The pe of proporioning equipiment is
very eritical o each application due o the tvpe of discharge
svalem, open sprinklers, and/or nozzles in deluge systems
having a tixed discharge flow to system and closed sprinklers
such as used in wet pipe, dry pipe, and preaction svstems thal
inchide vanable How rate from inigal fire (o maximoam  design
capacity of system. The type of foam concentrate also plays an
important role in the sysiem performance where AFFF and

TP foams have a low viscosity close (o water and AFFF/ARC
foams, which have a very high viscosity close to molasses.

Proportoning svstems provided by many manufacturers that
are applied in accordance with this standard reguire that they
must be listed with a third party laboratory agency with all the
foam concentraies with which they are desired 1w be applied,
The UL 162 foam standared, Stawdond for Safely for Foem fapuip-
el el Ligrugad Coneendrades, 15 utilized in most cases for this lise-
ing, of which all proportioning devices are tested under full-
scale  flow  conditions o determine  the minimam and
maximium How rate of each device and all sizes ai which the
proporfioming percentage of the foam concentrate meets Lhe
allowed variance of plus 30 percent or | percentage point,
whichever s smallest, above the manufacturer’s specified
percentage of foam-to-water mixiure and minus 0 for miniomum
percentage of foamawater mixture. In addidon, all foam
concentraes must be flow wsied for proportaoning perform-
ance in one configuration size at the minimum allowed storage
temperature o verify that the foam can be proporiaoned o
within B5 percent or greater than at ambient temperature. This
tesing provides the mechanics of each vpe of svstem o deger-
mine the performance at minimom and maximum low ranges
of the equipment with each tvpe of foam concentrate, Also, this
testing can determine the performance that is critcal for the
wpe of system and the ovpe of foam eoncentrate being applied.

The listed wpes of proportioning systems available include
the tollowing:

(1) Vacuum induction, where a vennd device, called an
inductor, decreases the pressure in the foam concentrate
proportioning inlet the o the svstem [low passageway o
system, requires a fxed rlL*..-L:h.lrgr flow that matches the
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How capacity of the inductor device, The supply pressure
andl backpressure of the discharge side of the system are
very critical for proper operation of this tvpe of swsiem,
This system is limited to delige systems, and the {nction
loss of the discharge system o the discharge devices must
be considered for proper performance. Proportioning
percentage can vary based on the discharge and supply
characteristics as well as the toam concentrate. These
svste s require full svstem discharge flow resting w detess
mine proper installation and sizing,.

Foam concentrawe pump  discharging foam through a
metering  orifice  directly inw  the discharge system
through & metering arifice specifically sized for the
systemn performance that is being installed. The foam
pumyr discharge pressure must be higher than the system
discharge pressure at a predetermined value, This type of
system is limited o deluge-tvpe svsiems and must be flos
testedd at the desired maximum How rate of the system.
Each installation muost be full svstem flow fesied doe w
specific design parameters for a particular installation,
Balanced pressure proporgoning using foam pump oo
blacdder mnk. This iype of system uses a modified ventur
proportioning  device in the svstenn water supply pipe.
The water flow o the system through the modified
veniur canses o metered pressure drop in the foam
concentrate inlet chamber. As the flow mcreases, the
melered pressure loss increases, causing increased ow of
foam concentrate through a calibrated orifice inte the
system warer supply. With a foam pump system a balanc
ing valve is used to measure the supply pressure at the
inlet of the modified vemur proporiioner and balance
the foam concentrate pressure down o egqual that pres-
sure. This s accomplished by cansing the foam concen:
trate o bypass through the lu!.mrlug valve hack 1o the
foam atmospheric storage mnk and by keeping the foam
concentrate supply at the same inlet pressure as the wates
supply. When using a bladder tank the foam concentrate
is stored inside a bladder within a pressure vessel where
the supply water in the syem supply is directed (o the
outside of the bladder, cavsing the foam concentrate o
push ot from the wp or bottom of the tank and travel 1o
the inler of the modified ventur device. As the water pres-
sure mcreases or decreases due w flow conditions, so
tloes the foam concentrate pressure, In both the balanced
pump system and the Badder ank system, when the inlet
pressures of both fodm concentrate and water supply
match the inlet calibrated orifice of the modified ventin
device, the proper mixiure of foam 10 water as specilied
by the manufactorer s provided. All manufacturers
[_mhluh a minimum and maximum How for each size
device for each foam concentrate listed with each device.
When the minimum fows Ffor these systems are given, the
percentage of foam concentrate tiv water is at the mini-
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(4)

miirm, For flow rices less than those published s mini-
mum the foam-lowater percentage is less than the
specified percentige. Also, the maximum flow s estab-
lished at the maximum flow allowed for the svstem using
the specified device and size, For these types of swtems
AFFF and FFFP foams will generadly have a low flow mate
per @ven size of supply device, compared to ARC foams
that will have as high a flow rate as the mmimum flow for
the same given size as AFFF desvices. The minimum flow
of the most remote (4) sprinklers must be considered as
the minimim How e of the svstem when wsing closed-
type sprinkler systems. This is 4 commaon result of many
fullscide fire tesis. The riser size will need w be deter-
mined for supply of the proper foam percenmge, or o
different proportioning system should be used, These
typees of systems should be flow tested at the minimom
listed Mows as given by the manufaciurer, For both deloge
and closed systems, if the percentage of foam w water is
al the desived percentage at the minimum fow rate as
listec. this demonstrates that the eqguipment has been
properly installed, A mid-range flow might also be desired
to indicate a higher percentage of foam mixture at the
higher Rlow rate w indicate proper design. Also, these
systems allow for sywtem solation wst vabees 1o be applied
and divert test foam solution flow 10 a conminment area
that can be casily disposed of.

Positive-pressure proportioning  using  foam  pump o
pressure-controlled bladder tank system uses a system that
supplies [oam concentrate © a modified venturs an a
higher pressure than the supply water pressure. The
miodified venture includes a calibrated orifice that is sized
to match the system equipment and the foam concentrate
[einng used. These systems also include a bakincing valve
that senses the water supply pressure and balances the
foam supply pressure down o equal the supply wate
pressure at all flow points. These systems are usually
dt’hlhllt‘ﬂ 1o supply the foam concentrate pressure at 15 1o
M psi (1 bar to 2 bar) higher than the water supply pres-
sure o the system, This nwpe of system also is specihed
with minimum and maximum flow rates tor each propor-
tomer size and foam concentrate wpe, AL the listed mini-
mum fow rates of these types of systems  the foam
percentige 5 al the maximum lised percentage, and fo
Hows less than the mimimum listed the foam concentrate
ratice 1o waler percentage increases, This provides rich
foam at low How rates for (4) sprinklers or fewer Hows,
which is desirable for closed sprinkler svatems and where
mutltiple viser systems and variable pressure might exist,
Also, where ARC-vpe foam concentrates are applied this
v of sysiem s required for closed sprinkler svsiems o
the system must be broken up into smaller riser sizes
wsing smaller proportioners that meel the reguired (4)
sprinklers How requirements. These systems provide the
hest flexibility for multiple risers, variable pressures, and
ARC closed sprinklers sysiems. Proportioner systems tesi-
ing for these ovpes of swstems should inclode the mini-
mum flow of the swtem wsing a5 a mintmum  (4)
sprinklers nozzle flow rate to see if the foam concentrae
proportioning is at least equal w the percentage specified
plus M percent if at the minimum hsted fow or if lTess
than the mimnimum listed fow the percentage should be
greater than the specified maximum percentage. In addi-
ton o the minimum  flow e, a test should be
performed at a flow rate just above the minimum listed
Aow rate to determine that the proportioner will perform

within s desired limits, These npes of swiems can also
have and are recommended to have a svtem isolation
valve and discharge test connection o perform How test-
ing and to direct foam sodution o a cont@inment area
that can wse a controlled disposal method.

Foame-water sprinkler systems have been applied for manm
vears and have been shown to provide control and extinguish-
ment capabilities of highly hazardous flammable and combust-
ble liguids both in process and in storage. In ornder 1o
guarantes that the system is designed and inscalled properly for
the applimu‘nn for which it was intended, 1t is imperative that
veriication is made that the foam being discharged meets the
intent of the system and the listed performance of the product.
Most of these swtems are installed at the job site, amd in order
to make sure all correct equipment and proper foam concen-
trate for the protection has been installed properly and in the
correct arrangement the syslems require at @ minimum  the
performance test that indicates performance as specified under
the listings of the products, Also, this makes sure all compo-
nents are installed in their proper orientation and pressure
settings. [t is desired to note performance of installation an new
commissioning of the installation and then compeare in fumre
testing done annually w flag any potential equipment prob-
lems,

In these types of svstems, il the foam proportioning is inade-
quate a5 listed with each product, then the resull s equal to
shuning of T the supply water of a sprinkler svsiem,

In recent vears "-l.'l':'h"l:l'l.'l"ii'll"ll of disposal is rrc]allr-rfl for AFFF
foam solution in nonire situations as well as in large fire situa-
tons o protect from contaminaton of environment In order
to minimize foam solution flow testing and cawsing large
disposal problems while sull providing insurance of proper
system and equipment performance. minimizing foam system
Now to that described above will provide confidence in sysiem
performance, and by utilizing test and discharge conminment
practices. in the system disposal problems will be minimized,
These practices will provide proper stewardship of protecting
the emviromment while providing  properly  insialled  and
dlesigned systems.

AT2.94.29 See Annex [

A0294.5.1 Pargeular attention should be given o strainers
or other small openings.

AA2.9.7 See higure AL 12487,

A3 LLT An inspection contract for the equipment service
tests and operation at regular intervals s recommended,

AL Samples of foam liguid concentrate should be refer-
red o the manufactirer to check s condition annually.
Samples should be sulnmitted inacoordance with the mamufac
trer's recommended sampling procedure.

AL LG Examples of system alterations include replaced or
refocared equipment and replacement foam concentrale,

Ad32.1 Flushing of the concentrate pump might be neces.
sy at periodic intenvals or tollowing complete discharge of
CONCentrate,

A032.2 Repular service contracts are recommended,
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Foam-Water Sprinkler System — Ganeral Information

System iype Date:
Fropostioning methad Flonwr test data:
Blabie: el bar
Foam cancantrats fyps: Residual: pai bar
Flerey: — gem Limin
Parcani concentration Piltot: pai bar
Diabe:;
High-plled elcrage L Looition:
Rack storage: [ ves Mo
Eiﬂ:a;d:im & m Location of auxiliareiow poind dmins
Aigla widih {min) it m
Encapsuation Il ¥as _J Mo
Solid shelving: [ Yes ] No
Flammabial Dry pips/deutle sterdock preacton valve
combustible liguids: ] Yas ] No o i
Oihar slorage: [ Yes ' Mo Original main drain lest results:
Static: pal bar
Hazardous materiale: ] ves ] Mo Residual: psl bar

Lacation: Wenling valve location:

Where injection systems are used bo treat MIC or corrogion:
Type of chemical; Concantration:

For proper disposal, see:

hMame ol contractas or dasgignes:
Addregs:

Pione:

FIGURE A.12.9.7 Foam-Water Sprinkler System - General Information.

A13.2.2.2.1 In some cases the primary discharge outlet on
foam chambers musi be temporarily blocked 1o prevent flow
mto the hazard aren,

A13.2.2.2.2 Sec NFPA 25, Chapter 14, for altermative meth-
enls.

A 132,25 Test resulis that deviate more than 1 percent from
those recorded in acceptance testing should be. investigated
and, it necessary, discussed immediately with the manufacturer.

AT3.3.1.1 To provide a means of periodically checking the
performance of the proporioners used i foam sprinkles
systems, a test connection should be provided. Typical test
connectons are illustrated in Figure AG4 10, Two options are
possible in locting the proportioning controller in the sprn-
kler riser: before the main sprinkler valve or after the main
sprinkler valve. If the proportioning controller is located after
the main sprinkler valve, an additional supervised O8 valve is
necded to isolate the sprinkler overhead during the propor-
ticmen test. This is done o eliminate the problems cansed by air
cushions in wet pipe sprinkler swtems or the servicing delays
caused during charging and draining of preaction or deluge
sprinkler systems. The test connection should be romted 1o a
drain area [or easy disposal of the solution produced during
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the test. The manutacturer's test procedures should  be
followed closely.

A13.3.2.1 Directionalvpe [oam-water discharge devices are
quite often located in heavy trathc areas and are more apt o be
dislocated compared o ordinary sprinkler locations, Of partic-
wlar comeern are low-level discharge devices in loading racks in
and around low-level tankage and monitorsmonnted  devices
that have been pushed owt of the way for convenience, Inspec-
tion [requency might have to be increased accordingdy.
[25:A.11.2.4]

A13.3.2.14 Dhscharge devices are listed or approved [od
particular foam concentrates. [25:A ] 1.2.4.4 |

A.13.3.2.2.2 Water supply piping should be free of imternal
obsiructions that can be caused by debris (e.g., rocks, mud,
whercles) or by cosed or partially cosed control valves. See
Chapwer 5 |[of NFPA 25| [or inspection and maintenance
requirements. [25:A.11.2.5.2]

A13.3.25 Proportioning systems might or might not include
foam concentrate prmps, If pumps are part of the proportion-
ing system, the driver, pump, and gear reducer should be
inspected in accordance with the manuficturer’s recommenda-
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tioms, and the inspection can inelude items such as lubrication,
Fueel, filters, oil levels, and clutches, [25:4.11 2.8

A.13.3.2.54 In some cases, an adeqguate supply of foam liguid
i available without a full ank. This @ particularly vue of foam
lquad stored in nonmemllic anks. I liguid is stored in metallic
tanks, the proper liqquid level should be onehall the distance
into the expansion dome. [26:A.11.2.8.4]

A13.3.25.5.1{A) The smandad pressure proporioner is o
pressure vessel, Although under normal standby conditions this
type of proportioning svstem should not be pressurized, some
installations  allow  for  inadvertent  pressunzaton.  Pressure
should be removed before inspection. [26:A11.2.85.1.1]

A13.5.2.5.5.2(A) The bladder tank proportioner is a pressure
vessel, Where inspecting for a full liguid ank, the manufacor
er's instructions should be followed. If mspected incorrectly,
the mank sight ganges could indicate a full wnk when the tank
actually is empty of foam bguid. Some foam liguids, duoe 1o
their viscosity, might not indicate true levels of foam liguid in
the mnk where inspected via the sight glass.

CAUTION: Depending on system confignrmtion, this type of
proportioner system migl be pressurized or nonpressurzed
under normal conditions. Pressure should be removed before

irspecion. [25:A.11.2.8.5.2.1]
A.15.3.2.5.5.5(]1) See 13.3.2.3.1.
A13.3.2.5.5.5(2) See Figure A 153256502},
A13.3.25.54(1) See 133241,
A13.3.2.5.54(2) See Figure ALS32.5.6.3(2),
A15.3.25.55(1) See 13.5.2.3.1.
A.13.3.2.5.5.5(2) See Figure A 153256352},
A.13.3.2.5.5.6(1) See 13.3.2.3.1.
A13.3.2.5.5.6(2) See Figure A1

A133.3 Operational tesis genervally shoold be comprised of
the following:

Fd50.0(2)

{13 A detection/actuation test with no flow w verify that all
components such as antomated valves, foam and water
pumps, and alarms operate properiv

Bonnet
Vacuum
wanlwe \ i
h = :
= ! Weather
; deflecior
Pressurs |
valwa Setaen
2 In. 150 mm) National iy |
Standard pipe threads s} |
i

FIGURE A.13.3.2.5.5.3(2)

(2] A water-only flow (est w0 inspect piping  continuay,
discharge patterns, pressures, and line flushing

{37 A Boam How test o verily solution concentration

{4y Resetting of svstem 1o its normal standby condition,
including draining of lines and filling of Foam liguid ank

[25:A.11.3]

Ad53.31 The property owner or designated representative
should ke care o prevent damage 0 equipment or the stric
tre during the test. Damage could be cansed by the sysiem
discharge or by runof from the west sie, I should e verified
that there is adequate and unobstrocted drainage. Equipment
showded Be remoned or covered as necessary [o prevent damage,
Means such as curbing or sandbagging should be used o
prevent entry of the foam-water solution, [25:A4.11.3.1]

A3 332 An alternative method for achieving Tow can be
permitted o be an instmllation as shown in Figure ALS532.
This wpe of esting does not verify sistem pipe conditions or
discharge device performance but cmh the waler supply, foam
concentrate supply, and proporioning accuracy. [25A.11.3.2]

ALS33.2.T Specific [oam concentrates wpically are listed or
approved with specific sprinklers. Part of the approval and list-
ing i a minimnm sprinkler operatng pressure. Sprinkler oper.
ating pressure aftects foam guality, discharge patterns, and fire
extinguishment (control) capabiliies, Discharge pressures less
than this specified minimom pressure should be corrected
immediately; therefore, it s necessary 1o test under il fow
conditions. [25:4 11,327

A15.34 The mantenance items specified o the body of this
standard are in addition w the wpical inspection and est
procedures indicated, Foam-water sprinkler systems are, as are
all fire protection systems, designed w be basically mainte-
mance free. There are, however, some areas that need special
attention. Foam concentrate shell life varies between liguids
and is affecwed by factors such as heat, cold, dilution, contami-
naon, and many others. As with all systems, conunon sense
dictates those maintenance-sensitive areas that should be given
attention. Rowtine testing and inspection genervally dicte the
need for additonal mamtenance items. Those maintenance
items specified are key procecdures that should be performed
routinely. [25:A11.4]

Pressure Vacuum Vent. [25:Figure A3.3.34]
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OFTION A

{Gontroller after
sprinkder vakle |

To eprinklers

Proporicner controller:

To isolaton vahg

To plant alarms

Flow alam switch
ar delugs)

OFTION B

(Controlier befors
sprinklar walve)

Ta sprinklers

T

—

To sokaion vahm S I

Sprinkier vake (alarm, dry ppe.

e
Detaits typical of wel gipe sprinkler system
1' with bladder-type propordionsr
Water supply Water supply

FIGURE A.13.3.5.2 Foam System,/Test Header Combination.

Ad3.5344.2 Foam concentrates tend 1o settle ont over time.
Depending on the specific characteristics of the [oam concen-
trate, sedimentafion acoumulates in the bottom of the storage
vessel, This sediment can affect proportoning and [oam
concentrate inlegrity. Some concentrates tend o settle om
more rapidly than others. 1Fthe annual samples indicate exces
sivee sediment, Hushing the wmnk could be reqguired more
frequently, |25:A.11.4.4.2]

A13345.2 When hvdrostatically resting bladder tanks, the
generation of a pressure differential across the diaphragm
could cause damage to the daphragm. Tanks should be Glled
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[25:Figure A.11.3.2]

with agent to no less than the normal Gl capacity and air
should be vented from inside and ouside the bladder before
pressurizing. [25:A4.11.4.5.2]

Annex B Storage Tank Protection Summary

This annex 15 not a perd of the requiremends of this NPPA document
find i Epecfieeded for i.l'rjfl:l'l.'.errfﬁu.rmf IfJ r.u;lt.l.ul.m araly,

B.1 Storage Tank Protection Summary Table. See Table [ 1.
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Table B.1 Storage Tank Protection Summary
Fixed-Roof (Cone)
Tanks and
Pan-Type Floating Applicable Floating Roof Tanks {Open-Top or
Foam Application Method Roof Tanks Nao. of Chambers Covered ) Annular Seal Arca

Top Side Foam Application

o brer ol foam onileis
reapuired

Hycdrowcarbon apphcation
TS

Folar solvent mies

Hvdrocarbon discharge
tirmes

Polar solvens

Up oS24 m) dia,

B1 tiv 12D i 25 ae 37 1m)
il

P2E oo 100 £ (57 toe 48 1)
dlia.

P41 g TR0 fE (403 to Y% m)
ilia.

161w 180 [k (45 1 55 m)
iliat,

T vo B0k {55
61 m) i

Cwver 11 B 061 m) dia.

(5ee Tale 3.2.5.2.1,)

010 gpm/1? (4.1 mm;
min®™ | ol liguid surface

(5ee Tolle 5.2.3.2.2.)

Sec Manonlacmirer's
Approval Bepon,

Flash paing MU°F 0
FAOTF (5850 w 6847

Flash point below 1EFF
L

Crrudde petroleum

Tvpe 1

Tvpe I

1 foaum chamber

2 foam chambers
3 foaam chambers
1 b chaimbers

B oo clambers

i foam chambers

1 alelitiomal bor each
SO0 11 (465 m®

Iype 1 Tvpe 11
N1 min Bih myin
M) min B in
M) min 55 min
M) min

5 min

Foam Outleis Under Floating Roof Tank Seals or Metal Secondary Seal

M ber reguired

Hydrocarbon application
Tty

Dhesc harge tmes

Polar stlvenis

Mot applicable

Nor applicable

Mot apphicable

Nt applicable

I — Foreach 40061 {12 m) ol circomterence with
a 12 an, (300 o) hagzhy Fevam doams

| — For each #0it (84 m) of circomiference with
a 2bin. (604 mnd higl Loom dam

{5 3.3, 31 aon Jechion 5,4,

0,30 gpm /Y (12,2 mm /min®) of anmlar rng
area, abowve seal, between wnk wall and loam
iam

{5 Sevtaon 5.30)

Mol oovered bw NFPA 1T

2ih mmainm

{5 Sorliom 3.7
Mot covered v NFPEA DT

Mechanical show seal

I — Fowr each VA0 [e (40 m) of iank
circumterence (oo foam dan reguired )

T seal — Cwver G ine (1M mm ) from wp of
seatl o top ol pontoon with foam outles ander
el weather shield or secondary seal

| = For each 64061 {18 m) of pok circsmference
i foeum ilarn reguiired

Tube 2ol — Less tham 6 in. (1500 mm) from wop
il seal o top ol pontoon with G outles
uricler metal weather shield or secondan seal

| = For each 60 6t (18 m) of tank circomfere noe
ffoam dam at beast 12 in. (304 pom) high
piecguiredd] (Sae 53,54,

Toprot-seal protection with foasm ciam a
.50 gpm/ 0F (12,2 mm/ min®) of annular ring
area. Al beloaw-glesen] with or withewst Foom
dam at 0540 gpm /e (2004 mm/min® )

200 wam — with fosum dbom o uider metal
wealher shield or secondary seal

Mot covered Ty NFPA 11

{everadan i )
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Table B.1  Continued

Foam Apphication Method

Fixed-Roof (Cone)
Tanks amd
Pan-Type Floating
Faool Tanks

Mo of Chambers

Applicable Floating Roof Tanks (Open-Top or
Covered ) Annular Seal Area

Foarmy Handlimes snd Monitors for Tank Prodection

Riee of tank

Hyidrocarbon application
ralis
Drisc hoarge times

Subsurface Application Chuilets

Numn ber requined

Hyvdrocarbon application
rales

Dhischarge times

Polar salvenis

Mot lors for anks up o
B {18 m)
dliameler

Haaaed Baselinnes for tanks
less thian S0 b (Y in
diameter and less than
G m) high [(See
G243

016 gpam/f* (6.5 mm/
min®) (See 52422

Flash point below 1T00°F
(32 C)

Flash point 1HI"F 1o

[ 40EF {RRM0 we BOFC

Crudde oil fhee 52,4220

Bame as tabhle for loam
chambsers, See alsne
[Here 5.2 0,28 )

Minimum 0.1 gpm e
(4.1 mm,/min® | aof
hicgudd surface

Maimmmam (0.2 gpm/ e
(4.2 mm/ min® |

Fosvm velocity fronm anetle
sliall mast exeeed 10 S
se (5 iy sec) Fon
Class 1B iguids or
S0 s (G omSsec) tor
all othier hepoids (See
52651

Flash poing 1IHEF {387
g 1AOETF {6072

Flash point below 100°F
(3R°C)

Crivle petmolenm (S
o, S

Mot reconunended

3 min
Ml min

(3% min

Himm
55 min

Shomin

Monitors ot recommeendled

Hanelbines ave suntalbde for extnguoishment of
i fires in open-op leatbng ool nks (e
3340

16 gm0 (65 oom/min®) For sim fires in
open-top Hoating roof tanks (e 53,2422,

Ulse samse times as fov open-top Hlosting roof
tank mm fires

Sot recomimendedd

Mot recormmended

Mok recomenided

o recormmendedd

b LT TR kI 1:1’.|u|'.:|.i-|:|'|r 4w/
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Annex G Medinm- and High-Expansion Foam

This annex o5 nat a fard of the vequirements of this NEPA documen
rat ix inedutiad fio oo formeabionea ! frovposes ondy

C.1 High-expansion foam is an agent for control and extin-
guishment of Class A and Class B fires and is particularly suited
as A looding agent [or vse in confined spaces. Development of
the use of high-cxpansion foams for firchighting purposes star-
ted with the work of the Safety in Mines Research Establish-
ment of Buxton, England, based on the difficult problem of
Fires in coal mines, T was found that by expanding an agueous
surface active agent solution (o a semistable foam of about
LW imes the volume of the original solution, it was possible
to force the toam down relatively long cormidors, thus providing
i means for mnsportng water 1w a fre inaccessibbe o oredinary
hewse streams.

This work led to the -rlt"l.'clupn:lrm of specialized high-
L’kp:'l]lﬁli.lll foanm-generating equipment for hghting fires in
mines, fior .-]r.||'|-|.|l:'1[ll‘rrl in municipal industrial hrrﬁghhng, and
for the proecton of special hazgard occupancies, Mediom-
expansion toam was tirwlnprd to meet the need for a foam
that was more wind resistant than high-expansion foam for
ontdoor applications,

Deserifition. Medium- and high-expansion foams are aggreg-
tioms of buhbles that are mechanically generated by the passige
of air or other gases through a net, screen, or other porous
rnedinm that is wetted by an agueons solution of surface active
fouming agents. Under proper conditions, firefighting foams of
expansions fiom 20:1 w 10001 can be generated. These foams
provide a unigue agent for transporting water to inaccessible
places; for oral Nooding of confined spaces; and for volametric
rluipl.l.rrmrnl of vapor, heat, and smoke. Tests have shown that,
under certin circumstances, high-expansion boam, when used
in conjunction with water sprinklers, will provide more positive
contral and extinguishment than either extunguishment sysiem
by itsell. High-piled storage of rolled paper stock is an example.
Orptimnm efficiency in any one wpe of hazged depends to some
extent on the rate of application and the foam expansion and
stability, Medinm- and high-expansion foams, which are gener-
ally made from the same type of concentrate, differ mainly in
thewr expansion characteristics, Medinm-expansion foam can
b used on solicd fuel and liguid fuel fres where some degree of
in-depth coverage is necessary = for example, for the oal
flooding of small enclosed or partially enclosed volumes such
as engine sl cells and ransformer rooms, Medinm-ex pansion
foam can provide quick and effective coverage of Hammable
hquid spill fires or some toxic liquid spills where rapid vapor
suppression is essential, It is eflective both  indoors  and
oubdoors.

High-expansion foam can also be wed on solid- and Hguod-
Meel Ares, bun the in-depth coverage it provides is greater tan
for medimm-expansion foam. Therefore, it s most suitable for
Filling volumes in which fires existat various levels, For exame
ple, experiments have shown that high-expansion foam can be
usecl effectively .11..,=1|||ﬂr high-rack storage hres, provided thar
the toam application is started early and the depth of foam is

apidly increased, It also can be used o extinguish fires in
enclosures, such as in hasemem and undergroond  passages,
where it might he dangerous w send personnel. It cin De used
to control Ares invalving hoguefied natural gases (LNGs) and
liguetied petroleum goses (LPGs) and 10 provide vapor disper-
sion control for LNG and ammonia spills.

High-expansion foam s parocalarhy suited for indoor Ares in
contined spaces. N5 use outdoors can be lmited becanse of the
effects of wind and kack of confinement. Medium- and high-
expansion foam have the following effects on fires:

(1) Where generated in suthcient volume, medium- and
high-expansion foam can prevent the free movement of
air, which is necessary for continued combuiston,

{9 Where forced inte the heat of a fire, the water in the
foam s converted 1w steam, thes reducing the oxvgen
concentration by dilution of the air

{8 The comsersion of the water o stewm absorbs heat From
the burning fuel. Any hot object exposed 1o the foam wall
comtinue the process of breaking the foam, converting
the water to steam, and cooling.

(1) Becunse of s relatvely low surface tension, soludon from
the foam that is not converted to steam will tend o pene-
wrate Class A materials. However, deep-seated fires might
require overhanl,

(50 Where accumulated in depth, medinm- and  high-
expansion foam can provide an insulating barrier for
provection of exposed materials or strociores not involved
in a fire and can thus prevent fire spread.

iy For LNG fres, high-expansion foam will not normally
extinguish a fire, but 1 will reduce the hire intensity by
Blocking raciation feedback w the el

{7 Class A bres are controlled when the foam completely
cowers the fire and burning material, If the foam is sufh-
ciently wet and = maintained long enough, the fire can
e extinguished,

(#) Class B fires imvobang  high-flash-point bguids can be
extingmshed when the surface is cooled below the [lash
poinL Class I fires ivalving low-Hlash-point liguids can be
extingmshed when a foam Dlanket of sufficient depth is
established over the liquid surface. Refrigerated or crve-
genic liguelied Nammable gas fires can be safelv control-
led, and vapor concentrations downwind of unignited
spills can be reduced by application of high-ex pansion
foam when the vapor density at ambient temperature aned
pressure is less than tha of air, High-expansion [oam
should not be applied to refrigerated liquefied petoleam
pas (LPG) Ares unless careful considerarion is given o
the resulting possibly hazardous condinon. Extinguish-
ment can occur with evolution of heavier-than-air vapors
beneath the foam blanket. The vapors will accumulate or
drain from beneath the foam blanket w low areas with
the dinger of vapor cloud formation or reignition or
hoth. For LPG fire contrnl, see Control and Extinguishmeni
of LG Fire, T, W, Johnson, et al,

Annex D Tests for Foam Systems

Tis cvenee @5 mol e part of the requerements of this NERA docieend
faed ix includded for informalional frrposes only.

.1 Procedures for Measuring Expansion and Drainage Rates
of Foams.

D11 Foam Sampling. The object of foam sampling is 1o
obtain a sample of foam tpical of the foam to be applied o
burning swrfaces under anticipated fre conditions. Because
foam properties are readily susceptible to modification through
the use of improper technigues, it is extremely important thar
the preseribed procedures are followed.
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A eollector s designed chietly w Facilitie the rapid collec-
tion of foam from low-density patterms. In the interest of stand-
ardizanon, it is wsed also for all sampling, except where
pressurc-produced foam samples are being dravn from a line
tap, A backboard is inclined at a 45-degree angle suitable for
use with vertical streams falling from overhead applicators as
well as horizontally divected strewms, [See Figeee IL T a) and
Fignre 1011k, |

The standard comtaner has a nomand 4 mo (100 mm ) nside
diamerer with a volume of 54 (1 oz (1600 mL} and preferahly
made of Y i (16 mm) thick alominum, brass, or plastic. The
battom is slopec o the center, where a ¥ in. (6 mm) disin
fittesd with a ¥ in. (G mim) valve is provided o draw off the
foam soluton. [See Frare 1,1.070), ]

D.1.2 Turrets or Handline Nozzles. It is presumed than the
turret or nozzle is capable of movement during opertion o
facilitate collection of the sample, It is imporant that the: foam
samples tiken for analysis represent as nearly as possible the
foam reaching the buming surface in a normal hrefighting
procedure. With adjustable stream devices, samples should be
taken froom both the straight sream position and the fully
dispe rsedd positton and possibly from other intermediate posi-
tioms. Initially, the collector should be placed ar the propes
distance from the nozzle w serve as the center of the ground
parttern, The nozede or wrrel should be placed in operation
while it is directed off 1o one side of the collector,

After the pressure and operation have become stabilized, the
sOrenm is swilng over o center on the collecton When a sulb-
cienl foam volume has accumulated o fill the sample contain-
ey, usually within only a few seconds, a stopwatch s stated for
sich of the two samples in order to provide the “z2em” time for
the drainage test deseribed Fater. Tmmediately, the nozzle is
turnedd  away  from  the collector, the sample containers
removed, and the op suuck off with a siraight edge, After all
foam has been wiped off from the outside of the container, the
satnple is ready Tor analvsis,

54 fl oz (1600 mL)~
foam contginer

Rubkber
prabechive

guard
FIGURE D.1.1{a} Foam Sample Collector.
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Claar tubing 1o
vigred foam drainage

e Cyinder with al

st 0.2 Moz (5 mL)
graduzations 1o recond
losm drasnage

FIGURE D.1.1{h} 54 fl oz (1600 mL) Foam Container.

D.1.3 Overhead Devices. [t is presumed that the devices are
fixed and not capable of movement, Prior o starting up the
stream, the collector is simted within the discharge area where
it is anticipated a representative foam pattern will occur, The
twor sample contaimers are removed before the collector is posi-
toned, The oam swsiem 5 activated and permitted o achieve
equilibrinm, after which tme the technician, wearing appropri-
ate clothing, enters the area without defay. The sanple contain
ers are placed and left on the collector board nnnl adeguately
flled, Stopwatches are siarted for each of the samples o
prowide the “zero” tme for the dminage rate test described
Tater. During the entry and retreat of the operator through the
falling foam area. the contimers should be saitably shielded
from extraneous [oam, Immecdiaely after the samples are
remaovied] from under the Talling foam, the wop should be struck
off with a straight edge and all foam wiped off from the outside
of the container, The sample is then ready for analvsis.

D.1.4 Pressure Foam. It is presumed than foam i (owing
under pressure from a foam pump or high-pressure aspirator
wward an inaccessible tnk ontlen, A 1 in (25 mm) pipe @p
fitted with a globe valve should be located as close w the point
of [oam application as practicable, The connection showld
terminate in an approximate I8 ine (450 mm) section of flexa-
ble rubber wbing w Gwilitate Glling the sample continer.
When drawing the sample, the valve should be opened as wide
as pasaible without causing excessive splashing and air entrain
ment in the container: Care should be exercised 1o eliminate
ar pockets in the sample. As each comainer s flled, a stop-
watch 15 started (o provide the “zero” time for the drainage test
described later, Any excess loam is struck off the top with a




ANNEN 1

11-117

siraighit e:lijﬂ, andd all foam clinging o the outside of the
container is wiped off. The sample is then ready for analysis.

D.L5 Foam Chambers. In some instances where the foam
makers are integral with the am chambers on the top ring of
a tank, the methods of sampling described in DL through
L4 might ned be workable, I this case, it will be necessary o
improwvise, making sure any unusual procedures or conditons
are pointed out in reporting the resulis. Where access can be
gained 1o a Aowing foam stream, the container can be inserted
into the edge of the stream w spliv off a porcion for the sample,

The other alternative is to scoop foam from a laver or blanket
already on the surface. Here an atempi should be made 1o
obtain a full cross section of foam from the entire depth ba
without getting any el below the foam Ever. The preatest
difficulty inherent in sampling from a foam blanket is the
undesirable lag-intime factor involved in building up a Taver
deep enough w scoop a sample. AL normal rates of application,
it can take a few minmes w boild up the several inches in
depth required, and this time is likely 1o aftect the test results,
The depree of ervor thus incurred will in tum depend on the
tvpe of foam involved, but it can vary from zero percent to
several hundred percent, In a Moeller mibe installagion, it is
advisable to sample rght alongside the wbe as foam oozes out
in suffickent volume, lmmediarely after filling the container, a
stopwatch is staned o provide the “zero™ tme for the diaimage
test described ater. Any excess foam s struck off the wp with a
straight edge, and all foam wiped off from the ouside of the
containger, The sample is then ready Tor analysis,

DLLG Foam Testing, The foam samples, as obained in the
procedures described in DL through DULE, are analyzed tor
expansion, 25 percent drainage time, and foam solution
conceniration. It is recommended that duplicate samples be
obtained whenever possible and the resulis averaged for the
Fnal value. However, when a shorage of personnel or equip-
ment or both creates a hardship, one sample should be consid.
ered acceptable.

The following apparains is required:

(13 Two 54 oz (16AH mL) sample containers

{2 Onoe toam collecior board

(3 One balance [miple beam  balance,
capacity]

57 Th (2610 &

1.7 Procedure. rior 1o the testing, the empry containers
Arted with a drain hose aned clamp should be weighed vo obrain
the tare weight. (All containers should be .Hllm.lm;i i the sne
tare 'I.\I:‘Igl‘ll tor eliminate confusion in handling.) Each foam

sample s weighed 0 the nearest gram and the expansion
caleulated from the tollowing equation:

[T.1.7]
5 fl oz

[ full weight —empiy weight )

= Expansion

D.LA Foam 25 Percent Drainage Time Determination, The
rate at which the foam solution drops out from the foam mass
i called the drainage rae and is a specific indicanon of degree
ob water retention ability and the fluidity of the foam. A single
value i5 wsed 1o express the relaive drainage rates of differen
foams in the “25 percent drainage time,” which is the time in
rminutes thar iv mkes for 25 percent of the ol solution
contained in the foam in the sample contaimers w drain.

The [mllowing apparatis are reguired:

(1) Twostopwatches
{2)  Ome samiple stand
(%) 338 H oz (100 mL) capacity plastic graduates

D.1.9 Procedure, This test s performed on the same sample
s wsed i the expansion determinaton. hviding the net
welght of the foam sample by 4 will give the 23 percent volume
{in milliliters} of solution contained in the foam, To determine
the time required for this swolume o drain o, the sample
container should be placed on a stand, as indicared in Figure
D0 LB, and the aocumulated salution in the bottom of the
contaimer should be drawn off into a gradoace a0 regolar, st
ble intervals. The time intervals at which the accumulated solu-
mon 18 drawn off are dependent on the toam expansion. For
foams of expansion 4 to W, S0second intervals shoold be used.
and for foams of expansion 10 and higher, 4=minute inte rvals
should be wsed becanse of the slower drainage rate of these
foams, In this way, o dGme<drainagevidume relatonship is
obtained, and afier the 25 percent vislume has been exceeded.
the 5 percent drainage ime s interpolated from the data,
The following example shows how this is done. The net weight
af the [oam sample is 6 oz (180 grams). Since | gram of [oam
solution ocoupics a volume of essentally 0.03 fl oz (1 ml.), the
teda] volume of foam solution contained in the given sample is
6.1 Hoz {180 mL }.

[D.1.9a]
Bt 1l oz
Expansion s ———— = #&49
= e W
[Th.1.590]
tl 1l ox

5% volume = =1.52 fl 0z

The time-soluton volume data is recorcded as shown in Table
[, 1.5,

The 25 percent volume of 1.52 1l oz (44 IIIH falls berween
the 2.0k and 2.5minute period.. The proper increments (o aded
to the lower value of 2.0 minutes is determined by interpola
tion of the data:

[D.1.9¢]
1.52 fl oz (25% vol.)—1.35 0 oz (2.0 min vol. ) _a7 1
169 fl oz (25 min val.)=1.351 oz (2.0 min vol.) T

The 25 percent drainage time is halfway between 2.0 and
25 minutes, or 295 panntes, which 15 rounded off o
A minutes

An effort should be made 1o conduct foam tests with water
temperatures between 60°F and 80°F (15.6°C and 26.7°C). The
water, ain, and foam temperannes should be noted in the
results. Lower water temperature tends to depress the expan-
sion salues amnd increase the drainage time values, When
handling fast-<draining foams, remember that they lose their
solution rapidly and that the expansion determination should
be carried out with speed in order not o miss the 25 percent
drainage volume, The stopwatch is started an the tgme the Toam
container is filled and continues © mn during the time the
sample s being weighed. [t s recommended that expansion
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weighing he deferred until after the drainage curve data has
been received.

0.2 Foam Solution Conceniration Determination.

2.1 General. This test 5 wsed to determine the percent
comceniration of o foam concentrate in the water being used w
generate foam. It typically is wsed as a means of determining
the acouracy of a sysiem’s proportooning equipment. It is also
useed o measure the concentration of surrogate lguicds de-
seribed in D522 or o perform the inital foam concentration

test using the water equivadency method described in D525 IF

the level of Toam concentrate injection varies widely from thar
of the design, it can abnormally influence the expansion and
drainage foam quality values, which can influence the foam’s
fire performance. There are two acceptuble methods for meas-
uring [oam concentrate percentage in water. Both methods are
based on comparing foam solution test samples (0 premeas-
uredd solutions that are ploted on a baseline graph of percem
CONCENITRLn versus mstmment l't!H-l'ii!I'I.g.

.2.1.1 Refractive Index Method. A handheld refractometer
is wsed o mepsure the refractve index of the foam solution
samples. This method is not particolarly acourae for AFFF or
alcohol-resistant AFFFs since they tvpically exhibit very low
refractve index readings. For this reason, the conductiaty
method might be preferved where these products are used.

D.2.1.1.1 Equipment. A base {calibration) curve is prepared
using the tollowing apparats:

(1) Four 35 H oz (HHE mL} or Brger plastc bottdes with caps

i2)  One measuring pipette [543 fl oz (1) mL)]| or syringe
[ 3.4 10 oz {100 cch |

(3)  Omne 35 1 oz (10 mL) or larger graduated odinder

i4)  Three plasticcoated magnetc stirring bars

(7)  Omne digital refractometer

(6)  Sandard graph paper or electronic means

i7)  Ruler or other straight edge

D.2.1.1.2 Procedure. Using water and toam concentrate from
the svatemm o be tested, make up three standard soluions using
the 35 fl ox (AN ml) or larger graduate. These samples
should include the nominal intended percentage of injection,
the nominal perceniage plus | percent. and the nominal
percentage minus 1 percent. Place the water in the 35 f1 oz
(1000 mL) or larger graduate (leaving adequate space for Lthe
foam concentrate), amd then carefully measure the Foam
concentrate samples into the water using the symnge, Use care
not 1o pick up air in the foam concentrate samples: Pour each
measured foam soluton from the 35 11 oz (10000 mL) o larger

Table D.1.%9 Foam Sample Drain Time

Drained Solution Volume

Time
{minuies) fl oz mL
0 i ]
5 054 1
1.0 (.G 20
1.5 1.0 A
a0 1.4 A1
25 1.7 B
3.0 2.0 il
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pradiate into a 35 11 oz (1M mL} plastic botle, Each bonle
should be marked with the percent solution it contains. Add a
plastic stirring ba o the botde, eap o, and shake it thoroughly
io mix the foam solution.

After the foam solution samples are thoroughly mixed, a
refractive index reading should be aken of each percentage
foam salution sample. This &5 done by placing a few drops of
the solution on the refractomerer prism, closing the cover
plate, and observing the scale reading at the dark field intersec-
tom, Since the refractomerer is enperature compensated, 1t
can take 1 seconds to 20 seconds for the sample to be read
properhy. I s important W ake all refraciomerer reacings al
ambient temperatures of 50°F (10°C) or above. Using standard
graph paper, plot the refractve index readings on one axis and
the percent concentration readings on the other. (See Fign
IXZILLE)

This plotted curve will serve as the known baseline for the
test series. Set the solution samples aside in the event the meas-
urements need 1o be checked.

D.2.1.1.3 Sampling and Analysis. Collect  [oam  solution
samples rom the proportioning system, using care o be sure
the sample 1= wmken a an adeguate distance downstream from
the proportioner being tested. Take refractive index readings
off the sample and compare them to the ploted ouarve o deter-
mine the percentage of the samples.

||| 3% foam solution EE
e o R B B
Confral Sample
T % Index
1.338
- 2 1.3353
T 2 1.3362
L 4 1.3371
1 F
|
+
1.337 I
ﬁ 7
= - &
i~ A
2
5
EZ
s
1.336 -
T 1
1.335 >
| u
| Ll |
Q F 3 4

Percent concentraiion

FIGURE Dn21.1.2  Typical Graph of Refractive Index Versus
Fosm Concentration.
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[D.2.1.2 Conductivity Method. This method s based  on
changes in electrical conductivity as foam concentrate is added
to water. A handheld conductiviey meter, shown in Figure
D212 45 usedd 1o measure the conductivity of foam solutions
in micresienen anits, Conductivity is a very acourate method,
provided there are substantial changes in conductivity, as foam
concentrate s added o the water in relatively low percentages,
Since salt or brackish water is very conductive, this method
mipht not be suitable doe w small condueivity changes as
foam concentrate is added. It will be necessary o make foam
and water solutions in advance w  determine if adeqguate
changes in conductvity can be detected if the water source is
salty or brackish,

D.2.1.2.1 Equipment. Prepare a base {(calibration)  curve
using the tollowing apparatus:

(1) Four 35 1oz (1000 mL) or arger plastc hotles with caps

{2} One messoring pipette (3.4 0 oz (100 mL)] or syringe
[0.54 H oz (1 oc) |

(%) Oune 35 1] oz {100 mL) or larger graduated cylinder

{4}  Three plastic-coated magnetic stirving bars

{5) A portable temperature compensated conductivity meter

{6)  Standard graph paper or electronic equivalen:

{7)  Ruler or other simight edge

[.2.1.2.2 Procedure. Llsing the water and foam concentrate
froum the system o be tested, make up three standard solutions
using the 55 1 ox { LM mL) or larger gradoate. These samples
shomle include the nominal intended percentage of ingection,
the nominal percentage plus | percent, and the nominal
percentage minus 1 percent. Place the water in the 35 1l oz
{1000 mL) or larger graduate (leaving adeguate space for the
foam concentrate), and then carefully measure the foam
concentrate samples into the water using the syringe. Use care
N o pick up air in the foam concentrate ssunples. Pour each
measured foam solution from the 55 fl oz { 1MW) mL} or larger
graduate into a 35 0 oz (1000 mL} or larger plaste bonde. Each
baottle should be marked with the percent solution it contains.
Add @ plastic strving bar to the boule, cap i, and shake it thor-
oughly to mix the foam solution.

After making the three foam solmtions in this manner, meas-
e the conductviy of each soluton. Refer 1o the instructions
that came with the conductivity meter o delermine proper
procedures for mking readings. 1t will be necessary o switch
the meter o the correct conductivity range setting in order 1o

FIGURE D.2.1.2  Eqguipment Needed For Conductivity
Method of Proportioning Measurement.

obmain a proper reading, Most synitheic-based fodms used with
freshwater result in foam soluion conductiaty readings of less
than 2000 microsiemens,  Prowin-based  foams  generally
produce conductivity readings in excess of 2000 in freshwater
solutions. Due o the iemperature compensation feature of the
conductivity meter, it can take a short time (0 obtain a consis-
Lent reading,

Once the soluton samples awve been measured and recors
ded. se1 the bottdes aside for control sample reference. The
conductivity readings then should be ploted on the graph
paper. (See figure .27, 2. 2.5 It is most convenient o place the
foam solution percentage on the horzontal axis and the
conductivity readings on the vertical axis.

L'se a ruler or straight edge to draw a line that approximates
connecting all three points, While it might not be possible o
hit all three points with a straight line, they should be very
close, 1f not, repeat the conductivity measuremenis and, if
necessary, make new control sample solutions unal all three
poinis plot in a nearly straight line, This plot will serve as the
known base (calibraton) ourve 1o be used for the test series.

D.2.1.2.53 Sampling and Amnalysis, Collect  foam  solution
s ples from the proportioning svsiem, using care 1o he sure
the sample is taken at an adequate distance downstream from
the proporioner being tested, Lsing foam soluton samples
that are allowed o drain from expanded foam can produoce
misleading conducivity readings and, therefore, this proce
clure 15 not recommended.

11::-:;____ . T T
1] 3% foam sulu.t-m 1 { i i
W HEEEE
1 Contred Samgpls I BE -
T %= gond, . 1
e  nE 724 LY
T 3 BE6 NV &
— 4 1041 f
_:_- lr L :.- n -I " u
REmE ; i
= S0 | : |
£ T ] T 1
£ :
= : :
2 O =W EREERREE ;
§ sooEEHHHH HH
= ] I [ I
o | 1 |
] | | f |
| 1 |# |
| EE %{ | | |
| | | | |
| ] ]
s : fofms 4=t s
700 A
n o .
| T
| | | | |
0 2 a3 i

Prorgent concaniraton

FIGURE D.2.]1.2.2
Foam Concentration.

Typical Graph of Conductivity Versus
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Onee one or more sumples have been collected, read thei
conduetivity and find the corresponding percentage from the
base cuive |':I!I"I:'|.'I'-'|l1"|:'ﬂ from the control sample solitions,

D3 Interpretation of Foam Test Results. Where the intent of

conducting the tests described in Sections DU and D2 is o
check the operating eficiency or standby condition, it is neces
sary omby to compare the results with the manutfacturers’ stand-
ards,  The  mamifacturers  should  be consuliesd o any
appreciable deviations oocarn

After a short period of experience with the test procedure. it
will be observed that foams exist in a wide variery of physical
properties. Not only can the expansion vary in value from § wo
20, but at the same time the 25 percent drainage mme can also
vary from a few seconds 1o several hours,

These variations result in foams that mnge in appearmnce
from a watery consistency 1o the stiffest whipped cream.

It i observed here that the foam soluton rapadly drains oo
ot the very watery foams, while the dropont is very slow with the
still Toams, 11 is not pessible o make a foam that is Auid and
free flowing and, at the same time, able o hold onto s foam
solution, From the standpoint of quickly forming a cohesive
foam blanket and rapid flow around obstuctions, a fhad-type
foam is desivable; however, foams of this nanire lose their water
maore rapitdly, which may reduce their resistance to flame burn-
back and shorien the eflfective time of sealability, O the othee
hand, foams that retain their water for a long time are stiff and
clo not spread readily over a burning area, Thus, good firefighi-
ing praciice indicates a compromise bemwveen these two oppo-
site foam properties in order o obtain an optimom [oxm, An
optimum foam s defined as that foam, with physical properties
defined by expansion and drainage tme, that will extinguish a
fire faster, at a lower applicition e, or with less water
consumed than any other foam.

Numerous test fires conducted in the conrse of research and
development work have shown that the characteristics of an
optinuam foam depend on the wpe of the fire and the manner
of foam application. Expenence over many yvears of satisfactory
resulis has supported this viewpoint For example, n a lage
fuel storage wmnk, foam may be gently applied from one cham-
ber and be required 1o flow 65 ft (20 m) acoss a buming
surface to seal off the fuel. In this case, the optimum foam is
phisically different from that applied in a splashing manner
from a twrret that can direct the foam application as needed,
where the foam lias o OQow oo more than 42 an. CLO5 mm ) o
form a seal. The formaton of a complere specification for the
various methods of application has not as yel been accom-
plished; however, for guidance purposes, the hest data available
to clake are presented.

D4 Inspection of Foam Concentrate. In order 1o determine
the condition of the apparams and foam concentrate and in
order o tram personnel. foam should be produced annually
with portable foam nozzles. Following this operaton, the
concentrate container {can) should be cut open and examined

for rh-|:|n=-|u-s of s!mlhr. scale, and so [orth, which are capable of

impairing the operation of the equipment.

Where the concentrate is stored in tanks, a sample should be
flrawin o the Bottoan of the mnk anneally, e aetaal foom
production tested as specified above, l.minl.'; i portable foam
nogzle and the withdrawn sample w verity the quality of foam
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procduced, In the event that shedging of the concentrate s
noted, the manufactirer should be promptly consalted.

D.5 Foam Injection Rate Tests,

D.5.1 Test Using Foam Concentrate. The major focus when
evaluating foam system performance is to confirm proper fune-
tion of the foam proportioning system. This s done by
comeucting a foam injection rate test, Manufaciurer's recome
mendations should be followed. It is recommended that the
test he performed at the design demand low rate of the swstem
and at the lowest possible design point.

The rate of concentrate How can be measured by timing a
given displacement from the storage @nk. Soluton concentra:
tion can be measured by either refractometnc or conductivity
means (see Section L2, or it can be calculated Gom solution
and concentrate flow rates. Solnoon How rates can be caloula-
ted by unlizing recorded inlet or end-obsystem operating pres
sires, or bt

D.5.2 Tests Using Alternative Listed and Approved Methods.

D5.2.1 General. Foam injection rate lesting can now  be
performed  using surrogate, nonloaming,  envirommentally-
acceptable, test hguids in liew of foam discharge, or water as a
surrogate for the foam concentrate, Both methods have advan-
tages and disadvantages, but both seree 1o redoce the need o
discharge [oam concentrate, I is recommended that svsiem
propordoning verification discharge wests be performed at the
ac il demand of the system, and at the lowest possible actoal
demand flow.

Baoth methods employ porable dam acguisition instroamenta-
tien and software o enable fast, realtime da monitering and
recording. Typically measurements include conductivity (trans-
lates o percent injection rate) of the proportioned solution
stremm, sysiem flow rate, and several pressures on the propor-
toning svstem, Conductivity and (low are measured by means
of in-line electronic instrumentation installed in flow meters
that are placed on the test outler side of the proportoning
system, Pressure transducers are installed wemporarily at strane-
gic locations where measurements are desired,

[0.5.2.2 Surrogate Liguid Test Method. In this spproach,
surrogate test liguids are formulated specifically o simulate the
flow  Dehavior  (viscosity  characterisiics)  and approxioate
conductivity or refractive index of the foam concentrate used
in the ssiem. An m.mlplr of a pgraph generated from the
recorded data is shown in Figure [1.5.2.2{a).

For initial system commissioning, the surrogate liquid can be
placed direcily in the foam system tank for injection mte tests
amel then flushed out before filling the ank with foam concens
trate, After the system has been fAlled with foam concentrate it
can stll be tested wsing a surrogate test liguid, bun insialltion
of some additional connections on the proportioning system
pipimg are required. These additional connections enable the
swrogate test liguid to be injected inws the proportioning
system in place of the foam concentrate already in the foam
storage ank. Since there are many tvpes o proportioning
swvatems, the est setup arrangement varies according o the
SVELETTL Lypae.

Figure D.5.2.2(b) through Figure D52 2(h) are illustrations
of surrogate Tguid es setap arrangements for vpes of the
most commonly used proportioning systems.
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FIGURE D.5.2.2{a) Plot of Real- Time Test Data Gathered
from Surrogate Liguid Injection Rate Test.

D.5.2.5 Water Equivalency Method. In this approach, water is
used as a surrogate liguid in place of Foam concentrate. The
initial acceptance test{s) are conducted with the actual foam
CONCEntrale using :*t]illpr'l'lrr'll similar o thay shown in Figure
[1.5.2.2{b) and Figure 10.5.2 2{g}: reaktime pressare, flow, and
conducivity measurements are recorded with the acmial foam
concentrate o determine that the svstem §s proportioning
accurately, Immediately following this west, a water equivalency
test at the exact same pressure and flows a5 in the initial foam
discharge test is performed afier isolating the foam concen-
trate nk. Example test setups are shown in Figure D.5.2.5(a)
and Figure 1052300 This provides a baseline for comparison
using water only for follow-on routine inspections and tests.

This method is approprate for use with agqueous film-
forming foam (AFFE) and high-expansion foam. Tt should mor
e wged with viseous foam concentrates such as  alechol-
resistant aguecus film-foming foam (AR-AFFF).

D53 Alternative Tesi Methods, Surropate methods for [oam
injection tests continue o be developed. The following tech-
nigues describe aliernative methods that have been proposed
s alternatives to foam injecion rate testing, but they have vet
o undergo formal listing or approval processes,

D531 Vehicle Tests. ARFF and municipal frefighting vehi-
cles are required to go through periodic foam nozzle discharge
tests Lo ensure proper ncion of their foam proportioning
sysiemns. Traditionally, these twests have been done by discharg-
ing foam solution with all of the associated issues nvolved in
contaiinment and disposal. New technology is now available to
enable testing these vehicles using water or s water-based surro-
e hguid containing an emvironmentally benign |]-i.-l'!ﬂ.']t'p;]_.ll.'];lr
ble dve, The dyve in the surrogate lest |II:JIJII:'] can he detected in
ile pl11-|.1-urlu:-r|t'c] solution stream by means of oolormetry
instriumentation, When water is used as the SUTTOEALe (e8]
ligquid, a How meter system measures the water injecion rate.

0,552 Positive Pressure Pump Direct Injection. A waier
Mo or I':mm-g.irupurlinniug pump system prowides @ mesans (o
verify concentrate proportioning by the Aow method descnbed
i 1A 1. The volumetric flow rate of the extingushing water, as
well as the volumetric flow rate of the foam concentrate, is
messured nsing pressuve/ flow instromentaion, withour mixing
both liguids. These flows can be used to calculate the propor-
toning rate. By using an adjustable pressure relief valve ar the
positive displacement foam pump, the back presure on that
paimp can b set o the same pressure level as the extingnishing
waler
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FIGURE D.5.2.2{e) Bladder Tank In-Line Balanced Pressure Proportioning System Setup for Surrogate Liquid Type TesL
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Annex E Foam Health, Safety, and Environmental Issues

This e ax mol a oot of the vequirements of thiv NFEPA documni
fenad oy emvelueled for informeabioneal frorfoses only,

E-1 General. There has been a significant shift in the empha-
sis on emvirommental and health concerns  associatesd  with
legacy Foam products, The purpose of this annex is w provide
the fosm user community with high-level information  and
information on the regulitory authorites than are objectivels
developing suggested solutions w the questons being asked
about frefighting  foam  health, safery, and  environmental
%S £

In general, the chemicals contained in legacy thuoninated
[ams, such as AFFF, AR-AFFF, FFFE, ew. {ie, Huorinaced
surfactants that are classified as PFAS), have come under signif-
icant health and enwironmental scrtiny,

The approach of diluion and release into the environmeni
and /S or wastewater treatment systems is obsolete and unacce pi-
able going forward for all Auorinated foams. Iniermational,
teceral, state, aned local junsdictions are limiting the use of
legavey AFFF as a result of these concerns.

LS Department of Defense (Dold) and civil aviation authori-
ties are also researching and implementing new restrictions on
the use of these legacy products,

Most NFPA smandards that cover foam [ire suppression
agents and swsrems arve being revised o address these new
tremds and 1o allow for flexibility going forwared.

Carrently the criteria tor defining an environmentally, toxi-
cologically  acceprable  alternative is  still changing. Once
defined, the indusiry will also need 10 define the testing and
metrics heeded o walidate the aceeptability of such crteria,
With that said, there has been a significant shaft 1o the use of
sinthetic Nuorine-free foam (SFFF.

WWaler sumply

Walar
b 1o hpsa

Test connasslion Dawnsirmam s

les! sland

Proporlianer

Test Seiup Schematic for Initial and Follow-on Water Equivalency Tests

The [ollowing are key ssues that should be evaluated when
using existing legacy Auorinated foams, switching to AFFF C6
foums, o switching o SFFF fosms:

(1) Fiwhphter health and safey,. First responder  exposure
should be mimmized vsing safer work practices and
personal protective equipment. In addiion, procedures
should be developed for rinsing if the foam comes into
comiact with a person's eves or skin.

(2 Coffection of firefighting focm affer wse, Industey best practice
is that all foams and fAre water/foam oot should be
contained, collected, and disposed of based on federal,
state, and local requirements and the most curremt tech-
nical information s osogEested in the references Tlistecd,
Foam discharge is more 'a.-':-r.ilg.' handled where there s an
in-place collection capability, e, primary and secondar
continment. This situaton might be found in ware-
houses, mnk farms, and Rrehghting maimng facilities,
Where these facilities are not available, temporary diking
is an alternative where tfime and resources permit, The
overall environmental impact of foam discharge requires
additional evalvation and development of generally
recognized  puidance, Untl  recognized  suidance i3
promulgated, users should rely on manufacturers’ data
and puidance from policy makers such as the Interstate
Technology and Regulatory Councl (ITRC) and LAST-
FIRE, Im all situatons, discussions with environmental
regulory authonies are appropriawe. Work is continu-
ing o wdentify appropriate policy and criteria o profect
tacilities that have typically been protected by foam
suppression systems. These effors are focusing on identi-
fving applicable codes and standards, anabyring environ-
mental impact, @aloating alternatives, and  revisiting
CONEINmMEent apions.

() Disposal of fefarbdene foems Carrently, high-tempe ratmre
mcineration by an accrediied environmental frm shouold
be considered the default tor disposing of legacy AFFF
products (concentrates, solutions, and eftluents),
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(4)  Provedares for decondaminating bgeey squifmnend aned accaflefde
tevels of deanfiness Trving to determine how clean s clean
continues 0 be an issue and might need w be deter-
mined based on the regulators’ directiion or manufac tur-
ers’ information, Unless equipment is properly cleaned, i
might allow the new foam (o continue o contaminate the
environment, Clein levels might be in the paris per
hillion w tllion range. Testing and metnics will also need
by e defined toovalidawe the level of cleanliness,

The environmenal,/ health concerns assoctated with these
chemicals are challenging for both wosgcologisis and regulators,
requiring continued research and updated regulatory require
ments that are still changing. Any users of firefighting foam
shomld research the latest procedures and precantons for thei
use and disposal pror to placing it mto service. The following
are two organizations that have developed technically up-to-
date and accurate information on this subject.

The ITRC 35 a state-led coalition working 1o reduce barriers
1o the use of innovative air, water, waste, and remediation envi-
ronmentil technologies and processes, ITRC produoces docue
mems and  raimng  that broaden and  deepen wechnical
knowledge and expedite quality regulatory decision making
while protecting human health and the environment. With
public and private sector members from all 50 stes and the
Disrict of Columbia, ITRC provides & natiomal perspective,
The issues associated with AFFF and the changes in the envi-
ronmenial/use landscape are well documemted on the TTRC
wehsite hiips:/ /plas-1itreweboorg/

The Office of the Secretary of Defense Strawegic Environe
mental Research and Development Program and Environmen-
tal Security Technology  Certification  Program  (SERDP/
ESTCPR) are funding research for PFAS-free AFFF; detection,
fare, and transport of PFAS in the environment; ecotoxicity;
amd PEAS reammenmt technologies, including equipment clean
out. More imformation is available at horps:/ Swwwoserdp-
estcpaorg/ Featured-Initatves,/ Per-and-Folviluoroalkyl-
Substances-PEASs

The LASTFIRE Project provided an independent and
compre hensive dssessment of Arerelated risk in Targe, open-
top, Hoating root storage @mnks resulting in a methodology, by
which sitespecihic fire hagard management policies can be
developed and implemented. 1, therefore, represents a major
advancement in the knowledge about this sk

The LASTFIRE Foam Position Paper s available ar hoop://
lasthreoreak

E.2 Discharge Scenarios. The following are eximples  of
seenanos that might include the nse of foam, which are presen-
ted here o provide the user with ideas on how 1o handle these
tvpes. of situations. The examples are not intended w0 be
complete, as the science on how 0 handle these scenarios is
changing very mapidly. Look at the information provided by
ITRC, Dol), and LASTFIRE and sources of current discharge
handhng approaches. The discharge of a foam-water solution is
st likely po be the resuale of one of the four following scenan-
i

(1) Manual firefighting or fuel-blanketing operations

(2) Training

(3)  Foam equipment system and foam fire apparatus tesis
(4) Fixed system releases
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These tour scenarios inclode events an such places as aircrall
facilities, tirefighter raming tacilities, and special hazards facili-
ties (such as DaminableMazardous warehowses, bulk Tamma-
ble liguid storage facilities, and hazmrdous waste storage
facilities), Fach scenario s considered separately in E.2.1
through E.2.4.

E.2.1 Firefighting Operations. Fires occur in many locations
anedd under many different circumstances, In some cases, 1t is
pussible to collect the foam solution wsed 1w douse a fre after 1t
has been put our and in others, such as in marine frefghting,
it 15 nobL These meidents nclode aireraft rescoue and firefight-
ing operations, vehicular fres (e, cars, boats, rain cars),
stuctural fires involving hazardous materials, and fammable
hiequidl fires. A foam-water solution that has been used in Ffre-
fighting operations will probably be heavily contaminated with
the fuel or fuels involved in the hire, It s also ikelv 1o have
heen diluted wath water discharged for cooling purposes.

In some cases, the toam solution wsed dunng fire depart-
ment operatons can be collected, However, it s not alwis
possible to control or contain the foam; therefore, a non-
persistent oo, such as SFFF, should be considered. This could
be a result of the location of the incdent, size of the incident,
or the circumstances surrounding the incident.

Eventinitiated manual containment measures e usually
executed by the responding fire department 10 contain the
flow of a foam-water solution when conditions and man power
permit. Those operations include the following measures:

i1} flwekivg sewer drains, This s a common practice used 1o
prevent contaminated foam-water solution from entering
the sewer system unchecked, Itis then divened woan area
suitable tor containment.

13F  Portable dikes, These are generally wsed tor Land-based
operatons, They can be set up by fire department person-
el during or after extinguishment w collect runofl,

(3)  Portable booms. These are used for marine-based opera-
tons in the absence of hemer wehnigues and are ser up
to contain foam in a defined area. These operations
generally involve the use of Aoating Booms within a natu-
ral body of water. The boom contains the foam bubbles,
but as the bubbles drain, the foam solution might not be
contained and could spread into the rest of the body of
WaRer,

E.2.2 Training. There are specially designed wraining foams
available from most foam manufacturers that simulate firetight-
ing toam during live training but do not contain tHuorosurfac-
tants, These foams are  biodegradable, have minimal
environmental impact, and mn be sately weated at a local
wastewater weatment plant. Because they do not contain o
rosurfactants, training foams also have redoced  burmback
resistance that allows [or more repeat five raining  sessions.
Firefighters and other foam users should work wath the author-
ity hawving jurisdiction (AHJ) w ensurve thar the use rrF:r.-unmt_,
foams meets all the local and application=s pecific live taining
reguirements, In some ciases, raimning foams can also be used as
sutbstitutes for legacy Huorinated foams in vehicle and equip-
ment fesing,

Traiming should be conducted undey circomstances comeie
cve 10 the collection of spent foam. Some fire training facilities
have elaborate sstems designed and constacied 10 collect
foam solution, separate it froom the fuel, treat i, and, in some
cases, rense the reated witer, Ata minimam, most five training
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Facilities collect the foam solution for discharge 1o 5 wastewale
treatment facility. Training can include the use of special tain-
ing foams or acmal frefighnng foams, Training faciliy designs
should include cont@inment systems.

Mote: The use of fluornated foams for training is banned in
a number of pations and stres in the United Sanes,

E.2.3 System Tests. Testung primarily involves engineered,
fxed foam fircextinguishing systems. Two types of tests are
generally conducted on foam svsiems: accepiance tests, which
are conclucted pursiant i installation of the system, and main-
Lenance tests, which are usually condiscted =1|m:.mI!r 10 esure
thie operability of the system.

In the executon of both acceptance and mammtenance ests,
only i smadl amount of feam conce ntrate should be dischirged
toensure the correct concentration of foam in the foam-water
solution. Designated foam-water test ports ¢an be included in
the piping system so that the discharge of foam-waler solution
could be directed toa controlled location, The controlled loca-
tion can consist of a portable tank that would be ransported 1o
an approved disposal sive by a licensed contractor. The remain-
der of the acceptance test and maintenance test should be
conducied using only water.

NFPA 11 explicitly recognizes proportioning test methiods
that limit or eliminate the need to discharge toam concentrate.
These methods are permitted in 12,6.4.

Note the ose of fluorinated [ams [or system lesting
hanned in a nomber of nations and stdes inthe United Saates.

E.24 Fixed System Releases. This wpe of release is generally
unconirolled, whether i is the result of a frve incident or a
malfunction in the sytem. The foam solution discharge in this
tvpe of seenario can be dealt with vin eventinitiated operations
or engineered contamment systems. Eventinitated opemations
encompass the same Eemporary messures that would be taken
during fire department operations:. portable dikes, tloating
ooz, and o forth, Engineered contaamment is based mainly
on the location and tvpe of facility and would consist of hold-
ing tanks or areas where the contaminated foam-water solution
wonlel be collected. treated, and disposed of properly.

E.3 Fixed Systems. Facilities can be divided into those with-
out an engineered cont@mment sysiem and those with an engi-
neered con@inment systen.

E.3.1 Facilities Without Engineered Containment. Given the
absence of any past requirements for containment, many exist-
ing facilities have allowed [foam-waier solution o Aow out of
the facility and evaporate inwo the atmosphere or percolate into
the ground, Steps should be aken w avoid this as part of
future foam management planning. The choices for contain-
et of foam-water sohution at such facilites Bl into wo cate-
gories;  event-initiated mammal containment  measures  and
installation of engineered containment systems,. Selecting the
appropriate option depends on the locaton of the Facility, the
risk o the environment, the risk of an antomatic svstem
discharge, the frequency of antomatic swtem discharges, and
any applicable rules or regulainons,

Event-initiated manual containment measures are the most
ikely option for existing faclities without engineered contain-
ment systems, This cin Bl under the responsibility of the
responding fire deparument and mclude such measures as
blocking storm sewers, construcing temporary  dikes, and

deploving wmporary floating booms. The depgree of such mess.
ures should be dictated by the facilin's location, as well as the
avinilahle resources and manpower,

The insmallation of engineered containment svstems is an
option for existing facilities. There are cases, however, that
might warrant the design and instadlaton of such svstems,

E.5.2 Facilities. with Engineered Contaimment. Any  engi
neered contaimment system usually includes an oil f'water sepa-
rator, Dharing normal  drainage  conditions (fe., no [oam
solution munoft}, the separmior functions o remove any foel
pmlln:les from drainage water. However, when foam-water solu-
tion is Howing, the oil /water separator should be bypassed so
that the solution is diverted directly 1o storage tanks,

The size of the containment system should be dependent on
the duration of the foam-water flow, the Aow rate, and the
maximum anticipated rainfall. Most new containment systems
only accommaodate individual Lacilities. However, some conain-
ment systems can accommodate multiple facilites de pending
on the wpography of the land and eady idemtification duouring
the overall site planning process,

The specihic vpe of cont@inment svitem selected should also
depend on the location, desired capacity, and function of the
tacilities m question. The available swems include earthen
retention  systems,  helowground tanks, opendop  inground
tanks, and sump and pump designs (i, il sations) piped o
aboveground or in-ground anks, Storing spent foam below
groumd s not advisable due w the potential for leaks. Regular
checks can reduce the sk of leaks, ot even a small leak over
v could result in comtaminated soil,

The earthen retention designs consist of open-top earthen
berms, which usually rely on gravitvfed drainage piping from a
protected  Eacilin Tht". allow the fisim-wsiier =solution o he
collected in an impermeable iner Legacy foams should not be
contained using earthen retention, as the soil can become
contammimated.

Closed-top, belowground storage tanks wsually consist of a
pravivefed piping arrangement and can be suction pumpeid
out,

Open-top, belowground  storage tanks are usually  lined
concrete anks thar can rely on graviny-fed drainage piping or a
sump and pump arrangement. These can accommeddate indi-
vidual or muliple Geliges. They must also accommaodate the
maximum anticipated rainfall.

Aboveground anks incorporate a sump and pump arrange-
ment to closed, aboveground tanks. Such designs usually ineor-
porate the use of one or more submersible or verical shafi
large-mapacity pumps. These can accommodate individual or
muliiple facilities,

EA3 Mew Facilities. The decision o design and install a e
foam-water solution containment svstem s dependent on the
tecation of the facilivy, the risk o the environment, the possible
impairment of facility operations, the design of the fixed foam
svitem (ie,, automaticallv or manually activated), the abilite of
the responding fire department to exeonte event-initiated
containment measures, and any pertnent regulations,

Where conditions warrant the installation of engineeredd
containment systems, there are a number of considerations.
They include the size of the conainment sysem, the design
and type of containment sysiem, and the capability of the
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containment swsiem w handle ndividoal or muliple Bwilines,
Engineered comainment systems can be used where toam
exfinguishing systems are installed in facilines that are iomedi-
ately adpacent to a natural body of water. These systems mlghl
also e pr uwdent at new facilities, where site conditions permit,
o avodd impairment of facility operations.

Annex F Test Method for Marine Firelighting Foam
Concentrates Protecting Hydrocarbon Hazards

This ernnex ix ol o et of the reguivements of s NFPA document
Gt ix imclieded for dnformational faoposes onfy.

E1 Inroduction. The following test method has been specifi-
callv developed for nse in demanding marine Ltpi}llmhulw- Itis
derived from Federal Specifimtion (-F555C, which s no
longer in print, It specifically incorporates a large surface area
of W00 £ (9 m®), sealability testing, and a burnback 1est
conducted 15 minues after bre extnction, The west methed
given here incorporates a high frechoard thar is subject to high
temperatures; both conditons add o the difficulty of this wes
method. This test method uses gasoline, a highly challenging
test fuel, and requires that fresh fuel be used for each test, This
test wtilizes a square pan. The geometry of the pan's comers
better simulates the complex steel shapes found in ships” cargo
holds and bilges than round fire test pans used in other st
methods. The west method emplovs o fixed nozzle, thus remoy
ing any bias caused by an operator applving foam at the est
facility,

F2 Test Facility. The test should be conducted at a west Bacility
acceptable to the AHJ.

K3 Test Apparatus,

E3.1 Pan. The west pan should be of Hbgange steel minimom
construcion measuring 10003 m) long < 10§t (3 m) wide x 3
ft (0.9 m}) deep. The sides of the pan should be properly rein-
forced w prevent warpage due o heat generated during the
sl

E3.2 Nozle. The wst nomle should be as shown in Figure
E32 Alternate noizles should be approved by the AH] The
nozzle should How 6.0 gpm (23 L/min) at 100 psi (68 bar)
inler pressure,

F3.3 Fuel. A minimum of 75 gal (284 L) of gasoline is
needed o be Hoated ona sufficient gquantity of potable water
sor that the fuel surface is 24 in. (GH mm ) below the wop edge
of the mank. For each succeeding test the pan should be
cc}mp!ﬂrh emptied of the fuel and foam residue from the
previous test, The gasolinge should be commercial unleaded
regular motor fuel with an octane rating between B2 and 93
per Federal Specification VV-G-1690, The fuel wemperature
should be not less than 70°F (2170}, An alternate st fuel can
be nsed provided that it has properties equivalent o the uniei-
ded tuel specified above and has been approved by the AHJ.

E5.4 Synthetic Sea Water. The composiion should be as
described in ASTM DI1141.

E3.5 Conversion Factors.
I L/ min-m? = 0,0245 gpm /it
6 L/ min-m* = 0,147 gpm /0

A L/min-m® = 0,0735 gpm /i
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I gpm/ T = 40.7 L/ min-m*

0.24 gpm/c = 9.77 L/ min-m®
E4 Test Procedure,

Fd.l Fire Extinguishment. Foam concentrate should be
subjected o four consecutive fire wests by discharging through
a b ogpm {23 L/min) nozzle at an inlet gauge pressare maite
tained at 10 psi (GRS k) = 2 psi (1538 kPa), and a water
emperature of 68 4 8°F {20 + 5°C), The concentrate should he
at approximately the same temperature as the water. Two of the
tesis should be conducted wath freshwater, and two of the esis
should - be  conducted  with  salt wader as  desonbed  in
Section Fa4 The foam liguid soluton should be premixed
and applied at a mte of 3.0 percent by volume for 3 percent
foams, 6 percent for & percent foams, and so forth,. The
nozzle should be posidoned in the middle of one side of the
test pan with the nogzle tip 16 in. (400 mm) divectly above the
wp edge of the test pan. The fire should be permitted 10 bum
freely for 60 seconds betore foam application. The Toam shoald
be divected across the fire 1o sivike the approximate center of
the back side of the pan, 12 in. (AN mm) above the fuel level
and should be applied for a Sminute perod. (IF prior to the
test, foam is discharged inte the pan o align the nozee To
proper foam stream impact position on the back side of the
pan, such foam should be removed from the pan prior o the
test. ) The following procedures should take place:

(1) C¥bservatons. Obsersations and records are as follows:

{a} Record the period required, ofter stant of foam
qil'.l-|‘.llli.‘llll:l'll. for the foam 1o spread over the fuel
surface as “coverage” fime,

(h)  Record the period for the fire w he extunguished
excepl for hcks of Hame at the edges of the foam
blanket as "control” time,

(¢} Record the period tor complete extinguishment as
"extinguishment” Gme,

(Y} Record RBecord the name of the manunfaciurer, foam
tvpe, tade name, batch number, and date of manufac-
fare.

E4.2 Sealability. A lighted torch should be passed comtim-
onsly over the foam blanker starting 1 minutes after the end of
foam discharge. Fournteen minutes after completion of foam
application, the hghted wrch should be applied over the foam
hlanket for 1 minmte with the torch wuching the foam blanke
but not penetrating the foam blanket by more than Y in.
(18 mm}. The torch should touch the blanket at least every 24
in. (B mm) along the sides of the (est pan, at points where
the foam blanket appears significantly less than the average
thickness, inall four corness of the pan, and at random points
in the maimn area of the pan. However, the worch should not be
dragged through the foam.

FA43 Bumbaclk., One of the methods deseribed in FA4201 and
F4.5.9 should be used.

F4.3.1 Method 1. Fifteen minutes after completion of the
foam application, an opening 36 in.” {23,220 mm®) should be
made in the foam blanket approsimately 24 in. (W mm) from
the side of the pan, The exposed fuel should be reignied with
a tarch and permitted 10 burn for 5 minutes, After the 5
minwie burning period, the area involved in flames should be
determined.




ANMEX F 11-133

Meoprens

2% in. (54 mm) 0.0,
1 i, [32 mm) LD
Trem, (28 mm) ek

|| - r-n—ﬂ’-s. in. (14 mm) gap betwean tubae and body
20%an, (650 rmmj

k

154 in. (41.3 mm})

204 in. (511 mm) -

| 3in,
Fsmm | .
% |1, (16 mm) e Hein.
(18 mmj

Ty dhin

i
3

Barrel supporling spider
4 equally spaced, 4. (13 mm) 1hick

42 In. (13 mm) dig.
Braze

1% in. {32 mm) 0.0, brass tubing

brass brazein place #Egauge BAS
Mate: All parts brass, except whane shown
*1%—11%: IRS straight thd.
24 in, (B5 mm) dia,
_ 2% in,
217 in. (65 mm) -2B
(55 mm) dia. O
: i i s {0,147} R. this end
+ . T
14 NE-2 in, : Slot Y6 in. (1.6 mm}
312'-"1 in. trid. Vg n. (1.6 mm) across face
I: -:‘.iglm:l T in-14 NF-2 thd,
: (40 mm) o (22 mm}
i undencut lzet thd.
R, o
0.016 in. (0.4 mm;) dia. holes ¥ 4 1H 146 i m_...}.
g - ,‘;“ET@EEE” #d ain. (10 mm) a1 ol * B (28,6 mmi s AL
B& S brass 1. (25 e | flmonmr N k-l i
Fin. 14 in. {6 mm} #49 Frain, (3 rmim} - —%4 i {10 mm)
1ain.  ((20mm) | g 075) dia, T In. (22 mim)
{£7.8 mm}—=
Strainer Swivel and body Jiet

.234 in. (6 rrem A oy,

e in.

N,

1 in.
(32 i)
dhis.

as |,
i ?irl:nj_h L-- ¥ in,
b (6 rmmj)

46 I itapear}
(36 mm}j

Reciver

‘Moizic conversion nol avaiabio.

FIGURE F3.2 Test Nozzle.

25" inclucked

M22 % Tain-14 NF-2 thd. (1.5} undercut lest thd,

M3 x % 0 -8 NF-2 . (3.5)
W [rwi) trd. wundarcul [as md,

BATE = 55 .- 18 NF-2 thd. {1.5) ' in. deap,
bore 0578 dia. (15 mmj = Hein,
{& mm) deep

Vi, (6.4 mm)ioutsice}

Four e im. {1.6 mm)
clia, Evass ware prass Tl
s 12% inciuded
{6 mm)
L 0,576 in Wik ol T 3
—% y {146 mm) (19 mmi dia- [T} i
aim g L T in,
A N ¥ in o

{17 mm) 5 I'!'II‘I'I] Yo im (13 mm) die.

Conpme

rnindr dig, of Epear)

Cone relaining nut

2027 Edition




11-15%4 LOW-, MEDILUM-; AND HIGH-EXPANSION FOAM

FE4.3.2 Method 2. As an alernative o Method 1, two 12 in.
(300 mm} diameter stove pipes should be placed in the foam
blanket during the sealability test, ar least 24 in. (600 mim)
from the sides of the pan, and the foam inside the stove pipes
should be removed, At 15 minutes afver the end of the foam
discharge, the exposed fuel inside the stove pipes should be
ignited by torch and permited w buarn for 1 manuaee, The st
stove pipe should then be removed. After an additional 4-
minute burming period, the area involved in flanes should be
determined. If, npon removal of the pipe, foam covers the
exposed fuel area and extinguishes the fire, the [uel inside the
second stove pipe should be ignited and allowed o burn freely
for 1 minure. The second stove pipe should then be removed,
and the area involved at 20 minntes after the end of toam
discharge should be determined, 15 opon removal of the
second pipe, the foam again covers the exposed fuel and extin-
puishies the Are, no forther bornback esis are necessary,

E5 Acceptance Criteria.

E5.1 Fire Performance. The foam as received should have a
coverage time of not more than 2 minutes, a control tme of
nod mowe than 5 minutes, and complete fire extinguishiment in
not more than 5 minutes after star of foam dpllh CA L.

E5.2 Sealability. The foam blanket should protect the fuel
below the foam from reignition by a lighted worch for a period
of not less than 15 minutes after the end of foam application.
Any igniton of fuel vapors above the foam blanket should
result in complete self-extimguishment pnior to the end of the
test period, Record in detail the ovpe, Jocition, and dusation of
any burning observed.

F.5.3 Burnback.

E5.5.1 Method 1. The foam blanket should prevent the
spred of fire bevond an area approximately 2.7 ft* (0,25 w7},

E532 Method 2. The area imvobed in Pames should oo
exceed 2.7 7 (.25 m*).

E6 Foam Quality. Foam quality tests should be conducted
using the same batch of premix as used during the fre ess.
Foam expansion and 25 percent drainage tests should be
performed as expliined in Annex 1.

E7 Procedures in Case of Failure, Four consecutive successful
tests are recommended. Fallure of any one test wall result in
another series of four consecutive  tests. being  performed
successfilly,

Annex G Foam Concentrate Chuality

This eennex ix nol a et of the regueiremends of this NFFA decument
bt ix snctided for informationad panposes anly.

G.1 Fire Performance Test for Class A Materials. Suitable
tests based on fire performance on Class A fires with a Hamma-
ble liguid accelerant, performance on Class B fires, and
performance on liguetied nawral gas (LNG) fres are de-
scribed in this. amnex, The purpose of this west is o provide a
reproducthle Class A fire situaton where foam is required 1o
move @ substantial distance at a slow rate w work the hre, The
time o move this distance and o fll to the wp of the west
combusibles is the foam transit time. The effect of the transi
time is 1o give age 0 the foam dunng the perod of its slow
mnove iment from foam generator o fre,
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The test should be conducted in an open-top pen or baikd:
mg of suitable construction and suitable  dimensions. To
prevent the velocity of foam mivement from: being oo high,
the width of the pen or h:]llrlmp; tmes M) should give a figure
nof 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 100t {3 m), If the Nuidity 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 dunng the twest. The foam genemtor
should be set at one end of the pen or boilding, and the fire
should be ser 10 ft (3 m) from the opposite end. The distance
between the foam generator and the fire should be as required
1o give the desired foam transit tme. (See fiure G12)

Foam should be produced by a generator in which the
expansion ralio s approximately that produced by the genera.
tor proposed for installation.

The west fire should be made with a siack of eight standard
=4 (1.2 m= 1.2 m} hardwood pallets dried 1o 2 moisture
comient between 5 and 8 percent, set on snitable noncombusu-
e supports not more than 24 in, (600 mm ) above the Hoor
Beneath the pallets should be a 10 £ (.93 m®) pan containing
| gal (3.8 L} of heptane or naphtha Hoating on water. The
siface of the lammable guid should be approximately 12 in.
(3HM) mm ) below the botom boards of the bottom paller,

The first test of each series should be a tumed Il without a
fire to determine the foam tansit tme. The lomtion of the
lesielingg edge of the Foam s 00 progresses across the floor of the
pen or building should be timed at smitable intervals. Also, the
time shontdd be noted when the foam reaches the edge of the
pan. This data will permit estimating, with reasonable accuracy,
the location of the leading edge of the foam 3 minumes before
the foam reaches the edge of the pan. Thereafter, during each
fire west, the heptane showld be ignited when the foam reaches
that point corresponeding to 3 minutes in advance of reaching
the pan. In this manner, the Are s given a reproducible 3-
minute prebum. This GBI test can be lerminated when the foam
has filled w the top of the wood pallews and the foam ransi
time has been determined.

The minimum foam transit ome should be 12 minutes
(150 pereent of the maximum submergence time of 8 minutes,
fream Table 712710, To be consplered successful under the
foaum transit time condition, the foam should give adeguate
control of the test fire, The foam generator should be run for a
maximum of 30 minutes. Adequate control should be interpre-
tecl as the abeence of active burning within the test stack whale
the stack is covered with foam.

G.2 Quality Control Test. The air and solotion temperatures
are o be omaintained between GO°F and 65°F (15.6°C and
18.5°C ). The laboratory scale expansion and drainage test
cleseribed 1 the I-I'!-lhl'r'.lnl., list has been found sutable for gual-
ity control purposes:

{1} Mix foam solution,

{2} Fill foam sodution cin with solution.

{31 Weigh foam solution can and thread onto apparains,

(4} Apply 25 psi (172 kP'a) air pressure to lguid.

{5) Swrt blower and adjust damper to approximately
opening. (The damper might have 10 he adjpusted Laer
in order for the desired expansion ratio o be obtained. )
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SECTION A=A
FIGURE .1 Fire Performance Test.

(61 Open solenoid. Adjust lquid pressure w 15 psi (103
kFPa) using liguid metering valve, (Later readjustiment
might be necessary. )

(7} As foam torms at sereen, catch fivst droples in beaker,
Keep liquid in beaker 1o add 1o residoe in foam can.

(8} Allow drainage drum o Gl with expanded {oam. Soart
tirner anel shost off solenoid when dom s full.

(4} Add liguid from step 7 to [oam solution can amd weigh
again. Record wtal milliliters used. {1 g is approximately
I ml.)

(1 Record liguid drainage in milliliters at l-minute interals
for & minutes, then at I-minue intervals,

{11}y Plot ome versus percent drained and record expansion
FELiad,

| G.2a)
Towal mL draimned o mﬁh'ﬁﬂ Cimee = J0H)
Toal ml. used

Percent dramed =

[G.2b)]
Dirum velume mlL
Tomal il wser

Expansion ratio =

See Figure G.2{a) and Figure (G 2(h).

G.3 Fire Performance Test for Class B Materials, The
purpose of this wst s w provide a reproducible Class B fire
situation where foam is required o move a substantial distance
al a slow rate toward the fire, The time o move this distance
and 1w fill 1w the top of the test pan is the foam transit time.
The effect of the ransit dme i o give age 10 the foam during
the period of its slow movement from toam generator o fire.
The test shiould be conducted in an open-top pen or bailding
of suitable construction and suitable dimensions. To prevent
the velociy of foam movement from being 1o high, the widih
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 Tt {3 m). I the fluidity of the foam permits, the
height can be less, However, the foam must neither flow over

Adustable
dam

I
‘ . -— Traneparant
air cylingsr

Liguid Siotenioid
vkl

nozzle |

—— Foarm
T | i solutson
Pressura
regulator Ajr supply
FIGURE G.2{a) High-Expansion Foam Quality Test
Generator.
be—22 in. (550 mm}—s|
3 — — —
33 in.
{E25 mm)
Typical capaaity:

55 gal {208 L) hl

Nobée: Drwem difmgnsSons can vary L5 peroenl From e ypecal
wanluis showwn,

FIGURE G.2{h) Typical Drainage Drum for High-Expansion
Foam Expansion and Drainage Test.

the sides of the pen nor contact the ceiling of the bulding
curing the est, The foam generatior showld be ser al one end
of the pen or huilding, and the fire should be 10 i (% m) from
the opposite end, The distance between the foam generawor
and the fire is as required o give the desired foam transit time.
Foam should he produced by a generator in which the expan-
ston ratio is approximately equal w that produced by the
generator for installation,
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Flammable liquid fire tesis are concducted using a 50 fi® (4.6
m*) steel pan, square in shape, and 12 in. (300 mm) in depth,
filledd with o 2 in, (50 i) Laver of & hranI‘::' s A b i, (100
mm| laver of water 1o ohtiin a frecboard of 6 in. (150 mm).
The test pan is locaed on the Ploor

The fuel s ignited and foam discharge s started w allow the
fuel w bum for approximately 1 minuie before the foam
reaches the top edge of the pan, Observations as Lo ransit e
amcl whether or not the fire is extinguished are made.

The minimum foam transit gme 5 7.5 minutes. To be
consiclered successful wnder the Toam ransic tme condition,
the foam must extinguish the test fire. The foam generator can
bee v For o maximom of 15 minues,

The results of these vests shonld e recorded in the Forman
ilhestrated in Tahle 5.5.

;.4 Standard Ewvaluation Test of High-Expansion Foam
Systems for LNG Fires. The purpose of this standard test is to
evaluate the effectiveness of high-expansion foam  sysiems
applied e LNG fires for fire control,

Dretumitioms are as follows:
(13

Fire contmd time 15 the elapsed tme from the beginning of
foam application untl the average radiaton levels, 1%
pool widths from the pool center measured in the cross-
wind direction, have reached 10 percent of the inital
stearhvstate uncontrolled values,

Foam discherge mie fer wnil a3 the t"i.l.'ﬁi!'l(it"l:l foam flow
rate in cubic feet per minute per square foot of LNG

surface arem.

Test equipment is as follows:

(1) Atest pit configured as shown in Figure G.4

(2)  Four wide-angle, water-cooled radiometers with contimaal
recording instruments for each

(3 Weather instruments o nu:awlu'i:u, temperaiure  and

relative humidity and measurnng and recording  wind
e foeiny singd direction during the esis

(33

(4}

(5}

(6}

(7}

(8}

{9}

{ 1))

prernixed, and foam frnerator inler solution pressure s
specified by the equipment manufacturer should be sel
and mainiained thiroughout the tese

Badiometers should be positioned as shown in Figure
{4,

As shown in Figure G4, a single toam generator shiould
be centered along the upwined side of the pool, A single
foam application rate must be established and cannot be
changed after ignion. All foam generated should be
appliesd 1o the test pit. The control time will commence
at the time of first visible foam at the application point.
The water How and foam concentrate Hlow, or the solu-
tion Mow, if premixed, should be monitored and recor
ded to ensure proper proportioning and application
Eies,

Al the sput of the st the wind should be not maore
than 8 knoas (10 mph o 16 kmy/hep with maximom
gusts 1o 15 knods (15 mph or 24 km Shr). For optimum
test conditions wath minimum LNG vaporizrion, stand-
ing waler should not be in the pit

At lenst & gul,"ﬁ: (204 L/m*) of LNG, with a storage
temperature not warmer than -240°F (-151"C) and an
anahsis of at least Bd percemt methane, should be
discharged into the pit. The first ignition of the pit must
occur within 30 minues of the beginning of discharge.
After igmition, there must be a prebum untld the fire
stabilizes as indicared by the radicmeters, bt oo longe
than 45 secomds.

Foom  application  should  commendce,
control tme should be measared.

Chce control is established, the discharge rate per unit
area for maintenance of fire control should be deter-
mined by shutting off the foam and allowing the fire w
build up e 25 percemt of initial intensity, then reapply-
ing the foam uandl radiagen Tevels are reduced w
10 percent of the initial uncontrolled intensity. A mini-
mum of three cveles should be repeated.

and  the fire

Dt in the test report includes the following:

(4) ‘:mpwu-rhrl. (1} Date amd time of iests
% gl i T, _ ; i i e
5y Calibrated equipment for measuring water and fooam {%1 F['.:I“' .Hm“ of Lt_ﬂb
concentrate flows or foam soluon fAows if premixed L) ,:'5"“!'[ PHLER _ R
() A foam generator calibrated o determine s performe {:I} Irl_ml".l of fqml}ml‘_:]!l ‘ml_':i m".":;.:l I‘t!h.“'ﬁilﬁi y and i
ance curve of watler pressure, ontpil, expansion ratio, i emipetatites: XM Emac ity s spier. InG. Gt
and expanded foam drainage rate tion, water temperature and quality (potable or nonpaot-
' able and fresh or salt), and general weather conditions
Test procedure is as follows: [ow each Lest
(1} Al test mstumentation muast be checked or calibrated 16 :_']:"l'gilf?:-:'{:l*ilk“lﬂ before discharge inro i
prior to conducting the tests. {H . PLILOE LN e F'“' —
(2} The foam solution rate, foam concentrate proporiioning {‘ Rl LN B R .
e ) S L e e ARy i it IR (%) Data for all recording and measuring devices
Table G5 Foam Type Test Report Format
Time
Generalor
Started After Time to Cover Inlet Mo Visible Fire
Test  Fire Igmition Pan P Flame Fire Control Extinguished Generator OIT
Mo, Type Min Sec Min Sec (psi Min  Sec Min Sec Min S Min Sec
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Radiomelers A

20n .
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a
Grade
45° 457 ;- 36 i,
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FIGURE G4 High-Expansion Foam Standard Evaluation Test Pit.

(10} Pan di metsions, orien ttion, and est senp

(11} Application rawes, expansion ratios, and supporting
IHE AsL rere i

{12y Curve showing time versus radiation levels, marked to
show control tmes and beginning and end of foam
application for each test

Amnex H Synthetic Fluorine-Free Foam (SFFF) Research

Testing Summary

This arnnex gy nol e fard of the voquirements of this NFFA docoment
fetat i imcluded for infermabonal frogoeses enly.

H.1 Overview. Extensive testing has been done amd addi-
tiomal testing is expected as different manufacturers and
research organizations develop the next generation of fluorine-
free Arefighting foam for hydrocarbon/ polar solvent fires, Test-
ing has been conducted by the following three tvpes of
OrEniEaions:

(1} Foam manufac turers and research organizations

{2}  User organizations or research organizations for those
wsers such as LASTFIEE

(3 Research or standard writing organizavons such as the
Fire Protection Research Foundation (FPRF), FM Appro-
vals. and Underwriters Laboraories, Toe.

H.1.1 Annex H covers testing conduocted by wo independent
research organizations — LASTFIRE and the FPRF — 1o better
understand the use of Muorine-free foams (FEFS) in extinguish-
ing Class B flammeable Hoguid fires.

Many of the apphication charactenstics of synthetic Huorine
free Foam (SFFF) are the same or similar o the application
characteristics of protein foam, the major firetighting foam
prior o the nroduction of agueous Blm [orming  [oams
{AFFF). Both work by applying bubbles of foam on the fire,

H.1.2 Following is a summary of researchers” Bncdings so
and the kev differences between AFFF and SFFF. More research
is needed, not only about the properties of the existing FFFs,
but alzo for the still-to-be-introdoced alernative foam agents
andl their properies.

(1} Dropan replacements for AFFF and the common proper-
ties of each tvpe of foam:

AFFF: Generally, lhisted AFFFs today have common
propertics and can be used interchangeably in propor-
toning and application systems with only minor change-
ot reguirements (most | manufacturers do not
recommmened  mixing  different AFFF, but this is done
during emergency situations ). Because their foam gualiny
properiies are common, one listed AFFF s a drop-in
replacement for another liswed AFFE

PR T
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S5FFF: Cenerally, Tlisted SFFFs toaday do nol have
common properties and cannot be used inerchangeably
in p:u:pnm':i-ming el upplimri:m svstenms withoun firss
s Lng they will operate in AFFF tqu:pmrnt Presently.
there s no dropin replacement SFEF for AFTF. The
t-qs_upmrm worttld require reassessment to ensure that the
proportioning and application nozzles operate correctly
with the new foam, As in the early days of AFFFs, each
SFFF is unique and cannot be used interchangeably with
other SFFFs — they might not have the same density or
viscosity properties. Users must work with foam suppliers
to ensure the SFFFs and proportioning and applhcation
equipment work together,

(2 Foam blanket versus foam blanket and toam flm:

AFFF: As the name implies, AFFFs, when properly
applied, provide both a blanket of foam solution and air
bubbles that Hows across the fuel and a AGlm that flows
from the bubbles o guickly cover the fuel surface. This
charactensic makes AFFF especially useful in aircraft fire
ae] rescie sionaons,

SFFF: SFFF, when properly applied, provides a blanket
ol foam solwtion and aar bubbles that flows across the
fuel. This foam does not prodoce a film agent.
(37 Foam dram mme;

AFFF: Drain time 15 relatively short — 10 o 15 minutes.,
This allows the foam bubbles wo refresh the film, bt the
foam blanket/bubhbles st be rr'l.ppi'l:-rl olten. I the
AFFF is |'J'I."|I'I|:', wsed [or wapor suppression over a long
:H:'nmi of time, a significamt amount of foam concentrate
15 needed for AFFF reapplication,

SFFF: When properly applied. SFFF produces a blanken
of foam that is robust and stays in the mixtire longer —
30 mintes 1w several hours depending on how i s
applied. This allows for less frequent reapplication than
AFFF and results in lower foam concentrate use when
SEFF 15 emploved for vapor suppression.
(4)  Aspiration rate of the [oanm:

AFFF: Presently, most AFFFs are applied using non-aire
aspirating nozzles, whether by fixed equipment., handline,
or master streamn application, This results in an air
aspiration ratio of between 3 to 5 times foam solution o
air aspiration, For many reasons, this has worked success-
fully tor AFFFs, but the addition of the Glm to assist the
foam in extinguishing the five is the most important one.

SFFE: 5FFFs presently available appear to work much
hetter on exunguishing Class B fires when applied using
an airaspirated nozzle, whether fived equipment, hand-
line, or master stream, This resulis i an air-aspiration
ratio of a1 least 7w 10 fimes foam solution to air aspira-
tiom, The S5FFFs being tested ar this ime also appear to
work much better when applied using compressed air
Foam technolopy with its more uniform bubble conligura-
ficar.

Based on previons expenience with protem  foam,
higher airaspiration ratios in the 1 o 200 ange could
produce even more robwst SEFFs.

(5)  Foam apphcation range:

AFFF: Most AFFFs are applied using a nozzle that i not
specifically designed 1o atraspirate the foam. These
AFFF= have a more concentrated liguid fnished foam
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andd, when applied, tend 1o have an application footpring
similar to a water-only applicanon. Chapter 5 requires the
application rate Lo be incteased by G PETTEnL T O per-
sate for the impact of wind and foam drop-out. Large
master stream |ll;1|hur-e1'~r1;|mlt'-rl appliances are available
that can deliver non-airaspivated foam up o 4400 fi o 500
fi (120 m to 150 m) effectively

SFFF: When properly applied wsing handline and
master stream noezles, SFFFs should have a higher air-
aspiration ratio and will non irvvel & Far as o similar wares
stream application. Chapter 5 requires the application
rate o bhe increased by B0 percent w compensate for the
impact of wind and [oam drop-out — a concept originally
developed for protein-based foam. Large master siream
piraspirated apphances are available that can deliver air-
aspirated foam up o 350 U o #0 [ (105 m w 120 m)
effectively.

H.2 Testing Conducted by the Fire Protection Research Foun-
dation (FPRF).

H.2.1 General. To provide dam and goidance for foam sysiem
application standards, the FPRF contracied Jensen Hughes and
the MNaval Research Laboratory (NRL) w0 conduct an experi-
mental progrun o assess the hrefighting  capabilities  of
Nuorine-free, Class B Arefighting foams on fires invobing
hyelricarbon and aleohal-based tuels. The objectives of this
study were 1o determine the hre exunguishiment and burnback
times for five FFEs and one short-chain C6 AFFF formulation
(For Baseline) as a function of application wate (gpmA%) aod
foam discharge density (gal/ft") for a range of st paramelers,
mchding foam quality and aspiration. fuel vpe, water vpe,
and fuel wmperature. The complete repon is available a the
FPRF website.

H.2.2 Report Summary. The assessment was conduocrted as a
biind studv. The foams were given generic names, and the
manufac mrers were not identified, The expermental approach
consisted of conducting a pammetne assessment of the critical
variabdes that could affect the fire protection performance of
new foam formolatons using UL 162, foam Eguipmaent and
Lagpuid Conrenfretes, as the basis for the investagation, Under UL
162, FFFs fall under the broad category of “smithetc (5)° foams
and are defined as foams that have a chemical base other than
a fluorinated surtactant or hydrolyzed protein. Becanse UL 162
was tsedl as the basis of this assessment, the test parameters for
synthetic foams were used.

The variables assessed during this program incliuded the
tollowing:

(1} Two discharge wpes: UL Type 11 with polar solvents and
UL Tvpe 1 with other fuels

(2} Bix foam wpes (all UL Listed): one alcohol-resistant C6
AFFF [AB-AFFF); three alcobol resistant FFFs (ARFFF],
AR-FFFZ, and AR-FFF2); and fwo hvidrocarbon listed FFFs
{H-FFF1 and H-FFF2)

(3} Foor fuel types: hepane, gasoline (MIL SPEC and E10),
and sopropyl alcohal (1PA)

{4 Fuel temperatce: ambient emperature:; 60°F (15°C);
and high temperature: 85°F (347C)

(5} Discharge densities: up o three discharge densities

(6} Two water types: freshwater and saltwater

(7} Two foam qualities: lower aspiration (3 to 4 expansion )
and higher aspiration (7 o 8 expansion )
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The tests were conducied in two senes, Series T focused on
assessing the capabilities of these foams ar a lower foam qualit
and aspiraion, representative of @ nonaspirating discharge
device. Senes 11 reassessed the foams at a higher foam gquality
and aspiration, representative of an aspimating  discharge
device.

The assessment was conducted on approval scale size fires, A
50 [ (465 m*} square stainlessstee]l pan with sides 12 in. (30
cm) high was constructed. The pan was placed on concrete
cinder blocks amd skirted on three sicdes during each west, The
pan was flled with the appropriate amount of fuel, typically 8
i to B, (et 25 cm ) below the wop of the pan,

During Type 11 tests, the nozzzle was fived, positioned, and
aimed so that the spray impacted a backboard located on the
opposite side of the pan, The nozzle remained fixed for the
duration of the test. Most of the Tvpe 1 wests were conducted
vising IPA as the west foel with no water subsirace,

During Type 1T tests, the foam nozzle was initgally ixed and
held still so that the spray impacted the fuel near the cemter of
the fire pan undl the inensity of the fire was reduced by
approximately ) percent (defined as control). Once the hire
had been knocked down and conwolled, the ireGehier then
manually directed the spray ar the remaining fire in the pan
while simultameously cooling the sides, The hirelighter was limi-
ted tio two sides of the pan, and the nozele was never allowed 10
extend over the edge of the pan as required by UL 162, The
twor tvpes of tests are illustrated n Figuee H.2.2(a).

During this assessment, 165 tests were conducied. To
summarize the results, the baseline C6 AR-AFFF demonsrated
consistent, superior Arefighting capabilities through the entire
test program under all test conditions, For the FFFs in general,
the firefighting capahalities of the fomns varied from manufac-
tarer o manufaciorer making i difficult 0 develop generic
design requirements. This might also be the case with AFFEs,
b only one was tested during this program, velding no data
tey assess variability,

Dunng the seres 11 wests, all three AR-FFFs successtully extin-
guished the fires al rates 10 percent o =20 percent below the
UL-listed parameters. The successful tests are summarized in
Table H2.2(a) and shown graphically in Figure H.2:2{b). All
the Ty pe I tests were conducted with the higher foam gualit
aned aspiration rate,

The Tvpe HI tesis were conducted with both higher and
lower foam qualities and  aspirstion  raes, using  heptane,
MILSPEC gusoline, and EI0 gasoline.

Thl‘-:}ug]'lmll this test program, heptane was shown to be the
easiest of the test fuels w control and exungmsh, The original
five foams all met the UL 162 requirements at the design and
recommended flow rates with the higher aspirated  foam
{higher foam quality} using heptane as the fuel. Gasoline was
shown o be more difficull o control and extinguish than
heptane, with some FEFs requinng as much as a 50 percent
increase in flow rate w extinguish the fire. The E1 gasoline
was even harder o extinguish that the MILSPEC gasoline. The
three AR-FFFs required a 5 percent increase in Row and appli.
Cation 711:* tr extinguish the ElO fres. The two H-FFFs
required o 25 percent increase in fow and applicaion e o
extinguish the E10 fres. Swrprsingly, the H-FFFs were able 1o
extinguizh the E10 fires at a lower vate than the ARFFFs. Tude-
pendent of the tlow and application e, the FFFs typically

required abowt twice as much agent w exnnguish the E1O fires
s compared to the MILSPEC fires. In general werms and based
on the extnguishiment densities, it appears thar MILSPEC gasao-
line 15 twice 05 hard tiy extinguish as heptane, and E10 gasoline
is twice as hard as MILSPEC pasoline (four fimes as hard as
heptane) for the FFFs. The results are summanzed in Tahle
H.2.2ib} and plotied in Figure H2,2(c),

One of the major findings of the study was the effect that
foam quality and aspiration had on the capabilities of the FFFs.
In general, lower foam quality and aspivation rates caused a 20
percent i 5 percent imerease in extinguishment densities as
compared w higher foam guality and aspivation raes and hadd
a greater impact on the alcoholresistant foams than the FFFs
approved only for hvidrocarbon fuels. In some instances, the
reduced aspiration and foam quality required higher applica-
fon rates o extinguish the Gres, These hndings are summar-
izeel in Table H.2.2(c) and illostrated in Figure H.2.2(d).
Figure H.2:3{d} only illustrates dawa for the tess conducted
using freshwater for the foam soluton.

During a study conducted for the FAA in the mid-80s, the
firefighting capabilities (control and extinguishment tmes) of
foam extinguishing agents were typically shown to follow an “L
curve.” An example L curve s shown in Figure H.2.2(e)

From a performance standpoint, this curve makes perfect
sense. When the foam is applied at a high rate, the fire is
quickly controlled and extinguished, as illustrated by the rght
sitle of the plot where the performance levels off even though
the foam is being applied at higher rates, As the application
rate s reduced, the times femd o mcrease as the e
approaches a critical value, Specifically, the times asvmprotically
approach the rate where the foam is being consumed by the
fire as fast as ivis being applied. In F;L,"III e H.2.2(e), this asymp-
totie value is just below 003 gpm/f° (1.2 L/min/m, These
tendencies are nsed o describe the capabilities of the FFFs in
the tollowing paragraphs. The L curves for the foams inclided
in this assessment — ARAFFF, AR-FFFs, and H-FFFs — are
shown in Figure H2.2(f) for the hydrocarbon-based fuels —
heplane, E10 gasoline, and MILSPEC gasoline.

When comparing the capahilities of the FFFs o the aseline
AFFF at the same foam quality and aspiration, the FFFs typically
required between 1.5 to 3 times the apphcation rates o
produce comparable performance for the tuels included in this
assessment |heptane, gasoline (EIF and MILSPEC), and TRA[,
When comparing the capabilities of the AR-FFFs 10 the H-FFFs,
the H-FFFs were similar (o the ARFFFs at a #0-percent reduced
fow rare for the lower expanded foam and a0 30-percent
reduced rate for the higher expanded foam. Consequently, the
use of higher aspirated foam redoced the differences in capae
bilities between the two FEF wypes (e, aloohobresistant and
hwdrocarbon FFFs), These capabilities are plotted in Figure
H. 22§} as a function of foam type.

With respect 1o elevated fuel temperatures, the resulis were
consistent over the range in ambient and fuel temperatures
trnc lueclesc] i this assessment. With thiad sasd, it s andersioond that
fires involving boiling thanmabile liguids are much harder o
extinguish than fires that are combatted prior to the transition
intor boiling, The tvpe of water (e, reshwater versus saltwater)
was also shown o have a minimal effect on the firefighting
capabiliies of the FFFs and varied between foams.
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10-1:0 LOW-, MEDILUM-; AND HIGH-EXPANSION FOAM

Table H.2.2(a) Successful Tvpe I Test Resulis (TPA)

Type of Cont.

Foam Discharge  Fuel Type Water Type Flow Rate  Exp. Ratin  Conl. sec gal /¢ Ext.sec  Ext gal/B®
AR-AFFF Type 11 IPA Fresh 225 gpm 8 164} .12 250 (.20
AR-AFFF Type 11 IPA Salt 285 gpm it |4} i 15 2590 (20
AR-ITFF1] Type 11 IFA Fresh B4 gpin 75 135 0,36 275 LU
AR-FFF] Type 11 ITA Salt B0 gpm i Gt (0,256 215 0573
AR-FFF2 Type 11 IPA Fresh &0 gpm 7 120 iz 245 7T
AR-FFF2 Tipe 11 IFA Salt B gpm 7 115 0307 255 .68
AR-FFFS Type 11 IPA Fresh 5.0} gpm 8 [{H} 1N i) 290 .45

For 51 unies, 1 gpm =38 LAmin: 1 gal/ A7 =40 L 17,
Table H.2.2(b) Summary of Findings: Fuel Type and Agent Comparison — Higher Aspirated Foam with Freshwater
Heptane MILSPEC E(1)
Tyvpe of Water Ext.

Foam  Discharge  Type  Exp. Ratic Flow Rate i Flow Rate  Ext. gal/fit* Flow Rate Ext. gal /Ft*
AR-AFFF  Type III Fresh iH 3.0 gpm (L0G 1 3.0 gpim LOHG5 3.0 g 1,006
AR-FFF1 Type 111 Fresh 7H 8.0 gpm 0105 A0 gpm (.22 4.5 gpm 413
ARFFE2Z  Tape Il Fresh 7H 3.0 gpm 0107 A0 gpm .21 4.5 gpm (1585
ARFFFS  Type 1l Fresh T8 A0 gpm 3.0 gpm .23 4.5 gpm 0.553

FFF1 Type 111 Fresh T 3.0 gpm R 3.0 gpm 0185 370 gpm 356

FFFi Tvpe 111 Fresh 7-H 0 ppan (0,055 3.0 gpm 17 3,75 gpm {1,367

Table H.2.2(c) Foam Quality and Aspiration Comparison (MILSPEC Gasoline — Densities)

3 o 4 Expansion Ratio

7 1o 8§ Expansion Ratio

Type of

Foam Discharge Fuel Type Water Type Flow Raie Ext gal/ ft* Flow Rate Ext gal /It
AR-FFF1 Tvpe 111 MILSPED Fresh 4.5 gpm .45 Hhgpm 0.25
AR-FFT] Ty 111 MILSPEC Salt 4.5 gpm 0375 30 gpm 0.26
AR-FFF2 Tvpe 1 MILSPEC Fresh 4.5 gpm (.89 A gpm 0.255
AR-FFF2 Type 111 MILSPEC Salt 4.5 gpm 0.375 34 gpm 027

FIT1 Type 111 MILSPEC Fresh 3.0 gpm 0. 165 3.0 gpm 0.15

FIF] Tvpe I MILSPEC salt .0 gpm (r.29 34 gpm 0.2l

FIFFz Typee 11 MILSPEC Fresh S0 gpm 0187 S0 gpm 016

FIGURE H.2.2({a)
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Application Rate
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0.5
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03
0.2
0.1

]

Extinguishment density (gal'ft*)
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For S| conversions: 1 gpm = 3.8 Limin; 1 gal® = 40 L'min/m?,

FIGURE H.2.2(b} Type Il IPA Foam Comparison.
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Application Rate
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FIGURE H.2.2(c) Fuel Type and Agent Comparison — Higher Aspirated Foam with Freshwater,
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Application Rate
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FIGURE H.2.2{d) Foam Quality imd Aspiration Comparison — MILSPEC Gasoline and
Freshwater.
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3500

250
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1040 L

Fire extinguishmeant time (sacands)
i
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)

0 401 002 0.03 0.04 0.05 0.06 O.0F 008 4.08 017 4171 @12 013 0.14 0.5

Solution application rate {gpm/ft)

Far S| corversians: 1 gpmift® = 40 L'min/m?,

FIGURE H.2.2{e} Firelighting Control and Extinguishment Times — L Curve.

H.2.5 Key Poimts and Conclusions. In summary, the resulis
demonsirated that, while FFFs have come a long way, there is

more 0 learn about their capabilities and limiations. As of

today, FFFs-are not a dropein replacement for AFFFs. However,
some can be made w perform effectively as an AFFF alternative
with proper testing and design (e, with higher application
raies and densitnes),

The baseline C6H AR-AFFF performed well against all test
fuels included in this assessment — IPA, hepane, and gasoline
(MILSPEC and EL0). The FFFs did well against heptane bt
strugeled against some of the scenarios conducted with TPA
and gasoline (both MILSPEC and EL0), espedally when the
foam was discharged with a lower foam guality and aspiration,
The FFEs typically required between 1.5 10 3 times the applic-
ton rates o produce comparable performance as the baseline
ARAFFF for the range of parameters. included in this assess.
ment. The extinguishment densities for the FFFs were wpically
2 1w 4 tmes greater than the baseline AR-AFFF [or the 1PA fires
condncted with the Type 1 west configuration, 3 o 4 dmes
preater than the baseline AR-AFFF for the tests condncied with
MILSPEC gasoline, and between 6 1o 7 times greater than the
bazgeline AR-AFFF for the tesis conducted with E1D gasoline,

With respect 1o the wpes of FFFs (e, alcoholresistam
versus hyvdrocarbon), the H-FFEs npically demonstrated beter
capabilities than the AR-FFFs. In general, for the ests condug-
ted with the lower aspiration, the extinguishment densities for
the AR-FFFs were aboul twice thar ol the HFFFs. This differ-
ence was reduced with the use of the higher aspirated foams.
For the wess comducred with the higher aspirated fodms, the
extinguishment densities for the AR-FFFs were, on average,
about 1.5 tmes that of the H-FFFs, However, the AR-FFFs
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required a higher flow and application rate of 1.5 tmes that of
thie H-FFFs against the E1 bres toachieve those resnls.

The resulis also showed that the legacy fuel — heptane —
usedd to list and approve foams might not be a good surrogate
for all hvdrocarbon-hased fuels. Some foams struggled agains
other Fuels, like gsaline, compared w  heptane. Going
Forwanrd, it was recommended that FFFs be vested and listed for
a variety of hydrocarbon fuels, the approach carrently used for
prolar solvent lstings and approvals,

Due o it oleophobic properties, AFFF has two separate
mechamisms that combine o aid in the extinguishment of a
Aammable liguid fire: a water and surfactant flm that forms on
the fael surface and a foam blanket of bubbles, both of which
serve [0 seal in the fammable vapors resulting in exinguishe
ment {ie., shutming off the [uel vapors that are baming abwsve
the tuel surface). FFFs hive only the foam blanket 1o seal in the
vapors. As A result, the o t;mluiluﬂ of FFFs: will bhe highly
dependent on the characteristes of the foam blanket, which
depenc on the associated discharge devices as well as the foam
type itselt. The hlm produced by AFFF has provided an adedi-
tional level of protection for svstems and r]n-ic'imrl.,t devices tha
do not produce aspirated foam. Addinonal attention wall need
to be given o the discharge devices identified as part of the UL
listing when using these foams,

Ulimately, end wsers will need 1o design and install within
the listed parameters w ensure a high probability of success
during an actual event. This applies not only to the discharge
devices bt alsa o the propormioning sysiems, doe o the highly
viscons mature of some of the FI'T concentrales.
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FIGURE H.2.2(f) L Curves lHlustrating Extinguishment Capabilities {Agent-Type Comparison).
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H.3 Testing Conducted by LASTFIRE.

H.31 General. Increasing environmental concerms related o
fluorosurfactant-contaiming foams (PFAs) and the potential for
regulatory controls have prompied a number of organizations
to carry ot extensive testing of new generation fluorne-free
foams, In particular, the FPRF and LASTFIRE (the interma-
tiomal Joint Industry Project developing hest practice guidance
for storage tank fire harard management) conducted extensive
complementary, independently managed testing. Key eonclu-
sions from LASTFIRE are summarized in this section but full
reports are available from the respective organizations.

Because there are ongoing developments in this feld, it is
worthwhile o check for any updates in knowledge thar mighi
he relevant and assist in optimizing effectiveness prior to final-
izing any foam application svstem design,

It should be noted that, while emphasis was placed on
fluorinesfree foams, testing was also crned out on new genera-
tion postEPA stewardship program Clhbased Nuorosurfactant-
containing foams, Such foams were developed o reduce the

e of Cldbased materials and minimize contamination levels of

(5 foorosurfactants i Chbased  formulaoons. While such
foams are film forming and generally work on the some princi
ples as older formulations, they have not been subjected o the
same levels of largescale wsting or acinal incident application.

H.3.2 Report Summary. LASTFIRE carrvied out a manpge of

testing, normally wally fonded by the organization, but also as
independent witnesses of work cartied out by others, inclading
foam and equipment suppliers. The objective was 1o provide a
firm basis for fure costelfecuve, long-term, sustainable poli-
cies regarding the selection and use of firefighting foam based
on ratiomal, relevant, and indepemdent end-user-driven test

programs.

Following are the series of tests conducted. including logical
progressinn from smallscale in accordance with |'E'-l.‘l:lt_,:|'|i.?~|:l;']
test standards through to large-scale, reallife scenarinos using
this standard’s design guidelines for west protocol development.
Full reporis tor most of the tests are available from LASTFIRE.

(1 A series of simall-scale tesis of fwve different FFFs and
both ©Cf and ©8 (as a proven reference)
Huorosurfac tant-containing foams. This included esing
o EN1GGR (Enropean norm) and LASTFIRE (a specific
protocol designed by LASTFIRE to simulate storage tank
fires) test protocols. Such tests were carmied  out at
approximately 5 percent of the application rate used in
pracice based on recogmized standards such as this
stancard.

2y  Smallscale [50 G (5 m®) and 2040 7t* (20 m=) | spill fires

using the same foam concentrates with a number of

application echnigques, including plunging (Tvpe 35}
semi-aspirating “monitor,” aspirating “monitor,” medinm
expansion and compressed air foam nozzles, and sysiem
pourer nozzles (Tvpe 2). These tests included obstruc-
tions in the pan tosimulate pipework, and so forth, thar
might dismpt toam movement and canse additional hot
suilaces tor seal sEin s,

i3) Proportioning tests for the same foam concentrates
using both venturi-based standard indine proportioners
and positive  displacement pumped  proportioning
Sy RIENTS,
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(4} Largescale tank [ 1080 f* (100 m*) sarface area, 36 fi
(11 m) diamerer, 30 ft (Y9m) high | application using the
same Toams but ar this standard’s systenm dlesign riles
using aspirating imonilors, nonaspirating  monitors,
system pourern, and CAF monitor apr.nlu.w.luﬂ Motes The
CAF application rate was approximately 75 percent of
the conventional [oam applicaton rate, These tests were
intended to validate the smaller scale wsting and
demonstrate the effectveness of new generation foams
when used at typical application rates using proprictary
equipment. FFFs successtully extnpguished fres in these
tests. [See Fimre H.5. 2 ). |

{5) Long-flosw [100 t (30 m) and 130 fi {40 m}| application
on Jet A fuel using conventional pourer and CAF pourer
applications an wpical design application rates. Only one
FFF was mken through to this test, The applu.—m:m e
for CAF pourer was 0.7 gpm/0° (2 LAmin/m®), Tor
conventonal pourer L4 gpm/ft° (4 L/min/m*). These
tests suceessfully extinguished fires. [See Figune H 3200, ]
Some of the results are as follows:

{a)  Convenional fown  pourer application at 14
ppm /0 (4 LAmin/m®), extinguishment at 100 ft
£33 )y fhow - 27327

ib) CAF based foam pourer application at 0.7 gpm / fi-
(2 L/min/m*), extinguishment at THF ft (30 m)
Flomw — 223"

(6} Subsurface application of one FFF on Jet A fuel using a
test procedure based on UL 162, Successtul extinguish-
ment wis accomplished with both conventional and
CAF-hased applicanons. [See Figoe H 3 20c). |

(7} Vapor suppression  tests with both FFF and CH
Hoorosurdactantcomniaining feams in fire and nonfire
situations, wsing an array of vapor detectors over the
LASTFIRE test.

{8}y  Hviwid monitor application using low expansion FFF w
carry mesdinm expansion foam further (claiming w lead
1o less forcelul plunging mto the fuel) than one FFF on
5650 fi* (525 m”) diesel fire at typical application rates
sed in prae e,

{4} Bund length 65 fi (20 m) fAow testing of one FFF in
system  pourer  application  using  approsimately 75

percent of typical application rates — with extensive
obstroctions in the path of foam. Fire was successfully
extinguished.

(1} Testing of one additional FFF in a 36 i dameer (11 m
diameter), 6.6 ft (2 m) high tank at approximately 75
percent of normal design application rates. Fire was
successfully extingnished.

(11} Smallscale testing of a self~expanding foam (SEF) appl-
cation system using FFF and the LASTFIRE test protocol
adapied for SEF application. (SEF uses a premix foam
solution held under CO, pressure,. Omnoactuation, the
COy comes out of soluton and forms foam hubbles. )

Throughout the tests a vanety of tuels were used, moluding
|'It'l.'I-L:‘|.r'It' gasoline, diesel, crude, Jet A1, and ethanol. Tn addi-
tin, some tests included oty sliwaier and freshwater applica-
tions, At tmes compatibiliy with diry chemical was  also
assessed.
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FIGURE H.3.2(a) From LASTFIRE: FFF — 36 [1 {11 m) Tank Fire Testing.

FIGURE H.3.2(b) A 98 Il (30 m} Flow Test Approaching Full Extinguishment.

FIGURE H.5.2{r) Extingwishing Sequence, FFE, Subsurface Injection.
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H.A3 Key Points and Conclusions.  LASTFIRE comeludedd
that some FFFs are suitable for some applications, including
hvdrocarhbon spill fives and smaller storge tanks subject w vali-
dated testing of the specitic foam and application device. The
LASTYIRE Group is confident that other applications can be
proven with additional test work.

Further phases of testing are planned, incloding small-scale
testing o optimize foam properties through equipment design,
thereby maximizing extinguishing performance. In addiion,
further Lugescale testing [ 165 i (50 m) fow Tengih| wials are
to be carried out with a range of FFFs using both monitor and
prourer applications,

These extensive esting programs have resulted in the follow-
ing critical findings relevant to application of new genermtion
foams, Although the focus is on FFFs, some apply to both " posi-
EPA stewardship” Ch-based formulations.

(1) With the current siage of development of FFFs and the
wide mange of products being developed, it is not possible

to be generic in terms of the peérformance of this tvpe of

foam concentrate on any specibic fuel. Thus, it s impor-
ant o base any swstem design on recogniged  and
scenario-relevant approval tests, including the appropri-
ate fuel, ideally also validated by larger scale wesiing,

(#)  Foam performance is dependent on appheation equip-
ment as well as foam concentrate and application rate,
This 15 true with all foam wypes butl appears e be partic-
larly the case with FFF Lypes. Unddoubredly, they all work
mire  effectively with aspirating  equipment, nlllllnlgh
LASTFIRE westing showed thar some can work also with
typical nonaspirting equipment.

(3)  Phsical properties as well as firefghting performance are
eritical 1o ensuring appropriate performance. Some FFFs,
particularly those having high viscosity, might reqguire
modifications to the proportioning system 1o ensure a
pick-up rate within acceptable wlerances, No foam of any
tvpe should be regarded as a drop-in replacement without
fully evahmating extinguishing performance and system
and equipment suitability and compatibility.

() Compressed air toam can provide effective extinguishing
performance with FFF at lower application rates than
comventonally generated Toam — again, subject wo valida-
tion through testing for a specific set of circumstances.

(2) Iows recognized that further work should be carvied o
on other fuel wpes, especially water soluble polar solvent
fuels, mcluding alcohols such as [PA. Note: The ETANK-

FIRE Project of the 5P Technical Besearch Instinme of

Sweden carried out some small-scale testing of FFFs on
ethanol, but lrger scale work s reguired o develop and
validate application design riles.

() Iv s imporiant that a validated est method specifically
relevant 1o the apphcation is used w determing sysiem
design  characteristics  wherever  possible,  Ideally  a
performance-based method should be wsed so that the
end user can adjust parameters such as application rate,
run time, or proportioning rate w suil the performance
o thie Fomm i necessary,

(7)1t is recognized that a major gap in knowledge sall exists
in the applicaton of any new generadon foam, but partic.
ularly FFF tvpes o large diameter tank fires using large
throughput monitors, especiallv. nonaspiraiing  vpes
While the comparative tests on smaller tank fires [36
(11 v} diameter] have shown effectine performance can
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be achieved with some foam and equipment combina-
tions, this has not been validated in larger scale testing.

Annex 1 Rim Seal Fire Tesi Protocaol

Phis annex 1 not a pert of the wguireseents of s NFPA dorument
bt ix nelueled for dnformatenal fachoses onk Teformaton in
annex iy atended o be adofrled Iy r."rf_,um'.dar{mn il the discretion of
fe adopling gursdichion, Additionally, Tafrmatiom in Dhis anme i
inteneled to b incorporated on g veluntary basis by elding ouners
and devvelofers who ol hewee o desioe fo freclaale Safyblemenial eoace
alion equifanen! in their frofects.

Altlgrh this annex 5 written in mandadory lanreage, Jf s not
initenieledd to by enforeed o applicd wndess specifically adoited by the
Jurisdiction or, if it is being opplied on g velunlary fas, by the build-
EriiE onaeer o develoder

T follouang preofocol was develofed oy a methodology to demon-
strevte Hhat a nowmetallic foating mwof struchure has sufficient frre wesist-
atee bo aithstand e effects of a fiveseaide vim seal andfor siall on
roof fine to such an extent fo madntain iy indegrity for sufficient e to
affor extingreesimendt af a vim seal fiv I way deelofed by an indestry
il developing best practice modance for storage tank five hazaw
managemend,

Tl test precifocols fre this annex weve dipelofed wsing ST ands. fich-
feaindd comuersion unilts foeided weee nod et of the ongmnal leshng
fracaly,

L1 Test Rigs.

L1.1 The following two tesis shall be carried onl:

i1} Roof wst
(2} Rool, seal assembly, and foam dany vess

1.1.2 Ruoof Test.

E1.2.1 The ool e shall be conducied in accordance with
L1211 through 1.1.2.1.4

Li.2.1.1 The roof test shall be carmied oot in an 8 & (2244 m)
diameter test pan, as illnstrated in Figure L1211,

L1.2.1.2 The roof in this test shall be subjected o a spill on
roof fire, covering the full surface but limited in duraton by
the fuel burn and regression rate, [Ollowed b a fire in the
center of the roof within a hole 6M pm {24 in.) i diameter

L1.2.1.3 The rim area around the roof shall also be subject o
burming.

L1.2.1.4 The general arrangement shall be as shown in Figure
L1211 and the constriction drawing in Figure 1.1.2,1.4.

L1.2.2 The roof sample shall be provided with an edge m
L5k mm (5.9 in.) in height ifa rim is provided in actoal installa-
tions,

L1.2.3 Rool-holding st shall be provided (o stabilize the
glass reintorced epoxy (GRE) root (which has inherent luoy-
ancy) and maintain a 25 mm (1 i) el laver on wop of the
roof, as illustrated in Figure L1225
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600 mm Rode inoroof center

L 25 mim fuel
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For inchpound conversions: 1 in. = 254 mm.
FICURE L.1.2.1.1

Ceneral Layout of Rool Test.

a10

100

GO0 mm hole in roof cemar Bialfa plabes «d
75
A0
: L —— 25 mim fuel
Al S 25 mm fuel
18 ' / 300
I k
N |
Whaler S50 mm drain fitting

= =
NN ———— gep—— T

GO0

2200

50 mm = 50 mm (4 off) squans
pad to hold roof in placs

2440

For inch-pound converssons: 1 . = 254 mm.

FIGURE L.1.2.1.4 Roof Test General Arrangement and Pan/Construction Drawing.
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Catail A

Valer kvl (d) 10 be adjusted 1o ensure 25 mm fued degln
cin iop of floating roof and 25 mm fusd deptin bedow.
h+50mm + d =300 mm

Fue! = Haplane
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Haldineg struts

===
g
=R

=

FIGURE 1.1.2.3 Rool-Holding Struts for Stability.

L1.24 Exposed fuel areas. and therefore. areas subject o
burning (e Fynow £1.204), shall be as follows:

i1y Ower the entive oot for the durtion of the fallsurfce
burn, simulating a spill on rool and relatively shor-lived
tire

(2)  In the center of the roof in the awea bounded by the GO0
min (24 in.) diameter hole cot through the roof sample
from the wop deck o the underside

13)  Around the full cirenmference of the root

L1.5 Roof, Seal, and Foam Dam Assembly Test (Rim Seal Fire
Test).

LL13.1 The rool, seal, and loam dam assembly west shall be
conducted in accordance with L1511 through L1314,

Holding stnas

Fire areas aler spill on rool burn odf

FIGURE L1.24 Fire Arcas During Roof Test.
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L1.3.1.1 The test shall be carried our om a rig with the general
arrangement depicted in Figore L13.1.1.

L1.3.1.2 The ng shall be designed o accommodate a rectan-
pular roof slab, with corresponding rim seal and foam dam,

E1.3.1.3 Fixing points shall be provided on the vig for the rim
seal and the dam.

L1.3.1.4 The roof, seal, and foam dam shall be exposed to a
rim seal fire occurning in the rim gap between the rear of the
rig (tank wall) and the roof.

I.1.3.2 The Rig.

L1.3.2.1 The ng shall be designed to accommodate a root slab
with a nominal length of 3 m (9.8 1), width of 400 mm (15,75
i), and thickness of 68 mom (2,68 ).

L1.3.2.2 The roof slab, nm seal, and foam dam wgether shall
be termed the mef asembly (o Fgue 1 1L3 2 2a) theeugh Figeoe
4132 00k

L1.3.3 Foam Dam. The foam dam shall be a height of 600
mm (TG in., approx, 2 1) assembled (o the roof slab ar a
distance of 1M mm (approx. .94 in.) from the leading edge of
the roof, that is, the part of the rool that wonld normally be
furthest from the wnk shell.

Folkzwing the spill on roof burn off, the areas subject
1o bursing ane around e ful circurmierence of e
ool and in tha center deck hoke thal peneirates the
full degpth of the roof.
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FIGURE L1.3.1.1
Roof Assembly — a Typical Sample.

General Arrangement of Test Rig for

1.1.5.4 Rim Seal.

L1.54.1 The rim seal assembly, either as a primary seal or a
secondary seal, shall be as provided by the manufaciurer o
supplier.

L1.54.1.1 It shall be asembled o the roof slab sample and
test rig such that the seal covers the rim gap fully withoul
distortion and with unitorm pressure as far as is practicable.

- G2 mim —
i 300 mm

200 mm FIIrrnm. B2 mm

v

IS
454 mim

| |

&0 mm

For inch-pound comersions: 1 .= 254 mm.

FIGURE 1.1.3.2.2{a)
Drawing (1).

Rim Seal Test Rig Construction

FIGURE L1.53.2.2(h) Rim Seal Test Rig Construction
Drawing (2).

FIGURE 1.1.5.2.2(c)
Dirawing (3).

Rim Seal Test Rig Construction

L1.54.1.2 The test rig nim gap shall be, ideally, 2H) mm
{approx, 7.9 in. ), but no less than 1540 mm (5.%n.)

L1.3.4.2 The rig shall have suitable fixing points bor a range of
seal ypes.

L1343 Nominally there shall be Axing points every 260 mm
{approx. 10 in.}, as indicaed in Figure 11.3.2.2(d).

L1344 Seals shall be supplied with or without wax scrapers
and other appurtenances according 1o the design,

L2 Tesi Procedures.
L2.1 Roof Tesi.

L2.1.1 The roof shall be subjected w a limited duration spill
on root fire, covering the full surtace.

L2.1.2 Once this fre has dimmished, the roof shall be subjec-
ted tor A Fee i the center deck S mme (24 10, ) dhiameter hole
and a rim seal fire,

L2.1.53 The test sequence shall be as outlined in Table 1.2.1.5.
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4 2500 mm =
“ 18560 mm > 1660 mm ————————»
= - " - - " - - = - - - =
1000 mm - = - - - = - - = - = - =
GER mm
2 L L

For ineh-pound comersions: 1 in. = 254 mm.

FIGURE L1.32.2(d) Rim Seal Test Rig Construction Drawing (4).

1.2.2 Rim Seal Assembly Fire Test.

1.2.2.1 A sample representative of the entre roof assembly
shall be subjected to a prolonged duration rim seal fire of not
less than G0 minutes o ascertan the resihience /fire resistance
of the asse ml}lj.'.

1.5 Measurements, Observations.

L3 The following tests and measurements shall be recorded:

(1} Complete dimensions of roof and roof assemblv samples

{2) Complete descniption of roof construction amd  roof

assembly constraction, including seal tvpe and whether
primary, secondary, or both
i3 Avideo and photographic record
i4)  Water laver depths and temperatures
(5)  Fuel laver de prhs and tempe ratures
i)  Ambient temperature
(7} Wind speed
i#}  Oher weather data such as humidity and wind direction
(9} Foam soluton applicaton rate for foam applicaton
during roof test
(1 Foam guality — expansion and 25 percent drainage
time
(11} Foam layer depth
(12} Foam type used and degree of aspiration

1.3.9 Htfnm!ing the tollowing measurements shall be t}plinn:al:

i1y Spot temperatres of the following suggested roof

samples or roof assembly using thermocouples:

(a}  Rool deck
(bl Rowol slah
(el Seal

(el Fosiarm elaan
(e} Tank shell

(2)  Radiant hear measurement using radiome ers
i3)  Thermal ohservmbons using a thermal imaging camera

1.4 Performance Criteria.

L4.1 This section shall establish suitable performance criteria
for the roodz or roof assemblies under test,

L4.2 The vest shall be terminated when the hre stops,

20271 Editaon

FIGURE L1.3.2.2{e) Typical Rool Assembly Sample
Dimensions Ffor Bim Seal Tesi (1),

—— B2 mm —
348 mm
wa— A0 rrm —e - 100 i ——
—ﬂ i
252 mm
38 rmm

For ingh-pound conversions: 1 m= 254 mm,

FIGURE L1.3.2.2{f) Typical Roof Assembly Sample
Dimensions For Rim Seal Test (2).

L4.3 Roof Test.

L4.3.1 The roof west determines the fire resistance of only the
roof, ol the rool and seil asseinbly,

L4.3.2 Pass criteria shall be as follows:

i1} There is no damage to the roof sample and roof ntegrity
i@ Al aiied when the fuel is u::llpi: tely birned off,
(2} Roof sample remains buovant and in full contact with the
lipuidd surface once the fuel is completely burned off
{3} Where the roof umpic 15 joined or covered by metal
plates, o distortion is ohserved that could trap flamma-
ble vapors,
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- 3488 mm

£33 mm

For mchepound commrsions: 1w, = 254 mm,

FIGURE 1.1.3.2.2(g)

{4}

No sustamed Hlaming or glowing over the roof sample is
observed once the fuel is completely burned off,

No adhesion between the steel pad on the strut holding
the roof in position and the roof is found.

Central hole does not w exceed 625 mm (25 in) diame-
er at the top surface of the rool once the fuel s
completely burned off.

Foam mavels smoothly around the cireamferemnce aned on
the top of the roof and the minimum depth of the foam
lanket i 150 mm (G sy, Roof sample remains boovan
after foam is applied.

L.4.4 The Assemhbly Test,

L4.4.1 The assembly test shall determine the integrty of the
assembly sample,

LA4.2 Pass criceria shall De as folbows:

{17 Mo damage to the primary seal that allow vapors w escape
freely is observed,

(21 Mo damage to the roof pant of the assembly is observed.

(3 Foam dam imainains is mieg i

(4) No smstained flaming or F;lcf-s':lng over the assembly
sample is observed once the uel is compleely burned
off.

L5 Test Report.

L5 The test report shall contmin the following information:

(17 MumberandSor tide of test

{2) Name of the manufacturer and the test sample's place
and yvear of manufactire

{(3) A copy of the technical documentation of the test sample

(4) Name of the rest place amd the date of the vest

(3] A unigue test report number

FIGURE L1.5.2.2(h)

Typical Rool Assembly Sample Dimensions for Rim Seal Test (35).

Typical Rool Assembly Sample

Dimensions lor Rim Seal Test (1),

()
()

(=)

()

Weather conditions measurement made dunng the test

A description of the damage or deformanion arising in
the test sample after the test is conducted in accordance
with the performance criteria and whether the integr
of the sample was maintained

Any pertinent ohservations made before, during, or after
Lhie test

Photographs taken before, during, and after the res

L.5.2 The test report shall comain a statement that the resuls
obtained relate only to the sample tested.

L3 The tesi report shall not be considered a certificaie of
conformity
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Table 1.2.1.3 Roof Test Sequence

Segquence Activily Comments Ohservations
1 Ensure the test tank is clean and in good order for the ese
2 Fill the pean with water o approsimately E0 mim (water 10
ae L as subsirane for fuel)
34 Place the roof module in the test pan, ensuring the rool s
positioned correctly and is central within the pan.
1 Adldl foel (heptane) (o the test pan Test pan area = 4.67 m*
(NOTE: 2 » 200 L/2 « 55 USG drums shonld be B0 mm dia. penetration area = (.283 m”
sulficient.) The fuel should be added until the roof Fuel depths amounts =
Hoats on 25 nun of fuel. {2 % 0,025 m) x 467 m* = 0,23 m”

(LOBR m {penetration ) % (0,285 m* = 0.01492 m”
Rim areas = (015 m = 0.118) = 2= 0,0354 m”
Total fuel guantgity = 0285 m” or 2549 L

b Position the holding siruts on the roof,

i Add the remaining 25 mm of fucl There should be 25 mm of hepane on top of the roof
deck, and fuel should be exposed arcund the entire rim
circumference, Fuel should also be present in the
penewation at the center deck position. throughour the
tull depih.

=1

[nite the fuel 120 sec + 5 sec after fuel delivery, Start vest clovcomen o Svadeo and messoremenis,

Wides

Thermal imaging

Spot thermocouples on roofshell {if used)

Radiometers (it used)

WOTE: If raddiomme ters are used, the reduction in radiani
heat from the fire and hence fire intensity can be gauged
from comparisen with baseline resulis during the spill on
roof v portion of the test,

H Allow spill on roof fire to burn completely. Record time at which fuel on top of the roof iz consumed
lwy Fires,

L Continue fire test — allow foel in center pPenetration anil Record time of transition 1o center penctradion burning
at rim to burn freely. and observe beluavior,

1) Allow the fire o bum for o mamimom of 1350 minales or Cessation of the fire test can be brought about if, in the
until cessation of fire test (whichever 14 reached firsg). opinion of the wst direciors, the roof has failed o survive

prolonged burning and it would not be in the general
interest to prolong the test, (However, useful
shservations can be made regarding the fire behavio
and suravahility of the root even it fire pertormance is
reduced. ) The final decision 1o cease testing resis with
the wese directors,

11 Discharge foam onto the roof wsing a smallscale semi- The purpose of this 15 (0 assess the roels ongog stability
aspirating foam noeede® fora period of an least 5 durire fre conditions when adyonamaie oad {seom-
minuies, aspirated foam solution with typical expansion ratio af

#:1) is applied w the deck. The foam solution should be
applicd at a rate of at least 5.5 L/min/m®* for a minimum
of Borninones, I s recoprmized thal normally foan woidd
b applied in this way tooa full sucface Bre and not
necessarily a rim seal fire, but the parpose is o assess
roof stahility only. The test directors should determine a
suitable protoecol step for assessing this along with
sinitahle criteria for stabily,

For inch-pound conversions: [ m = 598 fi, 1 L = 0026 gal, 1 L/min/m" = (825 gpm /i,

=0 her avaulable noeeles inelwde an '.'|.-1E‘:li|'“.|li||_-gl mieeke I{I:H:il. '.|||:| A5 LSk B solurbon :||'||r|||..||iu|'| vale and a S KT moaeke (2.5 17 ||.|||'|.-"||:|::I.

These raves ave just over ane-hall this sandard’s recom mended moes, The s diveciors shouk] esiablish aosuitable mie and nozele combinaion for

applicaton o ensure that the rool stabibing est s a credible one,

See Figure 1 L3a) for a deswing of o wpical semiaspirating nogzle semp and Fgure L2 L3B) for schematic of foam delivery system.

20271 Editaon




ANNEX | 11-165

| 5 I. . /G) |'."1 T.!i- u

é—ﬁ’fwmﬁ 1
in — [ 5 [Chilze Gid s S0k s ¥ ruw Tlanss Calrima o
= i =TT :.g:eiim [ Eegnn CrIrIALa

[abec]

| ]

T o 1
a ! ] il B F 1Y i |
P . L) IEUIHI:I ey g e WA Do |-
I |
- 2T
S 255 =]
LAEITTE Fim Tes m-nl |
1 | E] | ] | Lt I I I [T I [ ¥ [ 1 I [ | ] ]

For inchipound comersions: 1 im. = 254 mm.

FIGURE L2.1.3(a) Semi-aspirating Foam Nozzle for Foam Application, Roof Load Test.
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L Additional | | Premix tank

| premix | 120L Pump-asssiod dischargs

i 1POL.

1 L

i .

—D<—

D{] [;:':"-1 - 5 Hose to mozzie stand
0P
A D& U
% 75 Limin purmg
Water supply Eﬁ
£ Claan-up hose
R=guitator
I Comprissad-air assished
M Pramix lank
GRS SO {min 120 L)
=
Toa nozzie

.0, MNulbmats presseng reguialan 3-200 psig ranga, Approxematoly 110 psig lor aspiabing (4 USGE)

nozze B psig lor syshem nozele,

FIGURE L2.1.5(b} Foam Delivery Schematic.
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Tahle 1.2.2.2 Rim Seal Assembly Fire Test Sequence

Sequence Activity Commenis, Observations
| Ensure the test rig is clean and in good order for the test.
2 Place the rool assembly in the test rig, Roof assembly comprises the following:

Rool deck:

3 (98 ) (L)
$Hbmm {1575 1.} (W)
B8 m {268 m.) (D)

Sl

Affixed w root slab and designed to cover (ideally) the
2000 mm rim gap but should be o less than 150 mm.

Feam diam:

MY mm (2 1) (H)
T mm (4 1) from roof edee

NOTE: A 25 mm gap is provided on each side of the roof
to allowy for a ventilaton-controlled rm seal Hre.

3 Float 30 L of water into the fuel well /rig leg (seal area) To prewide a depth of 1500mm of water.
for et as substrate.
4 Place 75 L of fuel into the fuoel wellrig leg (seal area), Depth of Tuel should be in the order of 360 mm
(approxamately 14 in_

NOTE: This fuel amount is antcipated to be enough for
at least a Gill-minute bam. Fuel quantity,/bum time can
be adjusted at the discretion of the test directors dunng
this development series,

5 Acljust water level w ensure fuel reaches topsice of rim/ The fuel level should reach the root slab bounded by the
underside of ool sample on the wst rig, 200 mm rim al the underside of the sample,
[H lgnite the fuel 1200 sec £ 5 sec afier fuel deliveny Szt test decuwmention video and measuremenis.

Viden

Thermal imaging

Spot thermocouphes on roof /shell (if used)

Fateliommerers (i tsed

NOTE: I radiomerers are used, the reductiom in radiani
heat from the fire and hence hre intensity can be
ganged from comparison with baseline resulis durning
the spill on roof fire portion of the test.

Allovw the rim seal fire 1o bumn freely Monitor the fire burning characterstics.
L Contine fire test — allow fuel in fuel well/rim seal area Olserve behavior of the roof, rim, and foam dam
tir burn freely. assembly under rim seal fire conditions and recond sae
at 5, 1, 20, 30, 45, and ) minutes,
" Allow fire to burn undl all the fuel is bomed off, Cessation of the fire test can be brought about i, in the

apinion of the test divectors, the assembly his iled o
survive prolonged burning and it would not be in the
general interest o prolong the test, (However, useful
ohservations can be made regarding the fire behavior
and survivahility of the assembly even if fire
performance is reduced. ) The final decision o cease
westing rests with the west directors.

For ineh-pounsd comversions: 1 im, = 20,4 mom; 1L o= 0,26 gl

2027 Edition




11-168 LOW-, MEDILUM-; AND HIGH-EXPANSION FOAM

Annex | Informational Relerences

J:1 Referenced Publications. The documents or  portions
thereod ligted in this annes are referenced within the informa-
tional sections of this standard and ace oot par of the reguire
ments of this document unless also listed in Chapler 2 for
other reasomns,

J.1.1 NFFA Publications. National Fire Protection Associae
tion, 1 Batterymarch Park, Quinecy, MA G2169-7471.

NFPA 15, Standard for the fnstallaton of Sprnkler Spsteas, 2019
el i,

NFPA 15, Stewmddard for Waker Sprray Foxed Sustews for Fire Prater-
tion, 2017 edition.

NFPA 16, Standard for the fastallfation of Foaw-Waler Spminkler
vl Fowrm-Werter Speey Syitens, 2019 edition.

NFFPA 24, Standand for the Tnstaflation of Privafe Foe Servee
Mains and Ther Apfnirtenances, 2019 edition.

NFPA 25, Standand for the Inspection, Teding, and Maintenance
af Water-fiased Fire Protection Systems, 2020 edition,

NFPA 80, Fawmalle and  Cowddiestible Lageeids Cawle, 2021
eolitien,

NFPA YA, Sandar for the Production, Stovage, and Handling of
Loguee fieel Naturved Cras (ENG | 20019 edition,

NFPA 7F, Natiorad Elvetricnd Codd | ) editon,

NFPA 72, National Five Aarm and Signaling Codd®, 2019
edition.

NFPA 402, Cuide for Aivraft Rescue and Five-Pighting Opevations,
2014 edition.

NFPA 05, Standeard for Airevaft Reseus and Fire-Figlting Sevveces
at Airparts, 2018 edition.

NEPA 400, Standard on Aiorafl Hangars, 2021 edition.

NFPA 414, Standiod for Aievaft Rscwe and FireFighting Vehiicles,
2020 edirion.

NFPA 191,

edition,
J.1.2 Other Publications.

J-1.2.1 AGA  Publications. American  Gas  Association,
400 Morth Capitol Street. NW, Washington, DO 2HWHHL

Stanadecrd  for Awbenetioe. Foe Afperatis, 2021

Project 1531, November 15 1975, LNG Spills on Land.

Project IS-1H-]. February 1974 An Experimental Stady on
the Mitgadon of Flammable Vapor Dispersion and  Fire
Hazards lnnmediately Following NG Spills on Landl.

J.1.2.2 AIChE Publications. Amcrican Instimte of Chemacal
Engineers, 1240 Wall Sireet, FL 23, New Yook, NY 1OMB5-4024,

Caaciddefines for Safe Wanshousing of Chemieals, Center for Clhemical
Provess Safely, 1908,

J-1.2.3 API Publications. American Petrolenm Institote, 1220
L Street, NW, YWashington, DO 20005407140,

AP STD 650, Welded Tanks for € Stevage, 1th edition, 2013,
addendum 5, SIS,
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J-1.2.4 ASTM Publications. ASTM International, 100 Bary
Harbor Drwe, PO Box C700, West Conshohocken, PA
| G4 282059,

ASTM D141, Standard Practice for the Preforation of Substituis
Chevan. Wiater, 1998, reapproved 2015,

J-1.2.5 AWS Publications. American Welding Society, 86649 56
Street, #1 30, Miami, FL 3310666672,

AWS BL1/BLIM, Specification for Weliding  Proceduse
Performance Cualification, 2014,

J-1.2.6 FM Publications. FM Apprinals LLC, 1151 Boston-
Prowidence Turnpike, PO Box 9102, Norwood, MA (E062

FM Approvals S130, Foam Extingneshiege Sysfems, 2011,

FM Approvals 5138, Ascesoient Stendord  for Proforionig
Testimg, April 2011,

J-1.2T7 IEEE Publications. [EEE, Three Park Avenue, [7th
Floor, New York, NY 100165997,

IEEL 40, Hecommended Pracice for Blecteee Pestedinfions on Ship
Bz, 20002,

J-1.2.8 IMO Publications. International Mantime Chrganiza-
tion, 4 Albert Emlmnkment, London SE1 75K, United King-
clovim.

IBC Code, fiternational Code for the Constriechion and Equipment
4,.5I".‘|:|';l?:|ﬁu Carrryenge Danmerowes Cheriicals e Balk, 20007,

Serfety of Life at Sen (SOLAS), Repulation 61, Chaprer 212,

J1.2.9 IS0 Publications. International  Orpanization oo
Standardiation, 150 Central Secretariat, BIBC 1L Chemin de

Blandonnet 8, CF 401, 1214 Vernier, Geneva, Switzerland,
[SCY T ], Crueefity Menegement System s—equiemends, 20008,

J-1.2.10 TC  Publications. Transport  Canaca, 330 Sparks
Street, Chtawa, ON K1A ON5, Canada

TP 127 E, Shups Elertrical Standards, Revision 02, May 2018,

J-1.2.11 UL Publications. Underwnters Laboraories Ine., 353
Fhingsten Road, Northbrook, T (dHH2-2006,

UL 139, theiline of Inwestigofion for Medium-  and  High
fypwnsion Fogw-toctinguishinge Sydem fpaipoment and Concentretes,
20148,

UL 162, Foawm Lguitenent and Liguid Concentrates, 2018,

J-1.2.12 U8, Government Publications. U5, Government
Fublishing Office, Washington, D 204012,

Comprehensive  Environmental  Response  Compensation
and Liahility Act (CERCLA), 42 LS. 1906 e seq:

Federal Specification Q55650 Foam Liguid, Fine Extinguish-
i Mecharead (ot of print},

Federal Specificatnon. VG690, “Gasoline, Awomotive,
Leaded or Unleaded,” 1984,

Federal Register Volume 6), Issue 112, pp. SII26-30962, July
12, 19495,

LA, Coast Guard Navigation and Vessel Inspection Circu
lars. 982 NVIC 1182, Deck Foam Systems for Palar Seloenis.
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J-1.2.13 Other Publications.

Conch Methane Services, Lud, 1962, "Liguefied Natural Gasy
Characteristics and Burning Behaviorn”

Gremeles, A, E, and E. M. Drake. October 1975 "Gravity
Spreading and Atmospherie Dispersion of LNG Vapor Clouds.”
Jacksomwille, FL: Fourth International Symposinm on Transport
of Hazardons Cargoes by Sea and Inland Waterways,

Humber-Basset, K. and A, Montel, September 1972, “Flam-
mahble Mixiure Penetration in the Atmosphere from Spillage of
LMG™ Washinguen, DM Thivd International Conleremnce on
LNG.

Johnson, Do W, et al., Condrod and Extinguishment of LG Fires,
Applied Technology Corp,, DOEEVSG0Z0=1, August | 984,

LASTFIRE Foam Position Paper, LASTFIRE, lssue 2, Octo-
e 20016

LASTHRE Cgoing Testingr of New Genenation foams THW Layge
Seeele Extended Fline Tesd Report, LASTFIRE, November 2018,

Mine Safety Appliances  Research Corp, "LNG Vapun
Concentration Reduction and Fire Conmol with MSAR High
Expansion Foam.™ Evans City, PA.

T Mentred Pooliwol on Subsfeanees thal Deplete the Crone oy,
Uinited Nations Environment Programme, MNairobi, Kenoya,
2UHMI,

Persson, H., eval., ETANKFTRE = Fire extinguishing tesis aof afa-
ol fenk fives in weedeeced seale, SP Techmical Instite of Sweden,
20146,

Schneider, A, L, December 19978, Liguehed Nanoral Gas
Safety Research Chverview. Springfield, VA: Natonal Technical
I nforimatio Hervioe

Welker, | et al Januwary 1976, "Fire Safewy Aboard LNG
Vessels.”

Wesson, H. R, |. B Welker, and 1. E. Brown. December
1972, "Controd LNCe Spill Fives.”™ Hydmearbon Processing,

J:2 Informational References. The following documents or
portions thereof are listed here as informational resources
only, They are not a part of the reguirements of this document,

L55, Coast Guard Navigaton and Vessel Inspection Cireus
lars, 1492, Grudance for Acceptance of the National Boand of Bodter
arnd Pressre Vessed Bishectors (NBE) Netionad Soovd Tespection Code
(NI for Repevies and Altevations to Boilers ard Pressure Vessels.

J.3 References for Extracts in Informational Sections.

NEPA 13, Standard for the Instalfation of Sprinkler Systems, 2014
edition,

NFPA 16, Seandeard for the Tstellaloon of Foda-Weater Spoinider
aed Foam-Weter Sy Spstems, 2019 edition.

NFPA 30, HMammable and  Combustibde  Liguids Code, 2018
erlitio,
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Typee 1 Dhischarge Crogler
Dretinition, 55,45

Eductor (Imnducior)
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Gemeral Infornsatioen, 7151
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Gieneral Bequiremenis, 7,152
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Sequence of Events for the Standards
Development Process

Ednce the current pdileon 5 published, @ Stendard @ ofened for

Fradidic Trjnl.

Step 1 - Input Stage

® Input accepted from the public or other committees for
consicleration to develop the First Drafi

* Technical Committee holds First Draft Mesting (o revise
Standard (23 weeks); Technical Committee (s) with Cor-
relating Committes { 10 weeks)

® Technical Commintee ballots on First Draft (12 weeks);
lechnical Commitiee(s) with Correlating Committee
(11 weeks)

* Correlating Commuttee First Dradt Meeting (9 weeks)

® Correlating Commitiee ballots on First Dratt (5 weeks)

® First Draft Report posted on the document information
pagre

Step 2 - Comment Stage

*= Public Comments accepted on First Drafi (10 weeks) fol-
lowing posting of First Diraft Repon

* |f Standard does not receive Public Comments and the
Technical Committee chooses not 1o hold a Second Draft
meeting, the Standard becomes a Consent Stancard and
s sent directly o the Sandards Council for ssimnce (see
Step 4) or

® Technical Commitiee holds Second Draft Meeting
(21 weeks); Technical Commitieeis) with Correlating
Commitiee (7 weeks)

® Technical Comminee ballots on Second Draft (11 weeks):
lechnical Committee(s) with Correlating Committee
(101 weeks)

* Correlating Commttee Second Draft Meetng (9 weeks)

* Corvelating Committes ballots on Second Draf
(& weeks)

& Second Dratt Repont posted on the document intorma-
aon page

Step 5 — NFPA Technical Meeting

= Naotice of Intent 1o Make a Motion (NITMAM) accepied
(5 weeks) following the posting of Second Draft Repornt

® MNITMAM: are reviewed and valid motiwons are certfied
b the Motions Committee for presentation at the NFPA
Technical Mectng

*= NFPA membership meets each June at the NFPA Techni-
cal Meetng w act on Standards with *Certified Amend-
ing Motions” (certified NITMAMs)

* Committee{s) vole on any successful amendments 1o the
Technical Commitiee Reports made by the NFPA mem-
bership at the NFPA Technical Meeting

Step 4 — Council Appeals and Issnance of Standard

= Notification of intent to file an appeal to the Standards
Council on Technical Meeting action must be fited within
HI days of the NFPA Technical Meeung

& Spndands Couneil decides, based on all evilence,
whether to issue the standard or to ake other acion

MNotes:

1. Time perods are approximate; refer to published sched-

ules tor acmal dates,
2, Annual revision ovele documents with certified amend-
ing motions take approximately 101 weeks o complee,
3. Fall revision eyele documents receiving certified amend-
ing motions take approxamately 141 weeks wo complew.

Committee Membership
Classifications'***
The following classifications .'.lppljr tis Conmmuatiee mieanlers

and represent their principal interest in the actvity of the
Commitiee,

M Manufachurer: A representative of a maker or mar-
keter of a product, assembly, or system, or portion
thereof, that 15 affected by the standard.

Clser: A representative of an entity that 1s subject to
the provisions of the standard or that voluntarily
uses the standard.

Tastaller/Maintainer: A representative of an entity tha
i in the business of mstalling or maintaining a prod-
uct, assembly, or system affected by the standand,
Ll A labor representative or emplovee concerned
with safety in the workplace.

5. BT Appdiod Research/Testing Laboratory: A representative
of an independent testing laboratory or indepen-
dent applied research organization that promulgates
anel /or enforces standards,

b E  Enforcing Awthority: A representative of an agency or
an organization that promulgates and for enforces
standards.

L1 Imswrance: A representative of an insurance company,
broker, agent, burean, or inspection agency,

B O Coensumer: A person whio 1s or represents the uliimane

purchaser of a producy, svstem, or service affected by
the standard, but who is not included in (2).

Y SE Sjerial Experi; A person not representing { 1) through
(B} and who has special expertise in the scope of the
standard or portion thereof.

MOTE 1: “Standard” connotes code, standard, recom-
mended practice, or guide,

NOTE 2 A representative includes an emplovee.

NMOTE 3 While these classifications will be used by the
Standards Council wo achieve a balance tor Technical Com-
mittees, the Standards Council may determine that new
classifications of member or unique interests need repre-
sentation in order to foster the best possible Committee
deliberations on any project. In this connection. the Stan-
dards Council may make such appomtments as it deems
appropriate in the public interest, such us the clssification
of “Lhilites™ in the Natonal Elecirical Code Committee,

NOTE 4: Representatives of subsidiaries of anv group are
generally considered to have the sune classificaton as the
parent organiziion.
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Submitting Public Input / Public Comment Through the Online Submission System

Following publication of the current edition of an NFPA standard, the development of the next edition
begins and the standard is open for Public Input.

Submit a Public Input
NFPA accepis Public Input on documents through our online submission system at www.nfpa.org. To use
the online submission system:

* Choose a document from the List of NFPA codes & standards or filter by Development Stage tor
“codes accepting public inpur,”

* COnee you are on the document page, select the *Next Edition” ah.

* Choose the link “The next edition of this standard is now open for Public Input.” You will be asked
b sign in or create a free online account with NFPA before using this sysiem.

* Follow the online instructions to submit vour Public Input {see www.nipa.org/ publicinput for de-
tailed instructions).

* Omce a Public Input is saved or submitied in the system, it can be located on the "My Profile” page
by selecting the My Public Inputs/ Comments/ NITMAMs™ section,

Submit a Public Comment

Omnee the First Draft Report becomes available there is a Public Comment period. Any objections or fur-
ther related changes 1o the content of the First Draft must be submiteed an the Comment Siage, To sub-
mit a Public Comment follow the same steps as previously explained for the submission of Public Input.

Other Resources Available on the Document Information Pages

Header: View document title and SCOpE, AcCess o o' codes and standards or NFUSS :il.lhﬁt‘!'iptiml. and
sign up 1o receive email alerts,

cutsror | Research current and previous edition mformation,

Editions
Mt Edilion Follow the commuittes’s progress in the processing of o standard im0 its next revision evele,
Tm:."_.‘ View current commitlee rosters or apply o a committee,
Commisien
o For members, officials, and AHJs to submit standards questions 1o NFPA siaft, Ouwr Technical

fakaTechnical | Questions Service provides a convenient way to receive tmely and consistent technical assistance
i} v
Qs when vou need to know more about NFPA standards relevant to vour worke

Fics Prowides links to available amicles and research and statistical reports related o ounr stancdards,

Pirchae Procucte | Disconer and purchase the latest products and training,
E Training

st podwers | View related publications, training, and other resources available for purchase,
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Information on the NFPA Standards Development Process

1. Applicable Regulations. The primary miles governing the processing of NFPA standards (oodes; standards,
recommended practices, and guides} are the NFPA Begpulations Coverming te Development of NEPA Standards {(Beg). Other
applicable rules include NFPA Bylewes, NFPA Technical Meeting Conuention Rules, NFPA Guide for the Conduct of Particifwinis in
the NEPA Standards Developarend Process, and the NFPA Remidotions Goverming Petitions o the Board of Divectors from Decisions of
thet Standerds Cowncil, Most of these mles and regulations are contained in the NFPA Standands Divedlary, For copies of the
fhyectory, contact Codes and Standards Admimstration ar NFPA headguarters; all these docoments are also available on the
NFPA webhsite at "www, nfpauorg /regs.”

The Following s general information on the NFPA process. All participants, however, should refer o the actual rmiles and
regulations for a full understanding of this process and for the criteria that govern partcipation.

IL Technical Commitiee Report. The Technical Committee Report is detined as “the Repon of the responsible
Comminee(s), in accordance with the Regulitions, in preparation of @ new or revised NFPA Standard,” The Technical
Committee Report is in two parts and consists of the First Draft Report and the Second Daft Report. (See Hegsat
Section 1.4.)

L. Step 1: First Dralt Report. The First Dradt Report is defined as "Part one of the Technical Comminee Report, which
documents the Input Stage.” The First Draft Repon consists of the Fist Draft, Public Input, Committee Input, Commitiee
and Correlating Commines Statements, Correlating Notes, and Ballot Statements. (See Ragsan 42,52 and Section 4.3.)
Any objection toan acton in the First Draft Report muost be rassed through the filing of an appropriate Comment for
consideration in the Second Draft Report or the objection will be considered resolved. [See Regsat 4.5.1(b). |

IV. Siep 2: Second Dralt Report. The Second Diralt Repaort is defined as "Part two of the Technical Comminee Re port,
which documenis the Comment Smge.” The Second Draft Report consists of the Second Draft, Public Comments with
corresponding Commites Actiions and Commities Statements, Correlating NMotes and their respective Commillee
Statements, Commities Comments, Correlating Revisions, and Ballot Statements. (See Regvat 4,252 and Section 4.4.)
The First Dradft Beport and the Second Dradt Report wogether constimnte the Technical Commites Repaort. Any outstanding
ohjection following the Second Dratt Report must be mised through an appropriate Amending Motion a the NFPA
Technical Meeting or the objection will be considered resolved, [See Regsat 4.4.1(b). |

V. Step S Action at NFPA Technical Meeting. Following the poblhication of the Second Deaft Repor, there is a period
during which those wishing to make proper Amending Motons on the Technical Committes Reports must signal their
intention by submitting a Notice of Intent w Make a Motion (NTTMAM). (See faeat 4.5.2,) Standards that receive
natice of proper Amending Motions (Certified Amending Motions) will be presented for action at the anoual June NFPA
Technical Meeting. At the meeting, the NFI'A rIIt"III|:I'E'r"~]'II|.'I' can consider and act on these Certified Amending Motions as
well as I-nllr}w-up Amending Motions, that 1s, motions that become necessary as a resull of a previons successtul Amending
Motion. (See 4.5.3.2 throngh 4.5.3.6 and Table 1, Columns 13 of g for a summary of the available Amending Motions
and who may make them. } Any outstanding objection following action at an NFPA Technical Meeting (and any further
Technical Commitiee consideration following successful Amending Motons, see Reagsat 4.5.5.7 through 4.6.5) must be
raised through an appeal to the Standards Couneil or it will be considered o be resolved.

VL Step Sb: Docoments Forwarded Direcily to the Council. Where no NITMAM is received and certified in accordance
with the Tecfimacal Meeting Cormentaon Rufes, the standard is forwarded divectly 1o the Sandards Council for action on
isuance, Objections are deemed 1o be resolved for these documents, (Sce fegvar 4.5.2.5.)

VIL. Step 4a: Council Appeals. Anvone can appeal o the Standards Council concerning procedural or substantive matters
refated 1w the development, contenL, or issuance of any document of the NFPA or on matters within the purview of the
authority of the Council, as established by the Bylaws and as determined by the Board of Directors, Such appeals must be in
written form and filed with the Secretary of the Standards Council (see R-r:gr.'- al Section LG} Time constraints for filing an
appeal must be in accordance with 1.6.2 of the Regs. Objections are deemed 1o be resolved if not pursued at this level.

VIIIL Step 4b: Document Issuance, The Standards Council is the isoer of all documents {see Article 8 of Bylaes}, The
Conncil acts on the issuance of a document presented for action at an NFPA Technical Meeting within 75 days from the
dlate of the recommendation from the NFPA Technical Meeting, unless this period is extended by the Coundcil (see Fagmoat
4.7.2). For domuments forvarded directly wo the Standards Council, the Council acts on the issuance of the document at its
next scheduled meeting, or-a such other meeting as the Council may determine (see Ragsat 4.5.2.5 and 4.7.4).

IX. Petitions (o the Board of Directors. The Standards Council has been delegared the responsibaline for the
administrotion of the codes and stndards development process and the issuance of documents. However, where
extraordinary circumstances requiring the intervention of the Board of Directors exist, the Board of Directors may take
any acton necessary o fulfill is obligations w preserve the invegrity of the codes and standards development process
anel o provect the interests of the NFPA, The rales for petitioning the Board of Directors can be found in the Regalations
Croverning Petitions fo the Boavd of Divectons from Deeisions of the Standards Cowncl and in Section 1.7 of the fag

X, For More Information. The program for the NFPA Technical Meetng (as well as the NFPA website as information
becomes available) should be consulted for the date on which each reporn scheduled for conside ration at the meeting will
be presented. To view the First Draft Report and Second Draft Repont as well as information on NFPA rules and for up-to-
date information on schedules and deadlines for processing NFPA docwments, check the NFPA website (www.nipa.org/
docinfo) or comtact MFPA Codes & Standards Administration at (617 984-7246.
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THE TRAINING YOU NEED.
THE SAFETY YOU REQUIRE.

ONLINE AND VIRTUAL CLASSROOM COURSES FROM THE CONVENIENCE OF YOUR COMPUTER.

NFPA® is dedicated to meeting your professional development needs. We provide a variety of solutions to ensure
you or your team has access to top-quality, in-depth, virtual instruction and continuing education units (CEUs).

LEARN AT YOUR OWN PACE VIA OUR ONLINE TRAINING COURSES.

Complete the training when and where you choose from your laptop or PC. Choose from an array of engaging and
high-impact online training programs for individual students or groups.

REGISTER FOR OUR NEWLY LAUNCHED LIVE VIRTUAL TRAINING CLASSES.

MNFPA is now offering expert instructor-led safety training online. Attend classes in real time over the Internet for
immersive, interactive learning that mirrors the experience of being there in person. Courses are limited in size
and specially designed to engage students online.

© Learn more about NFPA online and live virtual €© Tolearn how your team can benefit from NFPA
training, and discover which courses are right training, call the NFPA sales team at 877-336-3280
for you at nfpa.org/livevirtualtraining. or email us at grouptraining@nfpa.org.
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Design and implementation of fire extinguishing system
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