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NOTICE 

All questions or other communications relating to this document should be sent only to NFPA Head- 
quarters, addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals 
on matters relating to the content of the document, write to the Secretary, Standards Council, National Fire 
Protection Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Govern- 
ing Committee Projects shall not be considered the official position of NFPA or any of its Committees and 
shall not be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable Federal, State and local laws and regulations. NFPA 
does not, by the publication of this document, intend to urge action which is not in compliance with appli- 
cable laws and this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity of the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with 
that subject in its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic 
products of combustion in a fire environment. The Board has, therefore, asked all NFPA technical commit- 
tees to review the documents for which they are responsible to be sure that the documents respond to this 
current concern. To assist the committees in meeting this request, the Board has appointed an advisory com- 
mittee to provide specific guidance to the technical committees on questions relating to assessing the hazards 
of the products of combustion. 

Licensing Provision - -  This document is copyrighted by the National Fire Protection Association 
(NFPA). 

1. Adoption by Reference - -  Public authorities and others are urged to reference this document in 
laws, ordinances, regulations, administrative orders or similar instruments. An)" deletions, additions and changes 
desired by the adopting authority must be noted separately. Those using this method are requested to notify 
the NFPA (Attention: Secretary,; Standards Council) in writing of such use. The term "adoption by reference" 
means the citing of title and publishing information only. 

2. Adoption by Transcription - -  A. Public authorities with lawmaking or rule-making powers only, 
upon written notice to the NFPA (Attention: Secretary, Standards Council), will be granted a royalty-free 
license to print and republish this document in whole or in part, with changes and additions, if any, noted 
separately, in laws, ordinances, regulatitms, administrative orders or similar instruments having the force of 
law, provided that: (1) due notice of NFPA's copyright is contained in each law and in each copy thereof; 
and, (2) that such printing and republication is limited to numbers sufficient to satisfy the jurisdiction's lawmak- 
ing or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all printings 
of this document by public authorities with lawmaking or rulemaking powers or an}' other persons desiring 
to reproduce this document or its contents as adopted by the jurisdiction in whole or in part, in any form, 
upon written request to NFPA (Attention: Secretary, Standards Council), will be granted a nonexclusive license 
to print, republish, and vend this document in whole or in part, with changes and additions, if any, noted 
separately provided that due notice of NFPA's copyright is contained in each copy. Such license shall be granted 
only upon agreement to pay NFPA a rnyahy. This royalty is required to provide funds for the research and 
development necessary to continue the work of NFPA and its volunteers in continually updating and revising 
NFPA standards. Under certain circumstances, public authorities with lawmaking or rulemaking powers may 
apply for and may receive a special royalty when the public interest will be served thereby. 

3. Scope of License Grant - -  The tcrms and conditions set forth above do not extend to the index 
to this document. 

(For further explanation, see the Policy Concerning the Adoption, Printing and Publication of NFPA 
Documents which is available upon request trom the NFPA.) 

Statement on NFPA Procedures 

This material has been developed under the published procedures of the National Fire Protection Associa- 
tion, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accepts any liability resulting from com- 
pliance or noncompliance with the provisions given herein, for any restrictions imposed on materials or pro- 
cesses, or for the completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document 
and any certification of products stating compliance with requirements of this document is made at the peril 
of the certifier. 
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(:()pvright ,c, 1993 N FPA, :\11 Rights Reserved 

NFPA 412 

Standard for 

Evaluating Aircraft Rescue and 

Fire Fighting Foam Equipment 

1993 Edition 

This edition of N FPA 412, Slandard.fiu Evahtaling Aircr({/i Rescue attd Fire Fighting Foam 
Equipment, was prepared by the Technical Committee on Aircraft Rescue and Fire Fight- 
ing and acted on by the National Fire Protection Association, Inc. tit its Annual Meeting 
held May 24-27, 1993, in Orlando, FL. It was issued by the Staudards Council on July 
23, 1993~ with an effi'ctive date of August 20, 1{)(.)3, and supersedes all previous editions. 

The 1993 edition of this document has been approved by the American National 
Standards lustitute. 

Changes other than editorial are indicated by a vertical rule in the margin of the pages 
on which they appear. These lines are included as an aid to the user in identifying 
changes fi 'om'the previous edition. 

Origin and Development of NFPA 412 

Work on this material started in 1955 when the NFPA Subcomnfittee on Aircraft Res- 
cue and Fire Fighting (as then constituted) initiated a stud)' on methods of evaluating 
aircraft rescue and life fighting vehicles. A tentative text was adopted bv the Association 
in 1957 and a revised text officially adopted in 1959. Revisions were ma~te in 1960, 1964, 
1965, 1969, 1973, and 1974. With the introduction of new types of foam liquid concen- 
trates over the years tot tills specialized service, the text has been broadened to cover 
these concentrates, 

In 1987 the standard was completely revised to bring it into conformance with the 
Ma,ual qf St'de and to reline the test methods. 

The 1993 edition of the standard establishes a single test method fi)r expansion and 
drainage fi~t all fimms (previously there were two). Additionally, intbrmation on using 
the conductivity meter ior determining [barn solution concentrati~m was added. 

The tblh)wing task group was appointed to assist in the 199.'{ revision of this standard: 

Task Grou 1) on Evaluating Foam Fire Fighting Equipment on Aircraft Rescue and 
Fire Fighting Vehicles 

Joseph L. Sclmffev, Chair, Hughes Associates Inc., MD; Willianl M. Carev, Underwrit- 
ers Laboratories Inc., I1,: Robert L. Darwin, Dept. of the Navv -- Fire Protection Div., 
DC; .]antes F. ()'Regan, Westboro, MA; John M. Schuster, 3M Company, MN 



4 1 2 - 2  AIRCR,\FF RES(:UE AND FIRE FI(;IFIIN(; FOAM EQt IP*IEN-[ 

T e c h n i c a l  C o m m i t t e e  on  Aircraft  R e s c u e  and Fire F ight ing  

John F. Rooney,  Chair  

Tucson, AZ 

James F. O'Regan,  17ce C h m r  

Wcstbol o, MA 

Edward B. (Ned) Aksim, Chubb Nat'l Foam, PA 
Brian Boucher,  Canadian Air Line Pilots Assn., ()N 

Rep. Canadian Air Line Pilots Assn. 
Booker T. Burley, Atlanta lnt't Airport, GA 
Robert L. Darwin, Dept. of  the Navv- Fire Protection Div., DC 
Robert J. Donahue, Massport, MA 
B. V. Hewes, Mrpor t  Satbtv Services, GA 
Paul O. Huston,  Amerex Corp., AI, 

Rep. Fire Equipment M a n u f a c t u r e r s '  ,.\ssn., Inc. 
L. M. Krasner,  Factory Mutual Research Corp., MA 
Dan Lanzdorf, Oshkosh Truck Corp., Wl 
Thomas J. Lett, Mbuquerque Fire &Satety Assoc. Inc., NM 

Rep. NFPA Fire Service Section 
D. Robin Maryon, Simon Gloster Saro Ltd.. England 
John  J. O'Sullivan, British +~rways, England 
Davis R. Parsons, Los Angeles City Fire Dcpt., C.\ 

Gaetan Perron, Dept. of  Nat'l Defence, ON 
Robert  E. Reyff, U.S. ,~r  Force, FL 
Paul R. Robinson,  Kennesaw, GA 

Rep. Ai,- Line Pilots Assn. 
Bertrand F. Ruggles, F,¥~ Dept. of  Transportation, DC 
Joseph  L. Scheffey, Hughes Assoc. Inc.. MD 
John M. Schuster, 3M Co., MN 
John  X. Stefanld, .John X. Stefimki Inc., CA 
William J. Wenzel, Vonrheesville, NY 

Rep. Walter Truck Corp. 
Ronald O. Wikander, Lockheed Aeronautical Systems Co.. GA 
Larry E. Williams, Williams Training Assoc., AR 
Richard Winnie,  Emergency One Inc., FL 
Joseph  A. Wright, DO]TF .~  Technical Center, NJ 

Rep. Atlantic City Int'l Airport, NI 

Alternates 

Joan M. Leedy, 3M Co., MN 
(Alt. to J. M. Schuster) 

Dave Lenz, Oshkosh Truck Corp.. WI 
(Alt. to D. Lanzdort) 

Robert  Maxwell, Dept. of  Nat'l Deft:nee, ON 
(Mt. to G. Perron) 

Thomas E. McMaster, Los Angeles (;it,,' Fire I)ept., CA 
Cdt. to D. R. Parsons) 

William E. Moore, U.S. Federal Aviation Admin., CO 
(Ah. to B. F. Ruggles) 

Bruce A. Warner, ICI Americas Inc., DE 
(Alt. to P. O. l tuston) 

William S. Weeks, AMine Pilots Assn., NC 
/Ah. to P. R. Robinson) 

Nonvoting 

Bernard Brown, Civil ;\xiation Authority, England 
John E. Lodge, Lodge Fire Protection Consultancv l,td., 
England 

(Member Emeritus) 

Edward F. Mudrowsky, Nat'l Transportat ion Saf~:tv 
Board, I)C 
David F. Short, Carmichael Int'l Ltd.. England 

Mark T. Conroy,  NFPA Stall' Liaison 

T/H~ h~l #e],vsv,ls Ihl' mcmhersh@ a//he hnw Ihc (;lmlmtl/ee -,,a.s halloled , ,  Ihe h'~,l o/ /his edtlm,. .S)me /hal time. ~hat+ge.s 
m the memhetshq~ may have :)¢¢utlc:l. 

NOTE: Mcmbep, hip <m a Commiltcc shall n.t  Ill , t l ld of  It~,elt con~,titute an endov~,emcnt ol the Associa- 
tion or am, document developed b'~ die (;ommittec on wlnch the member serves. 

Committee Scope: Tiff', Conunittcc shall ha',c prnnar~ rc~,pon,,ibiht) fi~r tile criteria hw aircratt rescue and 
fire fighting services and equipnmnt, pro<cdurcs for handling aircraft fire emergencies, and for specialized 
~chiclcs used to perlorm these tultt_tion,, at airports with partu Ill~ll" emphasis on saving lives and reducing 
iltlurics cointidcnt ~ith aircrati [irc,~ tollm~mg impact or aircral~ ground lives. The Committee also shall 
have rcsponsibilit,, for developing aircrah fife in;'estigatiull pro¢cdmcs as an aid m :addcnt prevention and 
dlc saving ot li~es in luturc ,drcrafi accident~ m~,d~ing fire. 
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412-4 AIRCRAH" RESCtE AND FIRE FIGHTING F(),\M EQUII'MENT 

N F P A  412 

Standard for 

Evaluating Aircraft Rescue and 

Fire Fighting Foam Equipment 

1993 Edit ion 

NOTICE: An asterisk (*) fbllowing the number or Ictter 
designating a paragraph indicates explanatory material ~m 
that paragraph in Appendix A, 

lnfin'mation on retcrenced publications can be h)und in 
Chapter 5. 

Chapter  1 Admin i s t ra t ion  

1-1 Scope. 

1-1.1 This standard establishes test procedures for evalu- 
ating the loam fire fighting equipment  installed on rescue 
and fire fighting vehicles designed in accordance with the 
applicable portions of NFPA 414, Standard/or Aircraft Re,s- 
cue and Fire Figkting l'ekicle,~. 

1-2 Purpose. 

1-2.1 The tests specified in this standaM provide proce- 
dures for the evaluation of foam fire fighting equipment in 
the field to determine compliance with NFPA 414, Standard 

for Aircrqfi Rescue and Fire F~gktmg l'ehich,,~, and NFPA 403, 
Standard for Aircrqfi Rescue and Fire Figkting Se~:,ice,~ at Airport~. 

1-3 Definitions. 

Foam. An aggregation of small bubbles used to form an 
air-excluding, vapor-suppressing blanket over the surface 
of a flammable liquid tiael. 

Foam, Alcohol -Res is tant .  Used tot  f ight ing fires 
involving water soluble materials or fhels that are destruc- 
tive to other types of foams. Some alcohol-resistant foams 
may be capable of forming a vapor-suppressing aqueous 
fihn on the surlhce of hydrocarbon fuels. 

Foam, Aqueous Film Forming (AFFF). A concentrated 
aqueous solution of one or more hydrocarbon or fluoro- 
chemical surlactants that forms a foam capable of produc- 
ing a vapor-suppressing aqueous film on the snrtace of 
hydrocarbon tuels. The tbam produced from AFFF con- 
centrates is dry-chemical compatible and is theretore suit- 
able for use in combination with that agent. 

Foam Concentrate. A concentra ted liquid toaming 
agent that is mixed with water and air in designated pro- 
portions to torm loam. 

Foam Drainage Time (Quarter Life). The time in min- 
utes that it takes for 25 percent of the total liquid contained 
in the fi)am sample to drain out fiom the foam. 

Foam Expansion. Tim ratio between the vohune of foam 
produced and the volume of solution used in its production. 

Foam, Film Forming Fluoroprotein (FFFP). A protein- 
based toam concentrate incorporating fluorinated surthc- 
rants that forms a foam capable of producing a vapor- 
suppressing aqueous tilm on tim surface of hydrocarbon 
fuels. This toam may show an acceptable level of compati- 
bility with dry chemicals, and may be suitable tor use with 
those agents. 

Foam, Fluoroprotein (FP). A protein-based toam con- 
centrate, with added fluorochemical surthctants, that fbrms 
a toam showing a measurable degree of compatibility with 
dry chemical extinguishing agents and an increase in toler- 
ance to contaInination by fuel. 

Foam Pattern. The ground area over which {barn is 
distributed dur ing the discharge of a if)an>making device. 

Foam, Protein (P). A protein-based foam concentrate 
that is stabilized with metal salts to make a fire-resistant 
foam blanket. 

Foam Solution. The solution that results when foam 
concentrate and water are mixed in designated propor- 
tions prior to aerating to fi)rm foam. 

Foam Stability. The degree to which a tbam resists 
spontaneous collapse or degradation caused by external 
influences such as heat or chemical action. 

Foam Weep. ] 'hat  portion of foam that is separated 
t iom the principal fbam stream dur ing discharge and falls 
at short range. 

Heat Resistance. The property of a foam to withstand 
exposure to high heat fluxes without loss of stability. 

Shall. Indicates a mandatory requirement.  

Should. This term, as used in the Appendix, indicates 
a r e c o m m e n d a t i o n  or that which is advised but  not 
required. 

Chapter  2 R e s c u e  and Fire F ight ing  Veh ic l e  
F o a m  P r o d u c t i o n  P e r f o r m a n c e  T e s t i n g  

2-1 Foam and Foam System Tests. 

2-1.1 Tile expansion and 25 percent drainage time are 
the foam characteristics that shall be determined. Addition- 
ally, the fimm concentration shall be determined,  both as a 
test of the vehicle proport ioning system, and to establish 
the legi t imacy of the e xpa ns i on  and  d r a i n a g e  data 
obtained. Foam distribution patterns shall be determined 
tor use in calculating the area of fire that the vehicle is 
capable of controlling. 

2-2 Turret Nozzles. 

2-2.1 The loam dis t r ibut ion pat terns  shall meet the 
requirements of 2-15.6.3 fi)r major RFF vehicles, 3-13.9.3 
fin rapid intervention vehicles, and 4-13.9.3 for combined 
agent vehicles of N FPA 414, Standard for Aircraft Rescue and 
Fire Figkting l'ehicles, when tested as specified in Section 4-1 
of this standard. 

1993 Edition 
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2-2.2 Foam samples shall be ohtained by the methods 
given in 4-3.1.2 of this s tandard.  

2-2.3 Foaln samples shall be analyzed fi~r expansion and 
drainage time using the method specified in Section 3-1 of 
this s tandard.  

2-2.4 Foam samples shall be analyzed for concentration 
as specified in Section 3-2 of this s tandard.  

2-3 Ground Sweep Nozzles. 

2-3.1 The  loam d is t r ibu t ion  pa t te rns  shall meet  the 
requirements  of 2-15.8.1 of N FPA 414, Standard.tot A ircrafl 
Rescue and Fire Fighting l'ehicle,s, when tested as specified in 
Section 4-2 of this s tandard.  

2-3.2 Foam samples shall be obtained by the methods 
given in 4-3.1.2 of this s tandard.  

2-3.3 Foam samples shall be analyzed flu expansion and 
drainage time using the method specified in Section 3-1 of 
this standard.  

2-3.4 Foam samples shall be analyzed tbr concentration 
as specified in Section 3-2 of this s tandard.  

2-4 Hand Line Nozzles. 

2-4.1 The  foam dis t r ibu t ion  pa t te rns  shall meet the 
r e q u i r e m e n t s  of  2-15.7.3.3  for ma jo r  RFF vehicles ,  
3-13.10.2.3 tot  rapid  intervention vehicles, and 4-13.10.2.3 
tor combined agent  vehicles of NFPA 414, Standard/br Air- 
craft Rescue and Fire Fighting Vehicles, when tested as speci- 
fied in Section 4-2 of  this standard.  

2-4.2 Foam samples shall be obtained hy the methods 
given in 4-3.1.2 of this standard.  

2-4.3 Foam samples shall be anahzed  fi)r expansion and 
drainage time using the method specified in Section 3-1 of 
this s tandard.  

2-4.4 Foam samples shall be analvzed tot concentration 
as specified in Section 3-2 of this stmldard. 

2-5 Undertruck Nozzles. 

2-5.1 The  fi)am distribution pattern shall provide protec- 
tion for the area beneath the vehicle. 

2-5.2 Foam samples shall be collected and analyzed for 
concentration as specified in Section 3-2 of this s tandard.  

Chapter 3 Per formance  Criteria 

3-1 Expansion Ratio and Drainage Time Requirements. 
I Foams shall be tested as specitied in 4-3.2 of this s tandard 

and shall meet at least the per tormance requirements  spec- 
ified in Table 3-1 of this chapter.  

3-2 Foam Solution Concentration. 

3-2.1 Foam solut ion concent ra t ion  shall bc tested in 
accordance with Section 4-4 of this standard.  

Table 3-1 Foam Quality Requirements 

Minimum 
Minimum Solution 
Expansion 25% Drainage 

Foam Agents Ratio Time in Minutes 

AFFF 
Air-Aspirated 5:1 2.23 

FFFP 
Air-Aspirated 5:1 2.25 

:\FFF Non- 
Air-Aspirated 3:1 0.75 

FFFP Non- 
:\iv-Aspirated 3:1 0.75 

Protein 8:1 10 
Fhml'oprotein 6:1 10 

3-2.2* For nominal 6 percent concentrates, the concen- 
tration shall be between 5.5 and 7.0 percent  for turret  and 
ground sweep nozzles, and between 5.5 and 8.0 percent 
lot hand line and under t ruck nozzles. 

3-2.3 For nominal 3 percent  concentrates, the concenua-  
tion shall be between 2.8 and 3.5 percent  for turret  and 
ground sweep nozzles, and between 2.8 and 4.0 percent  
ti>r hand line and under t ruck nozzles. 

Chapter 4 Tes t  Methods  and Calculat ions  

4-1 Turret Ground Pattern Test. 

4-1.1 Prior to the start of the tests, the water tank shall be 
thll, the tbam concentrate tank shall he full with the type of 
toam concentrate to be used dur ing the actual emergen-  
cies, and the propor t ioner  shall be set tbr normal fire fght -  
mg operation.  For premixed systems, the tank shall be flfll 
with the premixed solution in the correct propor t ion tor 
normal fire fighting operations.  

4-1.2" Discharge tests shall be conducted to establish the 
live fighting loam discharge patterns produced and the 
maximunl range attainable by the turret  nozzle. l ' h e  test 
shall be conducted under  wind conditions of 5 mph or less. 
To determine  maximum discharge range, the turret  noz- 
zles shall be tihed upward to form a 30-degree angle with 
the horizontal. 

4-1.3 Foam shall he discharged onto a paved surface tor 
a period of 30 seconds at the specitied pressure,  in both tile 
straight stream and tully dispersed nozzle settings. Imme- 
diately alter fi>anl discharge has stopped, markers  shall be 
placed a round  the outside per imeter  to preserve the iden- 
tity of the tbam pat tern as it DII on the ground.  For pur-  
poses of defining the edge of the pattern, any loam of less 
thau 1/2 inch in dep th  shall he d i s regarded .  Distances 
between markers shall be plotted on graph paper.  The  ver- 
tical axis shall show the reach, and the horizontal axis shall 
show the pat tern width tor each nozzle setting. The  dis- 
tahoe fiom the nozzle to the end of the effective foam pat- 
tern shall be measured and plotted on the graph paper .  

1993 Edition 



412-6 AIRCILCFI RESCUE AND FIRE FIGHTING FOAM EQLIPMENT 

4-2 Ground Sweep and Hand Line Nozzle  Tests. 

4-2.1 Ground sweep nozzles and hand line foam nozzles 
shall be discharged onto a paved surfiace for a period of 30 
seconds. 

4-2.2 Ground  sweep nozzles shall be discharged fiom 
their fixed positions. 

4-2.3 Hand line nozzles shall be held at their  normal  
working height and tilted upward to form a 30-degree 
angle with the horizontal. 

4-2.4 Markers shall be set ont to denote the outline of the 
effiective foam pat tern and plotted, as described under  the 
turret  test in 4-1.3. 

4-2.5 Patterns f iom both the straight stream and the fully 
dispersed nozzle settings shall be established, measured,  
and recorded.  

4-3 Foam Tests. 

4-3.1 General Requirements  for All  Test Methods. 

4-3.1.1 The  tests shall be conducted with the tempera ture  
of the water or foam solution in the range of 60°-80°F 
(16°-27°C). 

4-3.1.2 The  following corrections shall be applied to pro- 
tective foams: 

Expansion: I f  the solution tempera ture  is higher  than 
70°F, no correction shall apply. If  the tempera ture  is lower 
than 70°F, 0.1 unit of expansion shall be added  for each 
3°F below 70°F. 

Drainage Time: If  the solution tempera ture  is higher  
than 70°F, 0.1 minute shall be added  for each 3°F above 
70°F. If  the solution tempera ture  is lower than 70°F, 0.1 
minute shall be subtracted for each 3°F lower than 70°F. 

4-3.1.3 Foam samples selected tor analysis shall be repre-  
sentative of the foam produced  by the nozzle as it would be 
applied onto the fire hazard. This shall be accomplished by 
placing a foam sample collector in the center of  the ground 
pat tern as de termined in the nozzle pat tern test. 

4-3.2 Test Method. 

4-3.2.1 Foam Sampl ing  Apparatus. 

4-3.2.1.1 The  object is to obtain a sample of |oam that is 
typical of that to be appl ied to the burning fuel surface 
under  anticipated fire conditions. The  foam collector shall 
be constructed as specified in Figure 4-3.2.1.1. 

4-3.2.1.2 The  foam sample shall be collected in a cylindri- 
cal 1600-ml container.  The  fbam sample container shall be 
constructed as specified in Figure 4-3.2.1.2. 

4-3.2.2 Test Procedure. 

4-3.2.2.1 The  empty weight of the foam sample container 
shall be recorded to the nearest  gram on a balance having 
a maximum capacity sufficient to weigh the foam sample 

I container,  on a suitable support ,  and the fi)am sample. The  
foam sample collector shall then he located in the center of  

. / 
/t  

///// 

foam container ~ 4 

1 6 i i n  ~ "  

,-~/ Rubber 
protective 
guard 

Figure 4-3.2.1.1 Foam sample collector. 

3.9 in. 
(1 O0 mm) 
diameter 

- ~  E 
(33 
~ o  ° 

~ " ' ~  C~lear t ubinTto view 
q U foamdrainage 

I JLj ~ ¼ in. (6.4 mm) 
shutoff valve q 

Figure 4-3.2.1.2 1600-ml foam sample container. 

the discharge pat tern de te rmined  in Section 4-1 of this 
s tandard.  The  foam sample container  shall be posit ioned at 
the bottom of the foam collector so that the foam hitting 
the collector will flow into the container.  The  foam nozzle 
shall be aimed off the side of the foam collector, adjusted 
to its normal  operat ing pressure,  and then moved so as to 
discharge foam onto the foam sample collector. As soon as 
the foam sample container has been completely filled with 
loam, the discharge nozzle shall be shut off and the timing 
of the 25 percent  drainage started. 
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4-3.2.2.2 The toam sample container shall be removed 
fi-om the base of the [oam collector, excess ti)am struck oft 
the top of the toam container using a straight edge, and 
any rentaining foam wiped from the outside surface of the 
container. The  container  shall then be placed on the bal- 
ance. The  total weight of the loam sample and container 
shall be de te rmined  to the nearest gram. The weight of the 
toam sample in the container shall be deternt ined by sub- 
tracting the weight of  the empty container from the weight 
of  the container filled with the fi)am. The  weight of the 
ti)am sample in grams shall be divided by Ibm to obtain the 
equivalent 25 percent  drainage vohune in milliliters. 

4-3.2.2.3 The  foam sample container shall then be placed 
] o n  a suitable suppor t  and a g radua ted  cvlinder, placed 

below the drain spout. At 30-second intervals, the accunm- 
lated solution in the bottom of the loam sample container 
shall be drawn off into a g radua ted  cyl inder  and the 
amount  recorded.  If  the expected expansion ratio is lnore 
than 5:1, then a 100-nil graduated  cylinder shall be used to 
collect the drainage,  and if the expected expansion ratio is 
5:1 or less, then a 250-ml graduated  cylinder shall be used. 

4-3.2.2.4* Foam samples shall be weighed to the nearest  
gram. The  expansion of  the toam shall be calculated bv the 
tollowing equation: 

Expansion: = 1600 ml 
full weight minus empty weight in grams 

4-4 Foam Solution Concentration Determination. 

4-4.1" A hand-held refi-actometer or conductivity meter  
shall be used to measure the refi-active index or conductiv- 
ity of the solution, f iom which the solutk)n concentration 
may be calculated. Special care shall be taken when deter-  
mining the concentration of  AFFFs by means of  refractive 
index due to the very low reliactive index exhibited by 
these products.  

4-4.2 A calibration curve shall be p repared  using the fol- 
lowing apparatus:  

(a) three 100-nil graduates 

(b) one measuring pipette (10-ml capacity) 

(c) one 100-ml beaker  

(d) one 500-ml beaker. 

(e)* one hand-held  ref iactometer  - -  Anterican Optical 
Co. Model No. 10430 or equivalent; or one hand-held  con- 
ductivity meter  - -  Omega Model CDH-70 or equivalent. 

4-4.3* Using water and fbam concentrate front the tanks 
of  the vehicle to be tested, three s tandard solutions shall be 
made up by pipett ing into three 100-ml graduated  cylin- 
ders, volumes of  foam concentrate in milliliters equal to: 

(a) the nominal concentration of the foam concentrate 

(b) 1/3 more than the nominal concentration 

(c) I/3 less than the nominal concentration. 

T h e  g r adua t ed  cyl inders  shall then be filled to the 
100-ml mark with the water. After thoroughly mixing, a 
refractive index reading shall be taken of  each s tandard by 
placing a few drops  of the solution on the reli-actometer 

prism, closing the cover plate, and observing the scale 
reading at the dark field intersection. Or, if using conduc- 
tivity, the probe shall be d ipped into the solution and the 
digital scale read. A plot shall be made on graph paper  of  
the scale reading against the known toam solution concen- 
trates and shall serve as a calibration curve for this partic- 
ular series of  [i)ant tests. 

4-4.4* Portions of solution drained out dur ing  the previ- 
ously described drainage test shall be used as a source of 
test sample ti)r the concentration determinat ion.  Refractive 
index or conductivity readings of the tmknown shall be 
compared  to the calibration curve and the corresponding 
loam solution concentration read fiom the graph.  

4-5 Report of  Results of Tests. 

4-5.1" All test reports  shall include a statement of  the 
opera t ing  condit ions,  such as pressures ,  t empera tures ,  
wind velocities and direction in relation to vehicle position, 
and a full description of the materials and equipment  used. 

Chapter  5 Re ferenced  Publ i ca t ions  

5-1 The  tollowing documents  or portions thereof 'are  ref- 
erenced within this s tandard and shall be considered part  
of the requirements  of this document.  The  edition indi- 
cated ti)r each reterence is the current  edition as of  the 
date of the NFPA issuance of  this document.  

5-1.1 NFPA Publications. National Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

NFPA 403, Standard JOt Aircraft Rescue and Fire Figkting 
Se~,ices at Airport.~, 1993 edition. 

N FPA 414, Standard ]or Aircraft Rescue and Fire Fighting 
l~,hicles, 1990 edition. 

A p p e n d i x  A Explanatory  Material  

"lht.~ ,~Ippend~x ts not a part of the requirements oJ this NFPA document, 
but ~.s tmluded /or m/brmation pu~pose.s only 

A-3-2.2 The  amount  of foam concentrate in the solution 
tim to the fi)am maker  plays an important  part,  not only in 
the making of fi)am with the p roper  expansion and drain- 
age rate, but also in making a fire-resistant foam. There-  
['()re, it is essential that correct propor t ioning is maintained 
and that the concentration meets the required level even if 
the foam meets the minimum expansion and drainage time 
values at other  levels of concentration. 

A-4-1.2 See Figure A-4-1.2 on the tbllowing page. 

A-4-3.2.2.4 The tollowing shows the calculation of expan- 
sion. The net weight of the foam sample (see drainage exam- 
ple) is assumed to be 200 g; therefore, the w)lume of foam 
solution contained in the 1600 ml foam sample is 200 ml. 

Expansion: = volume of  foam = 1600 nfl = 8 
volume of solution 200 ml 
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Typical foam discharge pattern. 

See Figures A-4-4.3(a), A-4-4.3(b), and A-4-4.3(c). A-4-4.3 

Figure A-4-4.3(a) The index of  refraction is measured by placing a few 
drops of the solution to be tested on the prism o fa  refractometer and closing 
the cover plate. This is a typical refractometer suitable for this purpose. 

Figure A-4-4.3(b) When this type refractometer is held up to a light source, 
a reading is taken where the dark field intersects the numbered scale. 

A-4-4.1 The  conductivity method is not r ecommended  
where seawater is used for making foam solution. 

When the conductivity method is used and samples are to be 
stored and analyzed at some time other than during testing, 
clean glass containers should be used to store the samples. 

Storage of  solution in other  types of  containers (metal, 
low density polyethylene) may affect the conductivity read-  
ing over a per iod of  time. 

Care should be taken that conductivity measurements  
are made when the water and foam solution are at the 
same temperature .  Small differences in tempera ture  may 
substantially change conductivity measurements.  

The  recommended  meter  automatically compensates for 
di f ferent  t empera tu res .  I f  o the r  meters  are  used, the 
instructions for the conductivity meter  calibration and tem- 
pera ture  compensat ion should be carefully followed. 

A-4-4.2 (e) ATAGO Co. Ltd. Model No. N10, AO Model 
No. 10441, or  equivalent showing 0-10 on the BRIX scale 
is r ecommended  to enable low readings given by AFFF 
solutions to be read easily. 

Figure A-4-4.3(c) This illustrates the field of  view looking into the refrac- 
tometer illustrated in Figures A-4-4.3 (a) and A-4-4.3 (b) containing a 6 
percent AFFF solution. The dark intersects the scale at 1.7 and this value 
is recorded as the reading for a 6 percent concentration 
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A-4-4.4 Because o f  the high sensitivity o f  the conductivi ty 
meter ,  it is necessary to collect a la rger  sample  of  d ra inage  
before  making  the de te rmina t ion .  This  ,viii allow fi)r tile 

variat ion in conduct ivi ty  of  tile d ra iued  liquid caused by 
small changes  in tile cl{emical composi t ion  of  AFFF solu- 
tion as it dra ins  out  over  a per iod  of  time. 

A-4-5.1 Foam Physical Property Tests Work Sheets 

FOAM PHYSICAL PROPERTY TESTS WORK SHEET 
(In accordance with NFPA 412) 

DATE: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TEST NO: ............................. 

LOCATION: ............................................................................ 
TEST SUBJECT: .............................................................................. 

VEHICLE: ......................................................................................... 

TYPE FOAM LIQUID CONCENTRATE: ......................................... 

FOAM MAKER: .......................... PATTERN SETTING: ............... 

OPERATING PRESSURE: ...................... psi AT PUMP, NOZZLE 

FLOW: ................... gpm 

AIR TEMP: .................. °F WATER TEMP: ................... ~F 

WIND: ........ mph DIRECTION RELATIVE TO PATTERN AXIS: ...... 
Gross weight of full foam container* - ................... grams 

Weight of empty container . . . . . . . . . . . . . . . . . . . .  grams 

Net weight of foam sample .................... grams 

*Foam container must have the dimensions as specified in 
NFPA 412. 

Volume of foam container 
Foam expansion = 

Net weight of foam sample 

.......... ml = 
........ grams (from above) ........ 

Net weight of foam sample 
25% volume = 

4 

= - ......... grams (from above) ........ milliliters 
4 

g 

8 

~ E 

~ s 

g 
~ 4 rr 

i i ' 

Variation in refractive index 
(using juice refractometer) 

with different foam concentrations 

Note: Use the  s a m e  f o a m  +lquld concen t ra te  a n d  the  s a m e  
wate r  as used  in o ther  f o a m  tests  

Foam hquid concentrate 

Make: Water source: 
Batch. I 
Date of manufacture: 

b 

F 
! 

L- 

i i I 

. . . . . . .  i 

I 

0 2 4 6 8 10 12 

Foam concentration-% 

A p p e n d i x  B 

This Appemlix i.~ m~t a part of ltu, requneme~H.~ +!/tki.~ ,VH'.-I dm'ume~t, 
but ts im'luded /br m/ermatio~l purpme~ ,m&. 

B-1 Foam Extinguishing System Capability. 

B - I . I  T h e  fi/llowing is a suggested me thod  ti)r evaluat ing  
the basic ex t inguish ing  capability of  tile toam fire f ight ing 
system. 

B-1.2 Basic Extinguishing Capability. 

B-1.2.1 Foant pe r fo rmance  is j u d g e d  on two criteria: 
(1) ability fi)r quick knockdown of  flames, and (2) ability to 
keep fuel area  secure  against re-ignit ion.  To  obtain mean-  
ingful infi)rmation,  it is necessary that the fi)am be appl ied 
at low rates per  square  ti)ot of  thel surthce. This  will repre-  

sent tile p e r | o r m a n c e  to be expec ted  when the system is 
pushed  to its ul t imate capability on a large fire. High appli-  
cation rates will ove rwhe lm the tire and obscure  any possi- 
ble shor tcomings .  Fire tests sulficiently large to chal lenge 
tile foam e q u i p m e n t  are  very costly and difficult to conduc t  
without  creat ing u n d u e  env i ronmenta l  problems.  T h e r e -  
tore,  an a t t empt  is m a d e  in this s t anda rd  to devise  a 
restr icted but still significant p rocedure .  

B-1.2.2 A fi)anl vehicle user  might  utilize the basic test 
p r o c e d u r e  in severa l  ways. For  e x a m p l e ,  it m igh t  be 
des i red to establish the m i n i m u m  rate of  foam appl icat ion 
at which a fire can be ext inguished.  By using this rate and 
tile t ime fbr ex t ingu i shment ,  the w)lume of  water  r equ i r ed  
m ext inguish  one  unit  fire a rea  (square fi)ot or  square  
meter) ,  and the m a x i m u m  fire area the vehicle is capable 
of  ext inguishing,  can be calculated. It should be kept  in 
mind,  however ,  that the most efficient use of  water  lends to 
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hmg  ex t inguish ing  times. In practice, a higb applicat ion 
rate is r equ i red  hecause it gives the most rapid knockdown 
of  ttame, a h h o u g h  it will be less efficient in terms of  agent  
consumed.  Opera t ion  of  the tu r re t  to achieve contplete  
ex t ingu i shmen t  also wastes water. ( ;eneral ly,  after the fire 
has I)een 90 percen t  ex t inguished ,  it is bet ter  to shut  down 
the tu r re t  and comple te  the ex t ingu i shmen t  by application 
of  toam ti-um handl ines  or  by the at)l)lication of  one  of  the 
( ' omplementa ry  agents.  

B-1.2.3 A user  might  desire  to c<mtpare the system used 
on two (titterent tuels or  u n d e r  several d i l terent  weather  
condi t ions  such as high winds, heavv rain, or  ex t r eme  low 
tempera tu res ,  or  with obstacles within the life area. In this 
type of  testing, care must be taken to change  only ,me vari- 
able ill a time. ,MI o the r  condi t ions  must remain  the same. 

B-1.2.4 A user  m igh t  des i re  to check tile loam used 
against its "as pu rchased"  condit ion.  Here  the tests lnust he 
conduc ted  u n d e r  the same condi t ions  its those prevai l ing 
d u r i n g  the original  tests. 

B-I.3 Turret or Hand Line Ext inguishing Tests. 

B-1.3.1 T h e  exact size of  the tire to be used is not critical: 
however ,  it should be not less than 100t i  e ( 1 0 f i  x 10fi) in 
area. Large-scale test ing has shown that larger  hre  areas do 
not necessarily requi re  h ighe r  applicat ion rates or  grea te r  
quanti t ies of  agent  (tbam) per  unit area. 

B-1.3.2 T h e  choice of  filel is opt ional  d e p e n d i n g  on the 
data desired.  Gasolines are  normal ly  tile most difficult fuels 
to ext inguish,  a Je t  A (JP-5) tile easiest. Je t  B (IP-4) is a 
variable fuel without  a defini t ive tlash point.  

B-1.3.3 Water  may be used to level it large pit to ensure  a 
level thel area, anti bare  g r o u n d  should be presoaked  to 
p reven t  tile loss of  fnel. T h e  a m o u n t  of  tuel to he used is 
par t ia l ly  d e p e n d e n t  on the  l e n g t h  o f  i ) r ehu rn  to he 
allowed. With p reburn  t imes of  l min,  at least 1 gal of  fltel 
tot  each 2 ft'-' of  area  should  be used. 

B-1.3.4 Local c lean air r egu la t ions  might  d ic ta te  the  
length of  p re tmrn  as this is the per iod o1 greatest  smoke  
genera t ion.  

B-1.3.5 Establishing and main ta in ing  the desired rate of  
loam applicat ion will r equ i re  some work and practice pr ior  
to the ( ( induct ing of  the fire test. T h e  ohject is to sweep the 
turre t  or  nuzzle back and ti)rth over  the fire area at an 
even rate in o r d e r  to apply the toam at the des i red gallons 
per  minu te  (gpm) per  square  foot. 

B-1.3.6 T h e  actnal rate is checked by placing 1 fie (or 
o t h e r  k n o w n  convenien t  size n f  kn<>wn area) shallow pans 
near  the edges  of  the fire area. :Mter the loam discharge  
pat tern has been swept back and li>rth over  the fire area  
and pans lot  a measu red  per iod  of  time, the s tream is shut 
oft; the  weight  o f  the contents  o f  each pan de te rmined ,  and 
the applicat ion rate calculated.  If  the rate was too high, a 
faster rate and wider  angle  of  sweep will be r equ i red  and 
vice versa. Once  the p r o p e r  t echn ique  has been worked 
out, the fire is ex t ingu ished  in the same manner .  T h e  pans 
can be used d u r i n g  the fire test to verifi; the applicat ion 
rate. NFPA 403 requires  a rate of 0.13 gpm pet" square  toot 
ti)r AFFF, 0.20 g p m  per  square  fi)ot tot  prote in  loam, and 
0.18 gpnt per  square  loot for t tuoropro te in  fi)am. 

B-1.3.7 T h e  ti)lh)wing calculat ions are  typical o f  those 
used in the de t e rmina t ion  o f  the basic ex t ingu ish ing  capa- 
bility o1 an aircraft rescue and fire l ight ing vehicle of  1000 
gal water  capacity: 

( ;ross weight  of  pan with collected loam 412 oz 
Fntpty weight of  pan 350 

Net weight of  [barn sample  62 oz 

loam wt. oz 62 
Water  collected - - - 0.465 gallons 

133.3 133.3 

water  collected,  gal 0.465 
-lolal  water  appl ied = 

area of  pan,  t(-' 3.5 

= 0.133 ga[/fl 2 

1000 gal 
Basic ex t i ngu i sh ing  capabi l i ty  = 

O. 133 gal / l i  ~ 

= 7600 t(-'/1000 gal wate r  

B-I.4 Burnback Test. 

B-I.4.1 T h e  resistance o f  the tbam blanket  to the fire is 
impor tan t .  Wind plays a big role in the de te rmina t ion  o f  
this p rope r ty  and repea t  resuhs are  difficult to ohtain with 
lilt Otltdoof lest. Ano the r  |actor ,  btlt one  easier  to control ,  
is the size of  the tire area at the start of  re-ignit ion.  To  
s tandardize  this, a short  section of  s tovepipe  12 in. in d iam- 
eter  is d r o p p e d  into the foam blanket  like it cookie cutter .  
T h e  toant is r emoved  front the inside, and the fuel surtace 
is ignited and al lowed to burn  f in one  nt inute  before  the 
s tovepipe is r emoved .  T h e  rate of  e n l a r g e m e n t  o f  the fire 
is then observed.  A long per iod  of  con f inemen t  is desired.  
T h e  delay per iod after end  of  tbam applicat ion and start of  
re- igni t ion may be varied,  but  for compara t ive  tests, it must  
he kept constant.  

B-1,4,2 Burnback resistance is related to the a tnount  of  
foam that has heen applied to the fire. A burnback test on a 
fire area that has been ext inguished with a nmfimunt  appli- 
cation of  loam will not  afford a high level of  protection. 

B-1.4.3 To  c o m p a r e  the d e g r e e  o f b u r n h a c k  protec t ion  of  
d i t tment  agents  and dep ths  of  fi)ant, and to familiarize 
crew with the deg ree  of  protec t ion  afforded,  r epea ted  tests 
using varied delays be tween end  of  toant applicat ion and 
start of  re- igni t ion are  suggested.  

A p p e n d i x  C R e f e r e n c e d  P u b l i c a t i o n s  

C-I  T h e  following documen t s  or  por t ions  t he r eo f  are  ref- 
e renced  within this s tandard  for intorntat ional  purposes  
only and thns are  not  cons idered  part  o f  the r equ i r emen t s  
of  this docunmnt .  T h e  edi t ion indicated fin each re fe rence  
is the cu r ren t  edi t ion as of  the (late o f  the NFPA issuance 
of  this documen t .  
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