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N O T I C E  

All questions or other communica t ions  relat ing to this dncument  should be sent only to NFPA Head- 
quarters,  addressed to the a t tent ion of the Commi t t ee  responsible for the document .  

For informat ion  on the procedures for request ing Technica l  Commit tees  to issue Formal Interpreta-  
tions, proposing Tenta t ive  Inter im Amendments ,  proposing amenctments for Commi t t ee  considerat ion,  and 
appeals  on mat ters  re la t ing to the content of the document ,  write to the Secretary. S tandards  Council .  Na- 
t ional Fire Protect ion Association. Bat te rymarch  Park, Quincy. MA 02269. 

A s ta tement ,  wri t ten or oral.  that is not processed in accordance with Section 16 of the Regulat ions  
Governing Commit tee  Projects shall not be considered the official position of NFPA or any of its Commit-  
tees and  shall not be considered to be, nor be relied upon as, a Formal In terpre ta t ion .  

Users of this document  should consuh appl icable  Federal,  State and local laws and regulations.  NFPA 
does not, by the publ ica t ion  of this document ,  intend to urge action which is not in compl iance  with ap- 
pl icable  laws and this document  may not be construed as doing so. 

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

3"he Board of Directors reaffirms that  the Nat ional  Fire Protection Association recognizes that the tox- 
icity of the products  of combust ion is an impor tan t  factor in the loss of life from fire NFPA has dealt  with 
that  subject in its technical  commit tee  documents  for many  years. 

There  is a concern that  the growing use of synthetic mater ia ls  may produce more or addi t iona l  toxic 
products  of combust ion in a fire environment .  ] ' he  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 commit tees  in meet ing  this request, the Board has appoin ted  an advisory 
commit tee  to provide specific gu idance  to the technical  commit tees  on questions relat ing to assessing the 
hazards of the products  of combust ion.  

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

1. Adop t ion  by Refe rence  - -  Public authori t ies  and others are urged to reference this document  in 
laws, ordinances,  regulations,  adminis t ra t ive  orders or s imilar  instruments .  Any deletions, addi t ions and 
changes desired by the adop t ing  au:hor i ty  must  he note(! separately.  Those using this method  are requested 
to notify the NFPA (Attent ion:  Secretary, S tandards  Council)  in wri t ing of such use. The  term "adopt ion  by 
reference" means the ci t ing of title anti publ ishing informat ion only. 

2. Adoption by Transcr ipt ion - -  A. Public authori t ies  with l awmaking  or ru le -making  powers only, 
upon writ ten notice to the NFPA (Attent ion:  Secretary, S tandards  Council),  will be g ran ted  a royalty-free 
license to print  and republish this document  in whole or in part ,  with changes and addit ions,  if any, noted 
separately,  in laws, ordinances,  regulations,  adminis t ra t ive  orders or s imilar  ins t ruments  having the force of 
law, provided that:  (1) due notice of NFPA's copyright  is conta ined in each law and in each copy thereof; 
and,  (2) that  such pr in t ing  and republ ica t ion  is l imited to numbers  sufficient to satisfy the jurisdict ion 's  
l awmak ing  or ru lemaking  process. B. Once  this NFPA Code or S tandard  has been adopted  into law, all 
pr int ings of this document  by public  authori t ies  with l awmaking  or ru lemak ing  powers or any other persons 
desir ing to reproduce this document  or its contents as adopted  by the jur isdict ion in whole or in part ,  in any 
form, upon writ ten request to NFPA (Attent ion:  Secretary, S tandards  Council),  will be g ran ted  a nonex- 
elusive license to print ,  republish,  anti vend this document  in whole or in part .  with changes amt addit ions,  
if any, noted separately provided that  due notice of NFPA's copyright  is conta ined  in each copy. Such 
license shall  be g ran ted  only upon agreement  to pay NFPA a royalty. This  royalty is required to provide 
funds for the research and development  necessary to cont inue  the work of NFPA and its volunteers in con- 
t inual ly  upda t ing  and revising NFPA standards.  Under  cer ta in  circumstances,  public  authori t ies  with 
l awmaking  or ru lemaking  powers may apply for and  may receive a specifil royalty when the public  interest 
will be served thereby. 

3. Scope of License Grant - -  The  terms and condi t ions set forth above do not extend to the index to 
this document .  

(For fur ther  explanat ion ,  see the Policy Concern ing  the Adoption.  Pr in t ing and Publ ica t ion  of NFPA 
Documents  which is avai lable  upon request from the NFPA.)  

Statement on NFPA Procedures 

This  mater ia l  has been developed under  the publ ished procedures of the Nat ional  Fire Protect ion 
Association, which are designed to assure the appo in tmen t  of technically competent  Commit tees  having  
ba lanced  representat ion.  Whi le  these procedures assure the highest degree of care] nei ther  the Nat ional  Fire 
Protect ion Association, its members ,  nor those par t i c ipa t ing  in its activities accepts any l iabil i ty resul t ing 
from compl iance  or noncompl iance  with the provisions given herein, for any restrictions imposed on 
mater ia ls  or processes, or for the completeness of the text. 

NFPA has no power or author i ty  to police or enforce compl iance  with the contents of this document  
and any cert i f icat ion of products  s ta t ing compl iance  with requi rements  of this document  is made  at the peril 
of the certifier. 
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You can have  impact  on  i s s u e s  
that affect  therlr ety industry . . .How? 

Join over 37,000 professionals 
like yourself who belong to 
NFPA! 

S tay on top of developments in fire protection 
techniques, systems and equipment all from 
one comprehensive source. The sixteenth 

edition of the Fire Protection Handbook features 
current information on every aspect of f i resafety. . .  
facts you'll use again and again. 

Whether you're involved with building design and 
construction, sprinkler installations, firesafety educa- 
tion. fire service training, or any other aspect of fire 
protection and prevention, the Fire Protect ion Hand-  
book  addresses your specific information needs. 

You'll find the latest on building design and construc- 
t i on . . ,  fire mode l ing . . ,  hazardous waste cont ro t . . .  
haz-mat emergency response. . ,  the fire hazards of 
robot ics . . ,  aerosol charg ing . . ,  mining and indus- 
trial sa fe ty . . .  EMS. It's all here-- in one comprehen- 
sive volume that's more extensive and easy-to-use 
than ever before! 

Approximately 1,760 pages, 20 sections on specific 
subjects and occupancies, 173 fact-packed chap- 
ters. and nearly 2,000 illustrations, photographs and 
diagrams! 

NFPA  

For easy ordering, call toll-free 1-800-344-3555! Monday-Friday, 8:30 AM-8:00 PM, ET 
YES! Send me _ _  cop~es of the Fire Protection 
Handbook. Item No. V5-FPH1686 $75.00 
(NFPA Members $67.50) 
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California residents add 6o/0 sales tax 
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W hen you belong to NFPA youll reports, investigations, manufacturers, and 
receive special membership benefits codes and standards references. 
that help you make informed deci- 3. 10O/o discount on all products and services. 

sions and make your voice a stronger one in 
the firesafety community. Your benefits include: 4. Special invitations to Annual and Fall, and 
1. Voting privileges on proposed changes to Regional Meetings - -  where you can compare 
existing codes and standards, and on new 
codes and standards. 

2. Fire Journal Magazine, Fire News Newslet- 
ter, and Fire Protection Reference Directory & 
Buyers Guide - -  exclusive members-only 
publications - -  your source for fire statistics, 

notes with your colleagues and take a position 
on issues that affect you. All these benefits - -  
plus the pride and confidence that comes with 
membership in an internationally-acclaimed 
organization can be yours for annual dues of 
$60.00. Join NFPA today! 

For easy ordering, call toll-free 1-800-344-3555! Monday-Friday, 8:30 AM-8:00 PM, ET 
YES! Send me an application to jorn my colleagues at 
NFPA today! 
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Over 15,000 copies sold! 

T he Life Safety Code Handbook puts the 
facts and explanations you need at your 
fingertips! The Handbook includes: 

• Complete text of 1985 Life Safety Code 
• Helpful section-by-section explanations of 

the Code 
' • Hundreds of useful tables and illustrations 

• Formal Interpretations - -  written by the Com- 
mittee in direct response to field inquiries 

Information is included on: board and care 
facilities; requirements for sprinklers in new 
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requirements for stairwell floor re-entry; plus 
hundreds of significant changes from previous 
editions. Improve your ability to apply the Life 
Safety Code (NFPA 101) requirements in your 
fire and life safety profession - -  order your copy 
today! 

For easy order, call toll-free 1-800-344-3555! 
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N F P A  412 

Standard for 

Evaluating Aircraft Rescue and 

Fire Fighting Foam Equipment 

1987 Edition 

This edi t ion of  NFPA 412, Standard for Evaluating Aircraft Rescue and Fire 
Fighting Foam Equipment, was p repa red  by the Technica l  Commi t tee  on Aircraf t  
Rescue and Fire Fighting,  released by the Corre la t ing  Commit tee  on Aviat ion,  and  
acted on by the Nat iona l  Fire Protect ion Association, Inc. at its Annua l  Meet ing held 
May 18-21, 1987 in Cincinnat i ,  Ohio.  It was issued b y t h e  S tandards  Council  on June 
10, 1987, with an effective da te  of June 30, 1987, and  supersedes all previous editions.  

The  1987 edi t ion of this s t anda rd  has been approved  by the Amer ican  Nat ional  
S tandards  Insti tute.  

Origin and Development  of N F P A  412 

Work  on this mate r ia l  s tar ted in 1955 when the N F P A  Subcommi t tee  on Aircraf t  
Rescue and Fire F ight ing  (as then const i tuted)  in i t ia ted  a study on methods  of 
evaluat ing  a i rcraf t  rescue and fire f ight ing vehicles. A tentat ive text was adop ted  by 
the Association in 1957 and  a revised text officially adop ted  in 1959. Revisions were 
made  in 1960, 1964, 1965, 1969, 1973, and  1974. Wi th  the in t roduct ion  of new types 
of foam l iquid concentra tes  over the years for this specialized service, the text has been 
b roadened  to cover these concentrates .  

This  1987 edi t ion represents a comple te  rewrite of the text to br ing  it into confor- 
mance  with the Manual of Style and to refine the test methods.  
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ADMINISTRATION/RESCUE AND FIRE FIGHTING VEHICLE FOAM PRODUCTION PERFORMANCE TESTING 412-5 

NFPA 412 

Standard for 

E v a l u a t i n g  A ircra f t  Rescue  a n d  

F i r e  F i g h t i n g  F o a m  E q u i p m e n t  

1987 Edition 

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

Information on referenced publications can be found in Chapter 5. 

Chapter 1 Administration 

1-1 Scope. 

1-1.1 This standard establishes test procedures for 
evaluating the foam fire fighting equipment installed on 
rescue and fire fighting vehicles designed in accordance 
with the applicable portions of NFPA 414, Standard for 
Aircraft Rescue and Fire Fighting Vehicles. 

1-2 Purpose. 
1-2.1 The tests specified in this standard provide pro- 
cedures for the evaluation of foam fire fighting equip- 
ment in the field to determine compliance with NFPA 
414, Standard for Aircraft Rescue and Fire Fighting 
Vehicles, and NFPA 403, Recommended Practice for 
Aircraft Rescue and Fire Fighting Services at Airports 
and Heliports. 

1-3 Definitions.* 
Aqueous Film Forming Foam (AFFF).* These con- 

centrates are used to produce fire fighting foam for ex- 
tingishing hydrocarbon fires and are based on 
perfluorinated and hydrocarbon surfactants in a 
solvent/stabilizer system. 

Fluoroprotein Foam (FPF).* These concentrates 
are used to produce a fire fighting foam for extinguishing 
hydrocarbon fires and are basically protein-foam concen- 
trates, but with a synthetic fluorochemical surfactant ad- 
ditive. 

Foam.* Fire fighting foam, within the scope of this 
standard, is a stable aggregation of small bubbles made 
by mixing air into a water solution containing a foam 
concentrate. 

Foam Drainage Time (Quarter Life). The time in 
minutes that it takes for 25 percent of the total liquid 
contained in the foam sample to drain out from the 
foam. 

Foam Expansion. The ratio between the volume of 
foam produced and the volume of solution used in its pro- 
duction. 

Foam Pattern. The ground area over which foam is 
distributed during the discharge of a foam making 
device. 

Foam Solution. A homogenous mixture of water and 
foam liquid concentrate. 

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

Foam Weep. That portion of foam that is separated 
from the principal foam stream during discharge and 
falls at short range. 

Heat Resistance. The property of a foam to with- 
stand exposure to high heat fluxes without loss of stabil- 
ity. 

Protein Foam (PF).* These concentrates are used to 
produce a fire fighting foam for extinguishing hydrocar- 
bon fires and consist primarily of hydrolyzed protein and 
stabilizing additives. 

Shall. Indicates a mandatory requirement. 

Should. This term, as used in the Appendix, in- 
dicates a recommendation or that which is advised but 
not required. 

Chapter 2 Rescue and Fire Fighting Vehicle Foam 
Production Performance Testing 

2-1 Foam and Foam System Tests. 
2-1.1 The expansion and 25 percent drainage time are 
the foam characteristics that shall be determined. Addi- 
tionally, the foam concentration shall be determined, 
both as a test of the vehicle proportioning system, and to 
establish the legitimacy of the expansion and drainage 
data obtained. Foam distribution patterns shall be deter- 
mined for use in calculating the area of fire that the ve- 
hicle is capable of controlling. 

2-2 Turret Nozzles. 
2-2.1 The foam distribution patterns shall meet the re- 
quirements of 2-15.6.3 for major RFF vehicles, 3-13.9.3 
for rapid intervention vehicles, and 4-13.9.3 for com- 
bined agent vehicles of NFPA 414, Standard for Aircraft 
Rescue and Fire Fighting Vehicles, when tested as 
specified in Section 4-1 of this standard. 

2-2.2 Foam samples shall be obtained by the methods 
given in 4-3.1.2 of this standard. 

2-2.3 Foam samples shall be analyzed for expansion 
and drainage time using a method specified in Section 
3-1 of this standard. 

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

1987 Edition 



412-6 EVALUATING AIRCRAFT RESCUE AND FIRE FIGHTING FOAM EQUIPMENT 

2-3 Ground Sweep Nozzles .  
2-3.1 The  foam dis t r ibut ion pa t te rns  shall meet  the re- 
qui rements  of 2-15.8.1 of NFPA 414, Standard for Air- 
craft Rescue and Fire Fighting Vehicles, when tested as 
specified in Section 4-2 of  this s t andard .  

2-3.2 Foam samples shall be ob ta ined  by the methods  
given in 4-3.1.2 of  this s t andard .  

2-3.3 Foam samples shall be analyzed for expansion 
and  d ra inage  t ime using a me thod  specified in Section 
3-1 of this s t andard .  

2-3.4 Foam samples  shall be analyzed for concent ra t ion  
as specified in Section 3-2 of this s t andard .  

2-4 H a n d  Line Nozzles .  
2-4.1 The  foam dis t r ibut ion  pa t te rns  shall meet  the re- 
qu i rements  of 2-15.7.3.3 for ma jo r  RFF  vehicles, 
3-13.10.2.3 for r ap id  in te rvent ion  vehicles, and  
4-13.10.2.3 for combined  agent  vehicles of N F P A  414, 
Standard for Aircraft Rescue and Fire Fighting Vehicles, 
when tested as specified in Section 4-2 of  this s t andard .  

2-4.2 Foam samples shall be ob ta ined  by the methods  
given in 4-3.1.2 of  this s tandard .  

2-4.3 Foam samples shall be analyzed for expansion 
and  d ra inage  t ime using a me thod  specified in Section 
3-1 of this s t andard .  

2-4.4 Foam samples shall be analyzed for concent ra t ion  
as specified in Section 3-2 of this s t andard .  

2-5 Undertruck  Nozzles .  
2-5.1 The  foam dis t r ibut ion  pa t t e rn  shall provide pro- 
tect ion for the area  benea th  the vehicle. 

2-5.2 Foam samples shall be collected and  analyzed for 
concent ra t ion  as specified in Section 3-2 of this s t andard .  

Chapter 3 Performance  C r i t e r i a  

3-1 Expans ion  Rat io  and Drainage  T i m e  Re- 
quirements .  
3-1.1 AFFF  shall be tested to e i ther  Test  Method  A 
specified in 4-3.2 or Test  Method  C specified in 4-3.4 of  
this s t andard ,  and  shall  meet  at  least the pe r fo rmance  re- 
qu i rements  specified in T a b l e  3-1 of  this chapte r .  

3-1.2 Protein  and  f luoropro te in  foams shall  be tested to 
ei ther  Test  Method B specified in 4-3.3 or Test  Method C 
specified in 4-3.4 of  this s t anda rd ,  and  shall meet  at least 
the pe r fo rmance  requi rements  specified in T a b l e  3-1 of 
this chapter .  

3-2 Foam Solution Concentrat ion.  
3-2.1 Foam solut ion concen t ra t ion  shall be tested in ac- 
cordance  with Section 4-4 of  this s t andard .  

Table 3-1 Foam Quality Requirements 

Min imum 
Solution 
25% Drainage 
Time in Minutes 

Foam Agents 

AFFF 
Air-Aspirated 
AFFF Non- 
Air-Aspirated 

Protein.  

Fluoroprotein 

M i n i m u m  
Expansion Test Test Test 
Ratio Method A Method B Method C 

5:1 3 N/A 2.25 

3:1 l N/A 0.75 

8:1 N/A 5 10 

6:1 N/A 5 10 

3-2.2* For  nomina l  6 percent  concentrates ,  the concen- 
t ra t ion  shall be between 5.5 and  7.0 percent  for tur re t  
and  g round  sweep nozzles, and between 5.5 and 8.0 per- 
cent for hand  line and under t ruck  nozzles. 

3-2.3 For  nomina l  3 percent  concentra tes  the concen- 
t ra t ion  shall be between 2.8 and  3.5 percent  for tur re t  
and  g round  sweep nozzles, and  between 2.8 and 4.0 per- 
cent for hand  line and  under t ruck  nozzles. 

Chapter 4 Test Methods and Calculations 

4-1 Turret  Ground Pattern Test. 
4-1.1 Prior  to the start  of the tests, the water  tank shall 
be full, the foam concent ra te  tank  shall be full with the 
type of foam concent ra te  to be used dur ing  the ac tual  
emergencies,  and  the p ropor t ioner  shall be set for normal  
fire f ight ing opera t ion .  For p remixed  systems, the tank 
shall  be full with the p remixed  solution in the correct  pro- 
por t ion  for normal  fire f ighting operat ions .  

4-1 .2"  Discharge tests shall be conduc ted  to establish 
the fire f ight ing foam discharge pa t te rns  p roduced  and 
the m a x i m u m  range  a t t a inab le  by the turre t  nozzle. The  
test shall be conduc ted  under  wind condi t ions  of 5 m p h  
or less. To  de te rmine  m a x i m u m  discharge range,  the tur- 
ret nozzles shall be t i l ted upward  to form a 30-degree 
angle  with the horizontal .  

4-1.3 Foam shall be d ischarged onto a paved surface for 
a per iod  of 30 seconds at the specified pressure,  in both 
the s t raight  s t ream and  fully dispersed nozzle settings. 
Immed ia t e ly  after  foam discharge has s topped,  markers  
shall  be p laced  a round  the outside pe r imete r  to preserve 
the ident i ty  of the foam pa t t e rn  as it fell on the ground.  
For  purposes of def ining the edge of  the pa t te rn ,  any 
foam of  less than  ~ inch in dep th  shall be d is regarded.  
Distances between markers  shall be p lo t ted  on g raph  
paper .  T h e  vert ical  axis shall show the reach,  and  the 
hor izonta l  axis shall show the pa t t e rn  width for each noz- 
zle setting. T h e  dis tance from the nozzle to the end of the 
effective foam pa t t e rn  shall be measured  and plot ted  on 
the g raph  paper .  
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4-2 Ground Sweep and Hand  Line Nozz le  Tests. 
4-2.1 Ground  sweep nozzles and hand  line foam nozzles 
shall be d ischarged onto a paved surface for a per iod of 
30 seconds. 

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

4-2.3 H a n d  line nozzles shall be held at its normal  work- 
ing height and  t i l ted upward  to form a 30-degree angle 
with the horizontal .  

4-2.4 Markers  shall be set out  to denote  the outl ine of 
the effective foam pa t te rn  and  plot ted,  as descr ibed 
under  the turre t  test 4-1.3. 

4-2.5 Pat terns  from both the straight  s t ream 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 conduc ted  with the tempera-  
ture of the water  or foam solution in the range  of 60 ° - 
80°F (16 ° - 27oc) .  

4-3.1.2 T h e  following correct ions shall be appl ied  to 
protect ive foams: 

Expansion:  If  the solution t empera tu re  is higher  than 
70°F, no correct ion shall apply.  If  the t empera tu re  is 
lower than  70°F, 0.1 unit  of expansion shall be added  for 
each 3°F below 70°F. 

Dra inage  Time:  If  the solution t empera tu re  is higher  
than  70°F, 0.1 minu te  shall be added  for each 3°F above 
70 °F. If  the solution t empera tu re  is lower than  70 °F, 0.1 
minu te  shall be sub t rac ted  for each 3°F lower than 70°F. 

4-3.1.3 Foam samples selected for analysis shall be 
representat ive  of the foam produced  by the nozzle as it 
would be appl ied  onto the fire hazard.  This shall be ac- 
compl ished by placing a foam sample  collector in the 
center  of  the g round  pa t t e rn  as de te rmined  in the nozzle 
pa t t e rn  test. 

4-3.2 Test Method A. 

4-3.2.1 Foam Sampling Apparatus. 
4-3.2.1.1 The  foam sample  collector  shall be con- 
s t ructed as specified in Figure 4-3.2.1. 

4-3.2.1 .2  The  foam sample  shall be collected in a stan- 
da rd  1000-ml capaci ty  g r a d u a t e d  cylinder.  T h e  cylinder 
shall be cut off at the 1000-ml mark  to ensure a fixed 
volume of foam as a sample.  The  cyl inder  shall be 
marked  in 10-ml g radua t ions  below the 100-ml mark .  

4-3.2.2 Test  Procedure.  
4-3.2.2.1 The  empty  weight of the foam sample  con- 
ta iner  shall  be recorded  to the nearest  g ram on a ba lance  
having a m a x i m u m  capaci ty  sufficient to weigh the foam 
sample  conta iner  and  the foam sample.  The  foam sample  
collector shall then be loca ted  in the center  of the 
discharge pa t t e rn  de te rmined  in Section 4-1. T h e  foam 
sample  conta iner  shall be posi t ioned at the bo t tom of  the 
foam collector so that  the foam hi t t ing the collector  will 

Naglene TPX plastic 

l ~ 4 i n  ~ ' ~ 4  in. 

Rubber protective 
guard 

2¼ 

23 7/8 in~ , ~ 1 ½ , n  

1 Liter 
graduated 
cylinder 

Figure 4-3.2.1 Aqueous Film Forming Foam Sample Collector 
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flow into the conta iner .  The  foam nozzle shall be a imed  
off the side of the foam collector,  adjus ted  to its normal  
opera t ing  pressure, and  then moved so as to discharge 
foam onto the foam sample  collector.  As soon as the foam 
sample  conta iner  has been complete ly  filled with foam, 
the discharge nozzle shall be shut off and  the t iming of 
the 25 percent  d ra inage  s tar ted.  

4-3.2.2.2 The  foam sample  conta iner  shall be removed 
from the base of foam collector,  excess foam struck ,off 
the top of the foam conta iner  using a s t ra ight  edge, and  
any remain ing  foam wiped from the outside surface of 
the conta iner .  The  conta iner  shall then be p laced  on the 
balance .  The  total  weight of the foam sample  and con- 
ta iner  shall be de te rmined  to the nearest  g ram.  The  
weight of the foam sample  in the conta iner  shall be deter- 
mined  by sub t rac t ing  the weight of  the empty  conta iner  
from the weight of the conta iner  filled with the foam. 
T h e  weight of  the foam sample  in g rams  shall be divided 
by four to ob ta in  the equivalent  25 percent  d ra inage  
volume in mill i l i ters.  

4-3.2.2.3* The  foam sample  conta iner  shall be p laced 
on a level surface at a convenient  height.  At 30-second in- 
tervals, the level of accumula ted  solution in the bo t tom of 
the cyl inder  shall be noted and  recorded.  The  dra inage  
t ime versus the volume rela t ionship shall be recorded un- 
til the 25 percent  volume has been exceeded.  T h e  25 per- 
cent d ra inage  t ime shall then be in te rpo la ted  from the 
data .  

4-3.2.2.4 Foam samples shall be weighed to the nearest  
gram.  The  expansion of the foam shall be ca lcu la ted  by 
the following equat ion:  

Expansion:  = 1000 ml 

full weight minus  empty  weight in grams 

4-3.3 Test  M e t h o d  B. 

4-3.3.1 Foam Sampling Apparatus. 
4-3.3.1.1 The  foam sample  collector  shall be con- 
s t ructed as specified in Figure 4-3.3.1.1.  

/ ,,C2ft 

3 in ", ~ Pl'vot points at corners/~ 
permit  collapse to a f lat  
uni t  for  carrying 

Figure 4-3.3.1. l Protein and Fluoroprotein Foam Sample Collector 

AND FIRE FIGHTIN(; FOAM EOUII)MENT 

7-3[8 io. 
internal diameter 

~ a i n  opening in 
.,,I I bottom of container 

Flexible tubinq / 1  L shall be ¼-in. (6.4 ram) He,xlDle t,umng ~J~J~.,~ internal diameter 
wi th  plncncocK % 

Figure 4-3.3.1.2 Protein and Fluoroprotein Foam Sample Container 

4-3.3.1.2  The  foam sample  shall be collected in a con- 
ta iner  that  shall conform to Figure 4-3.3.1.2.  

4-3.3.2 Test Procedure.  
4-3.3.2.1 The  empty  weight of the foam sample  con- 
ta iner  shall be recorded to the nearest  g ram on a ba lance  
having a m a x i m u m  capaci ty  sufficient to weigh the foam 
sample  conta iner  and  the foam sample.  The  foam sample  
collector  shall then be located in the center  of the 
discharge pa t t e rn  de te rmined  in Section 4-1. The  foam 
sample  conta iner  shall be posi t ioned at the bo t tom of the 
foam collector so that  the foam hi t t ing the collector will 
flow into the conta iner .  The  foam nozzle shall be a imed 
off the side of the foam collector,  adjus ted  to its normal  
opera t ing  pressure, and  then moved so as to discharge 
foam onto the foam sample  collector.  As soon as the foam 
sample  conta iner  has been complete ly  filled with foam, 
the discharge nozzle shall be shut off and the t iming of 
the 25 percent  d ra inage  star ted.  

4-3.3.2.2 The  foam sample  conta iner  shall be removed 
from the base of foam collector,  excess foam struck off 
the top of the foam conta iner  using a s t raight  edge, and 
any r ema in ing  foam wiped from the outside surface of 
the conta iner .  The  conta iner  shall then be placed on the 
ba lance .  The  total  weight of the foam sample  and con- 
ta iner  shall be de te rmined  to the nearest  gram.  The  
weight of the foam sample  in the conta iner  shall be deter- 
mined  by sub t rac t ing  the weight of the empty  conta iner  
from the weight of the conta iner  filled with the foam. 
The  weight of the foam sample  in grams shall be divided 
by four to ob ta in  the equivalent  25 percent  d ra inage  
volume in mill i l i ters.  

4-3.3.2.3* The  foam sample  conta iner  shall be placed 
on a s tand conforming  to Figure 4-3.3.2.3.  At 30-second 
intervals,  the accumula ted  solution in the bo t tom of the 
pan  shall be drawn off into a g r adua t ed  cylinder and the 
amoun t  recorded.  The  d ra inage  t ime versus the volume 
rela t ionship shall be recorded until  the 25 percent  volume 
has been exceeded.  The  25 percent  d ra inage  t ime shall 
then be in te rpola ted  from the da ta .  
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~ . o r  
~ 1:12 pitch 

Figure 4-3.3.2.3 Protein and Fluoroprotein Foam 
Sample Container Stand 

4-3.3.2.4 Foam samples shall be weighed to the nearest 
gram. The expansion of the foam shall be calculated by 
the following equation: 

Expansion: = 1400 ml 
full weight minus empty weight in grams 

4-3.4 Test Method C. 
4-3.4.1 Foam Sampling Apparatus. 
4-3.4.1.1 The foam sample collector shall be con- 
structed as specified in Figure 4-3.4.1.1. 

foal 

1E 

Figure 4-3.4.1.1 Foam Sample Collector 

4-3.4.1.2 The foam sample shall be collected in a cylin- 
drical 1600-ml container. The foam sample container 
shall be constructed as specified in Figure 4-3.4.1.2. 

3.9-in. 
(100mm) 
Diameter 

A 
E 

~E  
"-- 0 ~0 

Clear tubing to view 
foam drainage 

1/4-in. (6.4~mm)'--"l [~b--- 1/16-in. (1.@ram) 
Shutoff valve Inside diameter 

Figure 4-3.4.1.2 1600-ml Foam Sample Container 

4-3.4.2 Test Procedure. 
4-3.4.2.1 The empty weight of the foam sample con- 
tainer shall be recorded to the nearest gram on a balance 
having a maximum capacity sufficient to weigh the foam 
sample container, test stand, and the foam sample. The 
foam sample collector shall then be located in the center 
of the discharge pattern determined in Section 4-1. The 
foam sample container shall be positioned 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 operating 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 foam, the discharge nozzle shall be shut off and the 
timing of the 25 percent drainage started. 

4-3.4.2.2 The foam sample container shall be removed 
from the base of foam collector, excess foam struck off 
the top of the foam container using a straight edge, and 
any remaining foam wiped from the outside surface of 
the container. The container shall then be placed on the 
balance. The total weight of the foam sample and con- 
tainer shall be determined to the nearest gram. The 
weight of the foam sample in the container shall be deter- 
mined by subtracting the weight of the empty container 
from the weight of the container filled with the foam. 
The weight of the foam sample in grams shall be divided 
by four to obtain the equivalent 25 percent drainage 
volume in milliliters. 

4-3.4.2.3* The foam sample container shall then be 
placed on a test stand and a graduated cylinder placed 
below the drain spout. At 30-second intervals, the ac- 
cumulated solution in the bottom of the foam sample 
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conta iner  shall be d rawn off into a g r a d u a t e d  cyl inder  
and  the amoun t  recorded.  If  the expected  expansion 
ra t io  is more  than  5:1, then a 100-ml g r a d u a t e d  cyl inder  
shall be used to collect the dra inage ,  and  if the expected 
expansion ra t io  is 5:1 or less, then a 250-ml g r a d u a t e d  
cyl inder  shall be used. 

4-3.4.2.4* Foam samples  shall be weighed to the 
nearest  gram.  The  expansion of the foam shall be 
ca lcu la ted  by the following equat ion:  

E x p a n s i o n : -  
1600ml  

full weight minus  empty  weight in grams 

4-4 Foam Solution Concentration Determination. 
4-4.1 A h a n d - h e l d  r e f r ac tome te r  shall  be used to 
measure  the refractive index of the solution, from which 
the solution concent ra t ion  may  be ca lcula ted .  Special 
care shall be taken when de te rmin ing  the concent ra t ion  
of  AFFFs  due to the very low refractive index exhib i ted  by 
these products .  

4-4.2* A ca l ibra t ion  curve shall be p repa red  using the 
following appara tus :  

(a) Three  100-milli l i ter g radua tes  

(b) One measur ing  pipet te  (10-mill i l i ter  capaci ty)  

(c) One 100-mill i l i ter  beaker  

(d) One 500-mill i l i ter  beaker  

(e) One hand-he ld  re f rac tomete r  - Amer ican  Opt ica l  
Co. Model No. 10430 or equivalent .  

4-4.3* Using water  and  foam concent ra te  from the 
tanks of  the vehicle to be tested, three s t andard  solutions 
shall  be made  up by p ipe t t ing  into three 100-mill i l i ter  
g r a d u a t e d  cylinders,  volumes of foam concent ra te  in 
mil l i l i ters  equal  to: 

(a) the nomina l  concent ra t ion  of  the foam concent ra te  

(b) ~ more  than the nomina l  concent ra t ion  

(c) ~ less than the nomina l  concent ra t ion .  

The  g r a d u a t e d  cylinders shall then be filled to the 
100-mill i l i ter  ma rk  with the water.  After  thoroughly  mix- 
ing, a refractive index read ing  shall be taken of each 
s t anda rd  by p lac ing  a few drops  of  the solution on the 
re f rac tomete r  prism, closing the cover plate ,  and  observ- 
ing the scale read ing  at the dark  field intersection.  A plot  
shall  be made  on g raph  p a p e r  of  the scale read ing  against  
the known foam solution concentrates  and  shall serve as a 
ca l ib ra t ion  curve for this pa r t i cu la r  series of foam tests. 

4-4.4 Port ions of solution d ra ined  out  dur ing  the previ- 
ously descr ibed d ra inage  rate  test shall be used as a source 
of  test sample  for the concent ra t ion  de te rmina t ion .  
Refract ive index readings  of  the unknown shall be com- 
pa red  to the ca l ibra t ion  curve and the cor responding  
foam solution concent ra t ion  read from the graph .  

4-5 Report of Results of Tests. 
4-5.1"  All test reports  shall include a s ta tement  of the 
opera t ing  condit ions,  such as pressures, tempera tures ,  
wind velocities and  direct ion in relat ion to vehicle posi- 
tion, and  a full descr ipt ion of  the mater ia l s  and equip-  
men t  used. 

Chapter 5 Referenced Publications 

5-1 The  following documen t  or por t ion thereof  is refer- 
enced within this documen t  and shall be considered par t  
of  the requi rements  of  this document .  The  edi t ion in- 
d ica ted  for the reference shall be the current  edi t ion as of 
the da te  of the N F P A  issuance of  this document .  

5-1.1" NFPA Publication. 

N F P A  414-1984, Standard for Aircraft Rescue and 
Fire Fighting Vehicles. 

Appendix A 

This Appendix is not a part of  the requirements o f  this NFPA docu- 
ment, but is included for  information purposes only. 

A - l - 3  Aqueous  F i l m  F o r m i n g  Foam (AFFF)  Concen- 
trates. These concentrates  utilize f luorochemical  and  
hydroca rbon  surfactants .  The  foam produced  acts both 
as a bar r ie r  to exclude air  or oxygen, and as a reservoir 
that  releases a vapor-suppress ing aqueous film with the 
abi l i ty  to spread over the surface of most aviat ion fuels. 
This  f i lm-forming activity will cont inue as long as foam is 
present,  but  the foam blanket  should not be relied on to 
be pe rmanen t  and should be renewed from time to t ime 
dur ing  a lengthy rescue opera t ion .  

Fluoroprotein Foam Concentrates. These concen- 
trates are essentially s imilar  to protein  foam concentrates  
with the addi t ion  of  a f luorochemical  surfactant ,  giving 
the foam grea ter  to lerance to fuel con tamina t ion .  They 
form a fluid a i r -excluding  blanket  of foam and may also 
deposit  a vapor-suppress ing aqueous film on some fuels. 

Foam. Foams used for control  and ext inguishment  of 
a i rcraf t  fires involving fuel spills are p roduced  by incor- 
pora t ion  of air  into a solution of foam concentra te  and 
water.  The i r  characteris t ics ,  as ind ica ted  by expansion 
and d ra inage  rate,  are inf luenced by the amount  of 
mechanica l  agi ta t ion to which the water,  foam concen- 
t rate ,  and  air are subjected.  They  extinguish fire by 
physically separa t ing  the fuel vapors from the heat  and 
oxygen necessary for combust ion,  spreading  over the sur- 
face of the fuel to effectively suppress vaporizat ion and 
secure an ext inguished area by pro tec t ing  it from re- 
ignit ion.  Foam,  being essentially water,  cools the surface 
of  the fuel and any metal  surfaces in the fuel. The  solu- 
tion d ra inage  from some foams forms an aqueous film on 
most aviat ion fuels. It is advantageous  for a foam blanket  
to re-seal if d is rupted .  It is essential that  provision is 
m a d e  to cont inueously ma in ta in  the foam blanket  dur ing  
a lengthy rescue opera t ion  when there is any possibility of 
re- ignt ion of the fuel. 

Protein Foam Concentrates. These concentrates  
consist p r imar i ly  of prote in  hydrolysate with stabil izing 
addit ives to give good fire resistance, and other  additives 
to enhance  the proper t ies  of the foam concentra te  and  
resist bacter ia l  decomposi t ion.  They form a stable 
cohesive foam blanket  on the fuel surface. 
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Foam l iquid concentrates  of different  types or of dif- 
ferent manufac tu re r s  should not be mixed unless it is first 
establ ished that  they are compat ib le .  Protein and 
f luoroprote in  foam concentrates ,  in par t icu la r ,  are gen- 
erally not compa t ib le  with AFFF  concentrates  and  should 
not be mixed,  a l though foams genera ted  separate ly  from 
these concentrates  are compat ib le  and can be appl ied  
s imul taneously  to a fire. All foams used as p r imary  agents 
are  avai lable  for use at 3 percent  and 6 percent  concen- 
trat ions,  in fresh or salt water,  and  some are avai lable for 
use at o ther  concentra t ions  such as one percent .  

Aqueous  film forming foams are general ly  considered 
to be dry chemical  compat ib le .  Some f luoroprote in  foams 
have an acceptab le  degree of compat ib i l i ty  with cer tain 
dry chemical  ext inguishing agents. The  user should 
establish through the agent manufac turer (s )  that  an ac- 
cep tab le  degree of compat ib i l i ty  exists between any foam 
and dry chemical  agents that  are in tended  for use in com- 
b ined  appl ica t ion  techniques.  

The  qual i ty  of water  used in making  foam might  affect 
the foam's  per formance .  No corrosion inhibitors,  freezing 
point  depressants,  or any other  additives should be used 
in the water  supply without  pr ior  consul ta t ion and ap- 
proval  of the foam concent ra te  manufac tu re r .  

Foams are p roduced  in a number  of ways. The  method  
of foam product ion  selected should be carefully weighed, 
consider ing the techniques best suited for the equ ipment  
concerned,  the rates and  pat terns  of discharge desired, 
and  the manpower  needed to proper ly  utilize the foam 
capabi l i t ies  of the vehicles. The  pr incipal  methods  of 
foam product ion  are: 

(a) Nozzle Aspirating Systems. Foam is p roduced  by 
p u m p i n g  a p ropor t ioned  solution of water  and foam liq- 
uid  concent ra te  under  pressure into a specialized 
discharge app l iance  or nozzle that  draws in a tmospher ic  
air  and  mixes it with the solution. Various devices are 
used to shape the discharge pa t t e rn  between a s traight  
s t ream and a spray. 

(b) Inline Compressed Air Systems. Air  under  
pressure is injected into the p ropor t ioned  solution of 
water  and  foam liquid concentra te ,  where it is mixed 
with the solution to form foam within the system piping.  
The  air is suppl ied by a compressor  on the vehicle. 
Nozzles serve only to dis t r ibute  the foam in various pat-  
terns. 

(c) Inline Foam Pump Systems. A propor t ioned  solu- 
tion of  water  and foam l iquid concent ra te  is injected into 
the suction side of a positive d isplacement  type p u m p  
which draws in a tmospher ic  air  and  mixes it with the 
solution to genera te  foam. The  foam is formed in the 
discharge p ip ing  as in the inline compresed air system. 
Nozzles serve only to dis t r ibute  the foam in various pat-  
terns. 

(d) Inline Aspirating Systems. Foam solution passes 
through an educa to r  in the p u m p  discharge line and 
aspirates air  into the foam solution. This  air  is mixed with 
the solution to form foam in the discharge lines. Nozzles 
serve only to dis t r ibute  the foam in various pat terns.  

(e) Non-Aspirating Nozzles. Certain  conventional  
var iable  pa t t e rn  nozzles used in s t ructura l  fire f ighing 
have been found to be effective for use with AFFF  agents. 

Foam characteris t ics  will differ from those p roduced  
when using aspira t ing nozzles. 

CAUTION: Converting rescue and fire fighting vehicles to use 
a type of foam concentrate other than that for which they were 
initially designed should not be accomplished without consulta- 
tion with the equipment manufacturer and without a thorough 
flushing of the agent and the complete foam-delivery system. 
Particular attention should be given to assuring that the system 
component materials are suitable for the particular concentrate 
being substituted and that, where necessary, the proportioning 
equipment is recalibrated and reset. 

A-3-2.2 The  amount  of foam concentra te  in the solu- 
tion fed to the foam maker  plays an impor t an t  par t ,  not 
only in the making  of foam with the proper  expansion 
and dra inage  rate,  but  also in mak ing  a fire-resistant 
foam. Therefore ,  it is essential that  correct  p ropor t ion ing  
is ma in t a ine d  and that  the concent ra t ion  meets the re- 
qui red  level even if the foam meets the m i n i m u m  expan- 
sion and dra inage  t ime values at o ther  levels of concen- 
t ra t ion.  
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Figure A-4-1.2 Typical Foam Discharge Pattern 
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A-4-3.2.2 .3  T h e  following is an example  ca lcula t ion  of  
d ra inage  t ime. T h e  net  weight of  the foam sample  in the 
foam conta iner  is assumed to be 200 grams.  Since one 
g r am of  foam solut ion occupies approx ima te ly  one 
mil l i l i ter  (ml),  the total  volume of  foam solution con- 
ta ined  in the given foam sample  is 200 ml. 

25% Drainage Volume = 
Volume of Solution 200 ml 

m 
4 4 - 50 ml 

T h e  t ime versus solut ion volume da t a  is recorded as 
follows: 

Assumed Dra ined  
T i m e  Solut ion Volume 

Min:sec in Millil i ters 

0:00 0 
0:30 10 
1:00 20 
1:30 30 
2:00 40 
2:30 50 
3:00 60 

It  is seen tha t  the 25 percent  volume of  50 ml. lies 
within the 2- to 3-minute  per iod.  T h e  increment  to be 
a d d e d  to the lower value of  2 minutes  is found  by inter- 
po la t ion  of  the da ta :  

50 ml (25% Volume) - 40 ml (2 min Volume) 
60 ml (3 min Volume) - 40 ml (2 min Volume) 

= 10 = 0.5 
20 

Therefore ,  the 25 percent  d ra inage  t ime is found by add-  
ing 0.5 min  to 2.0 min,  giving a final  value of  2.5 min  or 
2 min  30 sec. 

A-4-3.3 .2 .3  (See ,4-4-3.2.2.3.) 

7.9 in. 
(200 mm) 

1/4-in. Shutoff 
valve " ' " ~ -  

3.9 in. .._., [ 
(100 mm) 

- ~  z~,~ ~ ~ "-'-"~.<~:~ ~.',-~. ,~1 

:.~.', :.~.~: 

: ~:~'~-- ~" : ~ ~ ~ ~,~' ~_~d 

~_'~'-4~ Clear tubing 
I Eq I ' ' °  view foam 
~ drainage 

~Cy l inder  with at least 
5 ml graduations to 
record foam drainage 

= v  . . . .  

A-4-3 .4 .2 .4  T h e  following shows the ca lcula t ion  of  ex- 
pansion.  T h e  net  weight of the foam sample  (see d ra inage  
example)  is assumed to be 200 grams;  therefore,  the 
volume of  foam solut ion con ta ined  in the 1600 ml foam 
sample  is 200 ml.  

Figure A-4-3.4.2.3 

A-4-4.3 (a) 

1600 ml  Foam Container and Stand  

Expansion = volume of  foam _ 1400 ml _ 7 
volume of  solution 200 ml 

A-4M.2 (e) A T A G O  Co. Ltd.  Model  No. N10, AO 
Model  No. 10441, or  equivalent  showing 0-10 on the 
B R I X  scale is r e c o m m e n d e d  to enable  low readings  given 
by A F F F  solutions to be read  easily. 

k j 

F i g u r e  A-4-4.3 (a) T h e  i n d e x  of refraction is m e a s u r e d  by  p l a c i n g  a 
few drops of the solution to be tested on the prism of a refractometer 
a n d  closing the cover pla te .  T h i s  is a t yp ica l  r e f r a c t o m e t e r  s u i t a b l e  
for th i s  purpose .  

1 9 8 7  E d i t i o n  
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A4-4 .3  (b) 

F i g u r e  4-4.3 (b) W h e n  this type r e f r a c t o m e t e r  is he ld  up  to a l ight  
source ,  a r e a d i n g  is t aken  w h e r e  the d a r k  f ield intersects  the  
n u m b e r e d  scale. 

A - 4 4 . 3  (c) 

A-4-5.1 Foam Physical Property Tests Work Sheet 

F O A M  PHYSICAL PROPERTY TESTS WORK SHEET 
(In accordance with NFPA Standard 412) 

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

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

LOCATION : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

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

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

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

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

FLOW: . . . . . . . . . . . . . . . . . . . . . . . .  g p m  

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 

............ lnl 
............ grams (from above) .............. 

25% Volume Net weight of foam sample 
4 

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

F i g u r e  A 4 4 . 3  (c) T h i s  i l lus t ra tes  the  f ie ld  of  view look ing  in to  the  
r e f r a c t o m e t e r  i l lus t ra ted  in F igures  A 4 - 4 . 3  (a) a n d  A 4 4 . 3  (b) con-  
t a i n i n g  a 6 pe r cen t  A F F F  solut ion.  T h e  d a r k  intersects  the scale at  
1.7 a n d  this va l ue  is r eco rded  as the  r e a d i n g  for  a 6 pe rcen t  concen-  
t r a t i on .  
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A-4-5.1 (continued) 

I I I I  I I  
V A R I A T I O N  IN  REFRACTIVE INDEX 

"~ (Using Juice Re|ractometer) 
W 
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A-5-1.1 Avai lable  from Nat ional  Fire Protect ion 
Association, Ba t te rymarch  Park,  Quincy,  MA 02269. 

A p p e n d i x  B 

This Appendix is not a part o f  the requirements of  this NFPA docu- 
ment, but is included for  information purposes only. 

B-1 Foam E x t i n g u i s h i n g  System C a p a b i l i t y .  

B- I .1  The  following is a suggested method  for 
evaluat ing  the basic ext inguishing capabi l i ty  of the foam 
fire f ighting system. 

B-1.2 Basic  E x t i n g u i s h i n g  C a p a b i l i t y .  

B-1.2.1 Foam per fo rmance  is j udged  on two cri teria:  
(1) abil i ty for quick knockdown of flames and (2) abil i ty 
to keep fuel area secure against  re- ignit ion.  To obta in  
meaningful  informat ion,  it is necessary that  the foam be 
appl ied  at low rates per  square foot of fuel surface. This  
will represent  the pe r fo rmance  to be expected when the 
system is pushed to its u l t imate  capabi l i ty  on a large fire. 
High appl ica t ion  rates will overwhelm the fire and 
obscure any possible shortcomings.  Fire tests sufficiently 

large to chal lenge the foam equ ipment  are very costly and 
difficult  to conduct  without  c rea t ing  undue  environmen-  
tal problems.  Therefore ,  an a t t empt  is made  in this stan- 
d a r d  to devise a restr icted but  still s ignificant procedure .  

B-1.2.2  A foam vehicle user might  utilize the basic test 
p rocedure  in several ways. For example ,  it might  be 
desired to establish the m i n i m u m  rate of foam appl ica-  
tion at which a fire can be ext inguished.  By using this 
ra te  and  the t ime for ext inguishment ,  the volume of  
water  required to extinguish one unit  fire area  (square 
foot or square meter) ,  and the m a x i m u m  fire area the ve- 
hicle is capab le  of ext inguishing,  can be calculated.  It 
should be kept  in mind,  however, that  the most efficient 
use of water  lends to long ext inguishing times. In prac-  
tice, a high appl ica t ion  rate  is requi red  because it gives 
the most r ap id  knockdown of f lame, a l though it will be 
less efficient in terms of  agent  consumed.  Opera t ion  of 
the turre t  to achieve comple te  ext inguishment  is also 
wasteful of  water.  General ly,  af ter  the fire has been 90 
percent  ext inguished,  it is be t te r  to shut down the turret  
and  comple te  the ext inguishment  by appl ica t ion  of foam 
from handl ines  or by the app l ica t ion  of one of the com- 
p lemen ta ry  agents. 

B-1.2.3 A user might  desire to compare  his system on 
two different  fuels or under  several different  weather  con- 
di t ions such as high winds, heavy rain,  or ex t reme low 
tempera tures ,  or with obstacles within the fire area.  In 
this type of  testing, care must  be taken to change  only one 
var iable  at a t ime.  All o ther  condi t ions must  remain  the 
same. 

B-1.2.4  A user might  desire to check his foam against  
its "as purchased"  condi t ion.  Here  the tests must  be con- 
duc ted  under  the same condi t ions  as those prevai l ing dur-  
ing the or iginal  tests. 

B - 1 . 3  T u r r e t  or H a n d  L i n e  E x t i n g u i s h i n g  Tests.  

B-1.3.1 The  exact size of the fire to be used is not 
crit ical;  however, it should be not less than 100 sq ft (10 
× 10 ft) in area.  Large-scale  testing has shown that  
larger  fire areas do not necessarily require  higher  appl ica-  
t ion rates or grea ter  quant i t ies  of agent  (foam) per  unit  
area.  

B-1.3.2 The  choice of fuel is opt ional  depend ing  on the 
da t a  desired.  Gasolines are normal ly  the most difficult  
fuels to extinguish,  a Jet A (JP-5) the easiest. Jet B (JP-4) 
is a var iable  fuel without  a definit ive flash point .  

B-1.3.3 W a t e r  may be used to level a large pit to ensure 
a level fuel area,  and  bare  g round  should be presoaked to 
prevent  the loss of  fuel. The  amoun t  of fuel is par t ia l ly  
dependen t  on the length of  p rebu rn  to be allowed. Wi th  
p rebu rn  t imes of one minute ,  at least one gal lon of fuel 
for each two square feet of  area  should be used. 

B-1.3.4  Local clean air regulat ions might  d ic ta te  the 
length of p reburn  as this is the per iod of greatest  smoke 
genera t ion .  

B-1.3.5  Establishing and ma in t a in ing  the desired rate 
of foam appl ica t ion  will require  some work and pract ice  
pr ior  to the conduc t ing  of the fire test. The  object  is to 
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sweep the turre t  or nozzle back and forth over the fire 
area  at an even rate  in order  to apply  the foam at the 
desired gallons per  minu te  (gpm) per  square foot. 

B-1.3 .6  The  actual  rate  is checked by p lac ing  one foot 
square  (or o ther  known convenient  size of known area)  
shallow pans  near  the edges of the fire area.  After  the 
foam discharge pa t t e rn  has been swept back  and forth 
over the fire area  and  pans for a measured  per iod  of t ime, 
the s t ream is shut off, the weight of the contents of each 
pan  de te rmined ,  and  the appl ica t ion  ra te  calcula ted.  If 
the ra te  was too high, a faster rate and wider angle of 
sweep will be requi red  and vice versa. Once the p roper  
technique  has been worked out, the fire is ext inguished in 
the same manner .  The  pans can be used dur ing  the fire 
test to verify the app l ica t ion  rate.  NFPA 403 requires a 
ra te  of 0.13 gpm per  square foot for AFFF,  0.20 gpm per  
square foot for prote in  foam, and 0.18 gpm per  square 
foot for f luoroprote in  foam. 

B-1.3.7 The  following calculat ions are typical of those 
used in the de te rmina t ion  of the basic ext inguishing 
capabi l i ty  of an a i rcraf t  rescue and fire f ight ing vehicle of  
1000 gal water  capaci ty:  

Gross  we igh t  o f  p a n  wi th  co l lec ted  f o a m  412 oz 
E m p t y  we igh t  o f  p a n  350 

Ne t  we igh t  o f  f o a m  s a m p l e  62 oz 

f o a m  wt.  oz 62 
W a t e r  co l lec ted  - 0 .465 ga l lons  

133.3 133.3 

B-1.4  B u r n b a c k  Test .  

B-1.4.1 The  resistance of the foam blanket  to the fire is 
impor tan t .  W i n d  plays a big role in the de te rmina t ion  of 
this p roper ty  and repeat  results are difficult  to obta in  
with an ou tdoor  test. Ano the r  factor,  but  one easier to 
control ,  is the size of the fire area at the start  of re- 
ignition. To s tandardize  this, a short  section of stovepipe 
12 in. in d iamete r  is d ropped  into the foam blanket  like a 
cookie cutter .  The  foam is removed from the inside, and  
the fuel surface is ignited and allowed to burn  for one 
minute  before the stovepipe is removed.  T h e  ra te  of 
en la rgement  of the fire is then observed. A long per iod  of 
conf inement  is desired. T h e  delay per iod  after end of 
foam appl ica t ion  and start  of re- igni t ion may  be varied, 
but  for compara t ive  tests, it must  be kept  constant .  

B-1.4.2 Burnback  resistance is re la ted to the amount  of 
foam that  has been appl ied  to the fire. A bu rnback  test 
on a fire area  that  has been ext inguished with a m i n i m u m  
appl ica t ion  of foam will not afford a high level of protec-  
tion. 

B-1.4.3 To  compare  the degree of bu rnback  protec t ion  
of different  agents and  depths  of foam, and to famil iar ize 
crew with the degree of  protect ion afforded,  repea ted  
tests using varied delays between end of foam appl ica t ion  
and start  of re- igni t ion are suggested. 

w a t e r  co l lec ted ,  gal  0 .465  
T o t a l  w a t e r  a p p l i e d  = 

a r e a  of  p a n ,  ft ~ 3.5 

= 0 .133  g a l / f t  2 

Basic e x t i n g u i s h i n g  capab i l i t y  - 
1000 gal  

0 .133  g a l / f t  ~ 

= 7600 f iV1000 gal  w a t e r  
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I n d e x  
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