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1981 Edition of NFPA 11A 

This edition of NFPA l lA,  Standard for High Expansion~Foam 
Systems, was prepared by the Technical Committee on Foam and 
acted on by the National Fire Protection Association, Inc. on May' 
21, 1981, at its Annual Meeting in Dallas, Texas. It was issued by the 
Standards Council with an effective date of June 29, 1981. 

The 1981 edition of this standard has been approved by the 
American National Standards Institute. 

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 from the previous edition.~ 

Origin and Development of NFPA 11A 

Work on this standard commenced in 1964. Several drafts were 
prepared by the subcommittee and processed at committee meetings 
held in subsequent years. The subcommittee's draft was approved by 
the Foam Committee at its New York meeting in December of 1967. 
Thereafter, the material was published in the 1968 NFPA Technical 
Committee Reports for study and evaluation by the NFPA member- 
ship and others interested. It was approved as a tentative standard at '  
the 1968 Annual Meeting. 

During 1968 it was further revised and was submitted and adopted 
as a revised tentative standard at the 1969 Annual,Meeting. After 
one more year as a tentative standard, it was officially adopted 
without revision at the 1970 Annual Meeting. Amendments were 
made in 1976 and 1981. 
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Standard for 

High Expansion Foam Systems 

NFPA 11A-1981 

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

Information on referenced publications can be found in Appendix B. 

Chapter  1 Genera l  

1-1 Scope. This standard includes minimum requirements for the 
installation, design, operation, testing, and maintenance of high ex- I 
pansion foam systems. ! 

Only those skilled in this field are competent to design and install 
this equipment. It may be necessary for many of those charged with 
the purchasing, inspecting, testing, approving, operating, and main- 
taining of this equipment to consult with an experienced and compe- 
tent fire protection engineer in order to effectively discharge their 
respective duties. 

1-2 Purpose. This standard is prepared for use and guidance of 
those charged with the purchasing, designing, installing, testing, in- 
specting, approving, listing, operating or maintaining of high expan- 
sion foam systems, in order that such equipment will function as in- 
tended throughout its life. 

1-3 History.  High expansion foam is an agent for control and ex- 
tinguishment of Class A and Class B fires and is particularly suited as 
a flooding agent for use in confined spaces. The development of the 
use of high expansion foams for fire fighting purposes started with 
the work of the Safety in Mines Research Establishment of Buxton, 
England, upon the difficult problem of fires in coal mines. It was 
found that by expanding an aqueous surface active agent solution to 
a semi-stable foam of about 1,000 times the volume of the original 
solution, it was possible to force the foam down relatively long cor- 
ridors, thus providing a means for transporting water to a fire inac- 
cessible to ordinary hose streams. 
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This work has led to the development of specialized high expan- 
sion foam generating equipment for fighting fires in mines, for ap- 
plication in municipal industrial fire fighting, and for the protection 
of special hazard occupancies. 

1-4 Description. High expansion foam is an aggregation of bub- 
bles mechanically generated by the passage of air or other gases 
through a net, screen or other porous medium which is wetted by an 
aqueous solution of surface active foaming agents. Under proper 
conditions, fire fighting foams of expansions from 100:1 to 1000:1 
can be generated. Such foams provide a unique agent for transpor- 
ting water to inaccessible places, for total flooding of confined 
spaces, and. for volumetric displacement of vapor, heat and smoke. 
Tests have shown that under certain circumstances high expansion 
foam when used in conjunction with water sprinklers will provide 
more positive control and extinguishment than either extinguish- 
ment system by itself. High-piled storage of rolled paper  stock is an 
example. Opt imum efficiency in any one type of hazard is dependent 
to some extent on the rate of application and also the foam expan- 
sion and stability. 

High expansion foam is particularly suited for indoor fires in con- 
fined spaces. Its use outdoors may be limited because of the effects of 
weather and lack of confinement. High expansion foam has several 
effects on fires:  

(a) When generated in sufficient volume, it can prevent free 
movement of air, necessary for continued combustion. 

(b) When forced into the heat of a fire the water in the foam is 
converted to steam, reducing the oxygen concentration by dilution of 
the air. 

(c) The conversion of the water to steam absorbs heat from the 
burning fuel. Any hot object exposed to the foam will continue the 
process of breaking the foam, converting the water to steam, and of 
being cooled. 

(d) Because of its relatively low surface tension, solution from the 
foam, which is not converted to steam, will tend to penetrate Class A 
materials. However, deep-seated fires may require overhaul. 

(e) When accumulated in depth~ high expansion foam can pro- 
vide an insulating barrier for protection of exposed materials or 
structures not involved in a fire and can thus prevent fire spread. 

(f) For liquefied natural gas (LNG) fires, high expansion foam 
will not normally extinguish a fire but it reduces the fire intensity by 
blocking radiation feedback to the fuel. 
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Class A fires a re  con t ro l l ed  w h e n  the  f o a m  comple t e ly  covers  the  
f i re  a n d  b u r n i n g  m a t e r i a l .  I f  the  f o a m  is suff ic ient ly  wet  a n d  is m a i n -  
t a i n e d  long  enough ,  the  f i re  m a y  be  ex t ingu i shed .  

Class B fires invo lv ing  h igh  f lash p o i n t  l iqu ids  can  be  ex t ingu i shed  
w h e n  the  sur face  is coo led  be low the  f lash poin t .  Class B fires o f  low 
flash po in t  l iquids  can  be  ex t ingu i shed  w h e n  a f o a m  b l anke t  of  suffi- 
c ient  d e p t h  is es tab l i shed  over  the  l i qu id  surface .  

T h i s  s t a n d a r d  is based  on  test d a t a  a n d  des ign  expe r i ence  so fa r  
deve loped  for  use of  h igh  e x p a n s i o n  foam.  T h e  in ten t  o f  this stan- 
d a r d  is to i nd i ca t e  gene ra l  rules a p p l i c a b l e  to any system. T h e  
l im i t ed  f ie ld  e x p e r i e n c e  o f  a p p r o v e d  systems makes  it d i f f icu l t  to 
p r e p a r e  specif ic  r e c o m m e n d a t i o n s  cove r ing  the  m a n y  po t en t i a l  uses. 
Th i s  s t a n d a r d  is issued to ou t l ine  some  of  the  fac tors  wh ich  shall  be  
g.iven cons ide r a t i on  in j u d g i n g  the  accep tab i l i t y  o f  specif ic  instal la-  
t ions.  

1-5 D e f i n i t i o n s  a n d  U n i t s .  

1-5.1 D e f i n i t i o n s .  For  purposes  of  c la r i f i ca t ion ,  the  fo l lowing  
gene ra l  t e rms  used  wi th  special  t echn ica l  m e a n i n g s  in this s t a n d a r d  
a re  de f ined :  

A p p r o v e d .  Means  " a c c e p t a b l e  to the  au tho r i t y  h a v i n g  jur isdic-  
t i on . "  

J NOTE: The National Fire Protection Association does'not approve, inspect 
or certify any installations, procedures, equipment, or material nor does it ap- 
prove or evaluate testing laboratories. In determining the acceptability of in- 
stallations or procedures, equipment or materials, the authority having 
jurisdiction may base acceptance on compliance with NFPA or other ap- 
propriate standards. In the absence of such standards, said authority may re- 
quire evidence of proper installation, procedure or use. The authority having 
jurisdiction may also refer to the listings or labeling practices of an organiza- 
tion concerned with product evaluations which is in a position to determine 
compliance with appropriate standards for the current production of listed 
items. 

A u t h o r i t y  H a v i n g  J u r i s d i c t i o n .  T h e  " a u t h o r i t y  h a v i n g  
ju r i sd i c t ion"  is the  o rgan iza t ion ,  off ice  o r  i nd iv idua l  respons ib le  for  
" a p p r o v i n g "  e q u i p m e n t ,  an  ins ta l l a t ion  o r  a p r o c e d u r e .  

NOTE: The phrase "authority having jurisdiction" is used in NFPA 
documents in a broad manner since jurisdictions and "approval" agencies vary 
as do their responsibilities. Where public safety is primary, the "authority hav- 
ing jurisdiction" may be a federal, state, local or other regional department or 
individual such as a fire chief, fire marshal, chief of a fire prevention bureau, 
labor department, health department, building official, electrical inspector, or 
others having statutory authority. For insurance purposes, an insurance inspec- 
tion department, rating bureau, or other insurance company representative 
may be the "authority having jurisdiction." In many circumstances the proper- 
ty owner or his designated agent assumes the role of the "authority having 
jurisdiction"; at government installations, the commanding officer or depart- 
mental official may be the "authority having jurisdiction." 
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Foam Concent ra te .  A concentrated liquid foaming agent as 
received f rom the manufac ture r  and approved for use in high expan- 
sion foam equipment .  

Foam Solution. A homogeneous mixture of  water and foam 
concentrate  in the proper  proportion.  

H i g h  Expans ion  Foam.  An aggregation of bubbles resulting 
f rom the mechanical  expansion of  a foam solution by air or other 
gases with a foam-to-solution volume ratio of 100:1 to approximately 
1000:1. (See A-1-9.5.) 

Labeled.  Equipment  or materials to which has been at tached a 
label, symbol or other identifying mark  of  an organization accep- 
table to the "authori ty having jurisdiction" and concerned with pro- 
duct  evaluation, that  maintains periodic inspection of product ion of  
labeled equipment  or materials and by whose labeling the manufac-  
turer indicates compliance with appropr ia te  standards or perfor- 
mance  in a specified manner .  

Listed. Equipment  or materials included in a list published by 
an organization acceptable to the "authori ty having jurisdiction" and 
concerned with product  evaluation, that  maintains periodic inspec- 
tion of product ion of  listed equipment  or materials and whose listing 
states either that  the equipment  or material  meets appropriate  stan- 
dards or has been tested and found suitable for use in a specified 
manner .  

NOTE: The means for identifying listed equipment may vary for each 
organization concerned with product evaluation, some of which do not 
recognize equipment as listed unless it is also labeled. The "authority having 
jurisdiction" should utilize the system employed by the listing organization to 
identify a listed product. 

Shall .  Indicates a manda to ry  requirement.  

Should. Indicates a recommendat ion  or that  which  is advised 
but  not required. 

S tandard .  A document  conta in ing  only manda to ry  provisions 
using the word "shall" to indica te- requirements .  Explanatory 
material  may be included only in the form of "fine print" notes, in 
footnotes, or in an appendix.  

1-5.2 Uni ts .  Metric units of  measurement  in this s tandard  are in 
accordance with the modernized metric system known as the Interna- 
tional System of Units (SI). One unit  (liter), outside of but  recognized 
by SI, is commonly  used in international  f ire protection. These units 
are listed in Table  1-5.2 with conversion factors. 
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1-5.2.1 If  a value for measurement as given in this standard is 
followed by an equivalent value in other units, the first stated is to be 
regarded as the requirement. A given equivalent value may be ap- 
proximate. 

1-5.2.2 The conversion procedure for the SI units has been to 
multiply the quantity by the conversion factor and then round the 
result to the appropriate number  of significant digits. 

Tab l e  1-5.2 

N a m e  of Uni t  Uni t  Symbol Conversion Factor 

liter L 
liter per minute ( L / m i n ) / m  ~ 

per square meter 
cubic decimeter dm 3 
pascal Pa 

l g a l  = 3.785 L 
1 gpm/ f t  ~ = 

(40.746 L / m i n ) / m  2 
1 gal = 3.785 dm s 

1 psi = 6894.757 Pa 

For additional conversions and information see ASTM E380, Standard for Metric 
Practice. 

1-6 General  Informat ion  and Requirements .  
1-6.1 The information and requirements in Chapter 1 are general- 
ly common to all high expansion foam systems. 

1-6.2 Mechanisms of Extinguishment .  High expansion foam ex- 
tinguishes fire by reducing the concentration of oxygen at the seat of 
the fire, by cooling, by halting convection and radiation, and by ex- 
cluding additional air from the fire. 

1-6.3 Use and Limitat ions.  While high expansion foam is finding 
application for a broad range of fire fighting problems, each type of 
hazard shall be specifically evaluated to verify the applicability of 
high expansion foam as a fire control agent. 

1-6.3.1 Some important types of hazards that high expansion foam 
systems may satifactorily protect include: 

(a) Ordinary combustibles 
(b) Flammable and combustible liquids 
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(c) Combinat ions of (a) and (b) 

(d) Liquefied natural  gas (LNG) 

NOTE: Under certain circumstances it may be possible to utilize high expan- 
sion foam systems for control of fires involving flammable liquids or gases issu- 
ing under pressure, but no general recommendations can be made in this stan- 
dard due to the infinite variety of particular situations which can be en- 
countered in actual practice. 

1-6.3.2 Ability to control or extinguish a fire in a given hazard may  
depend upon such factors as expansion, drainage, and fluidity. 
These factors will vary with the concentrate,  equipment,  water sup- 
ply, and air supply. 

1-6.3.3 Susceptibility of the protected hazard to water damage  
shall be evaluated. 

1-6.3.4 High expansion foam systems shall not  be used on fires in 
the following hazards unless competent  evaluation, including tests, 
indicates acceptability: 

(a) Chemicals, such as cellulose nitrate, which release sufficient 
oxygen or other oxidizing agents to sustain combustion. 

(b) Energized unenclosed electrical equipment.  (See 1-7. I. 5.) 
(c) Water-reactive metals such as sodium, potassium, NaK. 

(d)  Hazardous  water-reactive materials,  such as triethyl- 
a luminum and phosphorous pentoxide. 

(e) Liquefied f lammable  gas other  than liquefied natural  gas 
(LNG). 

1-6.4 Types  of  Systems. The  types of systems recognized in this 
s tandard include: 

Total  Flooding Systems 
Local Applicat ion Systems 
Portable Foam Generat ing Devices 

1-6.5 Systems Pro tec t ing  One  or  M o r e  Hazards .  Systems may be 
used to protect  one or more  hazards or groups of hazards using the 
same supply of  foam concentrate  and water except as provided in 
1-6.5.1. 

1-6.5.1 Where,  in the opinion of the authority having jurisdiction, 
two or more hazards may be simultaneously involved in fire by reason 
of  their proximity, each hazard shall be protected with an individual  
system or the system shall be ar ranged to discharge on all potentially 
involved hazards simultaneously. 
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1-7 Personne l  Safety. 

1-7.1 Hazards  to Personne l .  The  discharge of large amounts  of 
high expansion foam may inundate  personnel, blocking vision, mak- 
ing hearing difficult, and creating some discomfort in breathing and 
causing spatial disorientation. This breathing discomfort will in- 
crease with a reduct ion in expansion ratio of the foam and also under  
the effect of  sprinkler discharge. 

1-7.1.1 Personnel working in a hazard area and with no respon- 
sibility for fire fighting shall be instructed to immediately vacate the 
area in the event of  fire, if possible. I f  personnel are unable to vacate 
and are t rapped so that  their lives are endangered by smoke or heat, 
they may enter the foam. Instructions shall be given to move the 
hand  over the nose and mouth  to minimize discomfort in breathing 
within the foam. 

1-7.1.2 Where  possible, the relative location of foam discharge 
points to building exits shall be arranged to facilitate evacuation of  
personnel. Addit ional  exits and other measures may be necessary to 
ensure safe evacuation of  personnel. 

1-7.1.3 To reenter a foam-filled building, a coarse water spray may 
be used to cut a path  in the foam. Personnel shall not enter the foam. 
The  foam is opaque,  and it is impossible to see when one is sub- 
merged.  It is dangerous to enter a building in which there was a fire 
if one cannot  see. 

1-7.1.4 Caut ion .  A canister-type gas mask shall not be worn in the 
foam. The  chemicals of the 'canister will react with the water of the 
foam and cause suffocation. If  emergency reentry is essential, self- 
contained breathing apparatus  shall be used in conjunction with a 
life line. 

1-7.1.5 Unenclosed electrical apparatus  shall be de-energized upon 
system actuation unless by competent  evaluation it has been deemed 
unnecessary. 

1-7.2 Electr ica l  Clearances .  All system components  shall be so 
located as to mainta in  min imum clearances from live parts as shown 
in Table  1-7.2. 

As used in this standard,  "clearance" is the air distance between 
high expansion foam equipment,  including piping and nozzles, and 
unenclosed or uninsulated live electrical components  at other than 
g round  potential. Since high expansion foam is conductive, these 
clearances do not prevent flashover through foam. (See 1-7.1.5.) 
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The clearances given are for altitudes of 3,300 ft (1000 m) or less. 
At altitudes in excess of 3,300 ft (1000 m), the clearance shall be in- 
creased at the rate of 1 percent for each 330 ft (100 m) increase in 
altitude above 3,300 ft (1000 m). 

The clearances are based upon minimum general practices related 
to design Basic Insulation Level (BIL) values. To coordinate the re- 

qu i red  clearance with the electrical design, the design BIL of the 
equipment being protected shall be used as a basis, although this is 
not material at nominal line votages of 161 kv or less. 

Up to electrical system voltages of 161 kv the design BIL kv and 
corresponding minimum clearances, phase to ground, have been 
established through long usage. 

At voltages higher than 161 kv, uniformity in the relationship be- 
tween design BIL kv and the various electrical system voltages has 
not been established in practice and is dependent upon several 
variables so that the required clearances to ground shall be based 
upon the design BIL used rather than on the nominal line or ground 
voltage. 

Possible design variations in the clearance required at higher 
voltages are evident in Table 1-7.2, where a range of voltages is in- 
dicated opposite the various BIL test values in the high voltage por- 
tion of the table. However, the clearance between uninsulated 
energized parts of the electrical system equipment and any portion of 
the high expansion foam system shall not be less than the minimum 
clearance provided elsewhere for electrical system insulations on any 
individual component. 

1-8 Specifications, Plans, and  Approval .  

1-8.1 Purchas ing  Specifications. Specifications for high expan- 
sion foam systems shall be drawn up with care under the supervision 
of a competent engineer, and with the advice of the authority having 
jurisdiction. To  ensure a satisfactory system, the following items shall 
be in the specifications. 

1-8.1.1 The specifications shall designate the authority having 
jurisdiction and indicate whether submittal of plans is required. 

1-8.1.2 The specifications shall state that the installation shall con- 
form to this standard and meet the approval of the authority having 
jurisdiction. 

1-8.1.3 The specifications shall include the specific tests that may 
be required to meet the approval of the authority having jurisdiction, 
and indicate how cost of testing is to be borne. 
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T a b l e  1-7.2  

• C l e a r a n c e  f r o m  H i g h  E x p a n s i o n  F o a m  E q u i p m e n t  
to  L i v e  U n i n s u l a t e d  E l e c t r i c a l  C o m p o n e n t s  

N o m i n a l  
L i n e  

V o l t a g e  (kv)  

To 15 
23 
34.5 
46 
69 

115 
138 
161 

196-230 

287-380 

500 

N o m i n a l  
V o l t a g e  

to  G r o u n d  
. ( k v )  

To 9 
13 
20 
27 
40 
66 
8O 
93 

114-132 

166-220 

290 

500-700 290-400 

• D e s i g n  M i n i m u m  
B I L  C l e a r a n c e *  

(kv)  ( i n . )  m m  

110 7 178 
150 10 254 
200 13 330 
250 17 432 
350 25 635 
550 37 940 
650 44 1118 
750 52 1321 
900 63 1600 

1050 76 1930 
1175 87 2210 
1300 98 2489 
1425 109 2769 
1550 120 3048 
1675 131 3327 
1800 142 3607 
1925 153 3886 
2100 168 4267 
2300 184 4674 

NOTE: Basic Insulation Level (BIL) values are expressed as kilovolts (kv), 
the number being the crest value of the full wave impulse test that the electrical 
equipment is designed to withstand. 

*For voltages up to 69 kv the clearances are taken from NFPA 70, Nat iona l  
Electr ical  Code ® 

1-8.2  P l a n s .  W h e r e  p l a n s  a r e  r e q u i r e d ,  t h e i r  p r e p a r a t i o n  sha l l  b e  
e n t r u s t e d  on ly  to  ful ly  e x p e r i e n c e d  a n d  r e s p o n s i b l e  pe r sons .  

1-8 .2 .1  T h e s e  p l a n s  sha l l  b e  d r a w n  to a n  i n d i c a t e d  sca le  o r  b e  
s u i t a b l y  d i m e n s i o n e d ,  a n d  sha l l  b e  m a d e  so t h a t  t hey  c a n  b e  easi ly 
r e p r o d u c e d .  

1 -8 .2 .2  T h e s e  p l a n s  sha l l  c o n t a i n  s u f f i c i e n t  d e t a i l  o n  t h e  h a z a r d  to 
e n a b l e  t h e  a u t h o r i t y  h a v i n g  j u r i s d i c t i o n  to e v a l u a t e  t h e  e f fec t iveness  
o f  t h e  sys tem.  T h e  de t a i l s  o n  t h e  h a z a r d  sha l l  i n c l u d e  t h e  spec i f ic  
m a t e r i a l s  invo lved ,  t h e  l o c a t i o n  a n d  a r r a n g e m e n t  a n d  t h e  i m m e d i a t e  

• e x p o s u r e  to  t h e  h a z a r d :  T h e  d e t a i l  o n  t h e  sys tem sha l l  i n c l u d e  suffi-  
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cient information and calculations on the required amount of foam 
concentrate; water requirements; hydraulic calculations on the size, 
length and arrangement of connected piping and hose ;and  the size 
and location of foam generators so that the adequacy of the quantity, 
flow rate and distribution of the high expansion foam generated can 
be determined. (See Chapter 7 of NFPA 13, Standard for the In- 
stallation of Sprinkler Systems, for calculation procedures. ) Detailed 
information shall be submitted pertaining to the location and func- 
tion of detection devices, operating devices, auxiliary equipment in- 
cluding stand-by-power and electrical circuitry, if used. Sufficient 
information shall be indicated to identify properly the apparatus and 
devices used. Any special features shall be adequately explained. 

1-8.3 Approval  of Plans. Where plans are required, they shall be 
submitted to the authority having jurisdiction for approval before 
work starts. 

1-8.3.1 Where field conditions necessitate any significant change 
from the approved plan, corrected "as installed" plans shall be sup- 
plied for approval to the authority having jurisdiction. 

1-8.4 Approval  of Installations.  The completed system shall be 
tested by qualified personnel to meet the approval of the authority 
having jurisdiction. These tests shall be adequate to determine that 
the system has been properly installed, and will function as intended. 
Only listed or approved equipment and devices shall be used in these 
systems. 

1-8.4.1 Such tests shall include a discharge of foam if possible. This 
foam shall be checked for desired quality. If  actual discharge is not 
permitted, the supplier or installer shall check air flow and liquid 
flow in a manner  satisfactory to the authority having jurisdiction. 

1-8,4.2 All piping up to each foam generator shall be subjected to a 
2-hour hydrostatic test pressure at 200 psi (1379 kPa) or 50 psi (345 
kPa) in excess of the maximum pressure anticipated, - whichever is 
greater. (See NFPA 13, Standard for the Installation of Sprinkler 
Systems. ) 

1-8.4.3 Tests shall include a complete check-out of electrical con- 
trol circuits and supervisory systems to ensure proper operation and 
supervision in the event of failure. 

1-8.4.4 Tests shall establish that all automatic closing devices for 
doors, windows and conveyor openings, and automatic equipment 
interlocks, as well as automatic opening of heat and smoke vents or 
ventilators, will function upon system operation. 
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1-8.4.5 Operating instructions provided by the supplier and the 
proper identification o f  devices shall be checked. 

1-9 Operation and Control of Systems. 
1-9.1 Methods of Actuation.  Systems shall be classified as manual  
or automatic in accordance with the method of actuation. An 
automatic system is one which is actuated by automatic detection 
equipment. Such systems also shall have means for manual  actua- 
tion. 

1-9.2 Detection of Fires. Fires or conditions likely to produce fire 
may be detected by human senses or by automatic means. 

1-9.2.1 Automatic detection shall be used for fixed systems. 

Exception: Automatic detection may be omitted only when ap- 
proved by the authority having jurisdiction. 

1-9.2.2 Automatic detection shall be by listed or approved method 
or devices capable of detecting and indicating heat, smoke, flame, 
combustible vapors, or any abnormal condition in the hazard, such 
as process trouble, likely to produce fire. (See NFPA 72E, Standard 
on Automatic Fire Detectors.) 

1-9.2.$ An adequate and reliable source of energy shall be used in 
detection systems. The power supply for electrical detection systems 
shall be independent of the supply for the protected area. Otherwise 
an emergency, battery-powered supply with automatic switchover 
shall be providedi f  the primary supply fails. (See applicable provi- 
sions of NFPA 72A, Standard for Local Protective Signaling Systems, 
for power supply requirements. ) 

1-9.3 Supervision. Supervision of automatic detection and actua- 
tion equipment shall be provided and so arranged that there will be 
an immediate indication of failure, preferably at a constantly attend- 
ed location. 

1-9.4 Alarms. Audible alarms shall be installed to indicate the 
operation of the system, alert personnel and indicate failure of any 
supervised device or equipment.  Such devices shall be of such a type 
and shall be provided i n  such numbers and such locations as are 
necessary to accomplish satisfactorily their purpose subject to ap- 
proval of the authority having jurisdiction. 

1-9.4.1 An alarm shall be provided to show that the system has 
operated. 
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1-9.4.2 Alarms shall be provided to give ample warning of 
discharge where hazard to personnel may exist. 

1-9.4.3 Alarms indicating failure of supervised devices or equip- 
ment  shall give prompt  and positive indication of any failure and 
shall be distinctive from alarms indicating operation or hazardous 
conditions. 

1-9.5" Opera t ing  Devices. Operating devices include foam 
generators, valves, proportioners, eductors, discharge controls, and 
shutdown equipment. 

1-9.5.1 Operation shall be controlled by listed or approved 
mechanical, electrical, hydraulic or pneumatic means. An adequate 
and reliable source of energy shall be used. The electrical power sup- 
ply for an  electrically operated high expansion foam system shall be 
as reliable as a fire pump circuit in accordance with NFPA 20, Stan- 
dard for the Installation of Centrifugal Fire Pumps. 

1-9.5.2 All operating devices shall be suitable for the service they 
will encounter, and shall not be readily rendered inoperative or 
susceptible to accidental operation. Provision shall be made to pro- 
tect piping normally filled with liquid from freezing. 

1-9.5.3 All devices shall be located, installed, or suitably protected 
so that they are not subject to mechanical, chemical, climatic or 
other conditions that will render them inoperative. 

1-9.5.4 Manual controls for actuation and shutdown shall be 
located so as to be conveniently and easily accessible at all times, in- 
cluding the time of fire and system operation. Remote control sta- 
tions for manual  actuation may be required where the area is large, 
egress difficult or when required by the authority having jurisdiction. 
Manual controls for actuation shall operate the system to the same 
extent as the automatic control. 

1-9.5.5 All automatically operated equipment controlling the 
generation and distribution of foam shall be provided with approved 
independent means for emergency manual  operation. If the means 
for manual  actuation of the system required in 1-9.1 provides ap- 
proved positive operation independent of the automatic actuation, it 
may be used as the emergency means. The emergency means, 
preferable mechanical, shall be easily accessible and  located close to 
the equipment controlled. If  possible, the system shall be designed so 
that complete emergency actuation can be accomplished from one 
location. 
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1-9.5.6 All required door and window closers, vent openers, and 
electrical equipment shutdown devices shall be considered integral 
parts of the system and shall function with the system operation. 

1-9.5.7 All manual operating devices shall be identified as to the 
hazards they protect. 

1-10 Water, Foam Concentrate and Air Supply. 
1-10.1 Water Quantity. Water shall be available in sufficient 
quantity and pressure to supply the maximum number of high ex- 
pansion foam generators likely to operate simultaneously in addition 
to the demands of other fire protection equipment. 

1-10.2 Water Quality. Consideration shall be given to the 
suitability of the water for production of high expansion foam. The 
use of salt water or hard water or the presence of corrosion inhibitors, 
antifreeze agents, marine growths, oil, or other contaminants may 
result in reduction of foam volume or stability. The manufacturer of 
the foam concentrate shall be consulted. 

1-10.3 Water Storage. Water supply shall be protected agaimt 
freezing. 

1-10.4 Foam Concentrate Quantity. The amount of foam con- 
centrate in the system shall be at least sufficient for the largest single 
hazard protected or a group of hazards which are to be protected / 
simultaneously. (See 2-3.6 and 3-3.2.) 

1-10.5" Foam Concentrate Quality. The foam concentrate used 
in the system shall be that listed for use with the equipment or a foam 
concentrate of equivalent quality acceptable to the authority having 
jurisdiction. The performance of the system is dependent upon the 
composition of the foam concentrate as well as other factors. The 
quality of the concentrate for proper performance under the installa- 
tion requirements of this standard shall be determined by suitable 
tests. One such suitable test, based on fire performance on a Class A 
fire with a flammable liquid accelerant, is described in A-1-10.5. 

1-10.6 Foam Concentrate Reserve Supply. Sufficient foam con- 
centrate shall bekept  on hand for at least one complete recharge of 
the system based on design requirements. This reserve supply shall be 
stored in separate tanks, compartments, original shipping containers 
or by other approved methods. To prevent accidental use and deple- 
tion of this reserve supply, it shall be available to the system only by 
intentional manual operation. 
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1-10.7 Foam Concentrate  Storage. In-service and reserve supplies 
of foam concentrate shall be stored where the temperature is main- 
tained between 35°F (2°C) and 100°F (38°C), or within such other 
temperature range for which the concentrate has been listed. The  
reserve supply containers shall be kept tightly closed in a clean dry 
area to prevent contamination or deterioration. 

1-10.8" Foam Concentrate  Storage T a n k .  The tank shall be of 
corrosion-resisting materials and construction compatible with the 
foam concentrate. Consideration shall be given to design of the 
storage tank to minimize evaporation of concentrate. Consult the 
foam equipment manufacturer.  

1-10.9 Air  Supply. Air from outside the hazard area shall be used 
for foam generation unless the calculated foam generation rate using 
air from within the protected area is increased to compensate for 
foam loss because of heat, smoke, and chemical effects during a fire. 
The degree of loss from such effects shall be determined by test. 

1-10.9.1 Vents shall be located to avoid recirculation of combus- 
tion products into the air inlets of the foam generators. 

1-11 Foam Genera t ing  Apparatus  Location.  
1-11.1 Accessibility for  Inspection and  Maintenance.  Foam 
generating apparatus shall be so located and arranged that inspec- 
tion, testing, recharging, and other maintenance is facilitated and 
interruption to protection is held to a minimum. 

1-11.2" Protect ion Against  Exposure.  Foam generating equip- 
ment  shall be located as near as possible to the hazard or hazards it 
protects, but not where it will be unduly exposed to a fire or explo- 
sion. Foam generators installed inside the hazard area shall be con- 
structed or protected against fire exposure. Such protection may be 
by insulation, fire retardant paint, water spray, or sprinklers, etc. In 
certain applications additional generators may be substituted for fire 
exposure protection with the approval of the authority having 
jurisdiction. 

1-12 Distr ibut ion Systems. 
1-12.1 P ip ing  and Fittings. The piping and fittings in continuous 
contact with foam concentrate shall be of corrosion-resisting 
materials compatible with the foam concentrate used. Galvanizing 
may not be compatible with foam concentrate. The remainder of the 
piping and fittings shall be standard weight (Schedule 40) black or 
galvanized steel pipe and standard weight black or galvanized steel, 
ductile, or malleable iron fittings. Consideration Shall be given to 
possible galvanic effects when dissimilar metals are joined, especially 
In piping which carries foam concentrate. 
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1-12.2 Arrangement  and Ins ta l l a t ion  of P i p i n g  and 
Fittings. Piping shall be installed in accordance with practices 
outlined in NFPA 13, Standard for the Installation of sprinkler 
Systems. 

1-12.2.1 All piping systems shall be designed using hydraulic 
calculations to assure the desired rate of flow at the foam generators. 
Care shall be taken to avoid possible restrictions due to foreign mat- 
ter, faulty fabrication, and improper installation. 

1-12.2.2 A listed strainer shall be provided in the water line 
upstream of the Water valve suitable for use with the proportioner 
and foam generator. Supplemental strainers may be used as recom- 
mended by the foam equipment manufacturer. 

1-12.3 Valves. All valves shall be suitable for the intended use, 
particularly in regard to flow capacity and operation. Valves shall be 
of a listed type or deemed suitable for such use as a part of the 
system. 

1-12.$. 1 Valves shall not be easily subject to mechanical, chemical, 
or other damage. 

1-12.4 Ducts. Foam distribution and air inlet ducts shall be 
designed, located, installed and suitably protected so that they are 
not subject to undue mechanical, chemical or other damage. 

1-12.4.1 Duct closures such as selector valves, gates or doors shall 
be of the quick-opening type, allowing free passage of the foam. 
When located where they may be subjected to fire or heat exposure, 
either inside or Outside the area to be protected, special care shall be 
taken to ensure positive operation. 

1-12.4.2 Ducts shall be designed and installed so that undue tur- 
bulence is avoided and the actual foam discharge rate shall be deter- 
mined by test or other method acceptable to the authority having 
jurisdiction. 

1-13 Maintenance and Instructions. 
1-I3.1 Inspection and Tests. At least annually, all high expansion 
foam systems shall be thoroughly inspected and checked for proper 
operation by a competent engineer or inspector. This shall include 
determination of any changes in physical properties of the foam con- 
centrate which indicate any deterioration in quality. Regular service 
contracts with the manufacturer or installing company are recom- 
mended. 
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1-13.1.1 The goal of this inspection and testing shall be to ensure 
that the system is in full operating condition and to indicate the pro- 
bable continuance of that condition until the next inspection. 

1-13.1.2 Suitable discharge tests shall be made when any inspection 
indicates their advisability. 

1-13.1.3 The inspection report, with recommendations, shall be 
filed with the owner. 

1-13.1.4" Between the regular service contract inspection or tests, 
the system shall be inspected by competent personnel, following an 
approved schedule. 

1-13-1.5 Strainers shall be inspected and cleaned after each use 
and test. 

1-13.2 Maintenance.  These systems shall be maintained in full 
operating condition at all times. Use, impairment, and restoration of 
this protection shall be reported promptly to the authority having 
jurisdiction. 

1-13.2.1 Any troubles or impairments shall be corrected at once by 
competent personnel. 

1-13.3 Instructions. All persons who may be expected to inspect, 
test, maintain, or operate foam generating apparatus shall be 
thoroughly trained and kept thoroughly trained in the functions they 
are expected to perform. 

1-13.3.1 Training programs approved by the authority having 
jurisdiction shall be established. 

1-13.3.2 Operating instructions shall be posted at control stations. 
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Chapter 2 T o t a l  Flooding Systems 

2-1 General Information. 
2-1.1 Description. A total flooding system consists of fixed foam 
generating apparatus complete with a piped supply of foam concen- 
trate and water, arrranged to discharge into an enclosed space or 
enclosure around the hazard. 

2-1.2 Uses. This type of system may be used where there is a per- 
manent  enclosure around the hazard that is adequate to enable the  
required amount of fire extinguishing medium to be built UP and to 
be maintained for the required period of time to ensure the control 
or extinguishment of the fire in the specific combustible material or 
materials involved. 

2-1.2.1 Examples of hazards that may be successfully protected by 
total flooding systems include rooms, vaults, storage areas, 
warehousing facilities and buildings containing Class A and Class B 
combustibles either singly or in combination. (See NFP• 231C, Stan- 
dard for Rack Storage of Materials.) Three-dimensional fires in 
f lammable liquids (falling or flowing under pressure) having flash 
points below 100 °F (38 °C) generally will not be extinguished by total 
coverage. Although this f i r em ay  continue in the foam, heat radia- 
tion will be reduced and kept under control with continued foam ap- 
plication. 

2-1.2.2 Fires which can be controlled or extinguished by total 
flooding methods can be divided into two categories: namely, (1) sur- 
face fires involving flammable or combustible liquids and solids, and 
(2) deep-seated fires involving solids subject to smoldering. 

2-1.3 General Requirements. Total flooding systems shall be 
designed, installed, tested and maintained in accordance with the 
applicable requirements in the previous chapter and with the addi- 
tional requirements set forth in this chapter. Only listed or approved 
equipment and devices shall be used in these systems. 

2-2 Enclosure Specifications. 

2-2.1. Leakage and Ventilat ion.  Since the efficiency of the high 
expansion foam system depends upon the development and 
maintenance of a suitable quantity of foam within the particular 
enclosure to be protected, leakage of foam from the enclosure shall 
be avoided. 
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2-2.1.1 Openings below design filling depth, such as doorways, 
windows, etc., shall be arranged to close automatically before, or 
simultaneously with, the start of the foam discharge, with due con- 
sideration for evacuation of personnel. They shall be designed to 
maintain a closure during a fire and be capable of withstanding 
pressures of foam and sprinkler water discharge. If any unclosable 
openings exist, the system shall be designed to compensate for the 
probable loss of foam and shall be tested to assure proper perfor- 
mance. 

2-2.1.2 When outside air is used for foam generation, high level 
venting shall be provided for air which is displaced by the foam. If 
possible, venting velocity shall not exceed 1000 f t /min (305 m/rain) 
in free air. The venting so required shall consist of suitable openings, 
either normally open, or normally closed and arranged to open 
automatically when the system operates. When design criteria de- 
mand exhaust fans, they shall be approved for high temperature 
operation and installed with due consideration for protection of swit- 
ches, wiring, and other electrical devices to ensure equal reliability of 
exhaust fan performance as for the foam generators. Where forced 
air ventilating systems interfere with the proper buildup of foam, 
they shall be shut down or closed off automatically. 

2-3 Foam Requirements. 
2-3.1 General .  For adequate protection, sufficient high expansion 
foam shall be discharged at a rate to fill the enclosure to an effective 
depth above the hazard before an unacceptable degree of damage 
OCCURS. 

2-3.2 Foam Depth. The minimum total depth of foam shall be not 
less than 1.1 times the height of the highest hazard, but in no case 
less than 2 ft (0.6 m) over this hazard. For flammable or combustible 
liquids, the required depth over the hazard may be considerably 
greater and shall be determined by tests. 

2-3.3 Submergence Volume. Submergence volume is defined as 
(1) t hedep th  as specified in 2-3.2 multiplied by the floor area of the 
space to be protected, or (2) in the case of unsprinklered rooms of in- 
ternal combustible construction or finish, the entire volume in- 
cluding concealed spaces. The volume occupied by vessels, 
machinery or other permanently located equipment may be 
deducted when determining the submergence volume. The volume 
occupied by stored material shall not be deducted when determining 
the submergence volume unless approved by the authority having 
jurisdiction. ,. 
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2-3 .4*  S u b m e r g e n c e  T i m e .  R e c o m m e n d e d  t imes  to ach ieve  
s u b m e r g e n c e  v o l u m e  for  var ious  types  of  h a z a r d s  a n d  b u i l d i n g  con-  
s t r u c t i o n  are  s h o w n  in  T a b l e  2-3.4.  S h o r t e r  s u b m e r g e n c e  t imes  m a y  
be  r e q u i r e d  d e p e n d i n g  on  the  f ac to r s  i n c l u d e d  in 2-3.5.  

Table 2-3.4 
Maximum Submergence Time for High Expansion Foam Measured 

from Start of Foam Discharge* (Minutes) 

Heavy or Protected 
Light or Unprotected or Fire-resistive 

Hazard Steel Construction Construction 

Not Not 
Sprinklered Sprinklered Sprinklered Sprinklered 

Flammable Liquids. 
[Flash Points below 
100 °F (38 °C)] 
having a vapor pressure 
not exceeding 40 psia 
(276 kPa)** 3 2 5 3 
Combustible Liquids 
[Flash Points of 
100°F (38°C) and 
above]** 4 3 5 3 
Low Density 4 3*** 6 4*** 
Combustibles 
i.e., Foam Rubber 

Foam Plastics 
Rolled Tissue 
or Crepe Paper 

High Density 7 5*** 8 6*** 
Combustibles 
i.e., Rolled Paper 

-Kraft or 
Coated-Banded 

High Density 5 4*** 6 5*** 
Combustibles 
i.e., Rolled Paper 

-Kraft or 
Coated-Unbanded 

Rubber Tires 7 5***t 8 6***t 
Combustibles, in 7 5*** 8 6*** 
cartons, bags, 
fiber drums 
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Notes for Table  2-3.4 

*This is based on a max imum  of 30-second delay between fire detection and start of 
foam discharge. Any delays in excess of 30 seconds shall be deducted from the 
submergence times in Table 2-3.4. 

**Polar solvents are not included in this table. Flammable liquids having boiling 
points less than  1G0°F (38°C) may require higher application rates. See NFPA 321, 
Standard on Basic Classification of Flarnmable and Combustible Liquids. Where use 
of high expansion foam is contemplated on these materials, the foam equipment sup- 
plier shall substantiate suitability for the intended use. 

***These submergence times may not be directly applicable to high-piled storage 
above 15 ft (4.6 m) or where fire spread through combustible contents is very rapid. 

tH igh  expansion foam protection without sprinkler protection is not recognized within 
the scope of NFPA 231D, Storage of Rubber Tires. NFPA 231D applies only to loca- 
tions having more than 10,000 equivalent passenger tires. 

2-3.5* Rate  of Discharge. The rate of foam discharge necessary 
for extinguishment or sufficient control to permit overhaul depends 
upon the strength of sprinkler protection, nature and configuration 
of the hazard, vulnerability of the structure and contents to fire, and 
the loss potential to life, property and production. The rate also 
depends upon foam properties, such as expansion ratio, water reten- 
tion, effect of water contaminants, temperature effects on water 
retention, etc. The foam discharge rate shall be sufficient to satisfy 
the foam depth requirements and submergence times of Table 2-3.4, 
making compensation for normal foam shrinkage, foam leakage, 
and breakdown effects of sprinkler discharge. 

2-3.5.1" The minimum rate of discharge or total generator capaci- 
ty shall be calculated from the following formula: 

where: 

R = rate of d i s c h a r g e - -  cfm 
(ma/min) 

V = submergence volume - -  
cubic feet (m s ) 

T = submergence t i m e - -  
minutes 

R.~ = rate of foam breakdown 
by sprinklers - -  cfm 
(ma/min.) 

CN = compensaUon for normal  
foam shrinkage 

CL = compensat ion for leakage 
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2-3.5.2* The factor (Rs) for compensation for breakdown by 
sprinkler discharge shall be determined either by test or, in the 
absence .of specific test data, by the following.formula: 

Rs = S × Q where: 
S = Foam breakdown in cfm per  gpm of sprinkler discharge. S 

shall be 10 c fm/ gpm  (0.0748 mVmin) / (L /min) .  
Q = Estimated total discharge from maximum number  of 

sprinklers expected to ope ra t e - -gpm (L/rain). 

2-3.5.3 The factor (C~¢) for compensation for normal foam 
shrinkage shall be 1.15. This is an empirical factor based on average 
reduction in foam quantity from solution drainage, fire, wetting of 
surfaces, absorbency of stock, etc. 

2-3.5.4* The factor (CL) for compensation for loss of foam due to 
leakage around doors and windows and through unclosable openings 
shall be determined by the design engineer after proper evaluation of 
the structure. Obviously this factor cannot be less than 1.0 even for a 
structure completely tight below the design filling depth. This factor 
could be as high as 1.2 for a building with all openings normally 
closed depending upon foam expansion ratio, sprinkler operation, 
and foam depth. 

2-3.6 Quant i ty .  Sufficient foam concentrate and water shall be 
provided to permit continuous operation of the entire system for at 
least 25 minutes or to generate four times the submergence volume, 
whichever is less, but in no case less than enough for 15 minutes of 
full operation. (See 1-10. 4.) 

2-3.6.1 Reserve supplies shall be provided in accordance with 
1-10.7. 

2-4* Maintenance of Submergence Volume. To ensure adequate 
control or extinguishment, the submergence volume shall be main- 
tained for at least 60 minutes for unsprinklered locations and 30 
minutes for sprinklered locations. Where only f lammable or com- 
bustible liquids are involved, this period may be reduced. 

2-4.1 Method. The submergence volume may be maintained by 
continuous or intermittent operation of any or all of the generators 
provided. 

2-4.1.1 Arrangements and procedures shall be provided to main- 
tain the submergence volume without waste of foam concentrate 
which may be needed in case of reignition. 
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2-5* Overhaul. Overhaul procedures shall be carefully pr e- 
planned to avoid loss of control established by the system. 

2-6 Distribution. The high expansion foam generators shall be 
located such that a relatively even build-up of high expansion foam 
will take place throughout the protected area during the discharge 
period. 
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Chapter 3 Local Application Systems 

3-1 General Information. 
3-1.1 Description. A local application system consists of fixed 
foam generating apparatus complete with a piped supply of foam 
concentrate and water and arranged to discharge foam directly Onto 
the fire or  spill. 

3-1.2 Uses. Local application systems may he used for the ex- 
tinguishment or control of fires in f lammable or combustible liquids, 
liquefied natural gas (LNG), and ordinary Class A combustibles 
where the hazard is not totally enclosed. These systems are best 
adapted to the protection of essentially flat surfaces such as confined 
spills, open tanks, drainboards, curbed areas, pits, trenches, etc. For 
multiple-level or three-dimensional fire hazards where total building 
flooding is not practical, the individual hazard shall be provided with 
suitable containment facilities acceptable to the authority having 
jurisdiction. 

3-1.3 General Requirements. Local application systems shall be 
designed, installed, tested and maintained in accordance with the 
applicable requirements in previous chapters and with the additional 
requirements set forth in this chapter. Only listed or approved equip- 
ment,  devices and agents shall be used in these systems. 

3-2 Hazard Specifications. 
3-2.1 Extent  of Hazard .  The hazard shall include all areas to 
which or from which fire may spread. 

3-2.2* Locat ion of Hazard .  Local application high expansion 
foam systems may be used to protect hazards located indoors, partly 
sheltered, or completely out-of-doors. Provisions shall be made to 
compensate for winds and other effects of weather. 

3-3 Foam Requirements for Flammable and Combustible Liquids 
and Solids. 
3-3.1 General .  Sufficient foam shall be discharged at a rate to 
cover the hazard to a depth of at least 2 ft (0.6 m) within 2 minutes. 
(See/1-2-3.5. ) 

3-3.2 Quant i ty .  Sufficient foam concentrate and water shall be 
provided to permit continuous operation of the entire system for at 
least 12 minutes. (See 1-10.4.) 
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3-3.2.1 Reserve supplies shall be provided in accordance with 
1-10.7. 

3-3.3 Arrangement .  Discharge outlets shall be arranged to ensure 
that foam is delivered over all areas which constitute the hazard. 
Where parts of the hazard are elevated or raised up from the ground 
or floor line, the arrangement of the system shall be such that foam 
will be delivered to, and retained on, such parts in Sufficient depth to 
ensure prompt and final extinguishment. 

3-4" Foam Applications for Liquefied Natural Gas (LNG). 
3-4.1 General. High expansion foam has been shown to be effec- 
tive in controlling LNG test fires and in reducing downwind vapor 
concentration from unignited test LNG spills. See NFPA 59A, Stan- 
dard for the Production, Storageand Handling of Liquefied Natural 
Gas (LNG), for additional information on fire protection re- 
quirements for other than use of high expansion foam for LNG 
facilities. 
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Chapter 4 Portable  Foam Genera t ing  Devices 

4-1 Genera l  In fo rmat ion .  

4-1.1 Description. Portable foam generating devices consist of a 
high expansion foam generator, manually operable and transpor- 
table, connected by means of hose, or piping and hose, to a supply of 
water and foam concentrate. The proportioning equipment may be 
integral with or separate from the foam generator. A separate foam 
concentrate supply may be provided for each unit, o r  solution may 
be piped from central proportioning equipment.  

4-1.9 Genera l  Requirements .  Portable foam generating devices 
and associated equipment shall be used and maintained in accor- 
dance with the applicable requirements in the preceding chapters 
and with the additional requirements set forth in this chapter. Only 
listed or approved equipment and devices shall be used. 

4-2 Haza rd  Specifications. 
4-2.1 Portable foam generating devices may be used to combat  
fires in all hazards covered under Chapters 2 and 3. 

4-3 Location and Spacing. 
4-3.1 Location. Portable foam generating devices which are 
preconnected to a water or solution supply shall be placed where they 
are easily accessible and with enough hose to reach the most distant 
hazard which they are expected to protect. Foam concentrate shall 
be available for immediate use. These devices shall be located such 
that they are not exposed to the hazard. Those not preconnected to a 
water or solution supply and their associated equipment shall be 
located and arranged for immediate transport to all designated 
hazards. 

4-4 Foam Requirements. 
4-4.1 Rate and  Dura t ion  of Discharge. The rate and duration of 
discharge and consequently the quantity of foam concentrate and 
water shall be determined by the type and potential size of hazard. 
To  the extent that the specific hazards can be identified, the ap- 
plicable requirements of Chapters 2 or 3 shall apply. 
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4-4.2 Simultaneous Use of Portable Foam Generating 
Devices. Where simultaneous use of two or more devices is possi- 
ble, sufficient supplies of foam concentrate and water shall be 
available to supply the maximum number of devices that are likely to 
he used at any one time. 

4-5 Equipment  Specifications. 
4-5.1 Hose. Hose used to connect the generator to the water or 
solution supplies shall be listed lined hose. Unlined fabrichose shall 
not be used. The hose size and length shall be selected with con- 
sideration to the hydraulics of the entire system. Such hose shall be 
stored in an arrangement that will permit immediate use and be pro- 
tected against the weather. 

4-5.2 Electric Power Supply and Connections. Power supply and 
connections needed for operation of the generator shall be adequate 
to transmit the required power, and shall be selected with considera- 
tion to the intended use. All power cables shall be sufficiently rugged 
to withstand abuse in service, be impervious to water and shall con, 
tain a ground wire. Electrical connectors shall be waterproof. 

4-6 Training. 
4-6.1 Successful extinguishment of fire with portable foam 
generating devices is dependent upon the individual ability and 
technique of the operator. All personnel likely to use this equipment 
shall be properly trained in its operation and in the necessary fire 
fighting techniques. 
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Appendix A 

This Appendix is not part of the requirement~ of this NFPA document, but is included for ~nformation purposes 
only. 

A-1-9.5 Operating Devices. A block diagram of a typical 
automatic high expansion foam system is shown in Figure A-1-9.5(a). 

(a) Foam Generators. At the present time foam generators for 
• high expansion foam are of two types depending on the means for in- 

troducing air, namely, by aspirator or blower. In either case, the 
properly proportioned foam solution is made to impinge at ap- 
pro.priate velocity on a screen or porous or perforated membrane or 
series of screens in a moving air stream. The liquid films formed on 
the screen are distended by the moving air stream to form a mass of 
bubbles or high expansion foam. The foam volume varies from 
about 100 to 1,000 times the liquid volume depending on the design 
of the generator. The capacity of foam generators is generally deter- 
mined by the time required to fill an enclosure of known volume by 
top application within 1 to 5 minutes. 

[ -- ~ "  DETECTOR 
MANUAL I 
OVERRIDE] I 

CONTROL_/ i LIQUID 

WATER ~ O W  I . I O . .VE.  
' LI J 

STRAINER ~ 1  ' " ~ O A M  
' I .GENERATOR 

SUPPLY z'- PR OPORTIONER ' " 

Figure A-1-9.5(a) Block Diagram of Automatic  
High Expansion Foam System 
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(b) Foam Generators - -  Aspirator Type. These may  be f ixed or 
por tab le .  Jet  s t reams of foam solut ion aspira te  sufficient amounts  of 
air  which is then en t r a ined  on the screens to p roduce  foam.  [See 
Figure A-1-9.5(b).] These usually p roduce  foam with expans ion  
rat ios not  over 250:1. 

--~ ~ ~ ~  o~o 0 0 ~ 0  

" ' " . ~  ,~%~o 
O 0 0 0 0 0 0 0  0 

INLET FOAM SOLUTION 

Figure A-l-9.5(b) Aspirating Type Foam Generator 

(c) Foam Generators - -  Blower Type. These'  may  be f ixed or  
por tab le .  T h e  foam solut ion is d i scharged  as a spray onto screens 
t h rough  which an air  s t ream developed by a fan or blower is passing. 
T h e  blower may  be powered  by electric motors ,  in terna l  combust ion  
engines, air ,  gas, or  hydraul ic  motors  or  water  motors.  T h e  water  
motors  are  usual ly powered  by foam solution. [See Figure 
A-1.9.5(¢).] 

SCREEN-N~ 

\ / °Oo°O oo 
BLOWER . o ° °,OOO ...,LOW Z/t°°°°° 

- / Y Ao~o ° 

- -  0 0000 f ~  ---1 o %o ° 

I I \ ~ I 0  o oOo 
I I \ "-..~ iOooo o o .  

0 0 O0 I,I \ ~oooooo / L U  \A°°°° 
FOAM 

SOLUTION 

Figure A-1-9.5(e) Blower Type Foam Generator 
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A-l -10 .5 (a )  Fire  P e r f o r m a n c e  Tes t  for Class A Materials .  The 
purpose of this test is to provide a reproducible Class A fire situation 
where foam should be required to move a substantial distance at a 
slow rate to the fire. The time to move this distance and to fill to the 
top of the test combustibles is the FOAM T R A N S I T  TIME.  The ef- 
fect of the transit time is to give age to the foam during the period of 
its slow movement from foam generator to fire. 

The test should be conducted in an open top pen or building of 
suitable construction and suitable dimensions. To prevent the veloci- 
ty of foam movement from being too high, the width of the pen or 
building times 100 should give a figure not smaller than the capacity 
in cfm of the foam generator used in the test. The height of the size 
of the pen or building should be about 10 ft (3 m). If the fluidity of 
the foam permits, the height may be less. However, the foam should 
not flow over the sides of the pen nor contact the ceiling of the 
building during the test. The foam generator should be set at one 
end of the pen or building, and the fire should be set 10 ft (3 m) from 
the opposite end. The distance between the foam generator and the 
fire should be as required to give the foam transit time desired. See 
Figure A-l-10.5(a). 

Foam should be produced by a generator in which the expansion 
ratio is equal to or greater than that produced by the generator pro- 
posed for installaton. 

The test fire should be a stack of eight standard 4 ft x 4 ft (1.22 m 
× 1.22 m) hardwood pallets dried to a moisture content between 5 
and 8 percent, set on suitable noncombustible supports not over 24 
in. (610 mm) above the floor. Beneath the pallets should be a 10-sq ft 
(0.93-m 2) pan containing 1 gal (3.8 L) of heptane or naphtha 
floating on water. The surface of the flammable liquid should be ap- 
proximately 12 in. (305 mm) below the bottom boards of the bottom 
pallet. 

The first test of each series should be a timed fill without a fire to 
determine the foam transit time. The location of the leading edge of 
the foam as it progresses across, the floor of the pen or building 
should be timed at suitable intervals. Also, the time should be noted 
when the foam reaches the edge of the pan. This data will permit 
estimating, with reasonable accuracy, the location of the leading 
edge of the foam 3 minutes before the foam should reach the edge of 
the pan. Thereafter, during each fire test, the heptane should be ig- 
nited when the foam.reaches that point corresponding to 3 minutes 
in advance of reaching the pan. In this manner the fire is given a 
reproducible 3 minute preburn. This fill test can be terminated when 
the foam has filled to the top of. the wood pallets, and the time deter- 
mined as the foam transit time. 
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The minimum foam transit time should be 12 minutes (150 per- 
cent of maximum submergence time, 8 minutes, from Table 2-3.4). 
To be considered successful under the foam transit time condition, 
the foam should give adequate control of the test fire. The foam 
generator should be run for a maximum of 30 minutes. Adequate 
control should be interpreted as the absence of active burning within 
the test stack while the stack is covered with foam. 

BUILDING OR CRIB 

FOAM GENERATOR~ IGNITE H[PTANE 
AT THIS P O I N T ~  ' ],.,-4'~.~ 

] - -  LN 

= 9 MINUTES MINIMUM ~i= 3 MINUTEs~L~ lO '~  

PLAN VIEW 

¢ 5%h_. ,,~,o ,~MO,,,,-~ 

~.._; ( C r,-c 5 ¢' x [ / r ; r ' ~  . , ,VI~Z~I~  
SECTION A A ~ - - I O  so. FT. PAN 

I GAL HEPTANE 
ON WATER 

--•A 
W x 100 -~GENERATOR 
CAPACITY iN CFM 

Figure A-l-10.5(a) Fire Performance Test 

(b) Quality Control Test. The laboratory scale expansion and 
drainage test described below has been found suitable for quality 
control purposes. The air and solution tempt~ratures are to be main- 
tained between 60 and 65°F (15.6 and' 18.3°C). 

1. Mix foam solution. 

2. Fill foam solution can with solution. 
3. Weigh foam can and thread onto apparatus. 
4. Apply 25 psi (172 kPa) air pressure to liquid. 
5. Start blower and adjust damper  to approximately ~ open- 

ing. (May have to readjust later.) 

ft. Open solenoid. Adjust liquid pressure to 15 psi (103 kPa) us- 
ing liquid metering valve. (May have to readjust later.) 
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7. As foam forms at screen, catch first droplets in beaker. Keep 
liquid in beaker to add to residue in foam can. 

8. Allow drainage drum to fill with expanded foam. Start timer 
and shut off solenoid when drum is full. 

9. Add liquid from step 7 to foam solution can and weigh 
again. Record total ml used. (1 g is approximately 1 ml.) 

10. Record liquid drainage in ml at 1-minute intervals for 5 
minutes, then at 10-minute intervals. 

11. Plot time vs. percent drained and record expansion ratio. 

Percent drained = 

Expansion ratio = 

Total ml drained to given time 

Total ml used 

206 275 ml 

Total  ml used 

See Figures A-l-10.5(b)(1) and A-l-10.5(b)(2). 

~ e 

I I 
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Metering Valve S o l e n o i d /  
s ° ' e ° ° ' d  

• Switch 

Solution 
Can 

Pressure 

Air 
Supply 

Figure A-I-10.5(b)(D High Expansion Foam Quality Test Generator 
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Capacity: 
208 ,275 ML 

Figure A-l-10.5(b)(2) Drainage Drum for High Expansion 
Foam Expansion and Drainage Test. 

(c) Foam Concentrate Proportioning Systems. Some typical pro- 
portioning systems are shown in NFPA 11, Standard for Foam Ex- 
tinguishing Systems. 
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A-l-10.8 Exposure of the foam concentrate to the atmosphere may 
cause evaporation of some or all components of the concentrate and 
in some cases may cause crusting of the agent. This is exaggerated 
when a tank with a open vent is located in an area where the 
temperature fluctuates. For example, sunlight striking a tank during 
the day will cause the concentrate to expand and some concentrate 
vapors to escape. When the tank cools at night, fresh air will be 
drawn in to replace the lost vapors. Over a period of time the amount 
and the composition of the concentrate ma'y change. This loss can be 
minimized by designing the concentrate tank to include the follow- 
ing: 

(a) An expansion dome which reduces the free surface of the con- 
centrate to an area much smaller than the tank. 

(b) A pressure-vacuum valve which reduces the amount of escap- 
ing vapors and also reduces ~he amount of fresh air entering the 
tank. 

A - l - l l . 2  Resistance of Foam Generators to Fire Exposure. To 
determine its ability to withstand fire exposure from the hazard area, 
a generator, its associated piping and electrical wiring, protected in 
accordance with the manufacturer 's  recommendations, should be 
started and operated after a 5-minute exposure 10 ft (3 m) above a 
50-sq ft (4.65-m 2) gasoline fire using 100 gal (379 L) of fuel. The test 
fire should be shielded to ensure flame impingement on the 
generator. 

A-1-13.1.4 Weekly recorded inspections of high expansion foam 
systems should be made. Items to be checked include the following, 
as applicable: 

Foam Control Room, Including Foam Concentrate Supply 
System: 

(a) Foam concentrate pumps, tanks, and lines checked for leaks or 
damage? Concentrate level in tanks normal? 

(b) Concentrate pumps operating properly? 
(c) All manually operated shutoff valves for the system properly 

positioned and locked? 
(d) Central panel lights operating properly? 
(e) All disconnects in the control panel in ON position? 
(f) Water supply pressure and flow rate normal? 
(g) Batteries fully charged? Liquid level normal? 
(h) Fire alarm and trouble alarms tested? Silence switches in nor- 

mal position? 
(i) All supervised functions checked for proper operation? 
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Electric Foam Generators: 
(j) All disconnect switches in the ON position and locked? 
Sprinkler Water Supply and Alarms: 
(k) Water pressure on sprinkler risers normal? 
(1) Water flow alarms tested? 
(m) All manually operated shutoff valves locked open? 
Protected Area: 
(n) All closures operating properly? 

A-2-3.4 Submergence T ime  N Vulnerabi l i ty  of Structure.  It is 
imperative that the integrity of primary structural members be main- 
tained under fire exposure (which in sprinklered structures normally 
support the sprinkler system). Light unprotected bar joist and other 
similar types of supports are especially vulnerable to damage by fast 
developing fires as compared to that of heavy steel construction. So 
also is heavy unprotected steel framing more vulnerable than fire- 
resistive (concrete) or protected structural members. 

A-2-3.5 Tests with foams of above 400:1 expansion ratio have 
shown that extinguishment times for flammable liquid fires in- 
creased significantly at rates of foam rise less than 3 f t /min (0.9 
m/min).  It is expected that at some expansion ratio below 400:1 
lower rates of foam rise would be adequate, but insufficient tests 
have been conducted to identify this ratio. 

A-2-3.5.1 Sample Calculation of Total Generator Capacity. 

GIVEN: Building S i z e -  100 feet × 200 feet × 30 feet high 
Building C o n s t r u c t i o n - - L i g h t  bar joist, Class I 

steel deck roof, adequately 
vented. Masonry walls 
with all openings clos- 
able. 

Sprinkler P r o t e c t i o n - - W e t  system, 10 feet X 10 
feet spacing. 0.25 gpm/sq 
ft density. 

Occupancy- -Ver t i ca l ly  stacked unbanded rolled 
Kraft paper  25 feet high. 

ASSUME: Fire will open 50 sprinkler heads. Foam leakage 
around closed doors, drains, etc., hence, CL = 1.2. 

CALCULATION: 

Foam Depth 
Depth = 25 X l . l  = 27.5 feet 
(This is greater than min imum cover of 2 feet.) 


