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N O T I C E  

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

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

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

Users of this document should consult applicable federal, state and local laws and regulations. NFPA does 
not, by the publication of this document, intend to urge action that is not in compliance with applicable laws, and 
this document may not be construed as doing so. 

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

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

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

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

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

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

3. Scope of License G r a n t w T h e  terms and conditions set forth above do not extend to the index to this 
document. 

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

Statement on NFPA Procedures 

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

NFPA has no power or authority to police or enforce compliance with the contents of this document, and 
any certification of products stating compliance with requirements of this document is made at the peril of the 
certifier. 
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Erra ta  

NFPA 11 

Low-Expansion Foam 

1994 Edition 

Reference: 3-3.3.2.2, Appendix B, Storage Tank Protection Summary 

The Committee on Foam notes the following error in the 1994 edition of NFPA 11, 
Standard for Low-Expansion Foam: 

1. In 3-3.3.2.2, change the reference in the first and third sentences from "Figure 
3-3.3.2.2" to "Table 3-3.3.1.2". In the second sentence, change the word "figure" 
to "table". The parenthetical reference remains unchanged. Paragraph 3- 
3.3.2.2 now reads as follows: 

3-3.3.2.2 Below-the Seal or Weather Shield System. The design parameters for 
the application of fLxed foam discharge outlets below the seal (or weather shield) 
to protect open-top floating roof tanks shall be in accordance with Table 3-3.3.1.2. 
the requirements given in the table apply to tanks containing hydrocarbons or 
flammable and combustible materials requiring alcohol-resistant foams. The 
required minimum application rates given in Table 3-3.3.1.2 apply unless listings 
for specific products require higher application rates when Type II fixed foam 
discharge outlets are used. (See Figure 3-3.3.2.2.) 

2. An editorial change has been made to Appendix B, Storage Tank Protection 
Summary. A copy of this change is available from the Standards Administration 
Department, NFPA, One Batterymarch Park, Quincy, MA 02269. 

Issue Date: October 2, 1994 

Copyright © 1994 All Rights Reserved 
NATIONAL FIRE PROTECTION ASSOCIATION 

CHARLES S. MORGAN LIBRARY 
NATIONAL FIRE PROTECTION ASSOCIATION 

1 BATTERYMARCH PARK 
QUINCY, MA 02269-9101 
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Appendix  B Storage Tank Protect ion  Summary  

No. of 
Foam 
Outlets 
Required 

Hydrocarbon 
Application 
Rates 

Polar 
Solvent 
Rates 

Hydrocarbon 
Discharge 
Times 
Polar 
Solvents 

No. 
Required 

Hydrocarbon 
Application 
Rates 

Discharge 
Times 

Fixed-Roof (Cone) Tanks and 
Pan- type  Float ing  Roof Tanks 

Up to 80 It (24.4 m) dia. 
81 to 120 it (24.7-36.6 m) dia. 
121 to 140 it (36.9-42.7 m) dia. 
141 to 160 it (43-48.8 m) dia. 
161 to 180 it (49.1-54.9 m) dia. 
181 to 200 it (55.2-61 m) dia. 
Over 201 it (61.3 m) dia. 
(See Table 3-2.3.2.1) 

1 Foam Chamber 
2 Foam Chambers 
3 Foam Chambers 
4 Foam Chambers 
5 Foam Chambers 
6 Foam Chambers 
1 additional for each 
5000 sq it 

0.10 gpm (4.1 L/min) per sq it (sq m) of liquid surface. 
(See Table 3-2.3.2.2) 

See Manufacturer's Approval Report. 

Flash Pt. 100°F-140°F (37.8°C-60°C) 
Flash Pt. below 100°F (37.8°C) 
Crude Petroleum 

Type I 
20 rain 
30 rain 
30 rain 

Type I 30 min 
T~pe II 55 rain 

Not Applicable. 

Not Applicable. 

Not Applicable. 

Type II 
30 rain 
55 min 
55 min 

P o n t o o n  or  Double -Deck  F loat ing  Roof  
Tanks 

(Open-Top or Covered)  Annular  Seal Area 

1 For each 40 it (12.2 m) of circumference 
with a 12-in. (30.5-cm) high foam dam. 

1 For each 80 it (24.4 m) of circumference 
with a 24-in. (61-cm) high foam dam. 

(See 3-3.3.1 and Section 3-4.) 

0.30 gpm (12.2 L/rain) per sq It (sq m) of 
annular ring area between tank wall and foam 
dam. 
(See A-3-2.11.1. ) 
Not covered by NFPA 11. 

20 rain 

(See Section 3-3.) 
Not covered by NFPA 11. 

Mechanical Shoe Seal 
1 - -  For each 130 it (39.6 m) of tank 

circumference (no foam dam required) 
Tube Seal - -  Over 6 in. (15.2 cm) from top of 
seal to top of pontoon with foam outlets under 
metal weather shield or secondary seal. 
1 - -  For each 60 It (18.3 m) of tank 

circumference (no foam dam required) 
Tube seal - -  Less than 6 in. (15.2 cm) from top 
of seal to top of pontoon with foam outlets 
under metal weather shield or secondary 
seal. 
1 - -  For each 60 It (18.3 m) of tank 

circumference [foam dam at least 12 
in. (30.5 cm) high required]. 
(See 3-3.3.3.) 

0.30 gpm (12.2 L/rain) per sq it (sq m) of 
annular ring area with foam dam or with foam 
application under metal weather seal or 
secondary seal. 0.50 gpm (20.4 L/rain) per sq it 
(sq m) for all other applications. 
20 rain - -  with foam dam or under metal 
weather shield or secondar~ seal. 
Not covered by NFPA 11. Polar Not Applicable. 

Solvents 



Storage  T a n k  P r o t e c t i o n  S u m m a r y  (con' t)  

Size 
of Tank 

Hydrocarbon 
Appl ica t ion  
Rates  

Discharge 
Times 

No, 
Recluired 
Hydrocarbon 
Appl ica t ion  
Rates 

Discharge 
Times 

Fixed-Roof  (Cone)  T a n k s  

Monitors for tanks  up to 60 ft (18.3 m) in diameter.  
Hand hoselines for tanks less than  30 ft (9.2 m) in diameter  
and less than  20 ft (6.1 m) high. 
(See 3-2.2.1.) 

0.16 gpm/ft 2 
[(6.5 L/min)/(m 2] 
(See 3-2.2.2, 3-2.2.3, 3-2.2.4.) 

Flash point below 100°F 65 rain 
(37.8°C) 

Flash point 100°F - 140°F 50 rain 
(37.8°C - 60°C) 

Crude Oil 65 rain 
(See 3-2.2.3.) 

Same as table for foam chambers. See above. (See 3-2.4.1, 
3-2.4.2, 3-2.4.2.1.) 
Minimum 0.1 gpm/fL 2 [(4.1 L/min)/m 2] of liquid surface 
Maximum 0.2 gpndft 2 [(8,2 L/min)/m 2] 
Foam velocity from outlet shall not exceed 10 ft per sec (3.05 m 
per  sec) for Class 1B liquids or 20 ft per sec (6.1 m per sec) for 
all other  liquids. 
(See 3-2.4.2, 3-2.4.3.) 
Flash point 100°F (37.8°C) 30 rain 
to 140°F (60°C) 
Flash point below 100 ° (37.8°C) 55 rain 
Crude Petroleum 55 rain 
(See 3-2.4. 3. ) 

Polar Not Recommended. 
Solvents 

For SI units: gpm]ft 2 = 40.746 (L/min)/m2; I ft = 0.305 m; 
I i~ 2 = 0.0929 m2; I in. = 2.54 cm; °C = °F - 32/1.8; 1 i~ per sec = 0.3051 m per sec. 

P o n t o o n  or  Double -Deck  
F l o a t i n g  R o o f  T a n k s  

Monitors not  recommended.  

Handl ines  are suitable for ext inguishment  of 
rim fires in open-top floating roof tanks.  
(See 3-3.4.) 
0.16 gpm/i~ 2 
(6.5 L/minim 2) 
For r im fires in open-top floating roof tanks.  
(See 3-2.2.2, 3-2.2.3, and 3-2.2.4.) 
Use same t imes as for open-top floating roof 
tank  r im fires. 

Not Recommended. 

Not Recommended. 

Not Recommended. 

Not Recommended. 
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NFPA 11 

Standard fo r  

Low-Expansion Foam 

1994 Edition 

This edition of  NFPA 11, Standard for Low-Expansion Foam, was p repared  by the Tech- 
nical Committee on Foam and acted on by the National Fire Protection Association, Inc. 
at its Fall Meeting held November 15-18, 1993, in Phoenix, AZ. It was issued by the 
Standards Council on January  14, 1994, with an effective date of February 11, 1994, and 
supersedes all previous editions. 

The  1994 edition of this document  has been approved by the American National 
Standards Institute. 

Origin and Development of NFPA 11 

NFPA committee activity in this field dates from 1921 when the Committee on Man- 
ufacturing Risks and Special Hazards p repared  standards on foam as a section of the 
general  Standard on Protection of Fire Hazards, Incident to the Use of Volatiles in Manufactur- 
ing Processes. Subsequently the standards were successively under  the jurisdiction of the 
Committee on Manufacturing Hazards and the Committee on Special Extinguishing 
Systems, pr ior  to the present  committee organization. The  present  text supersedes the 
pr ior  editions adopted in 1922, 1926, 1931, 1936, 1942, 1950, 1954, 1959, 1960, 1963, 
1969, 1970, 1972, 1973, 1974, 1975, 1976, and 1978. It also supersedes the 1977 edition 
of NFPA 1 lB. 

The  1983 edition was completely rewritten to include all the material formerly con- 
tained in NFPA 11B, Standard on Synthetic and Combined Agent Systems. A new format was 
used to be consistent with that used in the international foam systems standard.  The 
s tandard was revised in 1988. 

The s tandard was completely rewritten for the 1994 edition to more clearly state the 
requirements  and to separate the mandatory requirements  from the advisory text in an 
effort to make the document  more usable, enforceable, and adoptable.  

11-1 
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11-4 LOW-EXPANSION FOAM 

NFPA 11 

Standard for 

Low-Expansion Foam 
1994 Edit ion 

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

lntormation on referenced publications can be fbund in 
Chapter 8 and Appendix E, 

Foreword 

Fire-fighting foam is an aggregate of  air-filled bubbles 
formed from aqueous solutions and is lower in density than 
flammable liquids. It is used principally to form a cohesive 
floating blanket on flammable and combustible liquids and 
prevents or extinguishes fire by excluding air and cooling 
the fuel. It also prevents reignition by suppressing forma- 
tion of  flammable vapors. It has the proper ty  of adher ing  
to surfaces, which provides a degree  of exposure  protec- 
tion from adjacent fires. 

Foam may be used as a fire prevention,  control, or extin- 
guishing agent  for flammable liquid hazards. Foam tor 
these hazards may be supplied by fixed piped systems or 
portable foam-generat ing systems. Foam may be applied 
through foam discharge outlets, which allow it to fall gen- 
tly on the surface of  the burning fuel. Foam may also be 
applied by portable hose streams using foam nozzles or  
large-capacity monitor  nozzles or subsurface injection 
systems. 

Foam may be supplied by overhead piped systems for 
protection of hazardous occupancies associated with poten- 
tial flammable liquid spills in the proximity of  high-value 
equipment  or for protection of large areas. The  foam used 
for flammable liquid spills is in the form of a spray or dense 
"snowstorm." The  foam particles coalesce on the surface of 
the burning fuel after falling from the overhead foam out- 
lets, which are spaced to cover the entire area at a uniform 
density. For systems required to meet both foam and water 
spray design criteria, see NFPA 16, Standard on the h~stalla- 
tion of Deluge Foam-Water Sprinkler and Foam-Water Spray 
Sy,~tems. 

Large-spill f lammable liquid fires can be fought with 
mobile equipment,  such as an a i rpor t  crash truck or  indus- 
trial foam truck equipped with agent and equipment  capa- 
ble of  generat ing large volumes of foam at high rates. 
Foam for this type of hazard may be delivered as a solid 
stream or in a dispersed pattern. Standards for industrial 
foam trucks include NFPA 1 1C, Standard for Mobile Foam 
Apparatus, and standards for aircraft crash trucks include 
NFPA 414, Standard ,for Aircraft Rescue and Fire Fighting 
Vehicles. 

Foam does not break down readily and, when applied at 
an adequate  rate, has the ability to extinguish fire progres-  
sively. As application continues, foam flows easily across the 
burning surface in the form of a tight blanket,  preventing 
reignition on the surfaces already extinguished. 

Foam is not suitable for three-dimensional  flowing liquid 
fuel fires or for gas fires. 

Chapter 1 General 

1-1 Scope. This s tandard  covers the characteristics of  
foam-producing materials used for fire protection and the 
requirements  for the design, installation, operation,  test- 
ing, and maintenance of equipment  and systems, for flam- 
mable and combust ible  liquid hazards  and local areas 
within buildings, and storage tanks and indoor  and out- 
door  processing areas. 

It is not the intent of this s tandard to specify where foam 
protection is required.  To determine  where foam protec- 
tion is required,  see applicable standards such as NFPA 30, 
Flammable and Combustible Liquids Code. 

Foam can be applied to protect the surface of a flamma- 
ble liquid that is not burning.  The  foam concentrate man- 
ufacturer  shall be consulted to determine  the opt imum 
method of  application, rate of discharge, application den- 
sity, and frequency of reapplication required to establish 
and maintain the integrity of" the foam blanket. 

This s tandard is not applicable to the following types of 
systems: 

(a) Chemical foams and systems (considered obsolete), 
(b) Foam-water deluge sprinkler  or spray systems, 
(c) Foam-water closed-head sprinkler systems, 
(d) Combined agent systems, 
(e) Mobile foam apparatus,  
(f) Medium- and high-expansion foam systems. 

1-2 Purpose.  This s tandard is intended for the use and 
guidance of those responsible for designing, installing, test- 
ing, inspecting, approving,  listing, operating,  or  maintain- 
ing fixed, semifixed, or portable foam fire extinguishing 
systems for interior  or exterior  hazards. Nothing in this 
s tandard is in tended to restrict new technologies or alter- 
native a r rangements ,  p rovided  the level of safety pre-  
scribed by the s tandard is not lowered. 

1-3 Units.  Metric units of measurement  in this s tandard 
are in accordance with the modern ized  metric system 
known as the International  System of  Units (SI). The liter 
unit, which is not part  of  but  is recognized by SI, is com- 
monly used in international  fire protection. Conversion 
factors for this unit are found in Table 1-3. 

Table 1-3 

Name of Unit Unit Symbol Conversion Factor 

liter L 1 gal ~ 3.785 L 
liter per minute (L/min)/m 2 1 gpm/ft = 40.746 

per square meter (L/min)/m=' 
cubic decimeter dtn :~ 1 gal = 3.785 dm :~ 
pascal Pa 1 psi = 6894.757 Pa 
bar bar 1 psi = 0.0689 bar 
bar bar 1 bar = 10" Pa 
kilopascal kPa 1 psi = 6.895 kPa 

For additional conversions and intormation, see ASTM E380, Standard for 
Metric Pmctwe. 

1-4 Definitions. 

Air-Aspirating Discharge Devices. These devices are 
specially designed to aspirate and mix air into the foam 
solution to generate foam. The foam then is discharged in 
a specific design pattern.  
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Approved. Acceptable to the authority having juris- 
diction. 

NOTE: The National Fire Protection Association does not 
approve, inspect, or certify any installations, procedures, 
equipment, or materials; nor does it approve or evaluate 
testing laboratories. In determining the acceptability of 
installations, procedures, equipment, or materials, the 
authority having jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In the 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure, or use. The 
authority having jurisdiction may also refer to the listings or 
labeling practices of an organization concerned with prod- 
uct evaluations that is in a position to determine compliance 
with appropriate standards for the current production of 
listed items. 

Authority Having Jurisdiction. The organizat ion,  
office, or individual responsible for approving equipment,  
an installation, or a procedure. 

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 having juris- 
diction 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, or 
health department; building official; electrical inspector; or 
others having statutory authority. For insurance purposes, 
an insurance inspection department, rating bureau, or 
other insurance company representative may be the 
authority having jurisdiction. In many circumstances, the 
property owner or his or her designated agent assumes the 
role of the authority having jurisdiction; at government 
installations, the commanding officer or departmental offi- 
cial may be the authority having jurisdiction. 

Concentration, The percent of foam concentrate con- 
tained in a foam solution. The type of foam concentrate 
used determines the percentage of concentration required. 
A 3 percent foam concentrate is mixed in the ratio of 97 
parts water to 3 parts foam concentrate to make foam solu- 
tion. A 6 percent concentrate is mixed with 94 parts water 
to 6 parts foam concentrate. 

Discharge Device. A fixed, semifixed, or portable 
device that directs the flow of foam to the fire or flamma- 
ble liquid surface. 

Eductor (Inductor).* A device that uses the Venturi 
principle to introduce a proportionate quantity of foam 
concentrate into a water stream. The pressure at the throat 
is below atmospheric pressure and will draw in liquid from 
atmospheric storage. 

Expansion. The ratio of final foam volume to original 
foam solution volume. 

Fixed Foam Discharge Outlet. A device permanently 
attached to a tank, dike, or other containment  structure, 
designed to introduce foam. 

Fixed Monitor (Cannon). A device that delivers a large 
foam stream and is mounted on a stationary support that 
either is elevated or is at grade. The monitor can be fed 
solution by permanent  piping or hose. 

Flammable and Combustible Liquids. Flammable liq- 
uids shall be or shall include any liquids having a flash 
point below 100°F (37.8°C) and having a vapor pressure 

not exceeding 40 psi (276 kPa) (absolute) at 100°F (37.8°C). 
Flammable liquids shall be subdivided as follows: 

(a) Class I liquids shall include those having flash points 
below 100°F (37.8°C) and shall be subdivided as follows: 

1. Class IA liquids shall include those having flash 
points below 73°F (22.8°C) and having a boiling point 
below 100°F (37.8°C). 

2. Class IB liquids shall include those having flash 
points below 73°F (22.8°C) and having a boiling point 
above 100°F (37.8°C). 

3. Class IC liquids shall include those having flash 
points at or above 73°F (22.8°C) and below 100°F (37.8°C). 

Combustible liquids shall be or shall include any liquids 
having a flash point at or above 100°F (37.8°C). They shall 
be subdivided as follows: 

(a) Class II liquids shall include those having flash 
points at or above 100°F (37.8°C) and below 140°F (60°C). 

(b) Class IIIA liquids shall include those having flash 
points at or above 140°F (60°C) and below 200°F (93.3°C). 

(c) Class IIIB liquids shall include those having flash 
points at or above 200°F (93.3°C). 

Foam. Fire-fighting foam, within the scope of this stan- 
dard, is a stable aggregation of small bubbles of lower den- 
sity than oil or water that exhibits a tenacity for covering 
horizontal surfaces. Air foam is made by mixing air into a 
water solution containing a foam concentrate by means of 
suitably designed equipment. It flows freely over a burn ing  
liquid surface and forms a tough, air-excluding, continu- 
ous blanket that seals volatile combustible vapors from 
access to air. It resists disruption from wind and draft or 
heat and flame attack and is capable of resealing in case of 
mechanical rupture.  Fire-fighting foams retain these prop- 
erties for relatively long periods of time. Foams also are 
defined by expansion and are arbitrarily subdivided into 
three ranges of expansion.  These ranges cor respond 
broadly to certain types of usage described below. The 
three ranges are: 

(a) Low-expansion foam --  expansion up to 20, 
(b) Medium-expansion foam -- expansion 20-200, and 
(c) High-expansion foam --  expansion 200-1000. 

Foam Chamber. See Fixed Foam Discharge Outlet. 

Foam Concentrate. Foam concentrate  is a concen- 
trated liquid foaming agent as received from the manufac- 
turer. For the purpose of this document,  "foam concen- 
trate" and "concentrate" are used interchangeably. 

(a) Protein-Foam Concentrates. Protein-foam concen- 
trates consist primarily of products from a protein hydroly- 
sate, plus stabilizing additives and inbibitors to protect 
against freezing, to prevent corrosion of equipment  and 
containers, to resist bacterial decomposition, to control 
viscosity, and to otherwise ensure readiness for use under  
emergency conditions. They are diluted with water to form 3 
percent to 6 percent solutions depending on the type, These 
concentrates are compatible with certain dry chemicals. 

(b) Fluoroprotein-Foam Concentrates. Fluoroprotein-foam 
concentrates are very similar to protein-foam concentrates 
as described above, but  with a synthetic f luorinated surfac- 
tant additive. In addition to an air-excluding foam blanket, 
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they also can-deposit a vaporization-preventing film on the 
surface of a liquid fuel. They are diluted with water to form 3 
percent to 6 percent solutions depending on the type. These 
concentrates are compatible with certain dry chemicals. 

(c) Synthetic-Foam Concentrates. Synthetic-foam concen- 
trates are based on foaming agents other than hydrolyzed 
proteins and include: 

1. Aqueous Film-Forming Foam (AFFF) Concentrates. 
These concentrates are based on fluorinated surfactants 
plus foam stabilizers and usually diluted with water to a 3 
percent or 6 percent solution. The foam formed acts as a 
barrier both to exclude air or oxygen and to develop an 
aqueous film on the fuel surface capable of suppressing the 
evolution of fuel vapors. The foam produced with AFFF 
concentrate is dry chemical compatible and thus is suitable 
for combined use with dry chemicals. 

2. Medium- and High-Expansion Foam Concentrates 
(usually derived from hydrocarbon surfactants). These 
concentrates are used in specially designed equipment  to 
produce foams having foam-to-solution volume ratios of 
20:1 to approximately 1000:1. This equipment  can be air- 
aspirating or blower-fan type. Guidance for the use of 
these materials is provided in NFPA 11A, Standard for 
Medium- and High-Expansion Foam Systems. 

3. Other Synthetic Foam Concentrates. Other synthetic 
foam concentrates also are based on hydrocarbon surface 
active agents and are listed as wetting agents, foaming 
agents, or both. In general, their use is limited to portable 
nozzle foam application for spill fires within the scope of 
their listings. The appropriate listings shall be consulted to 
de termine  proper  application rates and methods. (See 
NFPA 18, Standard on Wetting Agents.) 

(d) Film-Forming Fluoroprotein (FFFP) Foam Concentrates. 
These concentrates use fluorinated surfactants to produce 
a fluid aqueous film for suppressing hydrocarbon fuel 
vapors. This type of foam utilizes a protein base plus stabi- 
lizing additives and inhibitors to protect against freezing, 
corrosion, and bacterial decomposition, and it also resists 
fuel pickup. The foam is usually diluted with water to a 3 
or 6 percent solution and is dry chemical compatible. 

(e) Alcohol-Resistant Foam Concentrates. These concen- 
trates are used for fighting fires on water-soluble materials 
and other fuels destructive to regular, AFFF, or FFFP 
fbams, as well as for fires involving hydrocarbons. There 
are three general types. One is based on water-soluble nat- 
ural polymers, such as protein or fluoroprotein concen- 
trates, and also contains alcohol-insoluble materials that 
precipitate as an insoluble barrier in the bubble structure. 

The second type is based on synthetic concentrates and 
contains a gelling agent that surrounds the foam bubbles 
and forms a protective raft on the surface of water-soluble 
fuels; these foams can also have film-forming characteris- 
tics on hydrocarbon fuels. The third type is based on both 
water-soluble natural polymers, such as fluoroprotein, and 
contains a gelling agent that protects the foam from water- 
soluble fuels. This foam can also have film-forming and 
f l u o r o p r o t e i n  charac ter is t ics  on h y d r o c a r b o n  fuels. 
Alcohol-resistant foam concentrates are generally used in 
concentrations of 3 to 10 percent solutions, depending on 
the nature of the hazard to be protected and the type of 
concentrate. 

Foam-Generating Methods.* The methods of genera- 
tion of air foam recognized in this standard include: 

(a) Foam Hose Stream. A foam stream from a handline. 

(b) Foam Nozzles or Fixed Foam Makers. A specially 
designed hose line nozzle or fixed foam maker designed to 
aspirate air that is connected to a supply of foam solution. 
They are constructed so that one or several streams of 
foam solution issue into a space with free access to air. Part 
of the energy of the liquid is used to aspirate air into the 
stream, and turbulence downstream of this point creates a 
stable foam capable of being directed to the hazard being 
protected. Various types of devices can be installed at the 
end of the nozzle to cause the foam to issue in a wide pat- 
tern or a compacted stream. 

(c) Pressure Foam Maker (High Back-Pressure or Forcing 
Type). A foam maker utilizing the Venturi principle for 
aspirating air into a stream of foam solution forms foam 
under  pressure. Sufficient velocity energy is conserved in 
this device so that the resulting foam can be conducted 
through piping or hoses to the hazard being protected. 

(d) Foam Monitor Stream. A large-capacity foam stream 
from a nozzle that is supported in position and can be 
directed by one person. 

Foam Solution. A homogeneous mixture of water and 
foam concentrate in the proper proportions. For the pur- 
pose of this document,  "foam solution" and "solution" are 
used interchangeably. 

Handl ine .  A hose and nozzle that can be held and 
directed by hand. The nozzle reaction usually limits the 
solution flow to about 300 gpm (1135 L/min). 

Labeled. Equipment or materials to which has been 
attached a label, symbol, or other identifying mark of an 
organization that is acceptable to the authority having 
jurisdiction and concerned with product evaluation that 
maintains periodic inspection of product ion of labeled 
equipment  or materials and by whose labeling the manu- 
facturer indicates compliance with appropriate standards 
or performance in a specified manner.  

Listed. Equipment or materials included in a list pub- 
lished by an organization acceptable to the authority hav- 
ing jurisdiction and concerned with product evaluation 
that maintains periodic inspection of production of listed 
equipment  or materials and whose listing states either that 
the equipment  or material meets appropriate standards or 
has been tested and found suitable for use in a specified 
manner.  

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

Non-Air-Aspirating Discharge Devices. These devices 
are designed to provide a specific water discharge pattern. 
When discharging AFFF or FFFP solution, they generate 
an effective AFFF or FFFP with a discharge pattern similar 
to the water discharge pattern. 

Portable Monitor (Cannon). A device that delivers a 
foam monitor stream and is mounted on a movable sup- 
port or wheels so it can be transported to the fire scene. 
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Premixed Foam Solution. Premixed solution is pro- 
duced by introducing a measured amount  of foam concen- 
trate into a given amount  of water in a storage tank. 

Proportioning. Proportioning is the continuous intro- 
duction of foam concentrate at the recommended ratio 
into the water stream to form fi)am solution. 

Proportioning Methods for Air Foam Systems.* The 
methods of proport ioning used to create the proper solu- 
tion of water and foam liquid concentrate recognized by 
this standard include the following: 

(a) Coupled l~},ter-Motor Pump. A suitably designed pos- 
itive displacement pump in the water supply line is cou- 
pled to a second, smaller, positive displacement foam con- 
centrate pump to provide proportioning. 

(b) Foam Nozzle Eductor. A suitably designed Venturi 
with "pickup tube" is included in the foam nozzle construc- 
tion so that foam liquid concentrate is drawn up through a 
short length of pipe or flexible tubing connecting the foam 
nozzle with the container of foam concentrate. The concen- 
trate is thus automatically mixed with the water in recom- 
mended proportions. 

(c) ln-line Eductor.* A Venturi  eductor is located in the 
water supply line to the foam maker. The eductor is con- 
nected by single or multiple lines to the source of foam 
concentrate. It is precalibrated, and it may be adjustable. 

(d) Metered Proportioning.* A separate foam concen- 
trate pump is used to inject foam concentrate into the 
water stream. Orifices or Venturis, or both, control or mea- 
sure the proportion of water to foam concentrate. Either 
manual or automatic adjustment of foam concentrate injec- 
tion by pressure or flow control can be utilized. Another 
type of proport ioning uses a pump or diaphragm tank to 
balance the pressure of the water and the concentrate. 
Variable orifices proportion automatically through a wide 
range of solution requirements. 

(e) Pressure Proportioning Tank.* A suitable method is 
provided for displacing foam concentrate from a closed 
tank by water (with or without a diaphragm separator), 
using water flow through a Venturi orifice. 

(f) Pump Proportioner (Around-the-Pump Proportioner).* 
The pressure drop between the discharge and suction side 
of the water pump of the system is used to induct foam 
concentrate into water by suitable variable or fixed orifices 
connected to a Venturi inductor in a bypass between the 
pump suction and the pump discharge. 

Semisubsurface Foam Injection. Discharge of foam at 
the liquid surface within a storage tank from a floating hose 
that rises from a piped container near the tank bottom. 

Subsurface Foam Injection. Discharge of foam into a 
storage tank from an outlet near the tank bottom. 

Type I Discharge Outlet.* An approved discharge out- 
let that conducts and delivers tbam gently onto the liquid 
surface without submergence of the foam or agitation of 
the surface. 

Type II Discharge Outlet. An approved discharge out- 
let that does not deliver foam gently onto the liquid surface 
but is designed to lessen submergence of the foam and agi- 
tation of the surface. 

Chapter 2 System Components and System Types 

2-1 General. 

2-1.1 A foam system consists of a water supply, a foam 
concentrate supply, proportioning equipment, a piping sys- 
tem, foam makers, and discharge devices designed to distrib- 
ute foam effectively over the hazard. Some systems include 
detection devices. This chapter provides requirements for the 
correct use of these foam system components. 

2-1.2 All components shall be listed for their intended use. 

Exception: Where listing~ for components do not exist, compo- 
nents shall be approved. 

2-2 Water Supplies. 

2-2.1 Water Supplies, Including Premix Solution. 

2-2.1.1 Quality. The water supply to foam systems can 
be hard or soft, fresh or salt, but shall be of suitable quality so 
that adverse effects on toam formation or tbam stability do 
not occur. No corrosion inhibitors, emulsion breaking chem- 
icals, or any other additives shall be present without prior 
consultation with the foam concentrate supplier. 

2-2.1.2" Quantity.  The water supply shall be adequate in 
quantity to supply all the devices that might be used simulta- 
neously for the specified time. This includes not only the vol- 
ume required for the loam apparatus but also water that 
might be used in other fire-fighting operations, in addition to 
the normal plant requirements. Premixed solution-type sys- 
tems need not be provided with a continuous water supply. 

2-2.1.3 Pressure. The pressure available at the inlet to 
the foam system (foam generator, air foam maker, etc.) 
under  required flow conditions shall be at least the mini- 
mum pressure for which the system has been designed. 

2-2.1.4 T e m p e r a t u r e .  O p t i m u m  toam produc t ion  is 
obtained using water at temperatures between 40°F (4°C) 
and 100°F (37.8°C). Higher or lower water temperatures 
can reduce foam efficiency. 

2-2.1.5 Design. The water system shall be designed and 
installed in accordance with NFPA 24, Standard for the 
Installation of Private Fire Service Mains and Their Appurte- 
nances. Where solids of sufficient size to obstruct openings 
or damage the foam equipment  might be present, strainers 
shall be provided. Hydrants furnishing the water supply 
for foam equipment  shall be provided in sufficient number  
and shall be located as required by the authority having 
jurisdiction. 

2-2.1.6 Storage. Water supply or premixed solution shall 
be protected against freezing in climates where freezing 
temperatures can be expected. 

2-2.2 Water Pumps. When water pumps are required 
for foam system operation, they shall be designed and 
installed in accordance with NFPA 20, Standard for the 
Installation of Centrifugal Fire Pumps. 

2-3 Foam Concentrates. 

2-3.1 Types of Foam Concentrate. Foam concentrate 
shall be listed. The concentrate used in a foam system shall 
be acceptable fbr use on the specific flammable or combus- 
tible liquid to be protected. Some concentrates are suitable 
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for use both on hydrocarbon fuels and on water-miscible or 
polar  fuels and solvents. The  limitations of the listing and 
the manufacturer 's  specifications shall be followed. 

2-3.1.1 Foam concentrates for protection of hydrocarbon 
fuels shall be one of  the following types: 

(a) Protein, 
(b) Fluoroprotein,  
(c) Aqueous fi lm-forming foam (AFFF), 
(d) Film-forming f luoroprotein (FFFP), 
(e) Mcohol-resistant,  or 
(f) Others listed for this purpose.  

2-3.1.2 Water-miscible and polar  flammable or combusti- 
ble liquids shall be protected by alcohol-resistant concen- 
trates listed for this purpose.  

2-3.2 Concentrate Storage. 

2-3.2.1 Storage Facilities. Foam concentrates and equip- 
ment  shall be stored in an accessible location not exposed 
to the hazard they protect. I f  housed, they shall be in a 
noncombustible structure. For outdoor  nonautomatic sys- 
tems, the author i ty  having jur isdict ion may permit  the 
storage of foam concentrate  in a location off premises 
where these supplies are available at all times. Adequate 
loading and t ransportat ion facilities shall be ensured. Off- 
premises supplies shall be of  the p rope r  type for use in the 
systems of  the given installation. At the time of a fire, these 
off-premises supplies shall be accumulated in sufficient 
quantities, before placing the equipment  in operat ion,  to 
ensure un in te r rup ted  foam product ion at the design rate 
for the required per iod of  time. 

2-3.2.2" Quanti ty.  The  amount  of  concentrate shall be at 
least sufficient for the largest single hazard protected or 
group of  hazards that are to be protected simultaneously. 

2-3.2.3 Foam Concentrate Storage Tanks. Bulk liquid 
storage tanks shall be fabricated from or be lined with 
materials compatible with the concentrate. 

2-3.2.4 Storage Conditions. In o rder  to ensure the cor- 
rect operat ion of  any foam-producing system, the chemical 
and physical characteristics of the materials comprising the 
system shall be taken into consideration in design. Since 
such systems might or might not be opera ted  for long peri- 
ods after installation, the choice of  p roper  storage condi- 
tions and maintenance methods  largely determines  the 
reliability and the degree  of  excellence of  system operat ion 
when they are put  into service. 

2-3.2.4.1" Foam concentrates are subject to freezing and 
to deter iorat ion from prolonged storage at high tempera-  
tures and shall be stored within the listed tempera ture  lim- 
itations. They might be stored in the containers in which 
they are t ranspor ted or might be transferred into large 
bulk storage tanks, depend ing  on the requirements  of  the 
system. The location of stored containers requires special 
consideration to protect  against exterior  deter iorat ion due 
to rusting or  other  causes. Bulk storage containers also 
require special design consideration to minimize the liquid 
surface in contact with air. Clear markings shall be pro- 
vided on storage vessels to identify the type of concentrate 
and its intended concentration in solution. 

2-3.2.5 Foam Concentrate Supply. 

2-3.2.5.1 Foam Concentrate Consumption Rates. The  
consumption rates shall be based on the percentage con- 
centrate used in the system design (e.g., 3 percent  or 6 
percent  or other, if so listed or approved by the authority 
having jurisdiction). 

2-3.2.5.2 Reserve Supply of  Foam Concentrate. There  
shall be a readily available reserve supply of foam concen- 
trate sufficient to meet design requirements  in o rder  to put  
the system back into service after operation.  This supply 
can be in separate tanks or compartments ,  in drums or 
cans on the premises, or available from an approved out- 
side source within 24 hours. 

2-3.2.6 Auxiliary Supplies. Other  equipment  that might 
be necessary to recommission the system, such as bottles of 
ni trogen or carbon dioxide for premix systems, also shall 
be readily available. 

2-4 Concentrate Compatibility. 

2-4.1 Compatibility of  Foam Concentrates. Different 
types and brands of concentrates and solutions might be 
incompatible and shall not be mixed in storage. Foams 
generated separately from protein, f luoroprotein,  FFFP, 
and AFFF concentrates can be applied to a fire in sequence 
or simultaneously. 

2-4.2 Foam Compatibility with Dry Chemical Agents. 
Some expanded  foam might not be compatible with all dry 
chemical agents. The  manufacturers of  the dry chemical 
and foam concentrate to be used in the system shall con- 
firm that their products  are mutually compatible. Where 
used, limitations imposed on either of the agents alone 
shall be applied. 

2-5 Foam Proportioning. The method of  foam propor-  
t ioning shall conform to one of the following: 

(a) Foam nozzle eductor,  
(b) In-line eductor,  
(c) Pressure proport ioners ,  
(d) Around- the-pump proport ioners ,  
(e) Direct pumping  proport ioners ,  
(f) Metered proport ioning,  or 
(g) Balanced pressure proport ioners .  

2-6* Foam Concentrate Pumps. 

2-6.1 The  design and materials of construction for foam 
concentrate pumps shall be suitable for use with the type of 
foam concentrate used in the system. Special attention shall 
be paid to the type of  seal or packing used. 

2-6.1.1 Where  pumps utilizing cast or ductile iron com- 
ponents are used, the pumps shall be left flooded with con- 
centrate to minimize corrosion, foaming, or sticking. 

2-6.2 Foam concentrate pumps shall have adequate capaci- 
ties to meet the maximum system demand. To ensure posi- 
tive injection of concentrates, the discharge pressure ratings 
of pumps at the design discharge capacity shall be in excess 
of the maximum water pressure available under  any condi- 
tion at the point of concentration injection. 
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2-7 Piping. 

2-7.1 Pipe Materials.  Pipe within the hazard area shall 
be of steel or o ther  alloy suitable for the pressure and tem- 
pera ture  involved. Steel pipe shall not be less than stan- 
dard  weight (Schedule 40 through nominal  12 in. diame- 
ter). Steel pipe shall conform to ASTM A135, A53, or A795. 
Pipe outside the hazard area shall conform to the materials 
allowed by NFPA 24, Standard for the Installation of Private 
Fire Service Mains and Their Appurtenances. Where exposed 
to corrosive influences, the piping shall be corrosion resis- 
tant or protected against corrosion, 

Exception: Lightweight pipe [Schedule 10 in nominal sizes 
through 5 in.; 0.134 in. (3.40 mm) wall thickness for 6 in.; and 
0.188 in. (4.78 ram) wall thickness for 8 in. and 10 in.] shall be 
permitted to be used in areas where fire exposure is improbable. 
Selection of pipe wall thickness shall anticipate internal pressure, 
internal and external pipe wall corrosion, and mechanical bend- 
ing requirements. 

2-7.1.1 Foam System Piping. Galvanized pipe shall be 
used for normally noncorrosive atmospheres.  Corrosive 
atmospheres might require  other  coatings. Pipe carrying 
foam concentrate shall not be galvanized. Piping in con- 
stant contact with foam concentrates shall be constructed of  
material compatible with and not affected by the concen- 
trate. Piping in constant contact with foam concentrate 
shall not have a detr imental  effect on the foam concentrate.  

2-7.1.1.1 For the purpose  of  comput ing friction loss in 
foam solution piping, the following C factors shall be used 
for the Hazen and Williams formula: 

Black steel or unlined cast iron pipe 100 
Glavanized steel pipe 120 
Asbestos-cement or cement-l ined cast iron pipe 140 

2-7.2 All pipe fittings shall be in accordance with ANSI 
B16.1, Cast Iron Pipe Flanges and Flanged Fittings; B16.3, 
Malleable Iron Threaded Fittings; B16.4, Gray Iron Threaded 
Fittings; B16.5, Pipe Flanges and Flanged Fittings; B16.9, 
Factory-Made Wrought Steel Buttwelding Fittings; B16.11, 
Forgecl Fittings, Socket-Welding and Threaded; B16.25, 
Buttwelding Ends; or ASTM A234, Standard Specification for 
Piping Fittings of Wrought Carbon Steel and Allo~ Steel for Mod- 
erate and Elevated Temperatures. Fittings shall not be less 
than s tandard weight. Cast iron fittings shall not be used 
where dry sections of piping are exposed to possible fire or 
where fittings are subject to stress in self-supporting sys- 
tems. 

2-7.2.1 Rubber or  elastomeric-gasketed fittings shall not 
be used in fire-exposed areas unless the foam system is 
automatically actuated. 

2-7.2.2 Galvanized fittings shall be used for normal ly  
noncorrosive atmospheres.  Corrosive atmospheres  might 
require  other  coatings. Fittings carrying foam concentrate 
shall not be galvanized. 

2-7.3 Jo in ing  of  Pipes and Fittings. Pipe threading shall 
be in conformance with ANSI B 1.20.1, Pipe Threads. Dimen- 
sions of cut- and roll-grooves and outside diameters of piping 
materials shall conform to the manufacturers'  recommenda- 
tions and the approval laboratories' certifications. 

2-7.3.1" Welding practices shall conform to the require- 
ments of AWS D10.9, Standard for the Qualification of Weld- 
ing Procedures and Welders for Piping and Tubing. Special 

care shall be taken to ensure that the openings are fully cut 
out and that no obstructions remain in the waterway. 

2-7.3.2 Care shall be taken to ensure that no galvanic cor- 
rosion can occur between piping and fittings. 

2-7.4 Strainers.  Where solids of sufficient size might be 
present  to obstruct openings in foam equipment,  approved 
strainers shall be used. The ratio of  the strainer's open bas- 
ket area to its inlet pipe area shall be at least 10 to 1. 

2-7.5* Valves. All valves for water and foam solution 
lines shall be of  the indicator type, such as OS & Y or post 
indicator. Valve specifications normal  for water use shall be 
permit ted outside the hazard or diked area. Inside the haz- 
ard or diked area, automatic control valves and shutoff 
valves shall be of steel or other  alloy capable of  withstand- 
ing exposure  to expected fire temperatures.  

2-7.5.1 All valves required for automatic foam systems 
shall be supervised in their  normal  operat ing position by 
one of the following methods: 

(a) Electrical, in accordance with NFPA 72, National Fire 
Alarnl Code, 

(b) Locked, 
(c) Sealed. 

2-8 System Types.  There  are four basic types of systems: 

(a) Fixed, 
(b) Semifixed, 
(c) Mobile, 
(d) Portable. 

2-8.1 Fixed Systems. These systems are complete instal- 
lations in which foam is p iped from a central foam station, 
discharging through fixed delivery outlets to the hazard to 
be p ro t ec t ed .  Any r e q u i r e d  p u m p s  are  p e r m a n e n t l y  
installed. 

2-8.2 Semifixed Systems. These systems are the type in 
which the hazard is equipped with fixed discharge outlets 
connected to piping that terminates at a safe distance. The 
fixed piping installation might or might not include a foam 
maker.  Necessary foam-produc ing  materials  are trans- 
por ted  to the scene after the fire starts and are connected 
to the piping. 

2-8.3 Mobile Systems. These systems include any foam- 
producing  unit  that is mounted  on wheels and that is sell: 
propel led or towed by a vehicle. These units can be con- 
nected to a suitable water supply or can utilize a premixed 
foam solution. For mobile systems, see NFPA 11C, Standard 
for Mobile Foam Apparatus. 

2-8.4 Portable Systems. These systems are the type in 
which the foam-producing equipment  and materials, hose, 
etc., are t ranspor ted by hand. 

2-9 Operation and Control of Systems. 

2-9.1 Methods  of  Actuat ion.  Systems can be actuated 
automatically or  manually. All systems shall have provi- 
sions for manual  actuation. 

2-9.2 Automatically Actuated Systems. 

2-9.2.1 An automatic system is one that is activated by 
automatic detection equipment.  
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2-9.2.2 O p e r a t i o n  shall  be c o n t r o l l e d  by l i s ted  o r  
approved  mechanical, electrical, hydraulic,  or pneumatic  
means. Where operat ion is automatic, an adequate  and 
reliable source of  energy shall be used. The need for an 
al ternate power supply shall be de te rmined  by the author-  
ity having jurisdiction. 

2-9.2.3 Automatic detection equipment ,  whether  pneu- 
matic, hydraulic,  or  electric, shall be provided with super-  
vision a r ranged  so that failure of  equipment  or  loss of" 
supervising air pressure or  loss of  electric energy results in 
positive notification of the abnormal  condition. See appli- 
cable sections of" NFPA 72, National Fire Alarm Code. 

Exception: Small .~stems for localized hazards shall be permitted 
to be unsupervised, subject to approval of the authority having 
jurisdiction. 

2-9.2.4 Electric automatic detection equipment  and any 
auxiliary electric equipment ,  if in hazardous areas, shall be 
designed expressly for use in such areas. See NFPA 70, 
National Electrical Code '~, Article 500 and other  articles in 
Chapter  5. 

2-9.2.5 In some cases, it shall be permit ted to ar range the 
system to shut off automatically after a p rede t e rmined  
o p e r a t i n g  t ime. This  f ea tu re  shall  be subject  to the  
approval  of  the authori ty having jurisdiction.  Where auto- 
matic shu tdown is requ i red ,  an a larm condi t ion  shall 
remain until manually reset. 

2-9.2.6 The  detection system shall activate a local alarm 
as well as an alarm at a constantly a t tended location. These 
alarms also shall be actuated when the system is opera ted  
manually. 

2-9.3 Manual ly Actuated Systems. Controls for manually 
actuated systems shall be located in an accessible place suf- 
ficiently removed from the hazard zone to permit  them to 
be opera ted  safely in an emergency,  yet close enough to 
ensure opera tor  knowledge of fire conditions. The  location 
and purposes of the controls shall be indicated plainly and 
shall be related to the operat ing instructions. 

2-9.4 Equipment.  All operat ing devices shall be suitable 
for the service conditions they encounter.  They shall not be 
readily rendered  inoperative, or be susceptible to inadvert-  
ent operation,  by environmental  factors such as high or 
low temperature ,  a tmospheric  humidity or pollution, or 
marine conditions. Such systems shall have means for man- 
ual actuation. 

Chapter 3 System Design 

3-1" Types of Hazards. This chapter  covers design infor- 
mation for the use of  foam to protect  ou tdoor  storage 
tanks, interior  flammable liquid hazards, loading racks, 
diked areas, and' non-diked spill areas. 

3-2* Outdoor Fixed-Roof (Cone) Tanks. Within the 
scope of this s tandard,  f ixed-roof (cone) tanks are defined 
as vertical cylindrical tanks with a fixed roof designed as a 
conical section and that comply with the requirements  set 
forth in NFPA 30, Flammable and Combustible Liquids Code 
(paragraph 2-2.3.1). Typically, these tanks have a weak 
seam at the junction of the vertical side and roof. In the 
event of an internal explosion, the seam usually parts: the 
roof  blows off, leaving the shell intact to retain the tank 

contents. The  resulting fire involves the entire exposed 
surface of  the product .  

3-2.1 Methods of  Protect ion.  The  following methods for 
protect ing exter ior  f ixed-roof tanks are included within 
this section: 

(a) Foam monitors and handlines, 
(b) Surface application with fixed loam discharge outlets, 
(c) Subsurf~ace application, 
(d) Semisubsurface injection methods. 
This list of methods shall not be considered to be in any 

order  of  preference. 

3-2.1.1 Supplementary Protection. In addi t ion to the 
pr imary means of  protection, there shall be provisions for 
supplementary  protection in accordance with the require- 
ments found in Section 3-9. 

3-2.1.2 Basis of  Design. System design shall be based on 
protect ing the tank requir ing the largest foam solution 
flow. including supplementary hose streams. 

3-2.1.3" Limitat ions.  The requirements  provided in this 
section are based on extrapolations of test experience and 
appropr ia te  listings and reflect the limitations known to 
date. 

Foam can fail to seal against the tank shell as a result of  
prolonged free burning pr ior  to agent discharge. If  ade- 
quate water supplies are available, cooling of the tank shell 
is recommended.  

Fixed outlets shall not be used to protect horizontal or 
pressure tanks. 

3-2.2 Design Criteria for Foam Monitors and Handlines. 

3-2.2.1 Limitat ions.  Monitor nozzles shall not be consid- 
ered as the pr imary means of protection for f ixed-roof 
tanks over 60 ft (18 m) in diameter.  Foam handlines shall 
not be considered as the pr imary means of protection for 
f ixed-roof tanks over 30 ft (9 m) in diameter  or those over 
20 ft (6 m) in height. 

3-2.2.2 Foam Application Rates.  The  specified mini- 
mum delivery rate for pr imary protection is based on the 
assumption that all the foam reaches the area being pro- 
tected. In determining actual solution flow requirements,  
consideration shall be given to potential foam losses from 
wind and other  factors. 

3-2.2.3* The design parameters  for the use of monitors 
and handline nozzles to protect tanks containing hydrocar-  
bons shall be in accordance with "Fable 3-2.2.3. 

3-2.2.4* Tanks Containing Flammable and Combustible 
Liquids Requiring Alcohol-Resistant Foams. Water- 
soluble and certain flammable and combustible liquids and 
polar  solvents that are destructive to regular  (nonalcohol- 
resistant) foams require the use of alcohol-resistant foams. 
In genera l ,  a lcohol - res i s tan t  foams can be effectively 
applied through foam monitor  or foam hose streams to 
spill fires of these liquids when the liquid depth does not 
exceed 1 in. (25 mm). For liquids of greater  depth,  moni- 
tor and foam hose streams shall be limited for use with 
special alcohol-resistant foams listed and/or  approved  for 
the purpose.  If  application results in foam submergence,  
the performance of alcohol-resistant foams usually deterio- 
rates significantly, particularly where there is a substantial 
depth of fuel. The  degree of performance deteriorat ion 
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Table 3-2.2.3 Foam Handline and Monitor Protection for 
Fixed-Roof Storage Tanks Containing Hydrocarbons 

Minimum 
Minimum Discharge 

Hydrocarbons Type Application Rate Time 
gpm/ft 2 (L/min)/m 2 (min) 

Flash point  between 
100°F and 140°F (37.8°C 
and 93.3°C) 0.16 6.5 50 

Flash point  below 100°F 
(37.8°C) or liquids 
heated above their flash 
points 0.16 6.5 65 

Crude  pet ro leum 0.16 6.5 65 

NOTE 1: Included in this table are gasohols and unleaded gasolines con- 
taining no more than 10 percent oxygenated additives by volume. Where 
oxygenated additives content exceeds 10 percent by volume, protection is 
normally in accordance with 3-2.2.4. Certain nonalcohol-resistant foams 
might be suitable fbr use with fuels containing oxygenated additives of more 
than 10 percent by volume. The manufacturer should be consulted for spe- 
cific listings or approvals. 
NOTE 2: Flammable liquids having a boiling point of less than 100°F 
(37.8°C) might require higher rates of application. Suitable rates of applica- 
tion should be determined by test. Flammable liquids with a wide range of 
boiling points might develop a heat layer after prolonged burning and then 
can require application rates of 0.2 gpm/ft ~ [(8.1 L/min)/m ~] or more. 
NOTE 3: Care should be taken in applying portable toam streams to high- 
viscosity materials heated above 200°F (93.3°C). Good judgment should be 
used in applying foam to tanks containing hot oils, burning asphalts, or 
burning liquids that have a boiling point above the boiling point of water. 
Although the comparatively low water content of foams can beneficially cool 
such fuels at a slow rate, it can also cause violent fi'othing and "slop over" of 
the tank's contents. 

d e p e n d s  o n  t h e  d e g r e e  o f  w a t e r  solubi l i ty  o f  t h e  fuel ,  i.e., 
t h e  m o r e  so lub le ,  t h e  g r e a t e r  t h e  d e t e r i o r a t i o n .  

In  all cases ,  t h e  m a n u f a c t u r e r  o f  t h e  f o a m  c o n c e n t r a t e  
a n d  t h e  f o a m - m a k i n g  e q u i p m e n t  shal l  be  c o n s u l t e d  as to 
l im i t a t i ons  a n d  fo r  r e c o m m e n d a t i o n s  b a s e d  o n  l i s t ings  o r  
speci f ic  f i re  tests .  

3-2.2.5 Design Parameters. W h e r e  m o n i t o r s  a n d  h a n d -  
l ine  nozz l e s  a r e  u s e d  to  p r o t e c t  t a n k s  c o n t a i n i n g  f l a m m a b l e  
a n d  c o m b u s t i b l e  l iqu ids  r e q u i r i n g  a l c o h o l - r e s i s t a n t  f oams ,  
t h e  o p e r a t i o n  t i m e  shal l  be  65 m i n u t e s  at  l i s ted  a p p l i c a t i o n  
ra tes ,  un l e s s  t h e  f o a m  m a n u f a c t u r e r  has  e s t a b l i s h e d ,  by f i re  
tes t ,  t ha t  a s h o r t e r  t i m e  c a n  b e  p e r m i t t e d .  

3-2.3 Des ign Criteria Surface Appl icat ion  with Fixed 
Foam Discharge Outlets. 

3-2.3.1 Fixed Foam Discharge Outlets. F o r  this  app l i c a -  
t ion ,  d i s c h a r g e  ou t l e t s  a r e  c o m m o n l y  ca l led  f o a m  c h a m -  
be r s .  M o s t  f o a m  c h a m b e r s  a r e  o f  a T y p e  II  d i s c h a r g e  o u t -  
let  d e s i g n ,  s ince  t h e y  a r e  n o r m a l l y  su i t ab le  for  u se  w i th  
m o d e r n  tbams .  F o r  t h e  p r o t e c t i o n  o f  a f l a m m a b l e  l iqu id  
c o n t a i n e d  in a ver t ica l  f i x e d - r o o f  (cone)  a t m o s p h e r i c  s to r -  
age  t ank ,  d i s c h a r g e  ou t l e t s  shal l  b e  a t t a c h e d  to t h e  t ank .  
W h e r e  two o r  m o r e  d i s c h a r g e  ou t l e t s  a r e  r e q u i r e d ,  t h e  
ou t l e t s  shal l  be  s p a c e d  equa l ly  a r o u n d  t h e  t a n k  p e r i p h e r y ,  
a n d  e a c h  o u t l e t  shal l  be  s i zed  to  d e l i v e r  f o a m  at  a p p r o x i -  
m a t e l y  t h e  s a m e  ra te .  F i x e d  f o a m  d i s c h a r g e  ou t l e t s  shal l  b e  
a t t a c h e d  s e c u r e ly  at  t h e  t o p  o f  t h e  shel l  a n d  shal l  b e  l o c a t e d  
o r  c o n n e c t e d  to p r e c l u d e  t h e  poss ib i l i ty  o f  t h e  t a n k  c o n -  
t e n t s  o v e r f l o w i n g  i n t o  t h e  f o a m  l ines .  T h e y  sha l l  b e  
a t t a c h e d  s e c u r e ly  so t h a t  d i s p l a c e m e n t  o f  t h e  r o o f  is n o t  
l ikely to sub j e c t  t h e m  to s e r i o u s  d a m a g e .  F i x e d  f o a m  dis-  
c h a r g e  ou t l e t s  shal l  b e  p r o v i d e d  wi th  a n  ef fec t ive  a n d  d u r a -  

b le  seal ,  f r a n g i b l e  u n d e r  low p r e s s u r e ,  to p r e v e n t  e n t r a n c e  
o f  v a p o r s  in to  f o a m  ou t l e t s  a n d  p ipe l i ne s .  F i x e d  f o a m  dis-  
c h a r g e  ou t l e t s  shal l  b e  p r o v i d e d  With su i t ab l e  i n s p e c t i o n  
m e a n s  to p e r m i t  p r o p e r  m a i n t e n a n c e  a n d  for  i n s p e c t i o n  
a n d  r e p l a c e m e n t  o f  v a p o r  seals.  

3-2.3.2 Design Criteria for Tanks Containing Hydrocar- 
bons. 

3-2 .3 .2 .1"  F i x e d - r o o f  (cone)  t anks  shal l  be  p r o v i d e d  wi th  
a p p r o v e d  f i x e d  f o a m  d i s c h a r g e  o u t l e t s  as i n d i c a t e d  in  
T a b l e  3-2.3.2.1 be low.  

Table 3-2.3.2.1 Number of Fixed Foam Discharge Outlets for 
Fixed-Roof Tanks Containing Hydrocarbons or Flammable and 

Combustible Liquids Requiring Alcohol-Resistant Foams 

Tank Diameter Minimum Number 
(or equivalent area) of Discharge Outlets 

Feet Meters 

Up to 80 Up to 24 1 
Over 80 to 120 Over 24 to 36 2 
Over 120 to 140 Over 36 to 42 3 
Over 140 to 160 Over 42 to 48 4 
Over 160 to 180 Over 48 to 54 5 
Over 180 to 200 Over 54 to 60 6 

3-2.3.2.2* Minimum Discharge Times  and Applicat ion 
R a t e s .  W h e n  f i x e d  f o a m  d i s c h a r g e  ou t l e t s  a r e  u s e d  fo r  
f i x e d - r o o f  (cone)  t a n k s  c o n t a i n i n g  h y d r o c a r b o n s ,  t h e  min i -  
m u m  d i s c h a r g e  t i m e s  a n d  a p p l i c a t i o n  r a t e s  shal l  be  in 
a c c o r d a n c e  wi th  T a b l e  3-2 .3 .2 .2 .  

Table 3-2.3.2.2 Minimum Discharge Times and Application 
Rate for Type I and Type II Fixed Foam Discharge Outlets on 

Fixed-Roof (Cone) Storage Tanks Containing Hydrocarbons 

Hydrocarbon Type 
Minimum Minimum Discharge 

Application Time (min) 
Rate Type I Type  II 

Foam Foam 
gpm/ft 2 Discharge Discharge 

[(L/min)/m ~] Outlet I Outlet 

Flash point  between 
100°F and 140°F 
(37.8°C and 93.3°C) 0.10 (4.1) 20 30 

Flash point  below 
100°F (37.8°C) or 
liquids heated above 
their flash points 0.10 (4.1) 30 55 

Crude  pet ro leum 0.10 (4.1) 30 55 

NOTE 1: Included in this table are gasohols and unleaded gasolines con- 
tainlng no more than 10 percent oxygenated additives by volume. Where 
oxygenated additives content exceeds 10 percent by volume, protection is 
normally in accordance with 3-2.3.3. Certain nonalcohol-resistant foams 
might be suitable for use with fuels containing oxygenated additives of more 
than 10 percent by volume. The manufacturer shall be consulted for specific 
listings or approvals. 
NOTE 2: Flammable liquids having a boiling point of less than 100°F 
(37.8°C) might require higher rates of application. Suitable rates of applica- 
tion should be determined by test. 
NOTE 3: For high-viscosity liquids healed above 200°F (93.3°C), lower 
initial rates of application might be desirable to minimize fi'othmg and 
expulsion of the stored liquid. Good judgment should be used in applying 
foams to tanks containing hot oils, burning asphalts, or burning liquids that 
have boiling points above the boiling point of water. Although the compar- 
atively low water content of foams can beneficially cool such liquids at a slow 
rate, it can also cause violent frothing and "slop over" of the tank's comenls. 
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3-2.3.2.2.1 I f  the  a p p a r a t u s  avai lable  has  a de l ivery  ra te  
h i g h e r  t h a n  0.1 gpm/f t"  [4.1(L/min)/m~'], a p r o p o r t i o n a t e  
r e d u c t i o n  in the  t ime  f igure  can  be  made ,  excep t  t ha t  the  
t ime  shall  no t  be  less t h a n  70 p e r c e n t  o f  the  m i n i m u m  dis- 
c h a r g e  t imes shown.  

3-2.3.3* Design Criteria for Tanks Containing Flammable 
and Combustible  Liquids Requiring Alcohol-Resistant  
Foams. Wate r - so lub le  a n d  ce r t a in  f l a m m a b l e  a n d  com-  
bus t ib le  l iquids  a n d  po l a r  solvents  t ha t  a re  des t ruc t ive  to 
n o n a l c o h o l - r e s i s t a n t  f o a m s  r e q u i r e  t h e  use  o f  a lcohol -  
res i s tan t  foams.  Systems us ing  these  foams r e q u i r e  special  
e n g i n e e r i n g  cons ide r a t i on .  In  all cases, t he  m a n u f a c t u r e r s  
of  the  foam c o n c e n t r a t e  a n d  the  f o a m - m a k i n g  e q u i p m e n t  
shall  be  consu l t ed  as to l imi ta t ions  a n d  for r e c o m m e n d a -  
t ions  based  o n  listings or  specific fire tests. 

3-2.3.3.1 F i x e d - r o o f  (cone)  t anks  shall  be  p r o v i d e d  with 
a p p r o v e d  f ixed foam d i s c h a r g e  ou t l e t s  as i n d i c a t e d  in 
Tab le  3-2.3.2.1. 

3-2.3.3.2 Min imum Discharge Times  and Appl icat ion  
Rates .  M i n i m u m  d i s c h a r g e  t imes  a n d  app l i ca t i on  ra tes  
for  f i xed - roo f  (cone) t anks  c o n t a i n i n g  f l ammab le  a n d  com- 
bus t ib le  l iquids  r e q u i r i n g  a l coho l - re s i s t an t  foams shall  be  in 
a c c o r d a n c e  with T a b l e  3-2.3.3.2.  

Table 3-2.3.3.2 Minimum Application Rate and Discharge 
Times for Fixed-Roof (Cone) Tanks Containing Flammable and 

Combustible Liquids Requiring Alcohol-Resistant Foams 

Minimum Discharge Time (min) 
Type I Foam Type II Foam 

Application Rate for Specific Discharge Discharge 
Product Stored Outlet Outlet 

Consult manufacturer for 
listings on specific products 30 55 

NOTE: Most currently manufactured alcohol-resistant foams are suitable 
for use with Type II fixed foam discharge outlets. However, some older 
alcohol-resistant foams require gentle surface application by Type I fixed 
foam discharge outlets. Consuh manufacturers for listings on specific 
products. 

3-2.4 Subsurface Application Design Criteria. 

3-2.4 .1"  Subsur face  foam in jec t ion  systems are  sui table  
to r  p r o t e c t i o n  of  l iquid h y d r o c a r b o n s  in vert ical  f i xed - roo f  
a t m o s p h e r i c  s to rage  tanks .  S u b s u r f a c e  in jec t ion  systems 
shall  no t  be  used  for p r o t e c t i o n  o f  Class IA h y d r o c a r b o n  
l iquids or  for  the  p r o t e c t i o n  of  alcohols,  esters,  ke tones ,  
a ldehydes ,  a n h y d r i d e s ,  or  o t h e r  p r o d u c t s  r e q u i r i n g  the  use  
of  a lcohol - res i s tan t  foams. Foam c o n c e n t r a t e s  a n d  equ ip-  
m e n t  for  subsur face  in jec t ion  shall  be  l isted for  this pu r -  
pose. F l u o r o p r o t e i n  foam,  AFFF,  a n d  FFFP for  subsur face  
in jec t ion  shall have  e x p a n s i o n  rat ios  b e t w e e n  2 a n d  4. 

3-2.4.2* Foam Discharge Outlets. T h e  d i scha rge  ou t l e t  
in to  the  t ank  can  be  the  o p e n  e n d  of  a foam del ivery  l ine 
or  p r o d u c t  line. Out le t s  shall  be  sized so t ha t  foam gene r -  
a to r  d i s cha rge  p r e s s u r e  a n d  foam velocity l imi ta t ions  a re  
no t  exceeded .  T h e  foam velocity at  the  p o i n t  of  d i s cha rge  
in to  the  t ank  con t en t s  shall  no t  exceed  10 ft/s (3 m/s) for 
Class IB l iquids  or  20 ft/s (6 m/s) for  o t h e r  classes of  l iquids  
unless  actual  tests p r o v e  h i g h e r  velocities a re  satisfactory. 
W h e r e  two or  m o r e  out le ts  a re  r e q u i r e d ,  they  shall  be  
loca ted  so t ha t  the  foam t ravel  o n  the  sur face  can  no t  
exceed  100 ft (30 m). Each ou t le t  shall  be  sized to de l iver  
foam at a p p r o x i m a t e l y  the  same  rate .  For  even  foam distr i-  

b u t i o n ,  ou t l e t s  can  be  shell  c o n n e c t i o n s  or  can  be  fed 
t h r o u g h  a p ipe  man i fo ld  wi th in  the  t ank  f rom a s ingle shell  
connec t ion .  R a t h e r  t h a n  ins ta l l ing  add i t i ona l  t ank  nozzles,  
shell  c o n n e c t i o n s  can  be  m a d e  in m a n w a y  covers.  T a n k s  
shall  be  p r o v i d e d  wi th  subsur face  foam d i s cha rge  out le ts  as 
s h o w n  in Tab le  3-2.4.2. 

Table 3-2.4.2 Minimum Number of Subsurface Foam Dis- 
charge Outlets for Fixed-Roof Tanks Containing Hydrocarbons 

Minimum Number 
Tank Diameter of Discharge Outlets 

Flash Point Flash Point 
Below 100°F (37.8°C) 

Feet Meters 100°F (37.8°C) or Higher 

Up to 80 Up to 24 
Over 80 to 120 Over 24 to 36 
Over 120 to 140 Over 36 to 42 
Over 140 to 160 Over 42 to 48 
Over 160 to 180 Over 48 to 54 
Over 180 to 200 Over 54 to 60 

Over 200 Over 60 

l 1 
2 l 
3 2 
4 2 
5 2 
6 3 
6 3 

plus 1 outlet plus 1 outlet 
for each for each 

additional additional 
5000 ft 2 7500 ft ~ 
(465 m ~) (697 m 2) 

NOTE 1: Liquids with flash points below 73°F (22.8°C), combined with 
boiling points below 100°E (37.8°C), require special consideration. 
NOTE 2: Table 3-2.4.2 is based on extrapolation of fire test data on 25-ft 
(7.5-m), 93-fl (27.9-m), and 115-fl (34.5-in) diameter tanks containing gaso- 
line, crude oil, and hexane, respectively. 
NOTE 3: The most viscous fuel that has been extinguished by subsurface 
injectmn where stored at ambient conditions [60°E (15.6°(;)] had a viscosity 
of 2000 ssu (440 centistokes) and a pour point of 15°F (-9.4°C). Suhsurfiace 
injection of fi)am generally is not recommended for filels that have a viscos- 
it}' greater that 2000 ssu (440 centistokes) at their minimum anticipated 
storage temperature. 
NOTE 4: In addition to the control provided by the smothering effect ot 
the foam and the cooling effect of the water in the foam that reaches the 
surface, fire control and extinguishment can be enhanced further by the 
rolling of cool product to the surface. 

3-2 .4 .2 .1"  Foam Discharge Outlet Elevation. Foam dis- 
c h a r g e  out le ts  shall  be  located  so as no t  to d i scha rge  in to  a 
wa te r  bo t tom.  Th i s  shall  be  a ccompl i shed  by h a v i n g  the  
out le ts  located at least  1 ft (0.3 m) above  the  h ighes t  wate r  
level to p r e v e n t  de s t ruc t i on  o f  the  foam. 

3-2.4.2.2* Subsurface Injection Back-Pressure Limita- 
tions. T h e  sizes a n d  l eng ths  of  d i scha rge  p ipe  o r  l ines 
used  b e y o n d  the  foam m a k e r  a n d  the  an t i c ipa t ed  maxi-  
m u m  d e p t h  of  the  fuel to be  p r o t e c t e d  shall  be  such t ha t  
the  back  p r e s s u r e  is wi th in  the  r a n g e  of  p r e s su re s  u n d e r  
which  the  device  has  b e e n  tes ted  a n d  listed by tes t ing  
labora tor ies .  

3-2.4.3 M i n i m u m  Discharge  T imes  and Appl i ca t ion  
Rates .  T h e  m i n i m u m  d i s c h a r g e  t imes  a n d  a p p l i c a t i o n  
ra tes  for subsur face  app l i ca t ion  on  fixed r o o f  s torage  tanks  
shall  be  in a c c o r d a n c e  with Tab le  3-2.4.3. 

3 - 2 . 4 . 3 . 1 "  L i q u i d  h y d r o c a r b o n s  t h a t  c o n t a i n  f o a m -  
d e s t r u c t i v e  p r o d u c t s  m i g h t  r e q u i r e  h i g h e r  a p p l i c a t i o n  
rates.  Some  foams m i g h t  fail to ex t ingu i sh  fires in gasol ines  
c o n t a i n i n g  oxygena te s  w h e r e  u s ing  subsur face  d i s cha rge  at  
the  usual ly  r e q u i r e d  rate.  In  such  cases, t he  m a n u f a c t u r e r  
of  the  foam c o n c e n t r a t e  shall  be  consu l t ed  for  r e c o m m e n -  
da t ions  based  on  listings a n d / o r  approva ls .  
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Table 3-2.4.3 Minimum Discharge Times and Application 
Rates for Subsurface Application on Fixed-Roof Storage Tanks 

Minimum Minimum Application 
Hydrocarbon Type Discharge Rate 

Time (min) gpm/ft 2 (L/min)/m 2 

Flash point between 30 0. I 4.1 
100°F and 140°F 
(37.8°C and 93.3°C) 

Flash point below 
IO0°F (37.8°C) or 
liquids heated above 
their flash points 

55 0.1 4.1 

Crude petroleum 55 0.1 4.1 

NOTE 1: The maximum application rate shall be 0.20 gpm/ft ~ 
[(8.1 L/min)/mU]. 
NOTE 2: For high-viscosity liquids heated above 200°F (93.3°C), lower 
initial rates of application might be desirable to minimize frothing and 
expulsion of the stored liquid. Good judgment should be used in applying 
foams to tanks containing hot oils, burning asphalts, or burning liquids that 
are heated above the boiling point of water. Although the comparatively low 
water content of foams can beneficially cool such liquids at a slow rate, it can 
also cause violent frothing and "slop over" of the tank's contents. 

Flexure 

Pantagr~ 
hanger 

Sealing 
ring 

3-2.5* Semisubsurface Systems. All e q u i p m e n t  used  in 
such  systems shall  be  l is ted or  a p p r o v e d  for  this p u r p o s e .  

3-3 Outdoor  O p e n - T o p  Floating R o o f  Tanks.  W i t h i n  
the  scope of  this  s t a n d a r d ,  o p e n - t o p  f loa t ing  r o o f  t anks  a re  
def ined  as vertical cylindrical tanks  wi thou t  fixed roofs tha t  
have  double-deck  or  p o n t o o n - t y p e  f loat ing roofs and  are  con- 
s t ruc ted  in accordance  with the  r e q u i r e m e n t s  of  NFPA 30, 
Flammable and Combustible Liquids Code. T h e  seal can be  a 
mechan ica l  shoe  seal or  tube  seal. T h e  tube  seal can be  
e q u i p p e d  with a meta l  wea the r  shield. Secondary  seals of  
c o m b u s t i b l e  o r  n o n c o m b u s t i b l e  m a t e r i a l s  can  also b e  
installed. [See Figures 3-3(a) through (d).] 

T a n k s  e q u i p p e d  with t he  fol lowing f loa t ing  r o o f  types 
a re  no t  cove red  in Sect ion 3-3: 

(a) Roofs m a d e  f rom f loa t ing  d i a p h r a g m s ;  

(b) Roofs m a d e  f rom plast ic  b lanke ts ;  

(c) Roofs m a d e  f rom plast ic  o r  o t h e r  f lo ta t ion mater ia l ,  
even  i f  e n c a p s u l a t e d  in meta l  or  f iberglass;  

(d) Roofs t ha t  rely on  f lo ta t ion  device  c losures  tha t  can  
be  easily s u b m e r g e d  if d a m a g e d ;  

(e) Pan  roofs. 
Sys tems for  t a n k s  so e q u i p p e d  shal l  be  d e s i g n e d  in 

a c c o r d a n c e  with 3-4.1.1. 

3 -3 .1"  Types  o f  Fires Antic ipated.  O p e n - t o p  f loa t ing  
r o o f  tanks  can e x p e r i e n c e  two dis t inct  types of  fires: a seal 
fire o r  a full surface  a rea  f ire (as a resu l t  o f  the  f loa t ing  r o o f  
sinking).  Exper ience  indicates  tha t  the  mos t  f r equen t  type of  
fire involves only the  seal of  the  f loat ing roof  tank.  Pr ior  to 
selecting the  m e t h o d  of  pro tec t ion ,  the  type o f  fire tha t  will 
serve as the  basis for des ign shall be  def ined.  (See NFPA 30, 
Flammable and Combustible Liquids Code, for fire protection 
requirements.) 

3-3.1.1 Subsur face  a n d  semisubsu r face  in jec t ion  shall  no t  
be  used  for  p r o t e c t i o n  of  o p e n - t o p  o r  cove r ed  f loa t ing  r o o f  
t anks  because  of  the  possibil i ty o f  i m p r o p e r  d i s t r i bu t ion  of  
foam at the  fuel surface.  

Tank - -  
shell 

Figure 3-3(a) 

ring 

Resilient - -  
urethane 
foam 

Figure 3-3(b) 

Pantograph-type seal open-top floating roof tank. 

Tube seal open-top floating roof tank. 
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Stainless steel shunt -.> 
Support plate "-"'-- " ~  

Primary seal ~ ~ 
e n v e l o p 1 " "  

Resilient foam / - "  

Fuel level / ~P"" / 

Tank shell ~ 

~Bumper 

Secondary seat 
• Top deck 

Rim Bottom deck 

Figure 3-3(c) Double seal system for floating roofs. 

,1'to , . J ~  

shunt II f / '  \ \  . . . . . . . . . .  \ Drain slots 
11,,4,. ~ [ L  f ~ \  I I  ~u_y~u,y~juam ~ max 3/8" 

Plastic- I[ ~'A~'f ~\ j/u-~,,L auuvu 1(9.5 mm) 
foam log I~.~r4k ~ " ' ~ /  ~ Z , . ~ ' .  . . . . . .  , /in height 

s h e l l ~  - 
Primary///][ ~f~7~ ~ ~ t ~  t~o~°~ : ~  
seal " Ilk • II . . . . .  
envelo;e ] ~ L ~  

~ - - ~ . . ~ l - ~ -  Floatin g roo ~ - -  ~ f 
~ bottom of pontoons 

Resilient foam \ Bottom plate of tank 

Figure 3-3(d) Double seal system for floating roofs using a plastic-foam 
log (secondary seal). 

3-3.1.2 Seal Area Protection. The foam protection facili- 
ties fi)r an open-top floating roof  tank seal area shall be 
based on 3-3.2 through 3-3.5. 

3-3.2 Methods of  Seal Fire Protection. The  following 
methods for fire protection of seals in open-top floating 
roof tanks are described in 3-3.3 through 3-3.5: 

(a) Fixed discharge outlets, 
(b) Foam handlines, 
(c) Foam monitors. 

3-3.2.1 Supplementary Protection, In addi t ion to the 
pr imary means of protection, there shall be provisions for 
supplementary protection in accordance with the require- 
ments of Section 3-9. 

3-3.2.2 Basis of  Design. System design shall be based on 
protect ing the tank requir ing the largest foam solution 
flow, including supplementary  hose streams. 

3-3.2.3 Limitat ions.  The  requirements  given in this sec- 
tion are based on extrapolations of  test experience and 
appropr ia te  listings, and reflect the limitations known to 
date. 

Foam can fail to seal against the tank shell as a result of 
prolonged free burning  pr ior  to agent discharge. If  ade- 
quate water supplies are available, cooling of the tank shell 
is recommended.  

3-3.3 Fixed Discharge Outlets Design Criteria for Seal 
Area Protection, Applicat ion of  foam from fixed dis- 
charge outlets can be achieved by either of the following 
two methods: 

(a) The first method discharges foam above the mechan- 
ical shoe seal, a metal weather shield, or a secondary seal. 

(b) The second method discharges foam below a mechan- 
ical shoe seal directly onto the flammable liquid, behind a 
metal weather shield directly onto the tube seal envelope, or 
beneath a secondary seal onto the primary seal. 

3-3.3.1 Top-of-Seal Method with Foam Dam. Fixed foam 
discharge outlets located above a mechanical shoe seal, 
above a tube seal weather shield, or above a secondary seal 
shall be used in conjunction with a foam dam. See 3-3.3.3 
for foam dam design criteria. There  are two acceptable 
arrangements  when utilizing fixed foam discharge outlets. 

(a) Fixed foam discharge outlets (normally Type  II) 
mounted  above the top of the tank shell. 

(b) F ixed  foam d i scha rge  out le ts  m o u n t e d  on the 
per iphery  of  the floating roof. 

[See Appendix Figures A-3-3.3.1.1(a) and (b).] 

3-3.3.1.1" For this application, the fixed foam discharge 
outlets shall not be fitted with a frangible vapor seal device. 

3-3.3.1.2 Top of  Seal System Design. The design param- 
eters for the application of fixed foam discharge outlets on 
top of the seal to protect  open-top floating roof tanks shall 
be in accordance with Table 3-3.3.1.2. The  requirements  
specified in the table apply to tanks containing hydrocar-  
bons or flammable and combustible materials requir ing 
alcohol-resistant foams. The  required minimum applica- 
tion rates specified in Table 3-3.3.1.2 apply, unless listings 
for specific p roduc t s  requi re  h igher  appl ica t ion  rates 
where Type II fixed foam discharge outlets are used. (See 
Figure 3-3.3.1.2.) 

NOTE: Both fixed foam (wall mounted) and roof 
mounted discharge outlets are shown for illustrative pur- 
poses. Although both methods are shown, only one is 
needed. 

3-3,3.1.3 If  the application rate is higher than the mini- 
mum rate specified in Table 3-3.3.1.2, the discharge time 
can be reduced proport ionately,  but not less than 70 per- 
cent of the minimum discharge times specified. 

3-3.3.2 Below Primary Seal or Weather Shield Method. 
Fixed foam d i scharge  out lets  loca ted  below e i ther  a 
mechanical shoe seal, a metal weather shield, or a metal 
secondary seal shall use the designs illustrated in Figure 
3-3.3.2.2. 

3-3,3.2.1 A foam dam shall be installed if a tube seal is 
used and the top of the tube seal is less than 6 in. (152 mm) 
below the top of the pontoon.  See 3-3.3.3 for foam dam 
design criteria. 
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Table 3-3.3.1.2 Top-of-Seal Fixed Foam Discharge Protection for Open-Top Floating Roof Tanks 
(See Figure 3-3.3.1.2) 

Seal Type 

Maximum Spacing Between 
Discharge Outlets with 

Minimum 
Application Minimum 12-in. (305-mm) 24-in. (610-mm) 

Applicable Illustration Rate gpm/ft ~ Discharge Foam Dam Foam Dam 
Detail [(L/min)/m ~] Time (min) ft (m) ft (m) 

Mechanical shoe seal A 0.3 (12.2) 20 40 (12.2) 80 (24.4) 
Tube seal with B 0.3 (12.2) 20 40 (12.2) 80 (24.4) 

metal weather shield 
Fully or partly , C 0.3 (12.2) 20 40 (12.2) 80 (24.4) 

combustible secondary 
seal 

All metal secondary D 0.3 (12.2) 20 40 (12.2) 80 (24.4) 
seal 

NOTE: Where the fixed loam discharge outlets are mounted above the top of the tank shell, a foam splashboard is necessary due to the effect of winds. 

3-3.3.2.2 Below-the-Seal or Weather Shield System. The 
design parameters for the application of fixed foam dis- 
charge outlets below the seal (or weather shield) to protect 
open-top floating roof tanks shall be in accordance with 
Figure 3-3.3.2.2. The requirements given in the figure 
apply to tanks containing hydrocarbons or flammable and 
combustible materials requir ing alcohol-resistant foams. 
The required minimum application rates given in Figure 
3-3.3.2.2 apply unless listings for specific products require 
higher application rates when Type II fixed foam dis- 
charge outlets are used. (See Figure 3-3.3.2.2.) 

3-3.3.2.3 Below-the-seal (or shield) application shall not 
be used with combustible secondary seals. 

3-3.3.3 Foam Dam Design Criteria. 

3-3.3.3.1 The foam dam shall be circular and constructed 
of at least No. 10 U.S. Standard Gauge Thickness [0.134 in. 
(3.4 mm)] steel plate. 

3-3.3.3.2 The foam dam shall be welded or otherwise 
securely fastened to the floating roof. 

3-3.3.3.3 The foam dam shall be designed to retain foam 
at the seal area, at a sufficient depth to cover the seal area 
while causing the foam to flow laterally to the point of seal 
rupture. Dam height shall be at least 12 in. (305 mm). The 
dam shall extend at least 2 in. (51 mm) above a metal sec- 
ondary seal or a combustible secondary seal using a plastic- 
foam log. Dam height shall be at least 2 in. (51 ram) higher 
than any burnout  panels in metal secondary seals. 

3-3.3.3.4 The foam dam shall be at least 1 ft (0.3 m), but 
no more than 2 ft (0.6 m), from the edge of the roof. 

3-3.3.3.5 To allow drainage of rain water, the foam dam 
bottom shall be slotted on the basis of 0.04 in.'-' of slot area 
per f(-' of dammed area (278 mm" of slot area per m 2 of 
dammed area) restricting drain slots to a maximum :~/s in. 
(9.5 mm) in height. Excessive dam openings for drainage 
shall be avoided to prevent loss of foam through the drain- 
age slots. (See Figure 3-3.3.3.5.) 

3-3.4* Foam Handl ine  Design Criteria for Seal Area Pro- 
tection. Foam handl ines  can be used from the wind 
girder for extinguishment of seal fires in open-top floating 
roof tanks. Listed or approved equipment  shall be used. 
(See A-3-3.4 and Figure A-3-3.4 for a suggested system design.) 

3-3.5 Foam Monitor Design Criteria for Seal Area Protec- 
tion. Monitors shall not be used as the primary means of 
floating roof seal fire extinguishment because of the diffi- 
culty of directing foam into the annular  space and the pos- 
sibility of sinking the rooi: 

3-4 Outdoor Covered (Internal) Floating Roof Tanks. 
Within the scope of this standard, covered (internal) float- 
ing roof tanks are defined as vertical cylindrical tanks with 
a fixed metal roof (cone or geodesic dome) equipped with 
ventilation at the top and containing a metal double-deck 
or pontoon-type floating roof or a metal floating cover sup- 
ported by liquidtight metal flotation devices and are con- 
structed in accordance with the requirements of NFPA 30, 
Flammable and Combustible Liquids Code. (See Figure 3-4.) 

Tanks equipped with the following floating roof types 
are not covered in Section 3-4: 

(a) Roofs made from floating diaphragms; 
(b) Roofs made from plastic blankets; 
(c) Roofs made with plastic or other flotation material, 

even if encapsulated in metal or fiberglass; 
(d) Roofs that rely on flotation device closures that can 

be easily submerged if damaged; 

(e) Pan roofs. 

3-4.1 Types of  Fires Anticipated. Where a covered float- 
ing roof is other than a steel double deck or pontoon type, 
a design for full surface protection shall be used. For dou- 
ble deck or pontoon roofs of steel construction, a design 
for seal area protection shall be permitted. 

3-4.1.1 Design for Full Surface Fire. Where the basis for 
design is a full surface fire, the covered (internal) floating 
roof tank shall be considered as equivalent to a fixed-roof 
(cone) tank of the same diameter for the purpose of foam 
system design. For a full surface fire, the foam facilities 
shall be designed in accordance with 3-2.3 and Section 3-9, 
except that separately valved laterals for each foam dis- 
charge shall not be required. For this application, fixed 
foam discharge outlets shall not be fitted with a frangible 
vapor seal device. 

3-4.1.1.1 Subsurface and semisubsurface injection shall 
not be used because of the possibility of improper distribu- 
tion of foam. 
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Approved 
discharge 
device " ~  

J 
Tank shell 

Foam dam 
/,~, . ~ _  Foam maker (typical) 

~r" ~ ! ~ o a m  discharge piping 

II 

~ - -  Floating roof 

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

f Foam maker (typical) 

~ ~  discharge piping 
~r---r-~-~r--~ 

• 

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

Approved 
discharge 
device " ~  

Tank shell 

/ -  Metal weather shield 
~ /  /~. Foamdam 

~ , ~ _ ' ~ m  discharge piping 

~ S e a l  ~ Floating roof 

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

Combustible fabric or 
metal and combustible 

Approved fabric secondary seal 
discharge F 
device ~ .  ,t / / - -  Foam dam 

Tank ~ s h e l l  . - ~  ? /  ~ , ~ ! , + , ~ a m  d i s c h a r g e  

piping 

Floating roof 
Seal 

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

fabric seal, or metal with combustible fabric sections 

Approved 
discharge 
device " ~  

Tank shell - ~  

F Metal secondary seal 

/ E Foam dam discharge piping 

~ -  Seal ~ Floating roof 

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

Figure 3-3.3.1.2 Typical foam system illustrations for top-of-seal fire 
protection. 

6" (152 mm) or more 
r - -  

Tank shell _.r 

_ _  Weather shield 

'.'~. f Foam discharge piping 

~ ~ suppod 

" ~  Floating roof 
Seal 

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

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

Weather shield 
Y ~ Foam dam 12" (304.8 mm) 
l / minimum height 

I i /  ~ l ~ - - - - ~  a 
m discharge piping 

Floating roof 
Tank shell ~ Seal 

Detail C--Below-the-shield apphcation 
Foam discharge below metal weather shield 

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

Tank shell --/~f 

Metal 
secondary 
seal 

~',, Foam dbscharge 
q:~-~, _~,'~l:~:~ P ' P ' n g 
] ~  [ Alternative 

. . . . . . .  .I ~ arrangement 

~ - - -  Sea l  l~]FIi!,ng roof 

Detail D--Below-the-seal application 
Foam discharge below metal secondary seal 

This foam application method qs not suitable if secondary seal is 
constructed of any combustible fabric sections. 
(Refer to application above seal.) 

Figure 3-3.3.2.2 Typical foam system arrangement illustrations for 
below-the-seal (or shield) application. 
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Note: Dam height to EE at least 
2" (5 mm) above top of seal 

Tank shell 

Fabric seat 

Shoe 

Circular dam 

Floating roof 

Drain slots maxi- 
mum 3/8" 
(9.5 mm) in height 

Figure 3-3.3.3.5 Typical foam dam for floating roof tank protection. 

3-4.1.2 Design for Seal Area Fire. Where the basis for 
design is a seal fire, the covered (internal) floating roof 
tank shall be considered as equivalent to an open-top float- 
ing roof  tank of the same diameter  for the purpose  of ibaal 
system design. For a seal fire, the fi)am discharge system 
shall be designed in accordance with the requirements  
specified in Table 3-3.3.1.2 utilizing fixed foam discharge 
outlets. 

3-4.1.2.1 Supplementary  Protect ion.  In addit ion to the 
pr imary means of protection, there shall be provisions for 
st tpplementary protection in accordance with the require- 
ments of Section 3-0. 

3-4.1.2.2" Basis of  Design. System design shall be based 
on protect ing the tank requir ing the largest solution flow, 
including supplementary hose streams. 

If the application rate is higher than the minimum rate 
specified in Table 3-2.3.2.2, the discharge time shall be per- 
mitted to be reduced proportionately, but shall not be less 
than 70 percent of the minimum discharge times specified. 

3-4.1.2.3 Limi ta t ions .  The  requirements  given in this 
section are based on extrapolations of  test experience and 
appropr ia te  listings and reflect the limitations known to 
date. 

Automatic 
tank gauge piping 

Step-on thief hatch 
located over sample we 

Optional overflow ven 

Center vent 
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Table 3-6.$.2 Minimum Application Rates and Discharge Times for Loading Racks Protected by Foam Monitor Nozzle Systems 

Minimum 
Minimum Application Discharge Time Product Being 

Foam Type Rate (min) Loaded 
gpm/ft 2 [(L/min)/m 2] 

Protein, 
fluoroprutein 0.16 (6.5) 

AFFF, FFFP, & 
alcohol-resistant 
AFFF or FFFP 0.10' (4.1) 

Alcofiol-resistant foams Consult 
manufhcturer 
for listings on 
specific products 

15 Hydrocarbons 

15 Hydrocarbons 

15 Flammable and 
combustible liquids 
requiring alcohol- 
resistant foam 

* If a [hel depth of more than 1 in. (2.5 cm) can accumulate within the protected 

Foam can fail to seal against the tank shell as a result of 
prolonged free burn ing  prior to agent discharge. If ade- 
quate water supplies are available, cooling of the tank shell 
is recommended. 

3-5 Indoor  Hazards.  This section addresses loam fire 
extinguishing systems, which are intended to protect indoor 
storage tanks that have liquid surtace areas of 400 ft'-' 
(37.2 m ~) nr greater. For other types of indoor hazards, see 
the design criteria requirements of NFPA 16, Standard on the 
Installatmn of Deluge Foam-Water Sprinkler and Foam-Water 
Spray S~stems, and NFPA 16A, Standard Jbr the Installation of 
Closed-Head Foam-l+izter Sprinkler Systems. 

3-5.1 Discharge Outlets. Tanks for storing liquid hydro- 
carbons shall be fitted with Type II, tank-mounted fixed 
foam discharge outlets as specified in Table 3-2.3.2.1. 

3-5.2 Minimum Discharge Time and Application Rate. 
The min imum application rate for indoor hydrocarbon 
storage tanks shall be 0.16 gpm/ft '2 [(6.5 L/min)/m"] of liq- 
uid surface area. Minimum discharge time shall be as spec- 
ified in Table 3-2.3.2.2 tor Type II fixed foam discharge 
outlets. 

3-5.2.1 If the application rate is higher than the mini- 
mum rate specified in 3-5.2, the discharge time can be 
reduced proportionately, but not less than 70 percent of 
the minimum discharge times indicated. 

3-5.3 Design Criteria for Indoor Storage Tanks Contain- 
ing  F l a m m a b l e  or C o m b u s t i b l e  L iqu ids  R e q u i r i n g  
Alcoho l -Res i s tant  Foams,  Water-soluble and  certain 
flammable and combustible liquids and polar solvents that 
are destructive to nonalcohol-resistant foams require the 
use of alcohol-resistant foams. Systems using these foams 
require special engineering consideration. In all cases, the 
manufacturers  of the foam concentrate and the foam- 
making equipment  shall be consulted as to limitations and 
tor recommendations based on listings or specific fire tests. 

3-6* Loading Racks. Within the scope of this standard 
loading racks are defined as being either truck or rail car 
types for the purpose of loading or unloading product. 
Total  rack size, f lammable  or combus t ib le  p roduc t s  
involved, proximity of other hazards and exposures, drain- 
age facilities, wind conditions, ambient temperatures, and 
available staff all shall be considered when designing a 
loading rack foam system. The speed of system operation 
is always critical in minimizing litie and property loss. 

area, the application rate shall be increased to 0.16 gpm/lt u [(6.5 L/min)/m-']. 

3-6.1 Methods  of  Protect ion.  The following are two 
acceptable methods of protecting loading racks: 

(a) Foam-water  spr ink le r  appl ica t ion  ut i l iz ing air- 
aspirating foam-water sprinklers or nozzles or non-air- 
aspirating standard sprinklers, 

(b) Foam monitors. 

3-6.2 Design Criteria for Foam-Water Sprinkler Systems. 
For design criteria tor sprinkler systems see NFPA 16, 
Standard on the Installation of Deluge Foam-Water Sprinkler 
and Foam-Water Spray Systems. 

3-6.3 Design Criteria for Foam Monitor Protection 
Systems. 

3-6.3.1" Areas To Be Protected by Monitor Nozzles .  
Monitor nozzle system design shall be based on the total 
ground area. The intent of the design shall be to protect 
the canopy, pumps, meters, vehicles, and miscellaneous 
equ ipment  associated with the loading and unloading  
operation in the event of a spill fire. Although most systems 
are designed to protect the canopy area only, it is often 
desirable to protect the total curbed area around the load- 
ing rack or the entire length of the truck or rail car. 

3-6.3 .2  M i n i m u m  A p p l i c a t i o n  Rates and D i s c h a r g e  
Times.  Minimum foam application rates and discharge 
times for loading racks protected by monitor nozzles shall 
be as specified in Table 3-6.3.2. 

3-7* Diked Areas - -  Outdoor. For the purpose of this 
standard, diked areas are areas bounded by contours of 
land or physical barriers that retain a fuel to a depth 
greater than 1 in. (2.5 cm). Protection of these areas can be 
achieved by either fixed discharge outlets, fixed or porta- 
ble monitors, or foam hose lines. 

3-7.1 Methods of Application. Where fixed foam protec- 
tion is considered for a diked area, it can be accomplished 
by any of the following methods: 

(a) Fixed low-level foam discharge outlets, 
(b) Foam monitors, 
(c) Foam-water sprinklers or nozzles. 
This list of methods shall not be considered as being in 

the order of preference. 
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Table 3-7.1.1 Minimum Application Rates and Discharge Times for Fixed Foam Application on Diked Areas 
Involving Hydrocarbon Liquids 

Type of Foam 
Discharge Outlets Minimum Application Rate 

gpm/ft ~ [(L/min)/m 2] 

Minimum Discharge Time (min) 
Class I Class II 

Hydrocarbon Hydrocarbon 

Fixed low-level 0.10 (4.1) 30 20 
fi)am discharge outlets 

Foam monitors 0.16 (6.5) 30 20 

3-7.1.1 M i n i m u m  Appl i ca t ion  Rates and Discharge  
T i m e s  for F ixed  Discharge  Out le ts  on Diked  Areas 
Involving Liquid Hydrocarbons.  The minimum applica- 
tion rates and discharge times tor fixed loam application 
on diked areas shall be as specified in Table 3-7.1.1. 

3-7.1.2 Fixed Foam Discharge Outlets. Fixed foam dis- 
charge outlets vary considerably in capacity and range area 
of coverage. Fixed foam discharge outlets shall be sized 
and located to apply foam uniformly over the dike area at 
the application rate specified in Table 3-7.1.1. Large dike 
areas shall be permit ted to be subdivided to keep the total 
design solution within practical limits. 

3-7.1.2.1 Fixed Foam-Water Sprinklers or Nozzles .  
Where fixed loam-water sprinklers or nozzles are used, the 
system design shall be in accordance with NFPA 16, Stan- 
dam on the Installation of Foam-Water Sprinkler and Foam- 
Water Spray Systems. 

3-7.1.2.1.1 Limitat ions.  Where tbam-water sprinklers or 
nozzles are used as the pr imary protection, consideration 
shall be given to the possibility that some of the foam dis- 
charge can be carried by the wind beyond the area of the 
fuel spill. 

Overhead application by foam-water sprinklers or noz- 
zles might need supplementary low-level tbam application 
to provide coverage below large obstructions. 

Overhead pipework can be susceptible to damage by 
explosion. 

3-7.1.2.2 Fixed Low-Level Foam Discharge Outlets. 
These outlets shall be permit ted to be open pipe fittings or 
directional flow nozzles designed to discharge a compact,  
low-velocity foam stream onto the inner  wall of the dike or, 
where necessary, directly onto the dike floor. They shall be 
located around the dike wall, and, where necessary, inside 
the dike area, to apply toaln uniformly over the dike area. 

3-7.1.2.2.1 Limita t ions .  Where  fixed discharge outlets 
installed at a low level are used as the pr imary protection, 
they shall be located so that no point in the dike area is 
more than 30 ft (9 m) from a discharge outlet where the 
discharge per  outlet is 60 gpm (225 L/rain) or less. 

For outlets having discharge rates higher  than 60 gpm 
(225 L/rain) the maximum distance between discharge out- 
lets shall be 60 ft (18 m). 

Low-level foam discharge outlets might need supplemen- 
tary overhead foam spray application to provide coverage or 
cooling for overhead structures or for tank surfaces. 

3-7.1.2.3 Foam Monitors. Where monitors are used to 
discharge foam onto the dike area, they shall be located 
outside the dike area. 

3-7.1.2.3.1 Limitat ions.  Where foam monitors are used 
as the pr imary protection, consideration shall be given to 
the possibility that some of the foam discharge can be car- 
ried by the wind beyond the area of the fuel spill. 

Where  the monitor  discharge is in the [brm of a com- 
pact, high-velocity loam stream, it shall be directed against 
the dike walls, tank surfaces, or o ther  structures to prevent  
its p lunging directly into the burning liquid surface. 

3-7.2 Diked Areas Involving Flammable or Combustible 
Liquids Requiring Alcohol-Resistant Foams. Water- 
soluble and certain flammable and combustible liquids and 
polar solvents that are destructive to nonalcohol-resistant 
foams require the use of alcohol-resistant foams. Systems 
using these foams require special engineering consideration. 

3-7.2.1 Design Criteria for Diked Areas Involving Flam- 
m a b l e  or C o m b u s t i b l e  L iqu ids  R e q u i r i n g  A l c o h o l -  
Resistant Foams. The design criteria shall be as tollows: 

(a) Methods of fixed protect ion shall be the same as 
those described in 3-7.1.2 [or hydrocarbon hazards. 

(b) Application rates shall be in accordance with manu- 
facturer recommendat ions  based on listings or approvals 
for specific p roduc ts  and  c o r r e spond ing  foam-making  
devices. 

(c) The  minimum discharge time shall be 30 minutes. 

3-8 Non-Diked Spill Areas. For the purpose of this stan- 
dard,  non-diked spill areas are areas where a flammable or 
combustible liquid spill might occur, uncontained by curb- 
ing, dike walls, or walls of a room or building. In such cases 
it is assumed that any fire would be classified as a spill tire, 
i.e., one in which the flammable liquid spill has an average 
depth not exceeding 1 in. (25 mm) and is bounded  only by 
the contour of the surface on which it is lying. 

3-8.1 Design Criteria for Protection of Spill Fires Involv- 
ing Hydrocarbons or Flammable and Combustible Liq- 
uids Requiring Alcohol-Resistant Foams. To determine 
protect ion for spill fires, it is necessary to estimate the 
potential spill area. Once this has been determined,  "Fable 
3-8.1 shall be used to calculate requirements  to be used as 
design criteria for portable nozzles or monitors. 

3-9* Supplementary Protection. In addition to the pri- 
mary means of protection, some types of hazards require 
provisions for supplemental  means of protection. The sup- 
plemental  protection requirements  are described in this 
section. 

3-9.1 Supplemental  Foam Hose  Stream Requirements.  
Approved foam hose stream equipment  shall be provided 
in addit ion to tank foam installations as supplememary 
protection tor small spill fires. The minimum number of 
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Table 3-8.1 Minimum Application Rate and Discharge Times for Non-Diked Spill Fire Protection 
Using Portable Foam Nozzles or Monitors 

Foam Type Minimum Application Rate Minimum Discharge Anticipated Product Spill 
gpm/ft ~ (L/min)/m 2 Time (min) 

Protein fluoroprotein 0.16 6.5 15 Hydrocarbon 

AFFF, FFFP, & alcohol 
-resistam AFFF or FFFP 15 Hydrocarbon 

Alcohol-resistant toams 15 Flammable and combustible 
liquids requiring alcohol- 
resistant foam 

0.10 4.1 

Consult manutacturer fi)r 
listings on specific products 

fixed or portable hose streams required shall be as speci- 
fied in Table 3-9.1 and shall be available to provide protec- 
tion of the area. The  equipment  for producing  each foam 
stream shall have a solution application rate of at least 
50 gpm (189 L/min), with the minimnm number  of hose 
streams shown as follows: 

Table 3-9.1 Supplemental Foam Hose Stream Requirements 

Minimum Number of Hose 
Diameter of Largest Tank Streams Required 

Up to 65 ft (19.5 m) 1 
65 to 120 it (19.5 to 36 m) 2 
Over 120 fi (36 m) 3 

3-9.1.1 Additional foam-producing materials shall be pro- 
vided to permit  operat ion of the hose stream equipment  
simultaneously with tank toam installations as specified in 
Table 3-9.1.1. 

Table 3-9.1.1 Hose Stream Operating Times, Supplementing 
Tank Foam Installations 

Diameter of Largest Tank Minimum Operating Time* 

Up to 35 tt (10.5 m) 10 rain 
35 to 95 tt (10.5 to 28.5 m) 20 rain 
Over 95 it (28.5 m) 30 min 

* Based (m simuhaneous operation of the required minimum number of 
hose streams d~scharging at a rate of 50 gpm (189 L/rain). 

C h a p t e r  4 S p e c i f i c a t i o n s  a n d  P l a n s  

4-1" Prel iminary Approval.  It is good practice for the 
owner or his or her  designated representat ive (architect, 
contractor,  or other  authorized person) to review the basic 
hazard with the authori ty  having jur isdict ion to obtain 
guidance and prel iminary approval  of the proposed  pro- 
tection concept. 

4-2 Approval o f  Plans. Plans shall be submitted to the 
authority having jurisdiction for approval before installation. 

4-3 Specifications. Specifications fbr foam systems shall 
be developed with care and shall include the following: 

(a) The  specifications shall designate the authori ty hav- 
ing jurisdict ion and shall indicate whether submission of 
plans is required.  

(b) The  specifications shall state that the installation 
shall conform to this s tandard and shall meet the approval 
of  the authori ty having jurisdiction. 

(c) The  specifications shall include the specific tests that 
might be required to meet the approval  of the authority 
having jurisdict ion and shall indicate how testing costs are 
to be met. 

4-4 Plans.  Preparat ion of plans shall be entrusted only to 
fully experienced and responsible persons. They shall be 
submitted for approval  to the authority having jurisdiction 
betbre tbam systems are installed or existing systems are 
modified. These plans shall be drawn to an indicated scale 
or be suitably dimensioned.  

4-4.1 The plans shall include or be accompanied by the 
following infbrmation, where applicable: 

(a) Physical details of the hazard, including the location, 
ar rangement ,  and hazardous materials involved; 

(b) Type and percentage of foam concentrate; 
(c) Required solution application rate; 
(d) Water  requirements;  
(e) Calculations specifying required amount  of ctm- 

centrate; 
(f) Hydraul ic  calculations (See Chapter 6 of NFPA 13, 

Standard for the Installation of Sprinkler S~stems, for hydraulic 
calculation procedures);  

(g) Identif icat ion and capacity of  all equipment  and 
devices; 

(h) Location of piping,  detect ion devices, opera t ing  
devices, generators,  discharge outlets, and auxiliary equip- 
ment; 

(i) Schematic wiring diagram; 
(j) Explanation of any special teatures. 

4-4.2 C o m p l e t e  p lans  and  de ta i l ed  da ta  de sc r ib ing  
pumps,  drivers, controllers, power supply, fittings, suction 
and discharge connections, and suction conditions shall be 
submitted by the engineer  or contractor to the authori ty 
having jurisdiction tot approval  before installation. 

4-4.2.1 Where field conditions necessitate any significant 
change from the approved  plan, revised "'as installed" 
plans shall be supplied for approval  to the authori ty having 
jurisdiction. 

4-4.3 Charts specifying head,  delivery, efficiency, and 
brake horsepower curves of pumps shall be furnished by 
the contractor. 
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Chapter 5 Instal lat ion Requirements  

5-1" Foam Concentrate Pumps. Pressure  shall  not 
exceed the working pressure of the concentrate piping sys- 
tem. Positive displacement pumps and centrifugal pumps 
capable of overpressur ing the system shall be provided 
with adequate means of pressure relief from the discharge 
to the supply side of  the circuit to prevent  excessive pres- 
sure and temperature .  

5-2 Flushing.  Pumps shall have adequate means tbr 
flushing with water. They shall be provided with a drain 
cock or valve. 

5-3 Power Supply. 

5-3.1 Power supply for the drivers of foam concentrate 
pumps shall be installed in accordance with NFPA 20, 
Standard for the Installation of Centrifugal Fire Pumps, and 
NFPA 70, National Electrical Code. 

5-3.2 Power supplies shall be ar ranged such that discon- 
necting power from the protected facility dur ing  a fire shall 
not disconnect the power supply to the toam concentrate 
pump feeder circuit. 

5-3.3 Controllers governing the start-up of concentrate 
pumps with electric drivers of  30 horsepower or  less shall 
be listed as limited service controller.  Controllers govern- 
ing the start-up of foam concentrate pumps with electric 
drivers of  greater  than 30 horsepower shall be listed as fire 
pump controller .  Controllers  governing the star t-up of 
foam concentrate pumps with diesel engine drivers shall be 
listed as diesel engine fire pump  controller.  

5-3.4* A service disconnecting means in the feeder cir- 
cuits to l imited service control lers  shall be pe rmi t t ed ,  
where allowed by the authori ty having jurisdiction,  pro-  
vided the disconnecting means is supervised for the p rope r  
position. Supervis ion for p r o p e r  posit ion shall be per-  
formed by: 

(a) Central  station, proprie tary,  or remote station sig- 
naling electrical supervision service; 

(b) Local electrical supervision through use of a signal- 
ing service that will cause the sounding of an audible sig- 
nal at a constantly a t tended point; or  

(c) Locking the disconnect in the correct position with 
monthly recorded inspections. 

5-4 Piping. 

5-4.1 General Requirements. 

5-4.1.1 All piping inside of dikes or  within 50 ft (15 m) of  
tanks not diked shall be bur ied  under  at least 1 ft (0.3 m) 
of earth or, if aboveground,  shall be proper ly  suppor ted  
and protected against mechanical injury. 

5-4.1.2 Piping that is subject to freezing shall be installed for 
proper drainage with a pitch of l/2 in. for every 10 ft (4 mm 
per m) or shall be protected from freezing temperatures. 

5-4.1.3 For systems that apply foam to a tank's liquid sur- 
face from the top side, all p iping within the dike or  within 
50 ft (15 m) of tanks not diked shall be designed to absorb 
the upward force and shock caused by a tank roof  rupture .  
One of the following designs shall be used: 

(a) Piping less than 4 in. (100 mm) in diameter:  

1. Where piping is buried,  a swing joint  or other  
suitable means shall be provided  at each tank riser to 
absorb the upward force. The swing .joint may consist of 
approved s tandard weight steel, ductile, or malleable iron 
fittings. 

2. Where  piping is suppor ted  aboveground,  it shall 
not be secured for a distance of 50 ft (15 m) from the tank 
shell to provide flexibility in an upward direction so that a 
swing joint  is not needed. If  there are threaded connec- 
tions within this distance, they shall be back welded for 
strength. 

(b)* The vertical piping of 4 in. (101 mm) in diameter  
and greater  on the protected tank shall be provided with 
one brace at each shell course. This design can be used in 
lieu of swing joints or other  approved aboveground flexi- 
bility, as specified in 5-4.1.3(a)1 and 5-4.1.3(a)2. 

5-4.1.4 One flange or union joint shall be provided in 
each riser at a convenient  location, preferably directly 
below the foam maker, to permit  hydrostatic testing of  the 
piping system up to this joint.  With all welded construc- 
tion, this might be the only joint  that can be opened.  

5-4.1.5 In systems with semifixed equipment  on fixed- 
roof  tanks, the foam or solution laterals to each toam 
maker  shall terminate in connections that are located at a 
safe distance from the tanks. These connections shall not 
be located within the dike. Connections shall be located at 
a distance of  at least one tank diameter  from the tank but 
in no case less than 50 ft (15 m). The  inlets to the piping 
shall be fitted with corrosion-resistant metal connections, 
compatible with the equipment  supplying foam solution to 
the system, and provided with plugs or caps. 

5-5 Valves in Systems. 

5-5.1 The laterals to each foam discharge outlet on fixed 
roof  tanks shall be separately valved outside the dike in 
fixed installations. Shutoffvalves to divert the foam or solu- 
tions to the p rope r  tank shall be located either in the cen- 
tral foam station or at points where laterals to the pro- 
tected tanks branch from the main feed line. These valves 
shall not be located within the dike. Valves shall be located 
at a distance of at least one tank diameter  from the tank 
but in no case less than 50 ft (15 m). 

Exception: Shutoff valves can be permitted to be located at 
shorter distances where remotely operated, subject to the approval 
of the authority having jurisdiction. 

5-5.2 W h e r e  two or  m o r e  foam p r o p o r t i o n e r s  a re  
installed in parallel  and discharge into the same outlet 
header,  valves shall be provided between the outlet of each 
device and the header.  The water line to each propor-  
t ioner inlet shall be separately valved. 

5-5.3 For subsurface applications, each foam delivery line 
shall be provided with a valve and a check valve unless the 
latter is an integral part  of  the high back-pressure fbam 
maker  or pressure generator  to be connected at the time of 
use. Where product  lines are used tbr foam, product  valv- 
ing shall be ar ranged to ensure foam enters only the tank 
to be protected.  

5-5.4 Drain valves that are readily accessible shall be pro- 
vided for low points in unde rg round  and aboveground 
piping. 
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5-6 Hangers, Support, and Protection for Pipework. 

5-6.1 Where protect ing hazards where there is a possibil- 
ity of explosion, p ipework shall be routed to afford the best 
protection against damage.  The  supply piping to foam out- 
lets that protect  a given hazard in a fire area shall not pass 
over another  hazard in the same fire area. 

5-6.2 All hangers shall be of  approved  types. Tapp ing  or 
drilling of  load-bearing structural  members  shall not be 
permit ted where unacceptable weakening of  the structure 
would occur. Attachments can be made to existing steel or 
concrete structures and equipment  supports.  Where  sys- 
tems are of such a design that the s tandard method of sup- 
por t ing pipe for protection purposes  cannot be used, the 
piping shall be suppor ted  in such a manner  as to produce  
the strength equivalent to that afforded by the s tandard 
means of  support .  

5-7 Hose Requirements. Unlined fabric hose shall not be 
used with foam equipment.  

Chapter 6 Testing and Acceptance 

6-1 Inspection and Visual Examination. Foam systems 
shall be examined visually to de te rmine  that they have 
been proper ly  installed. They shall be inspected for such 
items as conformity with installation plans; continuity of 
piping; removal of temporary  blinds; accessibility of valves, 
controls,  and gauges; and p r o p e r  installation of  vapor  
seals, where  appl icable .  Devices shall be checked  for 
p rope r  identification and opera t ing  instructions. 

6-2 Flushing after Installation. In o rde r  to remove for- 
eign materials that might have entered both unde rg round  
and aboveground water supply mains dur ing  installation, 
they shall be flushed thoroughly at the maximum practica- 
ble rate of flow before connection is made to system piping. 
The  minimum rate of  flow for flushing shall not be less 
than the water demand  rate of the system, as de termined 
by the system design. The flow shall be continued for a suffi- 
cient time to ensure thorough cleaning. Disposal of flushing 
water must be suitably arranged. All foam system piping shall 
be flushed after installation, using the system's normal water 
supply with foam-forming materials shut off, unless the haz- 
ard cannot be subjected to water flow. Where flushing cannot 
be accomplished, pipe interiors shall be carefully visually 
examined for cleanliness during installation. 

6-3" Acceptance Tests. The completed system shall be 
tested by qualified personnel  to meet the approval  of the 
authori ty having jurisdiction. These tests shall be adequate  
to determine  that the system has been proper ly  installed, 
and that it functions as intended.  

6-3.1 Pressure Tests. All piping, except piping handl ing 
expanded  foam for other  than subsurface application, shall 
be subjected to a two-hour hydrostatic pressure test at 
200 psig (1379 kPa gauge) or 50 psi (345 kPa) in excess of 
the maximum pressure anticipated, whichever is greater,  
in accordance with NFPA 13, Standard for the Installation of 
Sprinkler Systems. All normally dry horizontal piping shall be 
inspected for drainage pitch. 

6-3.2 Operating Tests. Before approval ,  all opera t ing  
devices and equipment  shall be tested for p rope r  function. 

6-3.3" Discharge Tests. Where conditions permit ,  flow 
tests shall be conducted to ensure that the hazard is fully 
protected in conformance with the design specification. 
The following data shall be required:  

(a) Static water pressure,  
(b) Residual water pressure at the control valve and at a 

remote reference point  in the system, 
(c) Actual discharge rate, 
(d) Consumption rate of foam-producing material, 
(e) Concentrat ion of  the foam solution, and 
(t) Foam quality (expansion and 1/4 drain time). 

Foam concentration propor t ioning shall be: 

(a) Not less than the rated concentration, or 
(b) No more than 30 percent  above the rated concen- 

trate, or 1 percentage point  above the rated concentration, 
whichever is less. For information on tests for physical 
propert ies  of foam, see Appendix  C. 

The  foam d ischarged  shall be visually inspected  to 
ensure that it is satisfactory for the purpose  intended.  

NOTE: The rate of concentrate flow can be measured by 
timing a given displacement from the storage tank. Solution 
concentration can be measured by either refractometric or 
conductivity means (see C-2), or it may be calculated from 
solution and concentrate flow rates. Solution flow rates can 
be calculated by utilizing recorded inlet or end-of-system 
operating pressures or both. 

6-4 System Restoration. After completion of acceptance 
tests, the system shall be flushed and restored to opera- 
tional condition. 

Chapter 7 Maintenance 

7-1 Periodic Inspection. At least annually, all foam sys- 
tems shall be thoroughly inspected and checked for p roper  
operation.  The inspection shall include performance eval- 
uation of  the foam concentrate or premix solution quality 
or both. Test results that deviate more than 10 percent  
from those recorded in acceptance testing shall be dis- 
cussed immediately with the manufacturer.  Regular service 
contracts are recommended.  The  goal of  this inspection 
and testing shall be to ensure that the system is in full 
operat ing condition and that it remains in that condition 
until the next inspection. The inspection report ,  with rec- 
ommendations,  shall be filed with the owner. Between the 
regular  service contract  inspections or tests, the system 
shall be inspected by competent  personnel following an 
approved schedule. 

7-1.1" Foam-Producing Equipment. P r o p o r t i o n i n g  
devices, their accessory equipment,  and foam makers shall 
be inspected. 

7-1.1.1 Fixed discharge outlets equipped with frangible 
seals shall be provided with suitable inspection means to 
p e r m i t  p r o p e r  m a i n t e n a n c e  and  for in spec t ion  and  
replacement  of vapor seals. 

7-1.2 Piping.  Aboveground piping shall be examined to 
de termine  its condition and to verify that p roper  drainage 
pitch is maintained. Pressure tests of normally dry piping 
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shall be made when visual inspection indicates question- 
able s trength due  to corrosion or mechanical  damage.  
Underground  piping shall be spot-checked for deteriora-  
tion at least every 5 years. 

7-1.3 Strainers.  Strainers shall be inspected periodically 
and shall be cleaned after each use and flow test. 

7-1.4 Detect ion and Actuation Equipment.  Cont ro l  
valves, inc lud ing  all au tomat ic  and  manua l - ac tua t i ng  
devices, shall be tested at regular  intervals. 

7-2 Foam Concentrate Inspection. At least annually, an 
inspection shall be made of foam concentrates and their tanks 
or storage containers for evidence of excessive sludging or 
deterioration. Samples of concentrates shall be sent to the 
manufacturer or qualified laboratory for quality condition 
testing. Quantity of concentrate in storage shall meet design 
requirements, and tanks or containers shall normally be kept 
full, with adequate space allowed for expansion. 

7-3 Operating Instructions and Training. Opera t ing  
and maintenance instructions and layouts shall be posted 
at control equipment  with a second copy on file. All per- 
sons who are expected to inspect, test, maintain, or oper-  
ate foam-generat ing apparatus  shall be thoroughly trained 
and training shall be kept current  over time. 

Chapter  8 R e f e r e n c e d  Publ i ca t ions  

8-1 The [ollowing documents  or  port ions thereof  are r e f  
erenced within this s tandard and shall be considered part  
of  the requirements  of  this document.  The  edition indi- 
cated for each reference is the current  edition as of the 
date of the NFPA issuance of  this document.  

8-1.1 NFPA Publications. National Fire Protection Asso- 
ciation, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 
02269-9101. 

NFPA 13, Standard for the Installation of Sprinkler Systems, 
1993 .edition. 

NFPA 16, Standard for the Installation of Deluge Foam- 
Water Sprinkler and Foam-Water Spray Systems, 1991 edition. 

NFPA 20, Standard for the Installation of Centrifugal Fire 
Pumps, 1993 edition. 

NFPA 24, Standard for the Installation of Private Fire Ser- 
vice Mains and Their Appurtenances, 1992 edition. 

NFPA 30, Flammable and Combustible Liquids Code, 1993 
edition. 

NFPA 70, National Electrical Code, 1993 edition. 

NFPA 72, National Fire Alarm Code, 1993 edition. 

8-1.2 Other Publications. 

8-1.2.1 ANSI Publications.  Amer ican  Nat ional  Stan- 
dards  Inst i tute,  Inc., 1430 Broadway,  New York, NY 
10018. 

ANSI B1.20.1, Pipe Threads, 1992. 

ANSI B16.1, Cast Iron Pipe Flanges and Flanged Fittings, 
1989. 

ANSI B 16.3, Malleable Iron Threaded Fittings, 1992. 

ANSI B16.4, Gray Iron Threaded Fittings, 1992. 

ANSI B16.5, Pipe Flanges and Flanged Fittings, Errata - 
Oct. 1988, Addenda  B16.5A, 1992. 

ANSI B16.9, Factory-Made Wrought Steel Buttwelding Fit- 
tings, 1993. 

ANSI B16.11, Forged Fittings, Socket-Welding and 
Threaded, 1991. 

ANSI B16.25, Buttwelding Ends, 1992. 

8-1.2.2 ASTM Publications. American Society tbr Test- 
ing and Materials,  1916 Race Street,  Phi ladelphia ,  PA 
19103. 

ASTM A53, Rev B-90, Standard Specification for Pipe Steel, 
Black and Hot-Dipped, Zinc-Coated Welded and Seamless 
(Replaces ASTM A120-19 pp. Locator (;ode G-65-45). 

ASTM A135, Rev A-89, Standard Specification for Electric 
Resistance-Welded Pipe - 7 pp. DOD Adopted  Locator Code 
G-65-45. 

ASTM A234, Rev A-90, Standard Specification for Piping 
Fittings of Wrought Carbon Steel and Alloy Steel for Moderate 
and Elevated Temperatures - 7 pp. Locator Codes E-15-13, 
E-15-17, E-15-01. 

ASTM A795, Standard Specification for Black and Hot 
Dipped Zinc Coated (Galvanized) Welded and Seamless Steel Pipe 
for Fire Protection Use - 6 pp. Code G-65-45. 

8-1.2.3 AWS Publication. American Welding  Society, 
2501 N.W. 7th Street, Miami, FL 33125. 

AWS D10.9-1980, Standard for the Qualification of Welding 
Procedures and Welders for Piping and Tubing. 

A p p e n d i x  A Explanatory  Material  

This Appendix is not a part qf the requirement.~ of this NFPA document 
but is included for reformational purposes only. 

A-l-4 Eductor (Inductor). 

Air Foam Hose Nozzle with Built-in Eductor. Figure A-1-4(a) 
shows the type of propor t ioner  in which the je t  in the foam 
maker  is utilized to draft the concentrate. 

Limitations. The bot tom of  the concentrate  container  
should not be more than 6 ft (1.8 m) below the level of the 
foam maker. 

The  length and size of hose or pipe between the concen- 
trate container and the foam maker  should conform to the 
recommendat ions  of  the manufacturer.  

H~drocarbon Su~Jactant-t~'pe Foam Concentrates. These are 
synt]letic foaming agents generally based on a hydrocarbon 
surface active agent. They produce fi)ams of widely differ- 
ent character  (expansion and drainage times), depending  
on the type of  foam-producing devices employed.  In gen- 
eral, such foams do not provide the stability and burn-back 
resistance of  protein-type foams or the rapid control and 
e x t i n g u i s h m e n t  of  AFFF,  but  the) '  can be useful Im 
pet ro leum-product  spill fire fighting in accordance with 
their listings and approvals. 

There  are hydrocarbon-base foaming agents that have 
been listed as foaming agents, wetting agents, or combina- 
t ion foaming/wet t ing  agents.  The  a p p r o p r i a t e  listings 
should be consulted to determine proper  application rates 
and methods. 

1994 Editron 



11-24 LOW-EXPANSION FOAM 

Figure A-l-4(a) Air foam hose nozzle with built-in eductor. 

A - l - 4  F o a m  G e n e r a t i n g  M e t h o d s .  Foam nozzle and 
monitor streams may also be employed for the primary 
protection of process units and buildings, subject to the 
approval of the anthority having jurisdiction. The dis- 
charge characteristics of the equipment  selected to produce 
foam nozzle and monitor streams for outdoor storage tank 
protectitm should be verified by actual tests to make cer- 
tain that the streams will be effective on the hazards 
involved. 

Figure A-l-4(c) Adjustable straight stream-to-fan pattern foam-water 
monitor. 

J j  

Figure A-l-4(d) Adjustable straight stream-to-spray foam-water monitor. 

, q p  

Figure A-l-4(b) Handline foam nozzle. 

A - l - 4  P r o p o r t i o n i n g  Methods  for Air  Foam Systems .  

In-Line Eductor. This eductor is for installation in a 
hose line, usually at some distance from the foam maker or 
playpipe, as a means of drafting air foam concentrate from 
a container. [See Figures A-l-4(g) and (h).] 

Limitatio~s. 

1. The in-line eductor must be designed for the flow 
rate of the particular foam maker or playpipe with which it 
is to be used. The device is very sensitive to downstream 
pressures and is accordingly designed for use with speci- 
fied lengths of hose or pipe located between it and the 
foam maker. 

Figure A-l-4(e) Wheeled portable foam-water monitor. 

2. The pressure drop across the eductor is approxi- 
mately one third of the inlet pressure. 

3. The elevation of the bottom of the concentrate con- 
tainer should not be more than 6 ft (1.8"m) below the 
eductor. 
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Figure A-l-4(f) Portable foam-water monitor. 

M e t e r e d  P r o p o r t i o n i n g .  By means  o f  an aux i l i a ry  
p u m p ,  fi)am c o m p o u n d  is injected into the water  s t ream 
passing th rough  an inductor .  T h e  resul t ing foam solution 
is then del ivered to a fi)am maker  or  playpipe.  T h e  p ropor -  
t ioner  can be inserted into the line at any point  be tween 
the water  source  and toam make r  or  playpipe.  [See Figures 
A-1-4(i) a~1d (j).] 

Figure A-l-4(g) In-line eductor. 

To operate ,  the main water  valve is o p e n e d  and a read- 
ing of  the pressure  indicated on tile dup lex  gauge  is taken. 
When  both gauge  hands  are  set at the same point,  tile 
p r o p e r  a m o u n t  o f  foam concent ra te  is being injected into 
the water  s tream. This  is done  auton]atically by the use of  
a differential  pressure  d i a p h r a g m  vah'e. 

Limitations. 

1. T h e  capacity of  the propor t ioner  can be varied fi-om 
approximately 50 percent  to 200 percent  of  its rated capacity. 

2. T h e  pressure  d rop  across tile p r o p o r t i o n e r  ranges 
fi 'om 5 psi to 30 psi (34 kPa to 207 kPa), d e p e n d i n g  on the 
vo lume  of  water  flowing th rough  the p r o p n r t i n n e ,  within 
the capacity limits of  i tem No. 1 above. 

3. A separate  p u m p  is needed  to del iver  concent ra te  to 
the p ropor t ioner .  

P r e s s u r e  P r o p o r t i o n i n g  Tank.  This  me thod  employs  
water  pressure  as the source of  power.  With this device, the 
water  supply  pressur izes  the fi)am concen t r a t e  s torage  
tank. At the same time, water  flowing th rough  an adjacent  
Ventur i  or  nrifice creates a pressure  dittierential. T h e  low- 
pressure  area  of  the Ventur i  is connec ted  to the loam con- 
centrate  tank, so that the difference be tween the water sup- 
ply pressure  and this low-pressure  area  forces the tbam 
concent ra te  t h rough  a me te r ing  orifice and into the Ven- 
turi. Also, the differential  across tile Ventur i  varies in pro-  
por t ion  to the flow, so one  Ventur i  will p ropor t ion  prop-  
erly over  a wide flow range.  T h e  pressure  d rop  th rough  
this unit is relatively low. [See Figure A-l-4(k).] 

A special test p rocedure  is available to pe rmi t  the use of  
a m i n i m u m  a m o u n t  of  concent ra te  when testing the pres- 
sure p r o p o r t i o n e r  system. 

Limitations. 

1. Foam concent ra tes  with specific gravities similar to 
water  can create  a p rob lem when mixed.  

2. T h e  capacity of  these p ropor t ione r s  can be varied 
from approx imate ly  50 percen t  to 200 percent  of  their  
rated capacity. 

3. T h e  pressure  d rop  across the p r o p o r t i o n e r  ranges 
f iom 5 psi to 30 psi (34 kPa to 207 kPa), d e p e n d i n g  on the 
volunle  o f  water  flowing within the capacity limits of  item 
No. 2 above. 

Vslve Disc Diaphragm 

Figure A-l-4(h) In-line eductor. 

1994 Edition 



11-26 LOW-EXPANSION FOAM 

Expansion dome and 
clean-out opening - -  

Pressure vacuum 
vent 

7 Fill connection 
with fill funnel 

Foam concentrate 
F storage tank 

:÷ T 

Drain valve 

Foam concentrate 
return valve 

Foam concentrate 
supply valve 

Water supply 

l 

Foam concentrate pump 
and motor assembly - -  

Water 

Foam concentrate 

Foam solution 

.- -- -- -- .- -- .- .- .- Water sensing 

• - - - -- . - - - - Foam concentrate sensing 

~ ,  Diaphragm balancing valve 

• ' ~  Ball valve 

' ~  Gate valve 

" ~  Swing check valve 

Pressure relief valve 

Valved flush-in connection (plugged) 

Valved flush-out connection (capped) 

" ~  Strainer with valved side outlet 

Compound gauge 

( ~  Duplex gauge 

Proportioning controller 

Figure A-l-4(i) 

4. When the concentrate is exhausted, the system must 
be turned off, and the tank drained of water and refilled 
with foam concentrate. 

5. Since water enters the tank as the foam concentrate 
is discharged, the concentrate supply cannot be replen- 
ished dur ing operation, as with other methods. 

6. This system proportions at a significantly reduced 
percentage at low flow rates and should not be used below 
minimum design flow rate. 

Diaphragm (Bladder) Pressure Proportioning Tank. This 
method also uses water pressure as a source of power. This 
device incorporates all the advantages of the pressure pro- 
portioning tank with the added advantage of a collapsible 
diaphragm that physically separates the foam concentrate 
from the water supply. Diaphragm pressure proport ioning 

Balanced pressure proportioning with single injection point (metered proportioning). 

tanks operate through a similar range of water flows and 
according to the same principles as pressure proport ioning 
tanks. The added design feature is a reinforced elastomeric 
diaphragm (bladder) that can be used with all concentrates 
listed for use with that particular diaphragm (bladder) 
material. [See Figure A-1-4(l).] 

The proport ioner is a modified Venturi device with a 
foam concentrate feed line from the diaphragm tank con- 
nected to the low-pressure area of the Venturi. Water 
under  pressure passes through the controller, and part of 
this flow is diverted into the water feed line to the dia- 
phragm tank. This water pressurizes the tank, forcing the 
diaphragm filled with foam concentrate to slowly collapse. 
This forces the foam concentrate out through the foam 
concentrate feed line and into the low-pressure area of the 
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Expansion dome and 
clean-out ooenlna - -  

Pressure vacuum 
vent - - - .  

Foam liquid 
supply valve - - -  

Figure A-I-4~) 

Fill connection with 
fill funnel 

Foam concentrate storage tank 

,~"  ) / - - -  Drain valve 

' ~ / - - -  Foam liquid 
L , ~  return valve 

Foam concentrate pump / 
and motor assembly ~ J  

. . . . .  Water 

Foam concentrate 

Foam solution 

• "-,'-,'-,'-,'.--,'~ Water sensing 

Foam concentrate sensing "-~E.~ 

Pressure regulating valve 

Diaphragm balancing valve 

Gate valve 

Ball valve 

" ~  Swing check valve 

'• Pressure relief valve 

Valved flush-in connection (plugged) 

Valved flush-out connection (capped) 

Strainer with valved side outlet 

Compound gauge 

Pressure gauge 

Proportioning controller 

Balanced pressure proportioning with multiple injection points (metered proportioning). 

Water supply " Note: Schematic diagram for 
~ I t~  clarity only, Does not necessarily 

show all required valves. 

~ _ ~ ~ l ~ , ~  Ball drip valve r. 

Fill .i " " - - ; . ~ ~  PPH operating head 
connections." .~- J ~ ,,-~\"~ 

" , l ~ . ~ /  "'~'~:7,'; "~1~'~..~ ~ Liquid pressure tank 

ur aes~reaj Solution lines 
to field 

Figure A-l-4(k) Typical arrangement of pressure proportioning tank. 

proport ioner controller. The concentrate is metered by use 
of an orifice or metering valve and mixes in the proper 
proportion with the main water supply, sending the cor- 
rect foam solution downstream to the foam makers. 

Limitations. Limitations are the same as those listed above 
for pressure proport ioning tank, under  Figure A-l-4(k), 
except the system can be used for all types of concentrates. 

Pump Proportioner (Around-the-Pump Proportioner).  
This device consists of an eductor installed in a bypass line 
between the discharge and suction of a water pump. A 
small portion of the discharge of the pump flows through 
this eductor and draws the required quantity of air foam 
concentrate from a container, delivering the mixture to the 
pump suction. Variable capacity can be secured by the use 
of a manually controlled multiported metering valve. [See 
Figure A-1-4(m).] 

Limitations. 

1. The pressure on the water suction line at the pump 
must be essentially zero gauge pressure or on the vacuum 
side. A small positive pressure at the pump suction can 
cause a reduction in the quantity of concentrate educted or 
cause the flow of water back through the eductor into the 
concentrate container. 
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Alternate proportioner location 

/ 

Fill cup 

1¢' 

~ --- Internal bladder 

Pressure vessel 

v. 

Sight gauge 

Foam concentrate line 

,% 

Water supply 

Foam solution 

Water line 

Foam concentrate line 

Ball valve 

Swing check valve 

Motorized valve (optional) 

Figure A- 1-4(1) 

Proportioning controller 

Note: 
A motorized foam concentrate valve 
permits the activation of this system 
from any remote signaling source 

Diaphragm (bladder) proportioning tank. 

2. The elevation of the bottom of the concentrate con- 
tainer should not be more than 6 ft (1.8 m) below the pro- 
portioner. 

3. The bypass stream to the proportioner uses from 
10 gpm to 40 gpm (38 L/min to 151 L/min) of water 
depending on the size of the device and the pump dis- 
charge pressure. This factor must be recognized in deter- 
mining the net delivery of the water pump. 

Solution discharge line 

/ /  ~ Water suction line 
Shut off . ~  l, k .) ] 
valve in. / ~  ,,mn"~__j / ¢  
bypass li 7 Pump J ~ d u c t o r  

[ .~ / ' ~ . ~  Metering valve 

Foam concentrate-"- 4~, 
pickup / 

Foam 
concentrate 
container J 

Figure A-l-4(m) Around-the-pump proportioner. 

A - l - 4  T y p e  I D i s c h a r g e  O u t l e t .  Approved Type I dis- 
charge outlets include: 

(a) Porous tubes [see Figure A-1-4(n)]. 
(b) Foam troughs along the inside of tank wall [see Fig- 

ure A-1-4(o)]. 

roof 

Moell~ 
tube 

rank wall 
I 

Figure A-l-4(n) Cross section of a Moeller tube chamber. Tube is 
designed to unroll and fall to oil level. Foam flows through interstices in 
tube. 
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0a0 -0ross" 2);  . 
~ Figure A-l-4(o) Foam trough. Figure A-l-4(q) Semifixed subsurface foam installation. 

L I~ .' ~ ~ 1011 (25'4 cm) center '° face ~'~ [~ ~ ~ ~~  12I' 

-'~ .-.  ~-', 
n ~  ,, 

-" : , Braces for 8' (2.4 m) shell plates (see no te )_~  T 
(~! 6" (15.2 cm) pipe. ] ] -  I 1~. 

8' 
~ [  Quick nlinn Intermediate back press'-"]l I , 8; 4 m, . . . . .  cou~.._~ F " ' I I I I~z.4 m) 

and dust cap Firewall oam m a k e r . . _  J ~  _~ " 
17 - [ ~  Slope Air inlet screen ~ " ~  I 17 ' 

[ ~ ] ~ [ ~  I ~  ~ l; ,)~'7, '~( 2Z.'.. -,,~-~, \ \ , I . 4" (10.2 cm) pipe 
~ . . . .  ~ . . . .  \ "Pipe support 

Drain at low point Roadway \ 
Extend pipe through firewall 
to edge of road 

NOTE: One brace [I/2 in. (1.3 cm) plate, 12 in. (30.5 cm) long] should be 
~ 1  provided at each shell course. This helps maintain the shell in place during 

L<: /he early stages of the fire and prevents buckling before cooling water is 
applied. 
Figure A-1-4(r) Typical air foam piping for intermediate back-pressure 

Figure A-l-4(p) Air foam chamber with Type II outlet. 

These outlets are designed to extinguish fire with a min- 
imum of foam-producing materials. It should be noted, 
however, that Type I devices become Type II devices if 
they suffer mechanical damage. 

Type I discharge outlets are generally considered obso- 
lete because nearly all currently manufactured foams are 
suitable for use with Type II discharge outlets. 

P o r o u s  T u b e .  The coarsely woven tube is rolled up in 
the foam chamber, one end being securely fastened to the 
foam supply line and the free end being stitched to close 
the opening at this point. When foam is admitted to the 
tube, the diaphragm closing the mouth of the chamber is 
broken out by the pressure of the tube against it. The tube 
then unrolls, dropping into the tank. The buoyancy of the 
foam causes the tube to rise to the surface and foam to flow 
through the inter.stices of the fabric directly onto the liquid 
surface. 

F o a m  T r o u g h .  The trough shown schematically in Fig- 
ure A-1-4(o) consists of sections of steel sheet formed into a 
chute securely attached to the inside of the tank wall so 
that it forms a descending spiral from the top of the tank 
to within 4 ft (1.2 m) of the bottom. 

A-2-2.1.2 Additional water supplies are recommended for 
cooling the hot tank shell to assist the foam in sealing 

foam system. 

against the shell. Some foams are susceptible to breakdown 
and failure to seal as a result of heating the tank shell due 
to prolonged burn ing  prior to agent discharge. 

A-2-3.2.2 The level of concentrate in the storage tank 
should be monitored to ensure an adequate supply is avail- 
able at all times. 

The hazard requiring the largest foam solution flow rate 
does not necessarily dictate the total amount  of foam con- 
centrate required. 

E x a m p l e :  A Class II product tank requiring a flow of 
300 gpm (1136 L/min) foam solution for 30 minutes would 
require 270 gal (1022 L/min) of 3 percent concentrate. 
A Class I product tank requiring a flow of 250 gpm 
(946 L/min) foam solution for 55 minutes would require 
412 gal (1560 L/min) of 3 percent concentration. 

A-2-3.2.4.1 The storage temperature  should be moni- 
tored to ensure that listed temperature limitations are not 
exceeded. 

A-2-6 Foam concentrate pumps are generally of the p,,s- 
itive displacement variety. Centrifugal pumps might not be 
suitable for use with loam concentrates exhibiting high- 
viscosity characteristics. The foam equipment manutac- 
turer should be consulted for guidance. Provisions should 
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be made for automatic shutoff of  the foam concentrate 
pump after the concentrate supply is exhausted.  

A-2-7.3.1 Welding is preferable  where it can be done 
without introducing fire hazards. 

A-2-7.5 A hazard area generally includes all areas within 
dikes and within 50 f~: (15 m) of  tanks without dikes. Other  
areas that should be considered hazard areas include: 

(a) Locations more than 50 ft (15 m) from tanks without 
dikes, if the ground  slope allows exposure  from acciden- 
tally released flammable and combustible liquids. 

(b) Extensive manifbld areas where flammable and com- 
bustible liquids might be released accidentally. 

(c) Other  similar areas. 
The  presence of  f lammable  and combust ible  l iquids 

within pipelines that do not possess the potential to release 
flammable and combustible liquids should not be consid- 
ered as creating a hazard area. 

Ball valves may be used for foam concentrate propor -  
t ioning systems. 

A-3-1 There  have been cases repor ted  where the applica- 
tion of foam through  solid streams that were p lunged into 
the flammable liquid have been believed to be the source of  
ignition of the ensuing fire. The  ignitions have been attrib- 
uted to static discharges resulting from splashing and tur- 
bulence. Therefore,  any application of  foam to an unig- 
nited flammable liquid should be as gentle as possible. 
Proper  application methods with portable equipment  may 
include a spray pat tern or banking the ~bam stream off a 
backboard so that the foam flows gently onto the liquid 
surface. Also, proper ly  designed fixed foam chambers on 
tanks could be expected to deliver the foam fairly gently 
and not cause a problem. 

Covered (internal) floating roof  tanks can experience 
two distinct types of  fires: a full surface area fire (as a result 
of the floating roof  sinking) or a seal fire. There  have been 
few fires in double-deck or  pontoon- type  floating roof  
tanks where fixed roofs and venting are designed in accor- 
dance with NFPA 30, Flammable and Combustible Liquids 
Code. Prior to selecting the method of protection, the type 
of fire that will serve as the basis for design should be 
defined. 

A-3-2 These systems are used for the protection of out- 
door  process and storage tanks. They include the protec- 
tion of  such hazards in manufacturing plants as well as in 
large tank farms, oil refineries, and chemical plants. These 
systems usually are designed for manual operat ion but, in 
whole or in part,  may be automatic in operation.  Foam sys- 
tems are the prefer red  protection for large outdoor  tanks 
of  flammable liquids. 

A-3-2.1.3 W h e r e  the en t i re  l iquid surface has been  
involved, fires in tanks up to 150 ft (39 m) in diameter  have 
been ex t inguished  with large-capaci ty  foam moni tors .  
Depending on the f ixed-roof tank outage and fire inten- 
sity, the updraf t  due to chimney effect may prevent  suffi- 
cient foam from reaching the burning liquid surface to 
form a blanket. Foam should be applied continuously and 
evenly. Preferably, it should be directed against the inner  
tank shell so that it flows gently onto the burning  liquid 
surface without undue  submergence.  This can be difficult 
to accomplish, as adverse winds, depending  on velocity and 
direction, reduce the effectiveness of the foam stream. 

Foam made here at chambers Foam chamber 

Conce : ~  
s,orage \ 

- Foam solution hydrant 
. . . . . .  r \ Pump Water Supply J 

Figure A-3-2 Schematic arrangement of air foam protection for storage 
tanks. 

Fires in f ixed-roof tanks with rup tured  roofs that have only 
limited access for foam application are not easily extin- 
guished by moni tor  application from ground level. Fixed 
foam monitors may be installed for protection of  d rum 
storage areas or diked areas. 

A-3-2.2.3 Where protection is desired for hydrocarbons 
having a flash point  above 200°F (93.3°C), a minimum dis- 
charge time of 35 minutes should be used. 

A-3-2.2.4 When  using some o lde r  types of  a lcohol-  
resistant foam concentrate,  consideration should be given 
to solution transit time. Solution transit time (the elapsed 
time between injection of the foam concentrate into the water 
and the induction of air) may be limited, depending on the 
characteristics of the foam concentrate, the water tempera- 
ture, and the nature of the hazard protected. The maximum 
solution transit time of each specific installation should be 
within the limits established by the manufacturer. 

A-3-2.3.2.1 It is r ecommended  that, for tanks greater  
than 200 ft (60 m) in diameter ,  at least one additional dis- 
charge outlet should be added  for each additional 5000 ft 2 
(465 m 2) of liquid surface or fractional part  thereof. Since 
there has been limited experience with foam application to 
fires in f ixed-roof tanks greater  than 140 ft (42 m) in diam- 
eter, requirements  for foam protection on such tanks are 
based on the extrapolat ion of data from successful extin- 
guishments in smaller tanks. Tests have shown that foam 
may travel effectively across at least 100 ft (30 m) of  burn-  
ing liquid surface. On fixed-roof tanks of over 200 ft (60 m) 
diameter ,  subsurface injection may be used to reduce foam 
travel distances for tanks containing hydrocarbons only. 

Unless subsurface foam injection is utilized, a proper ly  
sized flanged connection should be installed on all atmo- 
spher ic  p ressu re  s torage tanks,  regard less  of  p resen t  
intended service, to facilitate the future installation of an 
approved discharge outlet if a change kn service should 
require such installation. Figures A-3-2.3.2.1(a) and (b) are 
typical fixed foam discharge outlets or foam chambers.  

A-3-2.3.2.2 Where protection is desired for hydrocarbons 
having a flash point above 200°F (93.3°C), a minimum time 
of  15 minutes for Type I outlets and 25 minutes for Type 
II  outlets should be used. 

A-3-2.3.3 The  system should be designed based on fight- 
ing a fire in one tank at a time. The  rate of application for 
which the system is designed should be the rate computed 
for the protected tank considering both the liquid surface 
area and the type of flammable liquid stored. 
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Figure A-3-2.3.2.1(a) Air foam maker in horizontal position at top of 
storage tank. 

~i  ! i i 

Figure A-3-2.3.2.l(b) Foam chamber and foam maker. 

E x a m p l e :  The  proper ty  contains  a 40-ft (12.2-m) 
diameter tank storing ethyl alcohol and 35-ft (10.7-m) 
diameter tanks storing isopropyl ether. 

Liquid surtace area: 
40-ft (12.2-m) diameter tank = 1257 tt'-' (116.8 m e) 

Assuming the solution rate tor ethyl alcohol: 
0.1 gpm/ft'-' [(4.1 L/min)/nl ~] 
or 1257 x 0. I = 126gpm (477 L/nfin) 

Liquid surthce area: 
35-ft (10.7-m) diameter tank = 962 fie (89.4 tn'-') 

Assuming the solution rate tor isopropyl ether: 
0.15 gpm/ft "2 [(6.1 L/min)/m'-'] 
or 962 × 0.15 = 144gpm 

For S1 units: Solution Rate = (89.4)(6.1) = 545 I jmin  

In this example, the smaller tanks storing the more vol- 
atile product require the higher loam-generating capacity. 
In applying this requirement,  due consideration should be 
given to the fizture possibility of change to a more I: azard- 
ous service requiring greater rates of application. 

Untinished solvents or those of technical grade may con- 
tain quantities of impurities or diluents. The proper rate of 
application for these, as well as for mixed solvents, should 
be selected with due regard to the foam-breaking proper- 
ties of the mixture. 

A-3-2.4.1 Experience with fuel storage tank fire lighting 
has shown that the main problems are operational, i.e., 
difficulty in delivering the foam relatively gently to the fuel 
surtace at an application rate sufficient to ettiect extinguish- 
ment. A properly engineered  and installed subsurface 
foam system offers the potential advantages of less chance 
for tbam-generation equipment  disruption as a resuh of an 
initial tank explosion or the presence of fire surrounding 
the tank, and the ability to conduct operations a sati: dis- 
tance from the tank. Thus, the opportunity fbr establishing 
and mainta ining an adequate toam application rate is 
enhanced. The fifth)wing guidelines regarding tire attack 
are recommended. 

After necessary suction connections are made to the 
water supply and foam-maker connections are made to 
loam lines, foam pumping  operations should be initiated 
simultaneously with opening of block valves permitting the 
start of foam tlow to the tank. Solution pressure should be 
brought up to and maintained at design pressure. 

When foam first reaches the bu rn ing  liquid surthce, 
there may be a momentary increase in intensity caused by 
the mechanical action of steam fi~rmation when the tirst 
fimm contacts the heat of the tire. 

Initial [lame reduction and reduction of heat is then 
usually quite rapid, and gradual reduction in flame height 
and intensity will occur as the foam closes in against the 
tank shell and over the turbulent  areas over loam injection 
points. If sufficient water supplies are available, cooling of 
the tank shell at and above the liquid level will enhance 
extinguishment and should be used. Care should he taken 
that water streams are not directed into the tank where 
they could disrupt the established loam blanket. 

After the tire has been substantially extinguished by the 
toam, some the mav remain over the point of injection. 
With flash points beiow 100°F (37.8°C) (Class IB and Class 
IC liquids), the fire over the turbulent  area will continue 
until it is adequately covered by foam. With gasoline or 
equiwtlent liquids, when fire remains only over the area of 
injection, intermit tent  injection should be used so that 
t'oam will retrogress over the area dur ing the time loam 
injection is stopped. Depending on local circumstances, it 
may be possible to extinguish any residual [tickers over the 
turbulent  area with portable equipment  rather than con- 
tinue the relatively high rate of application to the whole 
tank. 

If the tank contains a burning  liquid capable of forming 
a heat wave, a slop-over may occur from either topside or 
subsurthce injection of foam, especially if the tank has been 
burn ing  tbr 10 minutes or hmger. Slop-over can be con- 
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trolled by intermit tent  foam injection or reduction in fbam- 
maker  inlet pressure until slop-over ceases. Once slop-over 
has subsided, and in the case of liquids that do not form a 
heat wave, the pump rate should be continuous. 

Figures A-B-2.4.1(a) and (b) illustrate typical arrange-  
ments of semifixed subsurtace systems. 

A-3-2.4.2 Figures A-3-2.4.2(a) through (d) should be used 
to determine  tbam velocity. 

Figure A-3-2.4.2(e) illustrates optional  ar rangements  for 
muhiple subsurface discharge outlets. 

A-3-2.4.2.1 Figure A-3-2.4.2.1 illustrates a typical foam 
inlet tank connection. 

High balk-pressu 

Figure A-3-2.4.l(a) Semifixed subsurface foam installation. 

b 

2-1/2" 
~ " -  Fire hose thread 

. d ~ A d a p t e r  inlet swivel 
2-1/2" 

Portable high back-pressure foam maker Inlet v a l v e  
for subsurface application (gate valve) 

Adapter p i p e  
to hose / 

Check valve / 
(threaded) ~ / 

Outboard terminal 
connection with plug , , ~  Product or 

foam line 

\ 
Foam 

Figure A-3-2.4.1(b) Typical connection for portable high back-pressure foam maker for subsurface application in semifixed system. 

/ 

12.2 40 

3 1 0 / / / /  / / j l J - - - ]  
/ / / 

All dimensions in inches (millimeters) 
unless otherwise noted. 

0 I I I 
G PM 800 1600 2400 3200 4000 4800 5600 6400 
LPM 3028 6056 9084 12111 15139 18167 21195 24223 

Expanded foam rate 

Figure A-3-2.4.2(a) 

7200 
27251 

Foam velocity vs. pipe size (2J/2 ", 3", 4", 6", 8", 10", 12", and 14") -- standard schedule 40 pipe. 
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O O LU UJ 

9.1 30 

6.1 20 

GPM 
LPM 

> 
E cu 
o 

10 

dimensions in inches (m,, eters) 
unless otherwise noted. 

I I I 
2000 4000 6000 8000 10000 12000 14000 16000 
7570 15139 22710 30278 37848 45420 52990 60560 

Expanded foam rate 

Figure A-3°2.4.2(b) Foam velocity vs. pipe size (14", 16", and 18") -- standard schedule 40 pipe. 

,,o, 

9.1 

°6.1 
> 
E 
o ii 

3.1 

/ , J  

Z z  
~ A ~ l l d i m  n 0!  n n ~  ml i ,L t m • ,  ~ d e s' s ' '  c es(  ' '  e e  ) 

, , ~  unless otherwise noted. 
I t ! I 

GPM 4000 8000 12000 16000 20000 24000 28000 
LPM 15139 30280 45420 60560 75696 90840 105980 

Expanded foam rate 

Figure A-3-2.4.2(c) Foam velocity vs. pipe size (20" and 24") -- standard 
schedule 40 pipe. 

NOTE: Expanded foam velocity also may be calculated by 
using the following formulae. 

English Velocity (ft/sec) = 
Expanded foam (GPM) 

KA 
A = Area of ID of the injection pipe in sq. ft. 
K = Constant 449 
GPM = Gallons per minute 

OR 
V= GPM foam x 0.4085 

Where d = Pipe ID in inches 

Metric Velocity (m/soc) = 
LPM foam x 21.22 

Where d = Pipe ID in mm 

Figure A-3-2.4.2(d) Expanded foam velocity calculation. 

Connections for subsurface 

/ - -  Gate valve ', 

foam makers / 
typical " ~ ' ,  

\ I / \ 'LValved i 
\ test ', 

2 outlets Rupture disc ~ connection 
(otional) 

  Oikewa,,--,,4 

,, 

3 outlets 

4 outlets 

Figure A-3-2.4.2(e) 

Swing 
Rupture disc. check 
(optional) valve Gate valve 7 

flow " -  
Valved test connection 

Typical arrangement of semifixed subsurface system. 

Tank s h e l l ~  

~ At least 1 ft 
(0.3 m) _ 

water bottom 

Figure A-3-2.4.2.1 Typical tank foam-maker discharge connection for 
subsurface injection. 
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Figure  A-3-2 .4 .2 .2(b)  Foam fr ict ion lo s se s  - -  4 e x p a n s i o n  (12", 14", 16", 18", 20", and 24") - -  s tandard s c h e d u l e  40  pipe .  

kPa 
1695 
1584 
1469 
1358 

1243 
1131 

1016 

905 

790 

679 

564 

453 

E 
o o 

o 

"5 
U -  

o 

c~ 

o 
g 
~d 
L L  

1994 Edition 



AI'PFNDIX A 11-35 

A-3-2.4.2.2 The back-pressure consists of the static head 
plus pipe friction losses between the foam maker and the 
foam inlet to the tank. The friction loss curves [,~ee Figure,s 
A-3-2.4.2.2(a) and (b)] are based on a maximum foam 
expansion of 4, which is the value to be used for friction 
loss and inlet velocity calculations. 

A-3-2.4.3.1 Opt imunl  f luoroprotein toam, AFFF, and 
FFFP characteristics tor subsurface il~iection purposes 
should have expansion ratios between 2 and 4. [See Ficure.~ 
A-3-2.4.3.1(a) m~d (b).] 

Pressure 
gauge 

2/2" FNST 
swivel inlet 

/ ~,..../--- Air strainer 

Air strainer adapter 2~" MNST 
adapter discharge 
to meet local standards 17: FTIPT 

Figure A-3-2.4.3.1(a) Portable high back-pressure foam maker for semifixed systems. 

Pressure 

I n l e t ~  ~ 

_/ /- Air strainer 

Air strainer 
/ adapter 

Check valve - - - - - ~ ~  

Figure A-3-2.4.3.1(b) Fixed high back-pressure foam maker for fixed systems. 
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A-3-2 .5  S e m i s u b s u r f a c e  Sys tems .  This section describes 
the design criteria that are applicable to systems used to 
apply foam to the surface of fixed-roof (cone) storage tanks 
via a flexible hose rising from the base of the tank. Manu- 
facturer recommendat ions  should be followed for the 
design and installation of such systems. 

These systems are not considered appropriate for float- 
ing roof tanks with or without a fixed roof because the 
floating roof prevents foam distribution. The flexible foam 
delivery hose is contained initially in a sealed housing and 
is connected to an external foam generator  capable of 
working against the maximum product head. When oper- 
ated, the hose is released from its housing, and the hose 
floats to the suriace as a result of the buoyancy of the foam. 
Foam then discharges through the open end of the hose 
directly onto the liquid surface. 

Consideration should be given to the following factors 
when selecting this type of system. 

(a) The total foam output  should reach the surface of 
the burn ing  liquid. 

(b) With large tanks, the semisubsurface units can be 
arranged to produce an even distribntion over the fuel 
surface. 

(c) Any type of concentrate suitable for gentle surface 
application to the particular fuel may be used. 

(d) Foam-generating equipment  and operating person- 
nel may be located at a distance from the fire. 

(e) The system may be used for the protection of foam 
destruct ive liquids, provided the flexible hose is not 
affected by them. 

(f) Certain high-viscosity fuels may not be suitable for 
protection by this type of system. 

(g) There is no circulation of the cold fuel and, there- 
fore, no assistance in extinguishment. 

(h) The system may be difficult to check, test, and 
maintain. 

(i) The high back-pressure foam generator has to pro- 
duce foam at a pressure sufficient to overcome the head 
pressure of fuel as well as all friction losses in the foam 
pipework. Friction losses with foam differ from those with 
foam solution. 

Design application rates and discharge times for hydro- 
carbons are typically the same as for Type II topside appli- 
cation systems, i.e., 0.1 gpm/fi" (4.1 Lpm/m"). Manufactur- 
ers should be consulted for appropriate application rates 
and design recommendations to be followed for protection 
of products requiring the use of alcohol-resistant toams. 

Duration of discharge should be in accordance with 
Table A-3-2.5(a). 

Semisubsurface foam units should be spaced equally, 
and the number  of units should be in accordance with 
Table A-3-2.5(b). 

Each semisubsurface unit should be secured by pipe sup- 
ports suitable for the intended application and for mounting 
through the tank wall. To prevent leakage of the product, it 
is recommended that a check valve be fitted at the foam entry 
point adjacent to the tank wall for each unit. 

A-3-3.1 Most fires in open-top floating roof tanks occur in 
the seal areas, and these fires can be extinguished with the 
foam systems described in Chapter 3. However, some fires 
involve the full surface area when the roof sinks. These 

Table A-3-2.5(a) Duration of  Discharge for Semisubsurface 
Systems 

Discharge Time 
Product Stored Foam Type Minimum (min) 

Hydrocarbons with 
flash point below 
100°F (37.8°C) 

Flash point at or 
above 100°F (37.8°(:) 

Liquids requiring 
alcohol-resistant 
foams 

Protein, AFFF, 
fluoroprotein, 
FFFP, and alcohol- 
resistant AFFF 
or FFFP 

All fbams 

Alcohol-resistant 
tbams 

55 

30 

55 

Table A-3-2.5(b) Minimum Number of  Subsurface Units 

Tank Diameter Minimum Number of  
Feet Meters Semisubsurface Units 

Up to 80 Up to 24 
Over 80 to 120 Over 24 to 36 
Over 120 to 140 Over 36 to 42 
Over 140 to 160 Over 42 to 48 
Over 160 to 180 Over 48 to 54 
Over 180 to 200 Over 54 to 60 
Over 200 Over 60 

1 
2 
3 
4 
5 
6 
6 

plus 1 outlet 
for each 

additional 
5000 ft'-' 
(465 m") 

- " / Product 

Cone roof tank 

Compensator 
. . . . .  Hose container / 

BlockF°a/v%Sealin.g, membrane/ / C/Fh°ak inl~ 
/ / / / valve, / 

Figure A-3-2.5 Semisubsurface system arrangement. 

fires are very infrequent and normally do not justify a fixed 
system to protect for this risk. Plans should be made to 
fight a fitll surface fire in a floating roof tank with portable 
or mobile equipment. Large capacity foam monitor nozzles 
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We 

Shield Deflector 

Solution 
supply pil 

Fabricated 
from 4 in. (10 cm) 
std. wall p ip i t ,  h 

Foam maker 

(Fire hose 
connections 
not shown in 
this view) 

P la t fo rT  

Windgirder 
u 

I ~ Foam deflectors 
A't L._~..~... mounted to clear 

I ~  uppermost 
-J ~ ~ 1 1 f ~ . X  position of roof. 

l l _ . .  ", Screen 
24 in. (61 cm) Bracing 

Weather 
7 .shield 

~, , 

[ 7AI  FIoatin! 

(toroidal type shown) 

Tank shell 

24 in. 
(61 cm) 

,,_t 
Foam dam 

Slope for 
drainage 

P,ug - / r  Tank she,, 
• 

I Q  • Q • • • ¢ J  n • . "  • - " . ' .  

Section A-A 

Figure A-3-3.3.1.1(a) 

Sheet steel shield can be rectangular or cut as shown 
mounted on top of shell reinforce with suitable supports. 
Minimum dimensions depend on minimum clearance needed 
between foam chamber deflector and top position of roof. 
(See table be low)  Discharge outlet Foam maker 

\ \ / ALT. foam 
\ / chamber 

I ' - - ~  - -  -- - -  ~ "  3/8 °f "L" " ~  - - / - -  -- 2¢21i°n-ICurb angle 

p~us I . , . Y  363~8io ~ i ~ - - ~ - z  . . . . .  tP"~",~ ', 

1/2 of Foam m a k e r ~  
,~ "'~" I F°ammaker---~ " i L L  / LJ I t 

I 14 ' - E L I ,  ~ "L" Shield length ~ ] 

Windgirder 

hi Solution piping to other 
Notes: III foam chambers may be 
1 40 ft (12 2 m) max foam maker spacing W located above or below 
using 12 in. (30.5 cm) high min. foam dam. I~ windgirder or at grade 
2.80 ft (24.4 m) max. foam maker spacing I I  level. 
using 24 in. (61 cm) high min. foam dam. I I  

Swing j o i n ~  

"A" Dimension is the height of the chamber opening 
above the top edge of tank shell. The minimum height 
must clear the top position of the floating roof. 

"A" Dimension (ft) "L" Dimension (ft) 
2 (0.6 m) 10 (3 m) 
3 (0.9 m) 12 (3.7 m) 
4 (1.2 m) 14 (4.3 m) 

Typical foam splash board for discharge devices mounted above the top of the shell. 
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Foam maker Fixed solution piping 
discharge outlets 

Foam 
dam 

\\~ Ladder/" ~ ,/ff~' ] Foam 
"N~'~ t rack  ~ /4v~, h l-s9 luti°n 

e 

Figure A-3-3.3.1.l(b) Fixed foam discharge outlets mounted on the 
periphery of the floating roof. 

with capacities up to 6000 gpm (22 712 L/min) are cur- 
rently available. If  loam propor t ioning devices are not pro- 
vided with the fi)am monitors,  additional foam propor t ion-  
ing trucks may be required through mutual  aid. Generally, 
the nmnber  of fimm propor t ioning  trucks available at any 
location is not sufficient to fight a sunken floating roof  fire, 
and outside assistance is required.  

(;enerally, the fire water systems available in floating 
roof tank areas are not designed to fight a full surface fire, 
so additional water is required.  Therefore,  relay pumping  
with munic ipal  or  mutual  aid water  pumper s  may be 
required to obtain enough water tbr foam generation. 

Another  aspect to consider is the amount  of foam con- 
centrate available. The i}.)am application rate of 0.16 gpm/ft'-' 
[(6.5 L/min)/m'-'] of surface area listed in Chapter 3 may 
have to be increased for very large tanks. Therefore,  the 
amotmt of foam concentrate available through mutual  aid 
should be established pr ior  to the fire. In some cases, it 
may be necessary to increase the on-site foam storage if 
mutual  aid supplies are limited. 

If it is decided to fight a fire in a tank with a sunken roof 
instead of protecting the adjacent  theilities and allowing a 
controlled burnout ,  the most important  aspect is to plan 
ahead and bold simulated drills. Coordinat ing the efforts 
of  many different  organiza t ions  and various p u m p i n g  
operat ions required tot fighting potentially catastrophic 
fires requires well-developed plans and plenty of practice. 

A-3-3.3.1.1 Since all the discharge outlets are supplied 
fiom a commnn (ring) fi)am solution main, some vapor seal 
devices may; not  r u p t u r e  due  to p r e s s u r e  var ia t ions  
encountered as the system is activated. [See Figures A-3- 
3.3.1.1(a) and (b).]" 

A-3-3.4 Use of foam handlines for the ext inguishment of 
seal fires should be limited to open-top floating roof tanks 
of less than 250 ft (76.2 m) in diameter.  The  following 
design information applies to foam handline protection 
methods. 

(a) A foam dam should be installed in accordance with 
3-3.3.3. 

(b) To establish a safe base for operat ion at the top of 
the tank, a single fixed foam discharge outlet should be 
installed at the top of the stairs. This fixed foam discharge 
outlet is meant to provide coverage of the seal area for 
approximately 40 ft (12.2 m) on both sides of the top of the 
stairs. 

(c) The  fixed foam discharge outlet should be designed 
to discharge at least 50 gpm (379 L/rain). 

(d) To permit  use of foam handlines from the wind- 
girder,  two 1.5-in. (40-ram) diameter  valved hose connec- 
tions should be provided at the top of the stairs in accor- 
dance with Figure A-3-3.4. 

The windgirder  should be provided with a railing for 
the satety of the fire fighters. (See Figure ,4-3-3.4.) 

A-3-4.1.2.2 The  hazard requir ing the highest fbam solu- 
tion flow rate does not necessarily dictate the total amount  
of toam concentrate required.  

A-3-6 To minimize life and proper ty  loss, automation of 
loam systems protecting a truck loading rack should be 
taken into account. NFPA 16, Standard on the Installation of 
Deluge Foam-Water Sprinkler and Foam-Water Spray Systems, 
states that, "Automatic operat ion shall be provided and 
supplemented  by auxiliary manual t r ipping means. 

Exception: Manual operation onl~ may be provided when accept- 
able to the authori(~ having jurisdiction." 

There  are two methods of automating toam monitor  sys- 
tems tor this application, as follows: 

Ca) Completely automatic detection and actuation (see 
applicable sections of NFPA 72, National Fire Alarm Code, 
for design criteria). 

(b) Actuation by push-button stations or other means of 
manual  release. 

A-3-6.3.1 The proper  choice of each monitor  location is a 
very important  factor in designing a foam monitor  system. 
Traffic patterns,  possible obstructions,  wind conditions,  
and effective foam nozzle range aflect the design. The  
appropr ia te  monitors and nozzles should be located so that 
foam is applied to the entire protected area at the required 
application rate. 

Consuh the manufacturer  of the monitor  nozzle tot spe- 
cific perfi)rmance criteria related to stream range and foam 
pattern,  discharge capacity, and pressure requirements.  
Manufacturers also should be consulted to confirm applica- 
ble listings and/or  approvals. 

A-3-7 ( , e n e r a l l y ,  p o r t a b l e  mon i to r s ,  or  foam hose 
streams, or both, have been adequate in fighting spill fires 
in diked areas. In o rder  to obtain maximum flexibility due 
to the uncertainty of location and the extent of a possible 
spill in process areas and tank farms, p6rtable or trailer- 
mounted monitors are more practical than fixed foam sys- 
tems in covering the area involved. The  procedure  1or 
fighting diked area spill fires is to extinguish and secure 
one area and then move on to extinguish the next section 
within the dike. This technique must be continued until 
the complete dike area has been extinguished. 

A-3-9 Auxi l iary  foam hose s t reams may be suppl ied  
directly from the main system protecting the tanks (e.g., 
centraiized fixed pipe system) or may be provided by addi- 
t ional  e q u i p m e n t .  T h e  s u p p l e m e n t a r y  hose s t r eam 
requirements  provided herein are not intended to protect 
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of shell 

hose connections 

View D-D 

Deflector 
1/8 in. (0.3 cm) thick 

Pad 1/4 in. (0.6 cm) 
thick 

View C-C 

Foam dam 
\ 

Drain slots: 7 " ~  1 in. (2.5 cm) wide x 3/8 in. ( 
high, on 10 ft (3 m) centers 

pp2imate dimensions) 

' •  
Continuous fillet weld 

View B-B 

Figure A-3-3.4 Typical installation of foam 

against fires involving major fuel spills; rather, they are 
considered only as first aid-type protection for extinguish- 
ing or covering small spills involving areas in square feet 
(square meters) equal to those covered by about six times 
the rated capacity [in gpm (L/min)]' of the nozzle. 

Permanently installed foam hydrants, where used, 
should be located in the vicinity of the hazard protected 
and in safe and accessible locations. The location should be 
such that excessive lengths of hose are not required. Limi- 
tations on the length of hose that may be used depend on 
the pressure requirements of the foam nozzle. 

handlines for seal area fire protection. 

A-4-1 The possibility and extent of damage by the agent 
should be evaluated when selecting any extinguishing sys- 
tem. In certain cases, such as tanks or containers of edible 
oils, cooking oils, or other food processing agents, or in 
other cases where contamination through the use of tbam 
could increase the loss potential substantially, the authority 
having jurisdiction should be consulted regarding the type 
of extinguishing agent preferred. 

A-5-1 Provisions should be made for automaic shutoff of 
the foam concentrate pump after the concentrate supply is 
exhausted. 
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A-5-3.4 Limited services control lers  general ly  do not  have 
a service d isconnect  means.  In o r d e r  to pe r t b rm  rou t ine  
inspect ion and ma in t enance  safely, it may be desirable to 
p rov ide  an ex te rna l  service disconnect .  Special care must  
be taken to ensure  the d isconnect  is not  left in a posi t ion 
r e n d e r i n g  the foam concen t ra te  p u m p  inoperable .  

A-5-4.1.3(b) Th is  r i ser  can be we lded  to the  tank by 
means  of  steel brace  plates posi t ioned pe rpend i cu l a r  to the 
tank and cen te red  on the riser pipe.  [See Figure A-1-4(p).] 

A-6-3 Acceptance Tests. 

(a) A fbam system will ext inguish  a f lammable  liquid fire 
if ope ra t ed  within the p r o p e r  ranges  of  solution pressure  
and concen t ra t ion  and at sufficient d ischarge densi ty per  
sq ft (sq m) of  p ro tec ted  surface. T h e  acceptance test o f  a 
fbam system should  ascertain: 

l. All f o a m - p r o d u c i n g  devices are  ope ra t ing  at  sys- 
tem design p ressure  and at system design foam solution 
concent ra t ion .  

2. L a b o r a t o r y - t y p e  tests  h a v e  b e e n  c o n d u c t e d ,  
where  necessary, to d e t e r m i n e  that  water  quality and foam 
liquid are  compat ible .  

(b) T h e  tbl lowing data are  cons idered  essential to the 
evaluat ion o f  foam system per formance :  

1. Static water  pressure.  

2. Stabilized flowing water  pressure  at both  the con- 
trol valve and a r emote  reference  point  in the system. 

3. Rate of  consumpt ion  of  foam concentrate .  
T h e  concen t ra t ion  o f  foam solut ion should  be deter-  

mined.  T h e  rate of  solution discharge may be c o m p u t e d  
f rom hydraul ic  calculations utilizing r eco rded  inlet or  end-  
of-system ope ra t ing  pressure  or  both.  T h e  toam liquid con- 
centra te  consumpt ion  rate may be calculated by t iming a 
given d i sp lacement  fi 'om the storage tank or  by refracto- 
metr ic  or  conduct ivi ty  means.  T h e  calculated concentra-  
t ion and the foam solution pressure  should be within the 
ope ra t ing  limit r e c o m m e n d e d  by the manufac ture r .  

A-6-3.3 The  rate of  concentrate consumption may be mea- 
sured by t iming a given displacement from the foam concen- 
trate storage tank hut only in systems where the storage tank 
is snmll enough  and the test run  time is long enough  so that 
this can be accomplished with reasonable accuracy. 

A-7-1.1 Flushing of  the concent ra te  p u m p  may be neces- 
sary at per iodic  intervals or  following comple te  discharge 
of  concentra te .  

A p p e n d i x  B Storage  T a n k  P r o t e c t i o n  S u m m a r y  

This Appendix L~ not a part of the requirements of this NFPA document 
but is included ]br infbrmational purposes only. 

Appendix B Storage Tank Protection Summary 

e ~  

< 

e ~  

No. of 
Foam 
Outlets 
Required 

Hydrocarbon 
Application 
Rates 

Polar 
Solvent 
Rates 

Hydrocarbon 
Discharge 
Times 

Fixed-Roof (Cone) Tanks and Pontoon or Double-Deck Floating Roof Tanks 
Pan-Type Floating Roof Tanks (Open-Top or Covered) Annular Seal Area 

Up to 80 ft (2.44 in) dia. 
81 to 120 ft (24.7-36.6 m) dia. 
121 to 140 ft (36.9-42.7 m) dia. 
141 to 160 ft (43-48.8 m) dia. 
161 to 180 ft (49-54.9 m) dia. 
181 to 200 ft (55.2-61 m) dia. 
Over 210 ft (61.2 m) dia. 
(See 7"able 3-2.3.2.1) 

1 Foam Chamber 
2 Foam Chambers 
3 Foam Chambers 
4 Foam Chambers 
5 Foam Chambers 
6 Foam Chambers 
1 additional for 
each 5000 sq fi 

0.10 gpm (0.38 L/min) per sq f~ (sq m) of liquid surface. 
(See Table 3-2.3.2.2) 

See Manufacturer's Approval Report. 

Flash Pt. 100°F-140°F (37.8°C-194.4°C) 
Flash Pt. below 100°F (37.8°C) 
Crude Petroleum 

Type 1 Type II 
20 min 30 min 
30 min 55 min 
30 min 55 min 

1 For each 40 ft (12.2 m) of circumference 
with a 12-in. (30.5-cm) high foam dam. 

1 For each 80 ft (24.4 m) of circumference 
with a 24-in. (61-cm) high foam dam. 

(See 3-3.3.1 and Section 3-4.) 

0.30 gpm (1.14 L/min) per sq ft (sq m) of 
annular ring area between tank wall and foam dana. 
(See A-3-2.11.1.) 

Not covered by NFPA 11. 

20 min 

(See Section 3.3.) 

Polar Type I 30 min Not covered by NFPA 11. 
Solvents Type II 55 rain 
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Storage Tank Protection Summary (cont.) 

Fixed-Roof (Cone) Tanks 

a~ 
r .  

i No. 
i Required 

Hydrocarbon 
Application 
Rates 

Not Applicable. 

Polar 
Solvents 

Not Applicable. 

Discharge Not Applicable. 
Times 

Not Applicable. 

Size of  
Tank 

Monitors for tanks up to 60 ft (18.3 m) in diameter.  
Hand  hoselines for tanks less than 30 ft (9.2 m) in diame- 
ter and less than 20 ft (6.1 m) high. 
(See 3-2.2.1. ) 

Pontoon or Double-Deck Floating Roof Tanks 

Mechanical Shoe Seal. 
1 - -For  each 130 ft (39.6 m) of  tank circumference 

(no foam dam required) 
Tube Seal - -Over  6 in. (15.2 cm) from tp of  seal to top of  
pon toon  with foam outlets unde r  metal weather  shield or 
secondary seal. 
1 - -For  each 60 ft (18.3 m) of  tank circumference (no 

foam dam required) 
Tube Seal--Less than 6 in. (15.2 cm) from top of  seal to 
top of  pon toon  with foam outlets under  metal weather  
shield or secondary seal. 
1 - -For  each 60 ft (18.3 m) of  tank circumference [foam 

dam at least 12 in. (30.5 cm) high required].  
(See 3-3.3.3) 

0.30 gpm (114.L/min) per  sq ft (sq m) of  annular  r ing 
area with foam dam or with foam application unde r  
metal weather  seal or secondary seal. 0.50 gpm 
(1.9 L/rain) per  sq ft (sq m) for all o ther  applications. 

20 min- -wi th  foam dam or under  metal weather  shield 
or secondary seal. 

Not covered by NFPA 11. 

Monitors not r ecommended .  

e.  e ,  
Q 

z ¢ Hydrocarbn 0.16 gpm/ft  2 0.16 gpm/f(-' 
,~ ~ Application [(6.5 L/min)/(m'-')] (6.5 L/min/m z) 
i ~ Rates (See 3-2.2.2, 3-2.2.3, 3-2.2.4.) For rim fires in open- top  floating root" tanks. 
z E- (See 3-2.2.2, 3-2.2.3, and 3-2.2.4) 

~ Discharge Flash point  below 100°F (37.8°C) 65 min Use same times as for open- top  floating roof  tank rim 
Times Flash point  100°F-140°F 50 rain fires. 

Crude  Oil 65 rain 
(See 3-2.2.3) 

No. Same as table for foam chambers.  See above. (See 3-2.4.1, Not Recommended .  
Required 3-2.4.2, 3-2.4.2. l.) 

Not Recommended .  Hydrocarbon 
Application 
Rates 

Discharge 
Times 

3 o  
r "  

< 

Minimum 0.1 gpm/ft~[(4.1 L/min)/m ~] of  liquid surface 
Maxmum 0.2 gpm/ft  2 [(8.2 L/min)/m 2] 
Foam velocity from outlet shall not exceed 10 ft per  sec 
(3.05 in per  sec) for Class 1B liquids or 20 ft per  sec 
(6.1 m per  sec) for all o ther  liquids. 
(See 3-2.4.2, 3-2.4.3.) 

Flash point 100°F (37.8°C) 30 min 
to 140°F (194.4°C) 
Flash point below below 100°F (37.8°C) 55 min 
Crude  Petroleum 55 min 
(See 3-2.4.3.) 

Handlines are suitable for ext inguishment  of  rim fires in 
open- top  floating roof  tanks. 
(See 3-3.4) 

Not Recommended .  

Polar Not Recommended .  Not Recommended .  
Solvents 

For SI units: 1 gpm/fi ~ = 40.746 (L/min)/m'-': 1 fi = 0.305 m; 
1 t~" = 0.0929 m'-'; 1 in. = 0.0245 m; °C = °F -32/1.8. 
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A p p e n d i x  C "' T e s t s  for  the  P h y s i c a l  P r o p e r t i e s  o f  

F o a m  

This Appendix is not a part of the requirements of th~s NFPA document 
but is included for informational purposes only. 

C-1 Procedures for Measuring Expansion and Drainage 
Rates of  Foams. 

Foam Sampling.  The object of  foam sampling is to 
obtain a sample of  foam typical of  that to be applied to 
burning surfaces under  anticipated fire conditions. Inas- 
much as foam properties are readily susceptible to modifi- 
cation th rough  the use of  improper  techniques, it is 
extremely important that the prescribed procedures be fol- 
lowed. 

A collector is designed chiefly to facilitate the rapid col- 
lection of  foam from low-density patterns; in the interest of 
standardization, it is used also for all sampling, except 
where pressure-produced foam samples are being drawn 
from a line tap. A backboard is inclined at a 45 degree 
angle suitable for use with vertical streams falling from 
overhead  applicators as well as horizontally directed 
streams. [See Figures C-l(a) and (b).] 

The standard container is 7.9 in. (20 cm) deep and 
3.9 in. (10 cm) inside diameter (1600 ml) and preferably 
made of 1/16-in. (1.6-ram) thick aluminum or brass. The 
bottom is sloped to the center where a 1/4-in. (6.4-mm) 
drain fitted with a 1/4-in. (6.4-mm) valve is provided to 
draw off the foam solution. [See Figure C-l(b).] 

Turrets or Handline Nozzles. (It is presumed that the 
turret or nozzle is capable of movement during operation 
to facilitate collection of the sample.) It is important that 
the foam samples taken for analysis represent as nearly as 
possible the foam reaching the burning surface in a normal 
fire-fighting procedure.  With adjustable stream devices, 
samples should be taken from both the straight stream 
position, and the fully dispersed position, and possibly 
from other intermediate positions. 

foam 

16 
(41. 

Figure C-l(a) Foam sample collector. 

Initially, the collector should be placed at the proper 
distance from the nozzle to serve as the center of the 
ground pattern. The nozzle or turret should be placed in 
operation while it is directed off to one side of the collec- 
tor. After the pressure and operation have become stabi- 
lized, the stream is swung over to center on the collector. 
When a sufficient foam volume has accumulated to fill the 
sample containers, usually within only a few seconds, a 
stopwatch is started for each of the two samples in order to 
provide the "zero" time for the drainage test described 
later. Immediately, the nozzle is turned away from the col- 
lector, the sample containers removed, and the top struck 
off with a straight edge. After all foam has been wiped off 
from the outside of the container, the sample is ready for 
analysis. 

Overhead Devices.  (It is presumed that the devices are 
fixed and not capable of movement.) Prior to starting up 
the stream, the collector is situated within the discharge 
area where it is anticipated a representative foam pattern 
will occur. The two sample containers are removed prior to 
positioning the collector. The foam system is activated and 
permitted to achieve equilibrium, after which time the 

3.9 in. 
~.__ (foo ram) --"1 

diameter 

7.9 in. 
(200 mm) 

" ~  ~--~Clear tubing to view 
¼ in. (0.6 mm) [ [ 1 ] foam drainage 
shutoff v a l v ~ + _ ~  

• / ~  Cylinder with at least 
5 ml graduations to 
record foam drainage 

Figure C-l(b) 1600 ml-foam container. 
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technician, wearing appropriate clothing, enters the area 
without delay. The sample containers are placed and left 
on the collector board until adequately filled. Stopwatches 
are started for each of the samples to provide the "zero" 
time for the drainage rate test described later. During the 
entry and retreat of the operator through the falling foam 
area, the containers must be suitably shielded from extra- 
neous foam. Immediately after removing the samples from 
under  the falling foam, the top should be struck off with a 
straight edge and all foam wiped off from the outside of 
the container. The sample is then ready for analysis. 

P r e s s u r e  Foam .  (It is presumed that fbam is flowing 
under  pressure f~om a foam pump or high-pressure aspi- 
rator toward an inaccessible tank outlet.) A 1-in. pipe tap 
fitted with a globe valve should be located as close to the 
point of foam application as practicable. The connection 
should terminate in an approximate 18-in. (457-mm) sec- 
tion of flexible rubber tubing to facilitate filling the sample 
container. When drawing the sample, the valve should be 
opened as wide as possible without causing excessive 
splashing and air ent ra inment  in the container. Care must 
be exercised to eliminate air pockets in the sample. As each 
container is filled, a stopwatch is started to provide the 
"zero" time for the drainage test described later. Any 
excess foam is struck off the top with a straight edge and all 
foam clinging to the outside of the container is wiped off. 
The sample is then ready for analysis. 

F o a m  C h a m b e r s .  In some instances where the foam 
makers are integral with the foam chambers on the top 
ring of a tank, none of the above methods of sampling may 
be workable. In this case it will be necessary to improvise 
as well as possible, making sure any unusual  procedures or 
conditions are pointed out in reporting the results. Where 
access can be gained to a flowing foam stream, the con- 
tainer can be inserted into the edge of the stream to split 
off a portion for the sample. The other alternative is to 
scoop foam from a layer or blanket already on the surface. 
Here an attempt must be made to obtain a full cross section 
of foam from the entire depth but without getting any fuel 
below the foam layer. The greatest difficulty inherent  in 
sampling from a foam blanket is the undesirable lag-in- 
time factor involved in building up a layer deep enough to 
scoop a sample. At normal rates of application, it may take 
a few minutes to build up the several inches in depth 
required and this time may definitely affect the test results. 
The degree of error thus incurred will in turn depend on 
the type of foam involved, but it can vary from zero per- 
cent to several hundred  percent. 

In a Moeller tube installation, it is advisable to sample 
right alongside the tube as foam oozes out in good volume. 

Immediately after filling the container, a stopwatch is 
started to provide the "zero" time for the drainage test 
described later. Any excess foam is struck off the top with a 
straight edge and all foam wiped off from the outside of 
the container. The sample is then ready for analysis. 

F o a m  T e s t i n g ,  The foam samples, as obtained in the 
above described procedures, are analyzed for expansion, 
25 percent drainage time, and foam solution concentra- 
tion. It is recommended that duplicate samples be obtained 
whenever possible and the results averaged for the final 
value. However, when a shortage of personnel or equip- 
ment or both creates a hardship, the taking of one sample 
should be considered acceptable. 

Apparatus required: 

2 -- 1600 ml sample containers 
1 --  Foam collector board 
1 --  Balance (triple beam balance, 2610 g capacity) 

P r o c e d u r e ,  Prior to the testing, the empty containers 
fitted with a drain hose and clamp should be weighed to 
obtain the tare weight. (MI containers should be adjusted 
to the same tare weight to eliminate confusion in han- 
dling.) Each foam sample is weighed to the nearest gram 
and the expansion calculated from the following equation: 

1600 
(full weight minus empty weight) = expansion 

(MI weights to be expressed in grams) 

F o a m  25 P e r c e n t  D r a i n a g e  T i m e  D e t e r m i n a t i o n .  The 
rate at which the toam solution drops out fi'om the toam 
mass is called the drainage rate and is a specific indication 
of degree of water retention ability and the fluidity of the 
foam. A single value is used to express the relative drain- 
age rates of different foams in the "25 percent drainage 
time," which is the time in minutes that it takes for 25 per- 
cent of the total solution contained in the foam in the sam- 
pie containers to drain. 

Apparatus required: 

2 -- Stopwatches 
1 --  Sample stand 
4 -- 100-ml capacity plastic graduates 

P r o c e d u r e .  This test is performed on the same sample 
as used in the expansion determination. Dividing the net 
weight of the toam sample by 4 will give the 25 percent 
volume, in ml, of solution contained in the foam. To deter- 
mine the time required for this volume to drain out, the 
sample container should be placed on a stand, as indicated, 
and, the accumulated solution in the bottom of the con- 
tainer should be drawn off into a graduate at regular, suit- 
able intervals. The time intervals at which the accumulated 
solution is drawn off are dependent  on the foam expan- 
sion. For foams of expansion 4 to 10, 30-second intervals 
should be used, and for foams of expansion l 0 and higher, 
4-minute intervals should be used because of the slower 
drainage rate of these foams. In this way, a time-drainage 
volume relationship is obtained and after the 25 percent 
volume has been exceeded, the 25 percent drainage time is 
interpolated from the data. The following example shows 
how this is done. The net weight of the foam sample is 180 
grams. Since 1 gram oftoam solution occupies a volume of 
essentially 1 ml, the total volume of foam solution con- 
tained in the given sample is 180 ml. 

1600 
Expansion = 180 - 8.9 

180 25e~ volume - - 45 ml 
4 

The time-solution volume data is recorded as follows: 

Time --  rain Drained Solution Volume -- ml 

0 (I 
0.5 10 
1.0 2(1 
1.5 30 
2.0 40 
2.5 50 
3.0 60 
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The 25 percimt volume of  45 ml falls between the 2.0- 
and 2.5-minute period.  The  p rope r  increment  to add to 
the lower value of 2.0 minutes is de te rmined  by interpola- 
tion of  the data: 

45 ml (25% vol.) - -  40 ml (2.0 min vol.) 5 1 
50 ml (2.5 min vol.) - -  40 ml (2.0 min vol.) 10 2 

The  25 percent  drainage time is halfway between 2.0 
and 2.5 minutes, or 2.25 minutes, which is rounded  off to 
2.3 minutes. 

An effort should be made to conduct  foam tests with 
water t empera tu res  between 60°F and 80°F (15.6°C to 
26.7°C). The  water, air, and foam temperatures  should be 
noted in the results. Lower water tempera ture  tends to 
depress the expansion values and increase the drainage 
time values. 

NOTE: When handling fast-draining foams, remember 
that they lose their solution rapidly, and the expansion 
determination should be carried out with speed in order 
not to miss the 25 percent drainage volume. The stopwatch 
is started at the time the foam container is filled and contin- 
ues to run during the time the sample is being weighed. It 
is recommended that expansion weighing be deferred until 
after the drainage curve data has been received. 

C-2 Foam Solution Concentration Determination. 

General .  This test is used to de termine  the percent  
concentration of  a foam concentrate in the water being 
used to generate foam. It typically is used as a means of 
de t e rmin ing  the accuracy of  a system's p ropo r t i on ing  
equipment.  I f  the level of foam concentrate injection varies 
widely from that of the design, it may abnormally influence 
the expansion and drainage foam quality values, which 
may influence the foam's fire performance.  

There  are two acceptable methods for measuring foam 
concentrate percentage in water. Both methods are based 
on compar ing foam solution test samples to p remeasured  
solutions that are plot ted on a baseline graph of percent  
concentration versus instrument  reading. 

Refractive Index  Method.  A hand-held  refractometer  
is used to measure the refractive index of the foam solution 
samples. This method is not part icularly accurate for AFFF 
or  alcohol-resistant AFFFs since they typically exhibit very 
low refractive index readings.  For this reason, the conduc- 
tivity method may be prefer red  where these products  are 
used. 

Equipment. A base (cal ibrat ion) curve is p r e p a r e d  
using the following apparatus:  

(a) Four 100-ml or larger  plastic bottles with caps 
(b) One measur ing pipet te  (10 ml) or  syringe (10 cc) 
(c) One 100-ml or  larger  g radua ted  cylinder 
(d) Three  plastic-coated magnetic stirring bars 
(e) One hand-he ld  r e f r a c t o m e t e r - - A m e r i c a n  Optical  

Model 10400 or 10441, Atago NI, or equivalent 
(f) Standard graph paper  
(g) Ruler or  o ther  straight edge. 

Procedure. Using water and foam concentrate from 
the system to be tested, make up three s tandard solutions 
using the 100-ml (or larger)  graduate .  These  samples 
should include the nominal  in tended percentage of injec- 
tion, the nominal  percentage plus 1 percent,  and the nom- 

inal percentage minus 1 percent.  Place the water in the 
100-ml (or larger) graduate  (leaving adequate space for the 
foam concentrate) and then carefully measure the foam 
concentrate samples into the water using the syringe. Use 
care not to pick up air in the foam concentrate samples. 
Pour each measured foam solution from the 100-ml (or 
larger) graduate  into a 100-ml plastic bottle. Each bottle 
should be marked with the percent  solution it contains. 
Add a plastic stirring bar to the bottle, cap it, and shake it 
thoroughly to mix the foam solution. 

After thoroughly mixing the foam solution samples, a 
refractive index reading is taken of each percentage foam 
solution sample. This is done by placing a few drops  of  the 
solution on the ref rac tometer  prism, dos ing  the cover 
plate, and observing the scale reading at the dark field 
intersection. Since the refractometer  is t empera ture  com- 
pensated, it may take 10 to 20 seconds for the sample to be 
read properly.  It is impor tant  to take all refractometer  
readings at ambient  temperatures  of 50°F (10°C) or above. 

Using s tandard graph paper ,  plot the refractive index 
readings on one axis and the percent  concentration read- 
ings on the other. This plot ted curve will serve as the 
known baseline for the test series. Set the solution samples 
aside in the event the measurements  need to be checked. 

Sampling and Analysis. Collect foam solution samples 
from the propor t ioning  system, using care to be sure the 
sample is taken at an adequate  distance downstream from 
the propor t ioner  being tested. Take refractive index read- 
ings of the sample and compare  them to the plotted curve 
to determine  the percentage of the samples. 

Conductivity Method. This  m e t h o d  is based  on 
changes in electrical conductivity as foam concentrate is 
added  to water. A hand-held  conductivity meter  is used to 
measure the conductivity of foam solutions in microsiemen 
units. Conductivity is a very accurate method,  provided 
there are substantial changes in conductivity, as foam con- 
centrate is added  to the water in relatively low percentages.  
Since salt or  brackish water is very conductive, this method 
may not be suitable due to small conductivity changes as 
foam concentrate is added.  It will be necessary to make 
foam and water solutions in advance to determine  if ade- 
quate changes in conductivity can be detected if the water 
source is salty or brackish. 

Equipment. Prepare a base (calibration) curve using 
the following apparatus:  

(a) Four  100-ml (or larger) plastic bottles with caps 
(b) One measuring pipette (10 ml) or syringe (10 cc) 
(c) One 100-ml (or larger) graduated  cylinder 
(d) Three  plastic-coated magnetic stirring bars 
(e) A portable  t empera ture  compensated conductivity 

m e t e r - - O m e g a  Model  CDH-70, VWR Scientific Model 
23198-014, or  equivalent 

(f) Standard graph paper  
(g) Ruler or other  straight edge. 

Procedure. Using the water  and  foam concent ra te  
from the system to be tested, make up three s tandard solu- 
tions using the 100-ml (or larger) graduate.  These samples 
should include the nominal in tended percentage of  injec- 
tion, the nominal  percentage plus 1 percent,  and the nom- 
inal percentage minus 1 percent.  Place the water in the 
100-ml (or larger) graduate  (leaving adequate  space for the 
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