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NOTICE: An asterisk (*) following the number or letter des-
ignating a paragraph indicates that explanatory material on
the paragraph can be found in Appendix A.

Information on referenced publications can be found in
Chapter 9 and Appendix G.

FOREWORD

Fire-fighting foam is an aggregate of airfilled 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 formation of
flammable vapors. It has the property of adhering to surfaces,
which provides a degree of exposure protection from adjacent
fires.

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

Foam can be supplied by overhead piped systems for protec-
tion of hazardous occupancies associated with potential flam-
mable 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 outlets, 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 for the Installation of Deluge Foam-
Water Sprinkler and Foam-Water Spray Systems.)

Large-spill flammable liquid fires can be fought with mobile
equipment, such as an aircraft crash truck or industrial foam
truck equipped with agent and equipment capable of generat-
ing large volumes of foam at high rates. Foam for this type
of hazard can be delivered as a solid stream or in a dispersed
pattern. (Standards for industrial foam trucks include NFPA
11C, 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 standard covers the characteristics of foam-

producing materials used for fire protection and the require-
ments for the design, installation, operation, testing, and
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maintenance of equipment and systems, for flammable and
combustible liquid hazards and local areas within buildings,
and storage tanks and indoor and outdoor processing areas.

It is not the intent of this standard to specify where foam
protection is required. (To determine where foam protection
is required, see applicable standards such as NFPA 30, Flamma-
ble and Combustible Liquids Code.)

Foam can be applied to protect the surface of a flammable
liquid that is not burning. The foam concentrate manufac-
turer shall be consulted to determine the optimum method
of application, rate of discharge, application density, and fre-
quency of reapplication required to establish and maintain
the integrity of the foam blanket.

This standard is not applicable to the following types of
systems:

(a) Chemical foams and systems (considered obsolete)

(b) Deluge foam-water sprinkler or spray systems (See NFPA
16, Standard for the Installation of Deluge Foam-Water Sprinkler
and Foam-Water Spray Systems.)

(c) Foam-water closed-head sprinkler systems (See NFPA 16A,
Standard for the Installation of Closed-Head Foam-Water Sprin-
kler Systems. )

(d) Combined agent systems

(e) Mobile foam apparatus (See NFPA 11C, Standard for Mobile
Foam Apparatus and NFPA 1901, Standard for Pumper Fire
Apparatus.)

(f) Medium- and high-expansion foam systems (See NFPA
11A, Standard for Medium- and High-Expansion Foam Sys-
tems.)

(g) Class A foams and systems (See NFPA 298, Standard on Fire
Fighting Foam Chemicals for Class A Fuels in Rural, Suburban,
and Vegetated Areas.)

1-2 Purpose. This standard is intended for the use and guid-
ance of those responsible for designing, installing, testing,
inspecting, approving, listing, operating, or maintaining fixed,
semifixed, or portable foam fire-extinguishing systems for inte-
rior or exterior hazards. Nothing in this standard is intended
to restrict new technologies or alternative arrangements, pro-
vided the level of safety prescribed by the standard is not
lowered.

1-3 Units. Metric units of measurement in this standard are
in accordance with the modernized metric system known as
the International System of Units (SI). The liter unit, which

Table 1-3 Metric Units of Measure

Name of Unit Unit Symbol Conversion Factor
liter L 1 gal = 3.785 L
liter per L/min'm? 1 gpm/ft® = 40.746 L/
minute per min-m
square meter

cubic dm?® 1 gal = 3.785 dm?
decimeter

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

Note: For additional conversions and information, see ASTM E 380,
Standard for Metric Practice.
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is not part of but is recognized by SI, is commonly used in
international fire protection. Conversion factors for this unit
are found in Table 1-3.

14 Definitions.

Air-Aspirating Discharge Devices. These devices are spe-
cially designed to aspirate and mix air into the foam solution
to generate foam. The foam then is discharged in a specific
design pattern.

Approved.* Acceptable to the authority having jurisdic-
tion.

Authority Having Jurisdiction.* The organization, office,
or individual responsible for approving equipment, an installa-
tion, or a procedure.

Concentration. The percent of foam concentrate contained
in a foam solution. The type of foam concentrate used deter-
mines the percentage of concentration required. For example,
a 3 percent foam concentrate is mixed in the ratio of 97 parts
water to 3 parts foam concentrate to make foam solution.

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

Eductor (Inductor).* A device that uses the venturi princi-
ple to introduce a proportionate quantity of foam concentrate
into a water stream. The pressure at the throat is below atmo-
spheric 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, de-
signed 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 liquids
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 IHA 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. Firefighting foam, within the scope of this stan-
dard, is a stable aggregation of small bubbles of lower density
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 burning liquid surface and
forms a tough, airexcluding, continuous blanket that seals
volatile combustible vapors from access to air. It resists disrup-
tion from wind and draft or heat and flame attack and is
capable of resealing in case of mechanical rupture. Fire-
fighting foams retain these properties for relatively long peri-
ods of time. Foams also are defined by expansion and are
arbitrarily subdivided into three ranges of expansion. These
ranges correspond broadly to certain types of usage described
below. The three ranges are as follows:

(a) Low-expansion foam — expansion up to 20
(b) Medium-expansion foam — expansion from 20 to 200
(c) High-expansion foam — expansion from 200 to 1000

Foam Chamber. See Fixed Foam Discharge Outdet.

Foam Concentrate. Foam concentrate is a concentrated
liquid foaming agent as received from the manufacturer. For
the purpose of this document, “foam concentrate” and “con-
centrate’ are used interchangeably.

(a) Proteindoam Concentrates. Protein-foam concentrates
consist primarily of products from a protein hydrolysate, plus
stabilizing additives and inhibitors 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. Fluoroproteinfoam
concentrates are very similar to protein-foam concentrates but
have a synthetic fluorinated surfactant additive. In addition
to an air-excluding foam blanket, they also can deposita vapor-
ization-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) SyntheticFoam Concentrates. Syntheticfoam concen-
trates are based on foaming agents other than hydrolyzed
proteins and include the following:

1. Aqueous Film-Forming Foam (AFFF) Concentrates. These con-
centrates are based on fluorinated surfactants plus foam
stabilizers and usually are diluted with water to a 1 percent,
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 that is capable of
suppressing the evolution of fuel vapors. The foam pro-
duced with AFFF concentrate is dry chemical compatible
and thus is suitable for combined use with dry chemicals.

2. Medium- and High-Expansion Foam Concentrates. These con-
centrates, which are usually derived from hydrocarbon sur-
factants, 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
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materials is provided in NFPA 11A, Standard for Medium-
and High-Expansion Foam Systems.

3. Other SyntheticFoam 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 deter-
mine 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 stabilizing addi-
tives 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 percent or 6 percent
solution and is dry chemical compatible.

(e) Alcohol-Resistant Foam Concenirates. These concentrates
are used for fighting fires on water-soluble materials and other
fuels destructive to regular, AFFF, or FFFP foams, as well as
for fires involving hydrocarbons. There are three general
types. One is based on water-soluble natural polymers, such
as protein or fluoroprotein concentrates, 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 characteristics on hy-
drocarbon fuels.

The third type is based on both watersoluble natural poly-
mers, such as fluoroprotein, and contains a gelling agent that
protects the foam from water-soluble fuels. This foam can
also have film-forming and fluoroprotein characteristics on
hydrocarbon 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 generation
of air foam recognized in this standard include the following:

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

(b) Foam Nozzles or Fixed Foam Makers. A specially designed
hoseline 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 turbu-
lence 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 pattern or a compacted stream.

(c) Pressure Foam Maker (High Back-Pressure or Forcing
Type). A foam maker utilizing the venturi principle for aspi-
rating 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 hose 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.
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Foam Solution. A homogeneous mixture of water and
foam concentrate in the proper proportions. For the purpose
of this document, “foam solution” and “solution” are used
interchangeably.

Handline. 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 orga-
nization that is acceptable to the authority having jurisdiction
and concerned with product evaluation, that maintains peri-
odic inspection of production of labeled equipment or materi-
als, and by whose labeling the manufacturer indicates
compliance with appropriate standards or performance in a
specified manner.

Listed.* Equipment, materials, or services included in a
list published by an organization that is acceptable to the
authority having jurisdiction and concerned with evaluation
of products or services, that maintains periodic inspection
of production of listed equipment or materials or periodic
evaluation of services, and whose listing states that either the
equipment, material, or service meets identified standards or
has been tested and found suitable for a specified purpose.

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 support or
wheels so0 it can be transported to the fire scene.

Premixed Foam Solution. Premixed solution is produced
by introducing a measured amount of foam concentrate into
a given amount of water in a storage tank.

Proportioning. Proportioning is the continuous introduc-
tion of foam concentrate at the recommended ratio into the
water stream to form foam solution.

Proportioning Methods for Air Foam Systems. The meth-
ods of proportioning used to create the proper solution of
water and foam liquid concentrate recognized by this standard
include the following:

(a) Coupled Water-Motor Pump. A suitably designed positive
displacement pump in the water supply line is coupled to a
second, smaller, positive displacement foam concentrate
pump to provide proportioning.

(b) Foam Nozzle Eductor. A suitably designed venturi with
*“pickup tube” is included in the foam nozzle construction 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 concentrate is
thus automatically mixed with the water in recommended
proportions.

(¢) In-Line Eductor.®* A venturi eductor is located in the
water supply line to the foam maker. The eductor is connected
by single or multiple lines to the source of foam concentrate.
It is precalibrated, and it could be adjustable.

(d) Metered Proportioning.* A separate foam concentrate
pump is used to inject foam concentrate into the water stream.
Orifices or venturis, or both, control or measure the propor-
tion of water to foam concentrate. Either manual or automatic
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adjustment of foam concentrate injection by pressure or flow
control can be utilized. Another type of proportioning uses
a pump or diaphragm tank to balance the pressure of the
water and the concentrate. Variable orifices proportion auto-
matically through a wide range of solution requirements.

(e) Pressure Proportioning Taunk.* A suitable method is pro-
vided for displacing foam concentrate from a closed tank by
water (with or without a diaphragm separator), using water
flow through a venturi orifice.

() 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.

Shall. Indicates a mandatory requirement.

Standard. A document, the main text of which contains
only mandatory provisions using the word “shall” to indicate
requirements and which is in a form generally suitable for
mandatory reference by another standard or code or for adop-
tion into law. Nonmandatory provisions shall be located in
an appendix, footnote, or fine-print note and are not to be
considered a part of the requirements of a standard.

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

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

Type II Discharge Outlet. An approved discharge outlet
that does not deliver foam gently onto the liquid surface but
is designed to lessen submergence of the foam and agitation
of the surface.

Chapter 2 System Components and System Types

2-1 General.

2-1.1 Afoam system consists of a water supply, a foam concen-
trate supply, proportioning equipment, a piping system, foam
makers, and discharge devices designed to distribute 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 listings for components do not exist, components
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 foam formation or foam stability do
not occur. No corrosion inhibitors, emulsion breaking chemi-
cals, 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 simultane-

ously for the specified time. This includes not only the volume
required for the foam apparatus but also water that might be
used in other fire-fighting operations, in addition to the nor-
mal plant requirements. Premixed solution-type systems need
not be provided with a continuous water supply.

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

2-2.1.4 Temperature. Optimum foam production is ob-
tained using water at temperatures between 40°F (4°C) and
100°F (37.8°C). Higher or lower water temperatures can re-
duce foam efficiency.

2-2.1.5 Design. The water system shall be designed and in-
stalled in accordance with NFPA 24, Standard for the Installation
of Private Fire Service Mains and Their Appurtenances. 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 tempera-
tures 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 for use on the specific flammable or combustible
liquid to be protected. Some concentrates are suitable for use
both on hydrocarbon fuels and on water-miscible or polar
fuels and solvents. The limitations of the listing and the manu-
facturer’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 film-forming foam (AFFF)
(d) Film-forming fluoroprotein (FFFP)
(e) Alcohol-resistant

(f) Others listed for this purpose

2-3.1.2 Water-miscible and polar flammable or combustible
liquids shall be protected by alcoholresistant concentrates
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. If housed, they shall be in a noncom-
bustible structure. For outdoor nonautomatic systems, the
authority having jurisdiction can permit the storage of foam
concentrate in a location off premises where these supplies
are available at all times. Adequate loading and transportation
facilities shall be ensured. Off-premises supplies shall be of
the proper type for use in the systems of the given installation.
At the time of a fire, these off-premises supplies shall be accu-
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mulated in sufficient quantities, before placing the equipment
in operation, to ensure uninterrupted foam production at the
design rate for the required period of time.

2-3.2.2% Quantity. 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 stor-
age tanks shall be fabricated from or be lined with materials
compatible with the concentrate.

2-3.2.4 Storage Conditions. In order to ensure the correct
operation 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 operated for long periods after installa-
tion, the choice of proper storage conditions and maintenance
methods largely determines the reliability and the degree of
excellence of system operation when they are put into service.

2-3.2.4.1* Foam concentrates are subject to freezing and to
deterioration from prolonged storage at high temperatures
and shall be stored within the listed temperature limitations.
They might be stored in the containers in which they are
transported or might be transferred into large bulk storage
tanks, depending on the requirements of the system. The
location of stored containers requires special consideration
to protect against exterior deterioration due to rusting or
other causes. Bulk storage containers also require special de-
sign consideration to minimize the liquid surface in contact
with air. Clear markings shall be provided on storage vessels
to identify the type of concentrate and its intended concentra-
tion in solution.

2-3.2.5 Foam Concentrate Supply.

2-3.2.5.1 Foam Concentrate Consumption Rates. The con-
sumption rates shall be based on the percentage concentrate
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 concentrate suffi-
cient to meet design requirements in order to put the system
back into service after operation. This supply can be in sepa-
rate tanks or compartments, in drums or cans on the premises,
or available from an approved outside source within 24 hours.

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

24 Concentrate Compatibility.

24.1 Compatibility of Foam Concentrates. Different types
and brands of concentrates and solutions might be incompati-
ble and shall not be mixed in storage. Foams generated sepa-
rately from protein, fluoroprotein, FFFP, and AFFF
concentrates can be applied to a fire in sequence or simultane-
ously.

24.2 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 confirm that their
products are mutually compatible. Where used, limitations
imposed on either of the agents alone shall be applied.
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2-5 Foam Proportioning. The method of foam propor-
tioning shall conform to one of the following:

(a) Foam nozzle eductor

(b) In-line eductor

(c) Pressure proportioners

(d) Around-the-pump proportioners
(e) Direct pumping proportioners
(f) Metered proportioning

(g) Balanced pressure proportioners

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 compo-
nents are used, the pumps shall be left flooded with concen-
trate to minimize corrosion, foaming, or sticking.

2-6.2 Foam concentrate pumps shall have adequate capacit
ies to meet the maximum system demand. To ensure positive
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 condition
at the point of concentration injection.

2-7 Piping.

2-7.1 Pipe Materials. Pipe within the hazard area shall be of
steel or other alloy suitable for the pressure and temperature
involved. Steel pipe shall not be less than standard weight
(Schedule 40 through nominal 12-in. diameter). Steel pipe
shall conform to ASTM A 135, Rev A-89, Standard Specification
Jor Electric Resistance-Welded Pipe, A 53, Rev B-90, Standard Specifi-
cation for Pipe Steel, Black and Hot-Dipped, Zinc-Coated Welded and
Seamless, or A 795, Standard Specification for Black and Hot-Dipped
Zinc-Coated (Galvanized) Welded and Seamless Steel Pipe for Fire
Protection Use. 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
resistant 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-mm) 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 anticipateinternal pressure, internal and external
pipe wall corrosion, and mechanical bending requirements.

A

2-7.1.1 Foam System Piping. Galvanized pipe shall be used
for normally noncorrosive atmospheres. Corrosive atmo-
spheres might require other coatings. Pipe carrying foam con-
centrate shall not be galvanized. Piping in constant contact
with foam concentrates shall be constructed of material com-
patible with and not affected by the concentrate. Piping in
constant contact with foam concentrate shall not have a detri-
mental effect on the foam concentrate.

2-7.1.1.1 For the purpose of computing friction loss in foam
solution piping, the following Cvalues shall be used for the
Hazen-Williams formula:
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Black steel or unlined cast iron pipe — 100
Galvanized steel pipe — 120
Asbestos-cement or cement-lined cast iron pipe — 140

2-7.2 Fittings. 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 Fit-
tings; B16.5, Pipe Flanges and Flanged Fittings; B16.9, Factory-
Made Wrought Steel Buttwelding Fittings; B16,11, Forged Fittings,
Socket-Welding and Threaded; B16.25, Buttwelding Ends; or ASTM
A 234, Standard Specification for Piping Fittings of Wrought Carbon
Steel and Alloy Steel for Moderate and Elevated Temperatures. Fittings
shall not be less than standard 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 systems.

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

2-7.2.2 Galvanized fittings shall be used for normally noncor-
rosive atmospheres. Corrosive atmospheres might require
other coatings. Fittings carrying foam concentrate shall not
be galvanized.

2-7.3 Joining of Pipes and Fittings. Pipe threading shall be
in conformance with ANSI B1.20.1, Pipe Threads. Dimensions
of cut-and roll-grooves and outside diameters of piping materi-
als shall conform to the manufacturers’ recommendations
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 Welding
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 corro-
sion can occur between piping and fittings.

2-7.4 Strainers. Where solids of sufficient size might be pres-
ent to obstruct openings in foam equipment, approved strain-
ers shall be used. The ratio of the strainer’s open basket area
to its inlet pipe area shall be at least 10:1.

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 permitted
outside the hazard or diked area. Inside the hazard or diked
area, automatic control valves and shutoff valves shall be of
steel or other alloy capable of withstanding exposure to ex-
pected fire temperatures.

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

(a) Electrical, in accordance with NFPA 72, National Fire
Alarm Codé®

(b) Locked

(¢) 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 installa-
tions in which foam is piped from a central foam station,
discharging through fixed delivery outlets to the hazard to
be protected. Any required pumps are permanently 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-producing materials are transported
to the scene after the fire starts and are connected to the
piping.

2-8.3 Mobile Systems. These systems include any type of
foam-producing unit that is mounted on wheels and that is
self-propelled 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
Jor Mobile Foam Apparatus.)

2-8.4 Portable Systems. These systems are the type in which
the foam-producing equipment and materials, hose, and so
forth, are transported by hand.

29 Operation and Control of Systems.

2-9.1 Methods of Actuation. Systems can be actuated auto-
matically or manually. All systemns shall have provisions for
manual actuation.

2-9.2 Automatically Actuated Systems.

2-9.2.1 An automatic system is one that is activated by auto-
matic detection equipment.

2-9.2.2 Operation shall be controlled by listed or approved
mechanical, electrical, hydraulic, or pneumatic means. Where
operation is automatic, an adequate and reliable source of
energy shall be used. The need for an alternate power supply
shall be determined by the authority having jurisdiction.

29.2.3 Automatic detection equipment — whether pneu-
matic, hydraulic, or electric — shall be provided with supervi-
sion arranged 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 applica-
ble sections of NFPA 72, National Fire Alarm Code.)

Exception:  Small systems 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 aux-
iliary electric equipment, if in hazardous areas, shall be de-
signed expressly for use in such areas. (See NFPA 70, National
Electrical Codé®, Article 500 and other articles in Chapter 5.)

29.2.5 In some cases, it shall be permitted to arrange the
system to shut off automatically after a predetermined op-
erating time. This feature shall be subject to the approval of
the authority having jurisdiction. Where automatic shutdown
is required, an alarm condition shall remain until manually
reset.

29.2.6 The detection system shall activate a local alarm as
well asan alarm at a constantly attended location. These alarms
also shall be actuated when the system is operated manually.

2-9.3 Manually Actuated Systems. Controls for manually ac-
tuated systems shall be located in an accessible place suffi-
ciently removed from the hazard zone to permit them to be
operated safely in an emergency, yet close enough to ensure
operator knowledge of fire conditions. The location and pur-
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poses of the controls shall be indicated plainly and shall be
related to the operating instructions.

2-9.4 Equipment. All operating devices shall be suitable for
the service conditions they encounter. They shall not be
readily rendered inoperative, or be susceptible to inadvertent
operation, by environmental factors such as high or low tem-
perature, atmospheric humidity or pollution, or marine condi-
tions. Such systems shall have means for manual actuation.

Chapter 3 System Design

3-1* Types of Hazards. This chapter covers design informa-
tion for the use of foam to protect outdoor storage tanks,
interior flammable liquid hazards, loading racks, diked areas,
and nondiked spill areas.

3-2*¥ Outdoor Fixed-Roof (Cone) Tanks. Within the scope
of this standard, fixed-roof (cone) tanks are defined as vertical
cylindrical tanks with a fixed-roof designed as a conical section,
and they comply with the requirements set forth in NFPA 30,
Flammable and Combustible Liquids Code. 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 Protection. The following methods for
protecting exterior fixed-roof tanks are included within this
section:

(a) Foam monitors and handlines

(b) Surface application with fixed foam discharge outlets
(c) Subsurface 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 addition to the pri-
mary means of protection, there shall be provisions for supple-

mentary protection in accordance with the requirements
found in Section 3-9.

3-2.1.2 Basis of Design. System design shall be based on
protecting the tank requiring the largest foam solution flow,
including supplementary hose streams.

3-2.1.3* Limitations. The requirements provided in this sec-
tion are based on extrapolations of test experience and appro-
priate listings and reflect the limitations known to date.

Foam can fail to seal against the tank shell as a result of
prolonged free burning prior to agent discharge. If adequate
water supplies are available, cooling of the tank shell is recom-
mended.

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 Limitations. Monitor nozzles shall not be considered
as the primary means of protection for fixed-roof tanks over
60 ft (18 m) in diameter. Foam handlines shall not be consid-
ered as the primary means of protection for fixed-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 minimum de-
livery rate for primary protection is based on the assumption
that all the foam reaches the area being protected. In de-
termining 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 hydrocarbons
shall be in accordance with Table 3-2.2.3.

3-2.2.4* Tanks Containing Flammable and Combustible Liq-
uids 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 general, alcohol-
resistant foams can be effectively applied through foam moni-

Table 3-2.2.3 Foam Handline and Monitor Protection for Fixed-Roof Storage Tanks Containing Hy&rocarbons

Minimum
Minimum Application Rate Discharge
Time
Hydrocarbons Type (gpm/ft%) (L/min-m?) (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 petroleum 0.16 6.5 65
Note 1: Included in this table are gasohols and unleaded gasolines containing 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 for use with fuels
containing oxygenated additives of more than 10 percent by volume. The manufacturer should 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 application 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/ft2 (8.1 L/min~m2) or more.

Note 3: Care should be taken in applying portable foam 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 frothing and

“slop over” of the tank’s contents.

1998 Edition



SYSTEM DESIGN 11-11

tor or foam hose streams to spill fires of these liquids when
the liquid depth does not exceed 1 in. (25.4 mm). For liquids
of greater depth, monitor and foam hose streams shall be
limited for use with special alcohol-resistant foams listed or
approved, or both, for the purpose. If application results in
foam submergence, the performance of alcohol-resistant
foams usually deteriorates significantly, particularly where
there is a substantial depth of fuel. The degree of performance
deterioration depends on the degree of water solubility of the
fuel (i.e., the more soluble, the greater the deterioration).

In all cases, the manufacturer of the foam concentrate and
the foam-making equipment shall be consulted as to limita-
tions and for recommendations based on listings or specific
fire tests.

.

3-2.2.5 Design Parameters. Where monitors and handline
nozzles are used to protect tanks containing flammable and
combustible liquids requiring alcohol-resistant foams, the op-
eration time shall be 65 minutes at listed application rates,
unless the foam manufacturer has established, by fire test,
that a shorter time can be permitted.

3-2.3 Design Criteria Surface Application with Fixed Foam
Discharge Outlets.

3-2.3.1 Fixed Foam Discharge Outlets. For this application,
discharge outlets are commonly called foam chambers. Most
foam chambers are of a Type II discharge outlet design, since
they are normally suitable for use with modern foams. For
the protection of a flammable liquid contained in a vertical
fixed-roof (cone) atmospheric storage tank, discharge outlets
shall be attached to the tank. Where two or more discharge
outlets are required, the outlets shall be spaced equally around
the tank periphery, and each outlet shall be sized to deliver
foam at approximately the same rate. Fixed foam discharge
outlets shall be attached securely at the top of the shell and
shall be located or connected to preclude the possibility of
the tank contents overflowing into the foam lines. They shall
be attached securely so that displacement of the roof is not
likely to subject them to serious damage. Fixed foam discharge
outlets shall be provided with an effective and durable seal,
frangible under low pressure, to prevent entrance of vapors
into foam outlets and pipelines. Fixed foam discharge outlets
shall be provided with suitable inspection means to permit
proper maintenance and for inspection and replacement of
vapor seals.

3-2.3.2 Design Criteria for Tanks Containing Hydrocarbons.

3-2.3.2.1* Fixed-roof (cone) tanks shall be provided with
approved fixed foam discharge outlets as indicated in Table
3-2.3.2.1.

3-2.3.2,2* Minimum Discharge Times and Application Rates.
When fixed foam discharge outlets are used for fixed-roof
(cone) tanks containing hydrocarbons, the minimum dis-
charge times and application rates shall be in accordance with
Table 3-2.3.2.2,

3-2.3.2.2.1 Ifthe apparatus available has a delivery rate higher
than 0.1 gpm/ft* (4.1 L/min-m?), a proportionate reduction
in the time figure can be made, except that the time shall
not be less than 70 percent of the minimum discharge times
shown.

3-2.3.3* Design Criteria for 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 nonalcohol-resistant

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
(or equivalent area) Minimum
Number of
(ft) (m) Discharge Outlets

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

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 for recommendations based on listings or specific fire
tests.

3-2.3.3.1 Fixed-roof (cone) tanks shall be provided with ap-
proved fixed foam discharge outlets as indicated in Table
3-2.3.2.1.

3-2.3.3.2 Minimum Discharge Times and Application Rates.
Minimum discharge times and application rates for fixed-roof
(cone) tanks containing flammable and combustible liquids
requiring alcohol-resistant foams shall be in accordance with
Table 3-2.3.3.2.

3-2.4 Subsurface Application Design Criteria.

3-2.4.1* Subsurface foam injection systems are suitable for
protection of liquid hydrocarbons in vertical fixed-roof atmo-
spheric storage tanks. Subsurface injection systems shall not
be used for protection of Class IA hydrocarbon liquids or for
the protection of alcohols, esters, ketones, aldehydes, anhy-
drides, or other products requiring the use of alcohol-resistant
foams. Foam concentrates and equipment for subsurface in-
jection shall be listed for this purpose. Fluoroprotein foam,
AFFF, and FFFP for subsurface injection shall have expansion
ratios between 2 and 4.

3-2.4.2* Foam Discharge Outlets. The discharge outletinto
the tank can be the open end of a foam delivery line or
product line. Qutlets shall be sized so that foam generator
discharge pressure and foam velocity limitations are not ex-
ceeded. The foam velocity at the point of discharge into the
tank contents shall not exceed 10 ft/sec (3 m/sec) for Class
IB liquids or 20 ft/sec (6 m/sec) for other classes of liquids
unless actual tests prove higher velocities are satisfactory.
Where two or more outlets are required, they shall be located
so that the foam travel on the surface can not exceed 100 ft
(30 m). Each outlet shall be sized to deliver foam at approxi-
mately the same rate. For even foam distribution, outlets can
be shell connections or can be fed through a pipe manifold
within the tank from a single shell connection. Rather than
installing additional tank nozzles, shell connections can be
made in manway covers. Tanks shall be provided with subsur-
face foam discharge outlets as shown in Table 3-2.4.2.

3-2.4.2.1* Foam Discharge Outlet Elevation. Foam dis-
charge outlets shall be located so as not to discharge into a
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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

Minimum Application Rate Minimum Discharge Time (min)

Type I Foam Type II Foam
Hydrocarbon Type (gpm/ft?) (L/min-m?) Discharge Outlet Discharge 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 petroleum 0.10 4.1 30 55

Note 1: Included in this table are gasohols and unleaded gasolines containing 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 shail 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 application should be determined by test.

Note 3: 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 have boiling points 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.

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
Discharge Outlet

Type 1I Foam

Application Rate for Specific Product Stored Discharge 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. Consult manufacturers for listings on specific products.

water bottom. This shall be accomplished by having the outlets
located at least 1 ft (0.3 m) above the highest water level to
prevent destruction of the foam.

3-2.4.2.2* Subsurface Injection Back-Pressure Limita-
tions. The sizes and lengths of discharge pipe or lines used
beyond the foam maker and the anticipated maximum depth
of the fuel to be protected shall be such that the back pressure
is within the range of pressures under which the device has
been tested and listed by testing laboratories.

3-2.4.3 Minimum Discharge Times and Application Rates.
The minimum discharge times and application rates for sub-
surface application on fixed-roof storage tanks shall be in
accordance with Table 3-2.4.3.

3-2.4.3.1* Liquid hydrocarbons that contain foam-destructive
products might require higher application rates. Some foams
might fail to extinguish fires in gasolines containing oxygen-
ates where using subsurface discharge at the usually required
rate. In such cases, the manufacturer of the foam concentrate
shall be consulted for recommendations based on listings
and/or approvals.

3-2.5*% Semisubsurface Systems. All equipment used in such
systems shall be listed or approved for this purpose.
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3-3 Outdoor Open-Top Floating Roof Tanks. Within the
scope of this standard, open-top floating roof tanks are defined
as vertical cylindrical tanks without fixed-roofs that have
double-deck or pontoon-type floating roofs and are con-
structed in accordance with the requirements of NFPA 30,
Fammable and Combustible Liquids Code. The seal can be a me-
chanical shoe seal or tube seal. The tube seal can be equipped
with a metal weather shield. Secondary seals of combustible
or noncombustible materials can also be installed. [See Figures
3-3(a) through (d).]

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

(a) Roofs made from floating diaphragms

(b) Roofs made from plastic blankets

(c) Roofs made from 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

Systems for tanks so equipped shall be designed in accor-
dance with 3-4.1.1.
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Table 3-2.4.2 Minimum Number of Subsurface Foam Discharge Outlets for Fixed-Roof Tanks Containing Hydrocarbons

Tank Diameter Minimum Number of Discharge Outlets
Flash Point Below 100°F Flash Point 100°F (37.8°C)
(ft) (m) (37.8°C) or Higher

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

Over 200 Over 60 6 3

Plus 1 outlet f9r each
additional 5000 ft> (465 m?)

Plus 1 outlet for each
additional 7500 ft> (697 m?)

Note 1: Liquids with flash points below 73°F (22.8°C), combined with boiling points below 100°F (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), 93t (27.9-m), and 115-ft
(34.5-m) diameter tanks containing gasoline, crude oil, and hexane, respectively.

Note 3: The most viscous fuel that has been extinguished by subsurface injection where stored at ambient
conditions [60°F (15.6°C)] had a viscosity of 2000 ssu (440 centistokes) and a pour point of 15°F (—9.4°C).
Subsurface injection of foam generally is not recommended for fuels that have a viscosity greater that 2000
ssu (440 centistokes) at their minimum anticipated storage temperature.

Note 4: In addition to the control provided by the smothering effect of 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.

Table 3-2.4.3 Minimum Discharge Times and Application Rates for Subsurface Application on Fixed-Roof Storage Tanks

Minimum Minimum Application Rate
Discharge Time

Hydrocarbon Type (min) (gpm/ft?) (L/min-m?)
Flash point between 100°F and 140°F (37.8°C and 93.3°C) 30 0.1 4.1
Flash point below 100°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/fi® (8.1 L/min-m?).
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.
3-3.1* Types of Fires Anticipated. Open-top floating roof 3-3.2 Methods of Seal Fire Protection. The following meth-

tanks can experience two distinct types of fires: a seal fire or
a full surface area fire (as a result of the floating roof sinking).
Experience indicates that the most frequent type of fire in-
volves only the seal of the floating roof tank. Prior to selecting
the method of protection, the type of fire that will serve as
the basis for design shall be defined. (See NFPA 30, Flammable
and Combustible Liquids Code, for fire protection requirements.)

3-3.1.1 Subsurface and semisubsurface injection shall not be
used for protection of open-top or covered floating roof tanks
because of the possibility of improper distribution of foam at
the fuel surface.

3-3.1.2 Seal Area Protection. The foam protection facilities
for an open-top floating roof tank seal area shall be based on
3-3.2 through 3-3.5.

ods 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 addition to the pri-
mary means of protection, there shall be provisions for supple-

mentary protection in accordance with the requirements of
Section 3-9.

3-3.2.2 Basis of Design. System design shall be based on
protecting the tank requiring the largest foam solution flow,
including supplementary hose streams.
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Figure 3-3(a) Pantograph-type seal open-top floating roof tank.
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Figure 3-3(b) Tube seal open-top floating roof tank.
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Figure 3-3(c) Double seal system for floating roofs.
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Tank —>
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top of pontoons

& 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).

3-3.2.3 Limitations. The requirements given in this section
are based on extrapolations of test experience and appropriate
listings and reflect the limitations known to date.

Foam can fail to seal against the tank shell as a result of
prolonged free burning prior to agent discharge. If adequate
water supplies are available, cooling of the tank shell is recom-
mended.

3-3.3 Fixed Discharge Outlets Design Criteria for Seal Area

Protection. Application of foam from fixed discharge outlets
can be achieved by either of the following two methods:

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

(b) The second method discharges foam below a mechanical
shoe seal directly onto the flammable liquid, behind a
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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 dis-
charge 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) Fixed foam discharge outlets mounted on the periphery
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 out-
lets shall not be fitted with a frangible vapor seal device.

3-3.3.1.2 Top-of-Seal System Design. The design parameters
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 hydrocarbons or flammable
and combustible materials requiring alcohol-resistant foams.
The required minimum application rates specified in Table
3-3.3.1.2 apply, unless listings for specific products require
higher application 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 purposes. Although
both methods are shown, only one is needed.

3-3.3.1.3 If the application rate is higher than the minimum
rate specified in Table 3-3.3.1.2, the discharge time can be
reduced proportionately, but not less than 70 percent of the
minimum discharge times specified.

3-3.3.2 Below Primary Seal or Weather Shield Method.
Fixed foam discharge outlets located below either a mechani-
cal shoe seal, a metal weather shield, or a metal secondary
seal shall use the designs that are 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.

3-3.3.2.2 Below-the-Seal or Weather Shield System. The de-
sign parameters for the application of fixed foam discharge

outlets below the seal (or weather shield) to protect open-top
floating roof tanks shall be in accordance with Table 3-3.3.2.2.
The requirements given in the table apply to tanks containing
hydrocarbons or flammable and combustible materials requir-
ing alcohol-resistant foams. The required minimum applica-
tion rates given in Table 3-3.3.2.2 apply unless listings for
specific products require higher application rates when Type
IT fixed foam discharge 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 secondary seal
or a combustible secondary seal using a plastic-foam log. Dam
height shall be at least 2 in. (51 mm) 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 not
more than 2 ft (0.6 m), from the tank shell.

3-3.3.3.5 To allow drainage of rain water, the foam dam bot-
tom shall be slotted on the basis of 0.04 in.? of slot area per
ft? of dammed area (278 mm? of slot area per m? of dammed
area) restricting drain slots to a maximum % in. (9.5 mm) in
height. Excessive dam openings for drainage shall be avoided
to prevent loss of foam through the drainage slots. (See Figure
3-3.3.35.)

3-3.4* Foam Handline Design Criteria for Seal Area Protec-
tion. Foam handlines 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 difficulty
of directing foam into the annular space and the possibility
of sinking the roof.

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)

Minimum Application Maximum Spacing Between
Rate Discharge Outlets with
Applicable (L/min-m?) Minimum 124in. (305-mm) 24-in. (610-mm)
IHustration Discharge Time Foam Dam Foam Dam
Seal Type Detail (gpm/ft?) (min) ft (m) ft (m)
Mechanical shoe seal A 0.3 12.2 20 40 (12.2) 80 (24.4)
Tube seal with metal weather shield B 0.3 12.2 20 40 (12.2) 80 (24.4)
Fully or partly combustible secondary seal C 0.3 12.2 20 40 (12.2) 80 (24.4)
All metal secondary seal D 0.3 12.2 20 40 (12.2) 80 (24.4)

Note:
is necessary due to the effect of winds.

Where the fixed foam discharge outlets are mounted above the top of the tank shell, a foam splashboard
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Detail A—Top-of-seal application
Foam discharge above mechanical shoe seal
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Detail B—Top-of-seal application
Foam discharge above metal weather seal

Combustible fabric or
metal and combustible
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Detail C—Top-of-seal application
Foam discharge above secondary combustible
fabric seal, or metal with combustible fabric sections

Approved Metal secondary seal
discharge
device Foam dam

Foam discharge piping

Tank shell

Seal j\—FIoating 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.

3-4 Outdoor Covered (Internal) Floating Roof Tanks.
Within the scope of this standard, covered (internal) floating
roof tanks are defined as vertical cylindrical tanks with a fixed
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Detail A—Below-the-seal application
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Detail D—Below-the-seal application
Foam discharge below metal secbndary seal
This foam application method is 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.

metal roof (cone or geodesic dome) equipped with ventilation
atthe top and containing a metal double-deck or pontoon-type
floating roof or a metal floating cover supported by liquidtight
metal flotation devices. They are constructed in accordance



SYSTEM DESIGN

11-17

Table 3-3.3.2.2 Below-the-Seal Fixed Foam Discharge Protection for Open-Top Floating Roof Tanks (See Figure 3-3.3.2.2)

Minimum Application

Applicable Rate Minimum Maximum Spacing
Ilustration Discharge Time Between Discharge
Seal Type Detail (gpm/ft?)  (L/min-m?) (min) (Outlets)
Mechanical shoe seal A 0.5 20.4 10 130 ft (39 m) — Foam dam
not required
Tube seal with more than 6 in. (152 mm) between B 0.5 20.4 10 60 ft (18 m) — Foam dam
top of tube and top of pontoon not required
Tube seal with less than 6 in. (152 mm) between C 0.5 20.4 10 60 ft (18 m) — Foam dam
top of tube and top of pontoon required
Tube seal with foarg discharge below metal D 0.5 20.4 10 60 ft (18 m) — Foam dam

secondary seal*

not required

*A metal secondary seal is equivalent to a foam dam.

Note: Dam height to be at least
2 in. (5 mm) above top of seal

N AN

i
Tank shell

i
i

v/ 4

Fabric seal

Shoe

Circular dam

Floating roof

Drain slots
maximum 34 in.
(9.5 mm) in height

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

with the requirements of NFPA 30, Flammable and Combustible
Ligquids Code. (See Figure 3-4.)

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

(a)
(b)
(c)

Roofs made from floating diaphragms
Roofs made from plastic blankets

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 The following types of roof construction shall be con-
sidered suitable for seal area protection systems:

(a) Steel double deck

(b) Steel pontoon

(c)

Full liquid surface contact, closed cell honeycomb, of
metal construction conforming to API 650, Welded Steel

Tanks for Oil Storage, Appendix H, “Internal Floating
Roofs” requirements

All other types of roof construction shall require full surface
protection.

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 discharge shall
not be required. For this application, fixed foam discharge
outlets shall not be fitted with a frangible vapor seal device.

34.1.1.1 Subsurface and semisubsurface injection shall not
be used because of the possibility of improper distribution of
foam.

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

34.1.2.1 Supplementary Protection. In addition to the pri-
mary means of protection, there shall be provisions for supple-
mentary protection in accordance with the requirements of
Section 3-9.

3-4.1.2.2* Basis of Design. System design shall be based on
protecting the tank requiring the largest solution flow, includ-
ing 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 permit-
ted to be reduced proportionately, but shall not be less than
70 percent of the minimum discharge times specified.

34.1.2.3 Limitations. The requirements given in this sec-
tion are based on extrapolations of test experience and appro-
priate listings and reflect the limitations known to date.

Foam can fail to seal against the tank shell as a result of
prolonged free burning prior to agent discharge. If adequate
water supplies are available, cooling of the tank shell is recom-
mended.

3-5 Indoor Hazards. This section addresses foam fire-extin-
guishing systems, which are intended to protect indoor storage
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Figure 34 Typical covered floating roof tank.

tanks that have liquid surface areas of 400 ft* (37.2 m®) or
greater. (For other types of indoor hazards, see the design
criteria requirements of NFPA 16, Standard for the Installation
of Deluge Foam-Water Sprinkler and Foam-Water Spray Systems, and

NFPA 16A, Standard for the Installation of Closed-Head Foam-Water

Sprinkler Systems.)

3-5.1 Discharge Outlets. Tanks for storing liquid hydrocar-
bons 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
minimum application rate for indoor hydrocarbon storage
tanks shall be 0.16 gpm/ft‘) (6.5 L/min-m?) of liquid surface
area. Minimum discharge time shall be as specified in Table
3-2.3.2.2 for Type II fixed foam discharge outlets.

3-5.2.1 If the application rate is higher than the minimum
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 Containing
Flammable or Combustible Liquids Requiring Alcohol-Resis-
tant Foams. Water-soluble and certain flammable and com-
bustible 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 con-
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sulted as to limitations and for recommendations based on
listings or specific fire tests.

3-6* Loading Racks. Within the scope of this standard load-
ing racks are defined as being either truck or rail car types
for the purpose of loading or unloading product. Total rack
size, flammable or combustible products involved, proximity
of other hazards and exposures, drainage facilities, wind condi-
tions, 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 life
and property loss.

3-6.1 Methods of Protection. The following are two accept-
able methods of protecting loading racks:

(a) Foam-water sprinkler application utilizing 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 Sys-
tems. (For design criteria for sprinkler systems, see NFPA

16, Standard for 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.
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Table 3-6.3.2 Minimum Application Rates and Discharge Times for Loading Racks Protected by Foam Monitor Nozzle Systems

Minimum Application Rate Minimum
Discharge Time
Foam Type (gpm/ %) (L/min-m?) (min) Product Being Loaded
Protein and fluoroprotein 0.16 6.5 15 Hydrocarbons
AFFF, FFFP, and alcohol-resistant AFFF or FFFP 0.10%* 4.1 15 Hydrocarbons
Alcohol-resistant foams Consult manufacturer for 15 Flammable and combustible liquids

listings on specific products

requiring alcohol-resistant foam

*If a fuel depth of more than 1 in. (25.4 mm) can accumulate within the protected area, the application rate

shall be increased to 0.16 gpm/ft® (6.5 L/min-m?).

.

Table 3-7.1.1 Minimum Application Rates and Discharge Times for Fixed Foam Application on Diked Areas Involving Hydrocarbon Liquids

Minimum Application Rate

Minimum Discharge Time (min)

Type of Foam Discharge Outlets (gpm/ftz) (L/min-m?) Class I Hydrocarbon Class II Hydrocarbon
Low-level foam discharge outlets 0.10 30 20
Foam monitors 0.16 30 20

The intent of the design shall be to protect the canopy, pumps,
meters, vehicles, and miscellaneous equipment 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 loading rack or the entire length of the truck or
rail car.

3-6.3.2 Minimum Application Rates and Discharge Times.
Minimum foam application rates and discharge times for load-

ing 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 stan-
dard, diked areas are areas bounded by contours of land or
physical barriers that retain a fuel to a depth greater than 1
in. (25.4 mm). Protection of these areas can be achieved by
either fixed discharge outlets, fixed or portable monitors, or
foam hoselines.

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

(a) Low-level foam discharge outlets
(b) Foam monitors or foam hoselines
(c) Foam-water sprinklers or nozzles

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

3-7.1.1 Minimum Application Rates and Discharge Times for
Fixed Discharge Outlets on Diked Areas Involving Liquid Hy-
drocarbons. The minimum application rates and discharge
times for fixed foam 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 permitted 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 foam-water sprinklers or nozzles are used, the system
design shall be in accordance with NFPA 16, Standard for the
Installation of Foam-Water Sprinkler and Foam-Water Spray Systems.

3-7.1.2.1.1 Limitations. Where foam-water sprinklers or noz-
zles are used as the primary protection, consideration shall
be given to the possibility that some of the foam discharge
can be carried by the wind beyond the area of the fuel spill.

Overhead application by foam-water sprinklers or nozzles
might need supplementary low-level foam application to pro-
vide 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 permitted to be open pipe fittings or direc-
tional flow nozzles designed to discharge a compact, low-veloc-
ity 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 foam uniformly over the dike area.

3-7.1.2.2.1 Limitations. Where fixed discharge outlets in-
stalled at a low level are used as the primary 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/min) or less.

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

Low-level foam discharge outlets might need supplementary
overhead foam spray application to provide coverage or cool-
ing for overhead structures or for tank surfaces.

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

3-7.1.2.3.1 Limitations. Where foam monitors are used as
the primary protection, consideration shall be given to the
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Table 3-8.1 Minimum Application Rate and Discharge Times for Nondiked Spill Fire Protection Using Portable Foam Nozzles or Monitors

Minimum Application Rate

Minimum Discharge

Foam Type (gpm/ ft?) (L/min m?) Time (min) Anticipated Product Spill
Protein and fluoroprotein 0.16 6.5 15 Hydrocarbon
AFFF, FFFP, and alcohol-resistant AFFF 0.10 4.1 15 Hydrocarbon
or FFFP
Alcohol-resistant foams Consult manufacturer for 15 Flammable and combustible liquids

listings on specific products

requiring alcohol-resistant foam

possibility that some of the foam discharge can be carried by
the wind beyond the area of the fuel spill.

Where the monitor discharge is in the form of a compact,
high-velocity foam stream, it shall be directed against the dike
walls, tank surfaces, or other structures to prevent its plunging
directly into the burning liquid surface.

3-7.2 Diked Areas Involving Flammable or Combustible Liq-
uids 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 re-
quire special engineering consideration.

3-7.2.1 Design Criteria for Diked Areas Involving Flammable
or Combustible Liquids Requiring Alcohol-Resistant Foams.
The design criteria shall be as follows:

(a) Methods of fixed protection shall be the same as those
described in 3-7.1.2 for hydrocarbon hazards.

(b) Application rates shall be in accordance with manufac-
turer recommendations based on listings or approvals
for specific products and corresponding foam-making
devices.

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

3-8 Nondiked Spill Areas. For the purpose of this standard,
nondiked spill areas are areas where a flammable or combusti-
ble liquid spill might occur, uncontained by curbing, dike
walls, or walls of a room or building. In such cases it is assumed
that any fire would be classified as a spill fire [i.e., one in
which the flammable liquid spill has an average depth not
exceeding 1 in. (25.4 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 Involving
Hydrocarbons or Flammable and Combustible Liquids Re-
quiring Alcohol-Resistant Foams. To determine protection
for spill fires, it is necessary to estimate the potential spill
area. Once this has been determined, Table 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 primary
means of protection, some types of hazards require provisions
for supplemental means of protection. The supplemental pro-
tection requirements are described in this section.

39.1 Supplemental Foam Hose Stream Requirements. Ap-
proved foam hose stream equipment shall be provided in
addition to tank foam installations as supplementary protec-
tion for small spill fires. The minimum number of fixed or
portable hose streams required shall be as specified in Table
3-9.1 and shall be available to provide protection of the area.
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The equipment for producing each foam stream shall have a
solution application rate of at least 50 gpm (189 L/min), with
the minimum number of hose streams shown in Table 3-9.1.

Table 3-9.1 Supplemental Foam Hose Stream Requirements

Minimum Number of

Diameter of Largest Tank Hose Streams Required

Up to 65 ft (19.5 m)
65 to 120 ft (19.5 to 36 m)
Over 120 ft (36 m)

0 KN =

39.1.1 Additional foam-producing materials shall be pro-
vided to permit operation of the hose stream equipment simul-
taneously with tank foam installations as specified in Table
39.1.1.

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

Diameter of Largest Tank Minimum Operating Time*

Up to 35 ft (10.5 m) 10 min
35 to 95 ft (10.5 to 28.5 m) 20 min
Over 95 ft (28.5 m) 30 min

*Based on simultaneous operation of the required minimum number
of hose streams discharging at a rate of 50 gpm (189 L/min).

Chapter 4 Specifications and Plans

4-1* Preliminary Approval. It is good practice for the owner
or his or her designated representative (i.e., architect, contrac-
tor, or other authorized person) to review the basic hazard
with the authority having jurisdiction to obtain guidance and
preliminary approval of the proposed protection concept.

4-2 Approval of Plans. Plans shall be submitted to the au-
thority having jurisdiction for approval before installation.

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

(a) The specifications shall designate the authority having
jurisdiction and shall indicate whether submission of
plans is required.

(b) The specifications shall state that the installation shall
conform to this standard and shall meet the approval of
the authority having jurisdiction.
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(c) The specifications shall include the specific tests that
might be required to meet the approval of the authority
having jurisdiction and shall indicate how testing costs
are to be met.

4-4 Plans. Preparation of plans shall be entrusted only to
fully experienced and responsible persons. They shall be sub-
mitted for approval to the authority having jurisdiction before
foam systems are installed or existing systems are modified.
These plans shall be drawn to an indicated scale or shall be
suitably dimensioned.

44.1 The plans shall include or be accompanied by the
following information, where applicable:

(a) Physical details of the hazard; including the location,
arrangement, 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 concentrate

(f) Hydraulic calculations (See Chapter 6 of NFPA 13, Stan-
dard for the Installation of Sprinkler Systems, for hydraulic
‘calculation procedures.)

(g) Identification and capacity of all equipment and devices

(h) Location of piping, detection devices, operating devices,
generators, discharge outlets, and auxiliary equipment

(i) Schematic wiring diagram

(i) Explanation of any special features

4-4.2 Complete plans and detailed data describing pumps,
drivers, controllers, power supply, fittings, suction and dis-
charge connections, and suction conditions shall be submitted
by the engineer or contractor to the authority having jurisdic-
tion for approval before installation.

44.2.1 Where field conditions necessitate any significant
change from the approved plan, revised ‘“‘as installed”
plans shall be supplied for approval to the authority having
jurisdiction.

44.3 Charts that specify head, delivery, efficiency, and
brake horsepower curves of pumps shall be furnished by the
contractor.

Chapter 5 Installation Requirements

5-1* Foam Concentrate Pumps. Pressure shall not exceed
the working pressure of the concentrate piping system. Positive
displacement pumps and centrifugal pumps capable of over-
pressuring the system shall be provided with adequate means
of pressure relief from the discharge to the supply side of the
circuit to prevent excessive pressure and temperature.

5-2 Flushing. Pumps shall have adequate means for 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
Jor the Installation of Centrifugal Fire Pumps, and NFPA 70, Na-
tional Electrical Code.

5-3.2 Power supplies shall be arranged such that discon-
necting power from the protected facility during a fire shall

not disconnect the power supply to the foam concentrate
pump feeder circuit.

5-3.3 A controller governing the startup of concentrate
pumps with electric drivers of 30 horsepower or less shall be
listed as limited service controller. A controller governing the
start-up of foam concentrate pumps with electric drivers of
greater than 30 horsepower shall be listed as fire pump control-
ler. A controller governing the start-up of foam concentrate
pumpswith diesel engine drivers shall be listed as diesel engine
fire pump controller.

5-3.4% A service disconnecting means in the feeder circuits
to limited service controllers shall be permitted, where allowed
by the authority having jurisdiction, provided the discon-
necting means is supervised for the proper position. Supervi-
sion for proper position shall be performed by one of the
following:

(a) Central station, proprietary, or remote station signaling
electrical supervision service

(b) Local electrical supervision through use of a signaling
service that will cause the sounding of an audible signal
at a constantly attended point

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

54 Piping.
54.1 General Requirements.

5-4.1.1 All piping inside of dikes or within 50 ft (15 m) of
tanks not diked shall be buried under at least 1 ft (0.3 m) of
earth or, if aboveground, shall be properly supported 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 % in. for every 10 ft
(4 mm per m) or shall be protected from freezing tempera-
tures.

5-4.1.3 For systems that apply foam to a tank’s liquid surface
from the top side, all piping 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. (101.6 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 shall consist of approved
standard weight steel, ductile, or malleable iron fittings.

2. Where piping is supported 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 connections
within this distance, they shall be back welded for strength.

(b)Y* The vertical piping of 4 in. (101.6 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 flexibility, 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 construction, this might be
the only joint that can be opened.
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54.1.5 In systems with semifixed equipment on fixed-roof
tanks, the foam or solution laterals to each foam 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 pro-
vided 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. Shutoff valves to divert the foam or solutions to
the proper tank shall be located either in the central foam
station or at points where laterals to the protected 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 author-
ity having jurisdiction.

5-5.2 Where two or more foam proportioners are 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 proportioner 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 foam maker
or pressure generator to be connected at the time of use.
Where product lines are used for foam, product valving shall
be arranged to ensure foam enters only the tank to be pro-
tected.

5-5.4 Drain valves that are readily accessible shall be provided
for low points in underground and aboveground piping.

5.6 Hangers, Supports, and Protection for Pipework.

5-6.1 Where protecting hazards where there is a possibility
of explosion, pipework shall be routed to afford the best pro-
tection against damage. The supply piping to foam outlets
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. Tapping or
drilling of load-bearing structural members shall not be per-
mitted where unacceptable weakening of the structure would
occur. Attachments can be made to existing steel or concrete
structures and equipment supports. Where systems are of such
a design that the standard method of supporting pipe for
protection purposes cannot be used, the piping shall be sup-
ported in such a manner as to produce the strength equivalent
to that afforded by the standard means of support.

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

Chapter 6 Marine Applications
6-1* General. This chapter covers design information for

the use of low-expansion foam systems that are necessary for
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marine applications where required by the authority having
jurisdiction. The provisions of Chapters 2, 3, 4, and 5 of this
standard are not applicable unless specifically referenced.

6-1.1* All components shall be suitable for their intended
application and shall be approved for use in a marine environ-
ment.

6-1.1.1 Each manufacturer shall maintain a system design
manual describing basic acceptable system design arrange-
ments and denoting each of the manufacturer’s products
within the system.

6-1.2 Foam concentrates shall be approved.

6-1.2.1 The concentrate used in a foam system for protecting
aflammable or combustible liquid shall be approved for hydro-
carbons in accordance with a test method equivalent to the
100 £t (9.29 m?) hydrocarbon method given in Appendix F.

Four consecutive fire tests shall be completed; two using
sea water, and two using fresh water.

6-1.2.2* Concentrates intended for use on polar solvent sys-
tems shall be approved for hydrocarbons in accordance with
6-1.2.1 and approved for use on polar solvents in accordance
with a method equivalent to UL 162, Standard for Safety Foam
Equipment and Liquid Concentrates.

6-1.3 The foam supply shall be in accordance with 2-3.2.2.

6-1.4 The water supply shall be in accordance with 2-2.1.1,
2-2.1.2, and 2-2.1.3.

6-1.5 The foam system shall be capable of being actuated,
including introduction of foam solution into the foam main
within 3 minutes of notification of a fire.

6-2 Fixed Low-Expansion Foam Systems for Machinery
Spaces.

6-2.1* Where installed, systems protecting machinery spaces
shall be capable of discharging a sufficient quantity of
expanded foam to provide a foam depth of at least 6 in.
(150 mm) over the largest area over which oil is likely to
spread. The minimum foam solution application rate shall be
0.16 gpm/ft* (6.5 L/min'm?) for a minimum of 5 minutes.
The system shall be capable of generating foam suitable for
extinguishing hydrocarbon fires. Means shall be provided
for effective distribution of the foam through a permanent
system of piping and control valves to suitable discharge out-
lets and for foam to be effectively directed by fixed foam
outlets. The foam expansion ratio shall not exceed 12:1.

6-2.1.1 Where a deck foam system is also installed, the foam
supply and proportioning system need not be separate. The
quantity of foam concentrate shall be that required to meet
the single largest system demand.

6-2.2 System controls shall be readily agcessible, simple to
operate, and grouped together in a location accessible during
fire conditions in the protected area. Instructions in clear and
permanent lettering shall be affixed to the equipment or in
a position adjacent thereto. Remotely controlled devices shall
have local mechanical override.

6-3 Fixed Low-Expansion Foam Systems on Deck for
Petroleum and Chemical Tankers.

6-3.1* Purpose. The purpose of this section is to provide
guidance for the design and arrangement of deck foam sys-
tems that are expected to provide the following performance:
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(a) Extinguish deck spill fires and maintain a foam blanket
while hot metal cools.

(b) Control or suppress cargo manifold fires except those
involving three-dimensional pressurized liquid fires.

(c) Suppress or control tank fires involving a portion of the
cargo area assuming that the top of the tank(s) within
the design area is open to weather and that the trajectory
of the foam is not obstructed.

(d) Provide protection for the crew while arrangements are
being made to abandon ship.

(e) During lightering operations, the deck foam system flow-
ing water should protect the exposed vessel from fire on
an adjacent ship while preparations are made to get the
exposed vessel under way.

(f) The deck foam system is not intended to provide extin-
guishment, suppression, or control of incidents resulting
from major explosions or collisions that cause the fire to
exceed the area of the single largest tank.

(g) The deck foam system shall be designed and arranged
to withstand the effects of weather, vibration, corrosion,
strain, and impact expected during the ship’s operation.

(h) Suppress vapors from an unignited spill on deck.
6-3.2 Control Station.

6-3.2.1 The main control station for the system shall be lo-
cated aft of the cargo area and readily accessible and operable
in the event of fire in the main area protected.

6-3.2.2* Operating instructions and diagrams of piping sys-
tems and valves shall be provided in clear and permanent
lettering and shall be affixed to the equipment or in a position
near thereto. The diagrams shall show which valves are to be
opened in the event the system must be activated. The dia-
grams shall explain thoroughly and clearly all the steps neces-
sary to put the system into operation. Each valve shall be
labeled describing its function.

6-3.2.3 The control station shall be provided with emergency
lighting.

6-3.3* Fire Main Capacity. Operation of a deck foam system
at its required foam solution flow rate shall still permit the
simultaneous use of the required number of streams of water
and other services provided by the fire main system.

6-3.4* Rate of Application. The rate of application of foam
solution for fires on deck shall not be less than the greatest
of the following.

(a) For Hydrocarbon Fuels:

1. Deck spill calculation — 0.16 gpm/ft? (6.50 L/min-m?)
over 10 percent of the cargo block deck area, where the
cargo block deck area is the maximum breadth of the ship
multiplied by the total longitudinal extent of the cargo
tank spaces.

2. Largest tank calculation — 0.24 gpm/fi® (9.78 L/min-m?)
of the horizontal sectional area of the single largest tank.

3. Largest monitor calculation — 0.074 gpm/ft?
(8.0 L/min-m?) of the area protected by the largest moni-
tor, such area being entirely forward of the monitor, but
not less than 330 gpm (1250 L/min).

(b) For Polar Solvents: Since required foam application
rates may vary, polar solvents are placed in representative
groups based upon fire performance tests. Fire tests are used
to determine the minimum foam design application rate for

the group and are conducted using one or more solvents
representing the most difficult extinguishment case or the
actual polar solvent. These minimum foam design application
rates and polar solvent groupings shall be specified in the foam
manufacturer’s system design manual and shall be approved.

1. Deck spill calculation — The highest required foam appli-
cation rate for any polar solvent that can be transported
by the ship, applied over 10 percent of the cargo block
deck area, where the cargo block deck area is the maximum
breadth of the ship multiplied by the total longitudinal
extent of the cargo tank spaces.

2. Most demanding tank calculation — 150 percent of the
highest required foam application rate, for any polar sol-
vent that can be transported by the ship, applied over the
horizontal sectional area of the single largest tank.

Exception to 2:  Where dedicated cargo tanks are specifically designed
Jor a particular polar solvent and such solvent cannot be carried in
other tanks, the foam system design can take into consideration this
limitation.

3. Largest monitor calculation — 45 percent of the highest
required foam application rate for any polar solvent that
can be transported by the ship, applied over the area
protected by the foam monitor, such area being entirely
forward of the monitor, but not less than 330 gpm
(1250 L/min).

6-3.5 Discharge Duration.

6-3.5.1* Foam concentrate shall be provided to supply the
system for 30 minutes.

Exception:  For ships that are both transporting only hydrocarbons
and using gas inerting of cargo vapor spaces, the discharge duration
shall be permitted to be 20 minutes.

6-3.5.2 Allowance shall be made to fill all foam solution and
concentrate piping and still provide the required duration.

6-3.5.3* Minimum discharge duration shall be based on the
actual capacity of the installed equipment.

6-4* Foam Outlet Devices. One hundred percent of the re-
quired foam application shall be by using one or two monitors
located immediately aft of the protected area.

Exception:  On tankers less than 4000 tons dead weight, hand hose-
lines only can be installed provided that the capacity of each hand
hoseline is at least 25 percent of the total foam solution flow rate.

6-5 Monitors.

6-5.1 The capacity of any monitor shall be at least
0.074 gpm/fi® (3.02 L/m-m?) of the deck area protected by
that monitor, with such area being entirely forward of the
monitor. The capacity of each monitor shall be not less than
50 percent of the required foam application rate and not less
than 330 gpm (1250 L/min).

6-5.2 The distance from the monitor to the farthest extremity
of the protected area forward of the monitor shall be not more
than 75 percent of the monitor throw in still air conditions.

6-5.3 Foam monitors and hand hoseline connections shall
be situated both port and starboard-at the front of the accom-
modation space facing the cargo tank’s deck. These monitors
shall be located at least 8.2 ft (2.5 m) above the main deck
and shall be directly accessible to the deck above the freeboard
deck.

Exception:  Monitors are not required on tankers less than 4000
metric tons dead weight.
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6-5.4 The foam system shall be capable of delivering foam
to the entire cargo block deck area.

6-5.4.1 Ships fitted with bow or stern loading and unloading
arrangements shall be provided with one or more additional
monitors located to protect the bow or stern arrangements.
The area of the cargo line fore or aft of the cargo block area
shall be provided with monitor protection.

6-5.5 Foam monitors shall be mounted on substantial plat-
forms. Platforms shall permit 360 degree access around the
monitors. Platforms shall be raised to allow the monitors an
unobstructed throw insofar as practical. The monitor isolation
valve shall be accessible from the monitor platform. Platforms
higher than 6.5 ft (2 m) shall be provided with hand rails or
chain rails. Access to the monitor platform shall be via walkway
or permanent ladder. Provisions shall be made for securing
monitors while at sea.

6-5.6 Monitors over 1000 gpm (3785 L/min) shall be pro-
vided with two operator handholds or one handwheel for
each swivel. Monitors shall be designed to prevent unwanted
movement due to reaction forces. Monitors shall be capable
of being locked into position while operating at full flow.

6-6 Hand Hoselines.

6-6.1 Hand hoselines shall be provided to ensure flexibility
of action during fire-fighting operations and to cover areas
obstructed from monitors. The capacity of any hand hoseline
shall be not less than 106 gpm (401 L/min) and the hand
hoseline throw in still air conditions shall be not less than
50 ft (15 m). The number and location of foam solution
outlets shall be such that foam from at least two hand hoselines
can be simultaneously directed onto any part of the cargo
block deck area.

6-6.2 Hand hoselines and hydrants shall be mounted on
monitor platforms or at deck level.

6-7 Hydraulic Calculations. Hydraulic calculations shall be
performed in accordance with NFPA 15, Standard for Water
Spray Fixed Systems for Fire Protection. Foam solution shall be
considered to have the same hydraulic characteristics as water.

6-7.1 Foam concentrate hydraulic calculations shall be in
accordance with the foam concentrate manufacturer’s system
design manual.

6-7.2 Orifices shall be permitted to balance flows to monitors
and fixed foam outlets.

6-8 Isolation Valves.

6-8.1 Isolation valves shall be provided in the water, foam
concentrate, and foam solution mains (immediately forward
of any monitor position) to isolate damaged sections. In addi-
tion, each monitor and hose station shall have an isolation
valve. Isolation valves shall be operable from readily accessible
locations. Monitor isolation valves shall be in accordance with
6-5.5. All isolation valves shall be installed with the bonnet
above the horizontal.

6-8.2 Isolation valves shall be provided with a ready means
for visual indication of valve position.

6-9 Hangers, Supports, and Protection of Pipework.

6-9.1 Pipework shall be routed to afford protection against
damage.

6-9.2* All hangers and piping supports shall be designed for
marine applications.
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6-9.3* Deck foam solution piping shall be independent of
fire main piping. Where the fire main and foam main are
connected to a common monitor, check valves shall be in-
stalled.

6-9.4* The system shall be arranged to prevent the possibility
of freezing. Portions of the system exposed to weather shall
be self-draining. Wet or pressurized portions of the system
shall be protected against freezing.

6-10 Testing and Inspection.

6-10.1* Foam systems shall be inspected and tested in accor-
dance with Chapter 6 and Chapter 7. Annual testing shall
include tests conducted in accordance with 7-3.3.

6-10.2 The system supplier or owner shall make available to
the ship’s crew a system use, inspection, and testing videotape.

6-11 Foam System Concentrate Storage.

6-11.1 Foam concentrate storage shall be in accordance with
2-3.2.4.

6-11.1.1* The primary deck foam concentrate storage tank
shall be located on or above the freeboard deck level in the
space containing the system control station described in 6-3.2.
All foam concentrate shall be stored in an accessible location
unlikely to be cut off in the event of fire or explosion and
not having direct opening or exposure to the cargo area.

6-11.2 Foam concentrate tanks shall be in accordance with

2-3.2.3.

6-11.2.1* Tanks shall have expansion domes. Tanks shall be
fitted with baffles to prevent sloshing. Each concentrate stor-
age tank shall be provided with a brass, stainless steel, or other
corrosion-resistant pressure vacuum (PV) vent. Each tank shall
have a substantial support structure suitable for mounting the
tank to the ship’s structure. Each tank shall have a sump or
other means to prevent clogging of the foam concentrate
suction pipe in the event of sedimentation or other foreign
materials in the tank. The foam concentrate suction pipe shall
take suction above the bottom of the sump.

6-11.3 Tanks shall be of a design and materials proven to be
suitable for use with constant sloshing of the liquid against
the tank structure.

6-11.4 Each tank shall have a manway or openings for inter-
nal inspection and access.

6-11.5 Tank suction and return connections shall terminate
near the bottom of the tank so as to reduce the chance of
premature foaming due to agitation during system operation.

6-11.6 Atmospheric tanks shall be provided with means for
continuous refilling of the tank.

6-11.7 Foam concentrate storage shall Be within the foam
concentrate manufacturer’s recommended temperature limi-
tations. Storage spaces shall be provided with heat to prevent
freezing of the foam concentrate and piping. Storage shall be
in accordance with 2-3.2.4 and 2-3.2.4.1.

6-11.8 Foam concentrate compatibility shall be in accor-
dance with 2-4.1 and 2-4.2. The foam concentrate storage tank
shall be provided with a label specifying foam manufacturer,
foam type, and quantity.

6-11.9 Only one type of foam concentrate shall be carried
on board.
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Table 6-13.1 Piping Materials

Service

Pipe

Valves

Fittings

Takedown Joints

Seawater or foam solution
(up to 225 psi and
350°F)

Foam concentrate (in the
hazard area) .

Carbon steel, seamless or
electric resistance weld,
standard wall,
galvanized®. ASTM A
53, Type E or S, Gr. A
or A 106, Gr. A

Schedule 40 minimum

Carbon steel, seamless or
electric resistance weld,
standard wall. ASTM A
53, Type Eor S, Gr. A
or A 106, Gr. A

OR

Stainless steel, seamless,
standard wall pipe

ASTM A 312 Gr. TP304L
or TP316L

Body: Carbon steel, ASTM
A 216 Gr. WCB or
Ductile iron, ASTM A
395

Trim: Bronze or 316 SS

Ends: Flanged ANSI B16.5
Class 150

Body: Carbon steel, ASTM
A 216 Gr. WCB or A 105

Trim: 304L or 316L SS

Ends: Flanged ANSI B16.5
Class 150 or screwed

OR

Body: Forged stainless
steel, ASTM A 182 Gr.
F304L or F316L

Trim: 304L or 316L SS

Ends: Flanged ANSI B16.5
Class 150 or screwed

3 in. and larger: Wrought
steel, standard wall,
galvanized per ANSI
B16.9, 150 Ib minimum

2 in. and smaller: Socket
weld steel, 20004,
galvanized per ANSI
B16.11

ASTM A 234 Gr. WPB

Socket weld or threaded
carbon steel, 2000# per
ANSI B16.11

ASTM A 234 Gr. WPB

OR

Socket weld or threaded
stainless steel, 2000#
per ANSI B16.11

ASTM A 182 Gr. F304L or
F316L

3 in. and larger: Slip-on or
buttweld flange

2 in. and smaller: Socket
weld flange

ANSI B16.5 Class 150,
ASTM A 105

Screwed or socket weld
flange per ANSI B16.5
Class 150

ASTM A 105 or ASTM A
182 Gr. 304L or Gr.
316L

OR

Screwed or socket weld
union, 2000# per ANSI
B16.11

ASTM A 105 or ASTM A
182 Gr. 304L or Gr.

316L

Note:

Standards shown are minimum acceptable. Equivalent foreign standards may be used if approved.

'System may be assembled using black steel pipe and fittings, hot dip galvanized after fabrication.
*Where pipe and fittings are galvanized, all disturbed areas are to be repaired using suitable cold galvanizing

product.
For SI units: 1 psi = 6.895 kPa; 5/9(degrees F — 32) = degrees C.

6-12 Supply Arrangements.

6-12.1* Foam proportioning shall be by the balanced pres-
sure proportioning method employing a dedicated foam con-
centrate pump.

Exception:  Other types of systems acceptable to the authority having
Jurisdiction shall be permitted.

6-12.2* Foam concentrate pumps shall be in accordance with
Section 2-6.
6-12.3* Foam and water pump motors and controllers shall

comply with IEEE Standard 45, Recommended Practice for Electric
Installations, or equivalent.

6-12.4 Foam and water pumps shall be capable of operation
during loss of the main power system.

6-12.5 Electric power for foam pumps, water pumps, and
other electrical components of the foam system shall be in
accordance with the provisions of SOLAS Regulations II-2,
Section 4.3 and 4.3.5 applicable to fire pumps.

6-12.6 Where diesel pumps are provided, they shall be con-
nected to a listed diesel pump controller.

6-12.7 The deck foam system piping shall not be routed
through, immediately adjacent to, or immediately above the
cargo pump room.

6-13 Piping Materials.

6-13.1 Piping shall be in accordance with Table 6-13.1. Other
materials may be used provided they have physical properties
and corrosion resistance equivalent to the piping identified
in Table 6-13.1 and are approved by the authority having
jurisdiction.

6-13.2 Pipe in areas subject to fire exposure, including radi-
ant and conducted heat, shall be of steel or other alloy suitable

for the pressure, possible fire temperature exposure, and envi-
ronmental conditions expected.

6-13.3 Foam concentrate piping shall be constructed of ma-
terial compatible with, and not affected by, the concentrate.
Foam concentrate piping shall not be galvanized.

6-13.4*% Pipe thread joint sealants used for foam concentrate
lines shall be in accordance with the foam concentrate manu-
facturer’s recommendations.

Chapter 7 Testing and Acceptance

7-1 Inspection and Visual Examination. Foam systems shall
be examined visually to determine that they have been prop-
erly installed. They shall be inspected for such items as confor-
mity with installation plans; continuity of piping; removal of
temporary blinds; accessibility of valves, controls, and gauges;
and proper installation of vapor seals, where applicable. De-
vices shall be checked for proper identification and operating
instructions.

7-2 Flushing after Installation. In order to remove foreign
materials that might have entered both underground and
aboveground water supply mains during installation, they shall
be flushed thoroughly at the maximum practicable rate of
flow before connection is made to system piping. The mini-
mum rate of flow for flushing shall not be less than the water
demand rate of the system, as determined by the system design.
The flow shall be continued for a sufficient time to ensure
thorough cleaning. Disposal of flushing water must be suitably
arranged. All foam system piping shall be flushed after installa-
tion, using the system’s normal water supply with foam-form-
ing materials shut off, unless the hazard cannot be subjected
to water flow. Where flushing cannot be accomplished, pipe
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interiors shall be carefully visually examined for cleanliness
during installation.

7-3* Acceptance Tests. The completed system shall be tested
by qualified personnel to meet the approval of the authority
having jurisdiction. These tests shall be adequate to determine
that the system has been properly installed, and that it func-
tions as intended.

7-3.1 Pressure Tests. All piping, except piping handling ex-
panded foam for other than subsurface application, shall
be subjected to a 2-hour hydrostatic pressure gauge test at
200 psi (1379 kPa) or 50 psi (345 kPa) in excess of the maxi-
mum 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.

7-3.2 Operating Tests. Before approval, all operating de-
vices and equipment shall be tested for proper function.

7-3.3* 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) Concentration of the foam solution

(f) Foam quality (expansion and % drain time) or foam
discharge shall be conducted or the foam discharge
shall be visually inspected to ensure that it is satisfactory
for the purpose intended.

7-3.3.1 Foam concentration shall have one of the following
proportions:

(a) Not less than the rated concentration

(b)* No more than 30 percent above the rated concentrate,
or 1 percentage point above the rated concentration
(whichever is less)

For information on tests for physical properties of foam,
see Appendix C.

74 System Restoration. After completion of acceptance
tests, the system shall be flushed and restored to operational
condition.

Chapter 8 Maintenance

8-1 Periodic Inspection. At least annually, all foam systems
shall be thoroughly inspected and checked for proper opera-
tion. The inspection shall include performance evaluation 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 discussed 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 operating condition and that it remains
in that condition until the next inspection. The inspection
report, with recommendations, shall be filed with the owner.
Between the regular service contract inspections or tests, the
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system shall be inspected by competent personnel following
an approved schedule.

8-1.1* Foam-Producing Equipment. Proportioning devices,
their accessory equipment, and foam makers shall be in-
spected.

8-1.1.1 Fixed discharge outlets equipped with frangible seals
shall be provided with suitable inspection means to permit
proper maintenance and for inspection and replacement of
vapor seals.

8-1.2 Piping. Aboveground piping shall be examined to de-
termine its condition and to verify that proper drainage pitch
is maintained. Pressure tests of normally dry piping shall be
made when visual inspection indicates questionable strength
due to corrosion or mechanical damage. Underground piping
shall be spot-checked for deterioration at least every 5 years.

8-1.3 Strainers. Strainers shall be inspected periodically and
shall be cleaned after each use and flow test.

8-1.4 Detection and Actuation Equipment. Control valves,
including all automatic and manual-actuating devices, shall
be tested at regular intervals.

8-2 Foam Concentrate Inspection. At least annually, an in-
spection 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.

8-3 Operating Instructions and Training. Operating and
maintenance instructions and layouts shall be posted at con-
trol equipment with a second copy on file. All persons who
are expected to inspect, test, maintain, or operate foam-gener-
ating apparatus shall be thoroughly trained and training shall
be kept current over time.

Chapter 9 Referenced Publications

9-1 The following documents or portions thereof are refer-
enced within this standard as mandatory requirements and
shall be considered part of the requirements of this standard.
The edition indicated for each referenced mandatory docu-
ment is the current edition as of the date of the NFPA issuance
of this standard. Some of these mandatory documents might
also be referenced in this standard for specific informational
purposes and, therefore, are also listed in Appendix G.

9.1.1 NFPA Publications. National Fire Protection Associa-
tion, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-
9101.

NFPA 13, Standard for the Installation of Sprinkler Systems, 1996
edition.

NFPA 15, Standard for Water Spray Fixed Systems for Five Protec-
tion, 1996 edition.

NFPA 16, Standard for the Installation of Deluge Foam-Water
Sprinkler and Foam-Water Spray Systems, 1995 edition.

NFPA 20, Standard for the Installation of Centrifugal Fire Pumps,
1996 edition.
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NFPA 24, Standard for the Installation of Private Fire Service
Mains and Their Appurtenances, 1995 edition.

NFPA 30, Flammable and Combustible Liquids Code, 1996 edi-
tion.

NFPA 70, National Electrical Codé®, 1996 edition.
NFPA 72, National Fire Alarm Code®, 1996 edition.

9-1.2 ANSI Publications. American National Standards In-
stitute, Inc., 11 West 42nd St., 13th Floor, New York, NY 10036.

ANSI B1.20.1, Pipe Threads, 1992.

ANSI B16.1, Cast Iron Pipe Flanges and Flanged Fittings, 1989.
ANSI B16.3, Malleable Iron Threaded Fittings, 1992.

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

ANSI B16.5, Pipe Flanges and Flanged Fittings, 1996.

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

ANSI B16.11, Forged Fittings, Socket-Welding and Threaded,
1996.

ANSI B16.25, Buttwelding Ends, 1992.

9-1.3 ASTM Publications. American Society for Testing and
Materials, 100 Barr Harbor Drive, West Conshohocken, PA
19428-2959.

ASTM A 53, Standard Specification for Pipe Steel, Black and Hot-
Dipped, Zinc-Coated, Welded and Seamless, 1996.

ASTM A 105, Standard Specification for Carbon Steel Forgings
Jfor Piping Applications, 1996.

ASTM A 135, Standard Specification for Eleciric Resistance-
Welded Pipe, 1989.

ASTM A 182, Standard Specification for Forged or Rolled Alloy-
Steel Pipe Flanges, Forged Fittings, and Valves and Parts for High-
Temperature Service, 1996.

ASTM A 216, Standard Specification for Steel Castings, Carbon,
Suitable for Fusion Welding for High-Temperature Service, 1993.

ASTM A 234, Standard Specification for Piping Fittings of
Wrought Carbon Steel and Alloy Steel for Moderate and Elevated
Temperatures, 1990.

ASTM A 312, Standard Specification for Seamless and Welded
Austenitic Stainless Steel Pipes, 1995.

ASTM A 395, Standard Specification for Ferritic Ductile Iron
Pressuve-Retaining Castings for Use at Elevated Temperatures, 1998.

ASTM A 795, Standard Specification for Black and Hot-Dipped,
Zinc-Coated, (Galvanized) Welded and Seamless Steel Pipe for Fire
Protection Use.

9-1.4 AWS Publication, American Welding Society, 550 N.W.
LeJeune Road, Miami, FL 33126.

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

9.1.5 API Publication. American Petroleum Institute, 120 L
Street Northwest, Washington, DC 20005.

API 650, Welded Steel Tanks for Oil Storage, 1993.

9-1.6 IEEE Publication. Institute of Electrical and Electron-
ics Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ
08855-1331.

IEEE 45, Recommended Practice for Electric Installations, 1983.

9-1.7 IMO Publication. International Maritime Organiza-
tion.

Safety of Life at Sea. SOLAS Regulations II-2/4.3 and 4.3.5.

9-1.8 UL Publication. Underwriters Laboratories, Inc., 333
Pfingsten Road, Northbrook, IL 60062,

UL 162, Standard for Safety Foam Equipment and Liquid Concen-
trates, 1989.

Appendix A Explanatory Material

Appendix A is not a part of the requirements of this NFPA document
but is included for informational purposes only. This appendix con-
tains explanatory material, numbered to correspond with the applica-
ble text paragraphs.

A-14 Approved. The National Fire Protection Association
does not approve, inspect, or certify any installations, proce-
dures, equipment, or materials; nor does itapprove or evaluate
testing laboratories. In determining the acceptability of instal-
lations, procedures, equipment, or materials, the authority
having jurisdiction may base acceptance on compliance with
NFPA or other appropriate standards. In the absence of such
standards, said authority may require evidence of proper in-
stallation, procedure, or use. The authority having jurisdiction
may also refer to the listings or labeling practices of an organi-
zation that is concerned with product evaluations and is thus
in a position to determine compliance with appropriate stan-
dards for the current production of listed items.

A-1-4 Authority Having Jurisdiction. 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 au-
thority having jurisdiction may be a federal, state, local, or
other regional department or individual such as a fire chief;
fire marshal; chief of a fire prevention bureau, labor depart-
ment, or health department; building official; electrical in-
spector; or others having statutory authority. For insurance
purposes, an insurance inspection department, rating bureau,
or other insurance company representative may be the author-
ity 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 official may be the au-
thority having jurisdiction.

A-14 Eductor (Inductor).

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

Limitations. The bottom 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 concentrate
container and the foam maker should conform to the recom-
mendations of the manufacturer.

Hydrocarbon Surfactant-Type Foam Concentrates. These are syn-
thetic foaming agents generally based on a hydrocarbon sur-
face active agent. They produce foams of widely different
character (expansion and drainage times), depending on the
type of foam-producing devices employed. In general, such
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foams do not provide the stability and burn-back resistance
of protein-type foams or the rapid control and extinguishment
of AFFF, but they can be useful for petroleum-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 combination foam-
ing/wetting agents. The appropriate listings should be con-
sulted to determine proper application rates and methods.

A-1-4 Foam Generating Methods. Foam nozzle and monitor
streams may also be employed for the primary protection of
process units and buildings, subject to the approval of the
authority having jurisdiction. The discharge characteristics of
the equipment selected to produce foam nozzle and monitor
streams for outdoor storage tank protection should be verified
by actual tests to make certain that the streams will be effective
on the hazards involved. [See Figures A-1-4(b) through A-1-4(}).]

A-14 Listed. The means for identifying listed equipment
may vary for each organization concerned with product evalu-
ation; some organizations do not recognize equipment as
listed unless it is also labeled. The authority having jurisdiction
should utilize the system employed by the listing organization
to identify a listed product.

Figure A-1-4(a) Air foam hose nozzle with built-in eductor.

Figure A-1-4(b) Handline foam nozzle.
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Figure A-1-4(c) Adjustable straight stream-to-fan pattern foam-water
monitor.

Figure A-1-4(d) Adjustable straight stream-to-spray foam-water
monitor.

Figure A-1-4(e) Wheeled portable foam-water monitor.
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Figure A-1-4(f) Portable foam-water monitor.

A-1-4 Proportioning Methods for Air Foam Systems.

(c) In-Line Eductor. This eductor is for installation in a hose-
line, usually at some distance from the foam maker or play-
pipe, as a means of drafting air foam concentrate from a
container. [See Figures A-1-4(g) and (h).]

It has the following limitations:

(a) 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 accordingly is designed for use with specified lengths of

hose or pipe located between it and the foam maker.

(b) The pressure drop across the eductor is approximately
one-third of the inlet pressure.

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

(d) Metered Proportioning. By means of an auxiliary pump,
foam compound is injected into the water stream passing
through an inductor. The resulting foam solution is then deliv-
ered to a foam maker or playpipe. The proportioner can be
inserted into the line at any point between the water source
and foam maker or playpipe. [See Figures A-1-4(i) and (j).]
To operate, the main water valve is opened and a reading
of the pressure indicated on the duplex gauge is taken. When

Figure A-1-4(g) In-ine eductor.

both gauge hands are setat the same point, the proper amount
of foam concentrate is being injected into the water stream.
This is done automatically by the use of a differential pressure
diaphragm valve.

Metered proportioning has the following limitations:

(a) The capacity of the proportioner can be varied from
approximately 50 percent to 200 percent of its rated
capacity.

(b) The pressure drop across the proportioner ranges from
5 psi to 30 psi (34 kPa to 207 kPa), depending on the
volume of water flowing through the proportioner within
the capacity limits of item (a) above.

(¢) A separate pump is needed to deliver concentrate to the
proportioner.

(e) Pressure Proportioning Tank. This method employs
water pressure as the source of power. With this device, the
water supply pressurizes the foam concentrate storage tank.
At the same time, water flowing through an adjacent venturi
or orifice creates a pressure differential. The low-pressure area
of the venturi is connected to the foam concentrate tank, so
that the difference between the water supply pressure and
this low-pressure area forces the foam concentrate through a
metering orifice and into the venturi. Also, the differential
across the venturi varies in proportion to the flow, so one
venturi will proportion properly over a wide flow range. The
pressure drop through this unit is relatively low. [See Figure
A-1-4(k).]

A special test procedure is available to permit the use of a
minimum amount of concentrate when testing the pressure
proportioner system.

The pressure proportioning tank has the following limita-
tions:

(a) Foam concentrates with specific gravities similar to water
can create a problem when mixed.

(b) The capacity of these proportioners can be varied from
approximately 50 percent to 200 percent of their rated
capacity.

(c) The pressure drop across the proportioner ranges from
5 psi to 30 psi (34 kPa to 207 kPa), depending on the
volume of water flowing within the capacity limits of item
(b) above.

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

(e) Since water enters the tank as the foam concentrate is
discharged, the concentrate supply cannot be replen-
ished during operation, as with other methods.

(f) This system proportions at a significantly reduced per-
centage 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 proportioning
tank with the added advantage of a collapsible diaphragm
that physically separates the foam concentrate from the water
supply.

Diaphragm pressure proportioning tanks operate through
a similar range of water flows and according to the same
principles as pressure proportioning tanks. The added design
feature is a reinforced elastomeric diaphragm (bladder) that
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F.

Figure A-14(h) In-line eductor.

Expansion dome and FiAII co_nnection
clean-out opening / with fill funnel

Foam concentrate storage tank

/— Drain valve

Foam concentrate
return valve
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supply valve
Foam concentrate pump
and motor assembly
———— Water ,o\§‘>Valved flush-in connection (plugged) % Diaphragm balancing valve ® Compound gauge

Foam concentrate
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Gate valve

)\/ Swing check valve

«fb Valved flush-out connection (plugged

® Duplex gauge

@O Proportioning controller

Foam solution
————— Foam concentrate sensing ", Strainer with valved side outlet

AL Pressure relief valve

Figure A-1-4(i) Balanced pressure proportioning with single injection point (metered proportioning).

can be used with all concentrates listed for use with that partic-
ular diaphragm (bladder) material. [See Figure A-1-4(1).]

The proportioner is a modified venturi device with a foam
concentrate feed line from the diaphragm tank connected to
the low-pressure area of the venturi. Water under pressure
passes through the controller, and part of this flow is diverted
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into the water feed line to the diaphragm tank. This water
pressurizes the tank, forcing the diaphragm filled with foam
concentrate to slowly collapse. This forces the foam concen-
trate out through the foam concentrate feed line and into
the low-pressure area of the proportioner controller. The con-
centrate is metered by use of an orifice or metering valve and
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Figure A-1-4(j) Balanced pressure proportioning with multiple injection points (metered proportioning).

Water supply Note: Schematic diagram for
- clarity only. Does not necessarily

show all required valves.

Ball drip valve
Fill

Internal
syphon
tube

Water bypass
(if desired)

Solution lines
to field

Figure A-1-4(k) Typical arrangement of pressure proportioning tank.

mixes in the proper proportion with the main water supply,
sending the correct foam solution downstream to the foam
makers.

The limitations are the same as those listed above for the

pressure proportioning tank except the system can be used
for all types of concentrates.

(f) 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 educ-
tor 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).]
A pump proportioner has the following limitations:

(a) The pressure on the water suction line at the pump
must be essentially zero gauge pressure or must be 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.

(b) The elevation of the bottom of the concentrate con-
tainer should not be more than 6 ft (1.8 m) below the propor-
tioner.

(c) The bypassstream to the proportioner usesfrom 10 gpm
to 40 gpm (38 L/min to 151 L/min) of water depending on
the size of the device and on the pump discharge pressure.
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Alternate proportioner location

Fill cup

Sight gauge

Figure A-1-4(1) Diaphragm (bladder) proportioning tank.

This factor must be recognized in determining the net delivery
of the water pump.
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Figure A-1-4(m) Around-the-pump proportioner.

A-14 Type I Discharge Outlet. Approved Type I discharge
outlets include the following:

(a) Porous tubes [See Figure A-1-4(n).]

(b) Foam troughs along the inside of tank wall [See Figure
A-1-4(0).]

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

Type I discharge outlets are generally considered obsolete
because nearly all currently manufactured foams are suitable
for use with Type II discharge outlets. [See Figure A-1-4(p).]

Porous Tube. 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 open-
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Foam concentrate line

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

Internal bladder

_______ Water supply

= Foam solution

Foam concentrate line
Ball valve

Swing check valve

Motorized valve (optional)

Proportioning controller

Tank roof

||w-uww

Moeller
tube

Figure A-1-4(n) Cross section of a Moeller tube chamber. Tube is
designed to unroll and fall to oil level. Foam flows through interstices
in tube.

i

<«—Tank wall

Figure A-14(o) Foam trough.

ing 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
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Figure A-1-4(p) Air foam chamber with Type II outlet.

tube to rise to the surface and foam to flow through the
interstices of the fabric directly onto the liquid surface.

Foam Trough. The trough shown schematically in Figure
A-1-4(0) 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. [See Figures A-1-4(q) and (r).]

NOTE: One brace [% in. (13 mm) plate, 12 in. (305 mm)
long] should be provided at each shell course. This helps
maintain the shell in place during the early stages of the fire
and prevents buckling before cooling water is applied.

A-2-2.1.2 Additional water supplies are recommended for
cooling the hot tank shell to assist the foam in sealing against
the shell. Some foams are susceptible to breakdown and failure
to seal as a result of heating the tank shell due to prolonged
burning prior to agent discharge.

Petroleum
product

Product
line

Figure A-14(q) Semifixed subsurface foam installation.

10-in. (254-mmj center to face —|

Braces for 8-ft (2.4-m) shell plates (see note)

6-in. (152.4-mm) pipe —»

Intermediate back press.
foam maker

Air inlet screen

Quick coupling  f;
and dust cap Firewall

Slope

2 ft (0.6 m) (min)

41t (1.2 m) (max) 4-in. (101.6-mm) pipe

Pipe support
Drain at low point

Extend pipe through firewall
to edge of road

Roadway

Figure A-1-4(r) Typical air foam piping for intermediate back-
pressure foam system.

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

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

Example: 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) 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 412.5 gal (1563 L) of
3 percent concentration.

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

A-26 Foam concentrate pumps are generally of the positive
displacement variety. Centrifugal pumps might not be suitable
for use with foam concentrates exhibiting high-viscosity char-
acteristics. The foam equipment manufacturer should be con-
sulted for guidance. Provisions should 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 Ahazard area generally includes all areas within dikes
and within 50 ft (15 m) of tanks without dikes. Other areas
that should be considered hazard areas include the following:

(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 manifold areas where flammable and combusti-
ble liquids might be released accidentally

(¢} Other similar areas

The presence of flammable and combustible liquids within
pipelines that do not possess the potential to release flamma-
ble and combustible liquids should not be considered as creat-
ing a hazard area.

Ball valves may be used for foam concentrate proportioning
systems.
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A-3-1 There have been cases reported where the application
of foam through solid streams that were plunged into the
flammable liquid have been believed to be the source of igni-
tion of the ensuing fire. The ignitions have been attributed
to static discharges resulting from splashing and turbulence.
Therefore, any application of foam to an unignited flammable
liquid should be as gentle as possible. Proper application meth-
ods with portable equipment may include a spray pattern or
banking the foam stream off a backboard so that the foam
flows gently onto the liquid surface. Also, properly 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 accordance 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 outdoor
process and storage tanks. They include the protection 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 operation but, in whole or in part, may
be automatic in operation. Foam systems are the preferred
protection for large outdoor tanks of flammable liquids. (See
Figure A-3-2.)

Foam made here at chambers Foam chamber

Foam solution hydrant

Vi Solution pum
Water supply—f w

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

A-3-2.1.3 Where the entire liquid surface has been involved,
fires in tanks up to 150 ft (39 m) in diameter have been
extinguished with large-capacity foam monitors. Depending
on the fixed-roof tank outage and fire intensity, the updraft
due to chimney effect may prevent sufficient foam from reach-
ing 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, de-
pending on velocity and direction, reduce the effectiveness
of the foam stream. Fires in fixed-roof tanks with ruptured
roofs that have only limited access for foam application are
not easily extinguished by monitor application from ground
level. Fixed foam monitors may be installed for protection of
drum storage areas or diked areas.

A-3-2.2.3 Where protection is desired for hydrocarbons hav-
ing a flash point above 200°F (93.3°C), a minimum discharge
time of 35 minutes should be used.
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A-3-2.2.4 When using some older types of alcohol-resistant
foam concentrate, consideration should be given to solution
transit time. Solution transit time (i.e., the elapsed time be-
tween injection of the foam concentrate into the water and
the induction of air) may be limited, depending on the charac-
teristics of the foam concentrate, the water temperature, 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 recommended that, for tanks greater than
200 ft (60 m) in diameter, at least one additional discharge
outlet should be added for each additional 5000 ft*
(465 m?) of liquid surface or fractional part thereof. Since
there has been limited experience with foam application to
fires in fixed-roof tanks greater than 140 ft (42 m) in diameter,
requirements for foam protection on such tanks are based on
the extrapolation of data from successful extinguishments in
smaller tanks. Tests have shown that foam can travel effectively
across at least 100 ft (30 m) of burning liquid surface. On
fixed-roof tanks of over 200-ft (60-m) diameter, subsurface
injection can be used to reduce foam travel distances for tanks
containing hydrocarbons only.

Unless subsurface foam injection is utilized, a properly sized
flanged connection should be installed on all atmospheric
pressure storage tanks, regardless of present intended service,
to facilitate the future installation of an approved discharge
outlet if a change in service should require such installation.
Figures A-3-2.3.2.1(a) and (b) are typical fixed foam discharge
outlets or foam chambers.

Figure A-3-2.3.2.1(a) Air foam maker in horizontal position at top
of storage tank.

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 fighting 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.

Example: The property contains a 40-ft (12.2-m) diameter
tank storing ethyl alcohol and 35-ft (10.7-m) diameter tank
storing isopropyl ether.

The liquid §urface area of a 40t (12.2-m) diameter tank
equals 1257 ft* (116.8 m?).
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Figure A-3-2.3.2.1(b) Foam chamber and foam maker.

Assuming the solution rate for ethyl alcohol is 0.1 gpm/ft*
(4.1 L/min'm?), then 1257 gpm/fi* X 0.1 = 126 gpm
(477 L/min).

The liquid surface area of a 35-ft (10.7-m) diameter tank
equals 962 ft* (89.4 m?).

Assuming the solution rate for isopropyl ether is
0.15 gpm/ft? (6.1 L/min-m?) then 962 fi? X 0.15 gpm/ft® =
144 gpm.

For SI units: Solution Rate = 89.4 X 6.1 = 545 LL/min

In this example, the smaller tanks storing the more volatile
product require the higher foam-generating capacity. In
applying this requirement, due consideration should be given
to the future possibility of change to a more hazardous service
requiring greater rates of application.

Unfinished solvents or those of technical grade may contain
quantities of impurities or diluents. The proper rate of applica-
tion for these, as well as for mixed solvents, should be selected
with due regard to the foam-breaking properties of the mix-
ture.

A-3-2.4.1 Experience with fuel storage tank fire fighting has
shown that the main problems are operational (i.e., difficulty
in delivering the foam relatively gently to the fuel surface at
an application rate sufficient to effect extinguishment). A
properly engineered and installed subsurface foam system
offers the potential advantages of less chance for foam-genera-
tion equipment disruption as a result of an initial tank explo-

sion or the presence of fire surrounding the tank, and the
ability to conduct operations a safe distance from the tank.
Thus, the opportunity for establishing and maintaining an
adequate foam application rate is enhanced. The following
guidelines regarding fire attack are recommended.

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

When foam first reaches the burning liquid surface, there
may be a momentary increase in intensity caused by the me-
chanical action of steam formation when the first foam con-
tacts the heat of the fire.

Initial flame reduction and reduction of heat is then usually
quite rapid, and gradual reduction in flame height and inten-
sity will occur as the foam closes in against the tank shell
and over the turbulent areas over foam 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 be taken that water streams are
not directed into the tank where they could disrupt the estab-
lished foam blanket.

After the fire has been substantially extinguished by the
foam, some fire may remain over the point of injection. With
flash points below 100°F (37.8°C) (Class IB and Class IC lig-
uids), the fire over the turbulent area will continue until it is
adequately covered by foam. With gasoline or equivalent lig-
uids, when fire remains only over the area of injection, inter-
mittent injection should be used so that foam will retrogress
over the area during the time foam injection is stopped. De-
pending on local circumstances, it may be possible to extin-
guish any residual flickers over the turbulent area with
portable equipment rather than continue 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
subsurface injection of foam, especially if the tank has been
burning for 10 minutes or longer. Slop-over can be controlled
by intermittent foam injection or reduction in foam-maker
inlet pressure until slop-over ceases. Once slop-over has sub-
sided, and in the case of liquids that do not form a heat wave,
the pump rate should be continuous.

Figures A-3-2.4.1(a) and (b) illustrate typical arrangements
of semifixed subsurface systems.

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

Petroleum
product

High back-pressuwg

Figure A-3-2.4.1(a) Semifixed subsurface foam installation.
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11-36
Portable high back-pressure foam maker Inlet valve
for subsurface application (gate valve)

2Y%-in. (63.5-mm) ter pi
fire hose thread Qdﬁgszr Ppe
Check valve
(threaded)
Foam
= flow
i )
j Qutboard terminal /
connection with plu
Adapter inlet swivel plug Produgt or
2% in, (63.5 mm) foam line
Figure A-3-2.4.1(b) Typical connection for portable high back-pressure foam maker for subsurface application
in semifixed system.
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/ 1 P
0
gpm 800 1600 2400 3200 4000 4800 5600 6400 7200
L/min 3028 6056 9084 12,111 15,139 18,167 21,195 24223 27,251
Expanded foam rate
Figure A-3-2.4.2(a) Foam velocity vs. pipe size (2 % in., 3 in., 4 in., 6 in., 8 in., 10 in., 12 in., and 14 in.) —
standard schedule 40 pipe.
Expanded foam velocity also may be calculated by using the or
following formulas: P
V= 5}%293—‘“ X 0.4085
. . Expanded foam m .
English velocity (ft/sec) = P XA (gpm) where:
d = pipe ID (in.)
. . L/min foam
A = area of ID of the injection pipe (ft%) Metric velocity (m/sec) = —pgF X 21.22
where:
d = pipe ID (mm)

K = constant 449

gpm = gallons per minute
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Figure A-3-2.4.2(b) Foam velocity vs. pipe size (14 in., 16 in., and 18 in.) — standard schedule 40 pipe.
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Figure A-3-2.4.2(c) Foam velocity vs. pipe size (20 in. and 24 in.) —
standard schedule 40 pipe.

Figure A-3-2.4.2(d) illustrates optional arrangements for
multiple subsurface discharge outlets.

A-3-24.2.1 Figure A-3-2.4.2.1 illustrates a typical foam inlet
tank connection.

A-3-24.2.2 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 [see Figures
A-3-2.4.2.2(a) and (b)] are based on a maximum foam expan-
sion of 4, which is the value to be used for friction loss and
inlet velocity calculations.

A-3-24.3.1 Optimum fluoroprotein foam, AFFF, and FFFP
characteristics for subsurface injection purposes should have
expansion ratios between 2 and 4. [See Figures A-3-2.4.3.1(a)
and (b).]

A-3-2.5 This section describes the design criteria that is appli-
cable 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. Manufacturer recommendations should be

Connections for subsurface foam makers

Gate valve
Check valve

Rupture disc connecti
(optional)

Dike wall \‘:

2 outlets

3 outlets

4 outlets

Figure A-3-2.4.2(d) Typical arrangement of semifixed subsurface
system.

followed for the design and installation of such systems. (For
semisubsurface system arrangement, see Figure A-3-2.5.)

These systems are not considered appropriate for floating
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 operated, the hose is released
from its housing, and the hose floats to the surface 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
burning liquid.
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Tank shell

Swing
Rupture disc ~ ¢heck G
valve ate va‘lve/

(optional)
\ /
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Foam I
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flow
Valved test connection

At least 1 ft
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water bottom
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Figure A-3-2.4.2.1 Typical tank foam-maker discharge connection
for subsurface injection.

(b) With large tanks, the semisubsurface units can be ar-
ranged to produce an even distribution over the fuel
surface.

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

(d) Foam-generating equipment and operating personnel
can be located at a distance from the fire.

(e) The system can be used for the protection of foam de-
structive liquids, provided the flexible hose is not affected
by them.

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

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

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

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

Design application rates and discharge times for hydrocar-
bons are typically the same as for Type II topside application
systems [i.e., 0.1 gpm/ft2 (4.1 L/min'm?)]. Manufacturers
should be consulted for appropriate application rates and
design recommendations to be followed for protection of
products requiring the use of alcoholresistant foams.

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
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Figure A-3-2.4.2.2(a) Foam friction losses — 4 expansion (2 !4 in., 3 in., 4 in., 6 in., 8 in., and 10 in.) —

standard schedule 40 pipe.
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Figure A-3-2.4.2.2(b) Foam friction losses — 4 expansion (12 in., 14 in., 16 in., 18 in., 20 in., and 24 in.) —

standard schedule 40 pipe.
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1%%-in. (38.1-mm)
FTIPT

2Ve-in. (63.5-mm)
MNST adapter discharge
to meet local standards

0O

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

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 fires
are very infrequent and normally do not justify a fixed system
to protect for this risk. Plans should be made to fight a full
surface fire in a floating roof tank with portable or mobile
equipment. Large capacity foam monitor nozzles with capacit-
ies up to 6000 gpm (22,712 L/min) are currently available.

If foam-proportioning devices are not provided with the foam
monitors, additional foam-proportioning trucks may be re-
quired through mutual aid. Generally, the number of foam-
proportioning trucks available at any location is not sufficient
to fight a sunken floating roof fire, and outside assistance is
required.

Generally, 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
municipal or mutual aid water pumpers may be required to
obtain enough water for foam generation.

Another aspect to consider is the amount of foam concen-
trate available. The foam application rate of 0.16 gpm/ft®
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Figure A-3-2.4.3.1(b) Fixed high back-pressure foam maker for fixed systems.

Cone roof tank
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Figure A-3-2.5 Semisubsurface system arrangement.

(6.5 L/min-m?) of surface area listed in Chapter 3 may have
to be increased for very large tanks. Therefore, the amount
of foam concentrate available through mutual aid should be
established prior 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 facilities and allowing a

controlled burnout, the most important aspect is to plan ahead
and hold simulated drills. Coordinating the efforts of many
different organizations and various pumping operations re-
quired for 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 from
a common (ring) foam solution main, some vapor seal devices
may not rupture due to pressure variations 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 extinguishment 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 infor-
mation 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 operation 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 (189.3 L/min).

(d) To permit use of foam handlines from the windgirder,
two 1.5-in. (38.1-mm) diameter valved hose connections
should be provided at the top of the stairs in accordance with
Figure A-3-3.4.

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

A-34.1.2.2 The hazard requiring the highest foam solution
flow rate does not necessarily dictate the total amount of foam
concentrate required.

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

Discharge Time

Product Stored Foam Type Minimum (minutes)
Hydrocarbons with flash point below 100°F (37.8°C) Protein, AFFF, fluoroprotein, FFFP, and 55
alcohol-resistant AFFF or FFFP
Flash point at or above 100°F (37.8°C) All foams 30
Liquids requiring alcohol-resistant foams Alcohol-resistant foams 55
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Table A-3-2.5(b) Minimum Number of Subsurface Units

Tank Diameter

Minimum Number of

(ft) (m) Semisubsurface Units
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
Over 200 Over 60 6

Plus 1 outlet for each additional
5000 ft? (465 m?)

A-36 To minimize life and property loss, automation of foam
systems protecting a truck loading rack should be taken into
account. NFPA 16, Standard for the Installation of Deluge Foam-
Water Sprinkler and Foam-Water Spray Systems, states that
“Automatic operation shall be provided and supplemented
by auxiliary manual tripping means.

Exception:  Manual operation only may be provided when acceptable
to the authority having jurisdiction.

There are two methods of automating foam monitor systems
for this application:

(a) Completely automatic detection and actuation. (See ap-
plicable 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 affect the design. The appropriate
monitors and nozzles should be located so that foam is applied
to the entire protected area at the required application rate.

Consult the manufacturer of the monitor nozzle for specific
performance criteria related to stream range and foam pat-
tern, discharge capacity, and pressure requirements. Manufac-
turers also should be consulted to confirm applicable listings
and/or approvals.

A-3-7 Generally, portable monitors or foam hose streams or
both have been adequate in fighting spill fires in diked areas.
In order to obtain maximum flexibility due to the uncertainty
of location and the extent of a possible spill in process areas
and tank farms, portable or trailer-mounted monitors are
more practical than fixed foam systems in covering the area
involved. The procedure for 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
should be continued until the complete dike area has been
extinguished.

A-39 Aucxiliary foam hose streams may be supplied directly
from the main system protecting the tanks (e.g., centralized
fixed pipe system) or may be provided by additional equip-
ment. The supplementary hose stream requirements provided
herein are notintended to protect against fires involving major
fuel spills; rather, they are considered only as first aid-type

protection for extinguishing 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. Limitations on the
length of hose that may be used depend on the pressure
requirements of the foam nozzle.

A-4-1 The possibility and extent of damage by the agent
should be evaluated when selecting any extinguishing system.
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 foam could increase
the Joss potential substantially, the authority having jurisdic-
tion should be consulted regarding the type of extinguishing
agent preferred.

A-5-1 Provisions should be made for automatic shutoff of
the foam concentrate pump after the concentrate supply is
exhausted.

A-5-3.4 Limited services controllers generally do not have a
service disconnect means. In order to perform routine inspec-
tion and maintenance safely, it may be desirable to provide
an external service disconnect. Special care must be taken to
ensure the disconnect is not left in a position rendering the
foam concentrate pump inoperable.

A-54.1.3(b) This riser can be welded to the tank by means
of steel brace plates positioned perpendicular to the tank and
centered on the riser pipe. [See Figure A-1-4(p).]

A-6-1 The provisions of this marine chapter were developed
based on knowledge of practices of NFPA 11, Standard for Low
Expansion Foam, SOLAS, the IBC Code, and USCG regulations
and guidance. In order to harmonize the requirements of this
chapter with the practices of these other standards, the values
given in the metric conversions in Chapter 6 should be consid-
ered the required value.

A-6-1.1 Approvals of specialized foam equipment compo-
nentsare typically based on compliance with a standard equiva-
lent to UL 162, Standard for Safety Foam Equipment and Liquid
Concentrates. Component review should include the following:
{(a) Fire suppression effectiveness

(b) Reliability

(¢) Mechanical strength
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Shield Foam dam Deflector
Weather shield
Tank
Ladder
Floating roof
Ladder track

Solution

supply piping

Foam discharge outlet

12in.
Fabricated (304.8 mm)
f:%r? g-ln. N Foam deflector
(td . -Irlnm)_ < mounted to clear
std. wall piping | ¢ uppermost
position of roof
_ Screen
Foam maker 24 in. (609.6 mm)
. 4—_>i Bracing
(Fire hose Weather
connections shield
not shown in
this view) ~ I'_> 24 in.
Vs in. (609.6 mm)
(4.7 mm}) \ l
Flo?ting Foam dam
Platform roo
“7_- Seal
\ (toroidal type shown)
Windgirder . Tank shell
A
A\

Slope for

T—Foam solution supply line

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

Discharge outlet Foam maker

Ay

Alt. foam

3% of L —> chamber position

| 1 curb
Ao AN T w T S ——_x | ange
ol o I 36%in. E--Hirr - 3 :
(304.8 mm) | (923.9 mm) ‘:\
]
J y
L m Shield length ——»]

rd I ) —

Windgirder

Solution piping to other
foam chambers may be
located above or below
windgirder or at grade
level.

Notes: |

1. 40 ft (12.2 m) max. foam maker spacing
using 12 in. (304.8 mm) high min. foam dam.

2. 80 ft (24.4 m) max. foam maker spacing
using 24 in. (609.6 mm) high min. foam dam.

Swing joint

drainage Dimension (A) 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.
Tank shell A Dimension (ft) L Dimension (ft)
‘ 2 (0.6 m) 10 (3 m)
Plug 3(0.9 m) 12 (3.7 m)
UV TEN (2 O 4(1.2m) 14 (4.3 m)

Section A-A

Figure A-3-3.3.1.1(a) Typical foam splash board for discharge devices mounted above the top of the shell.
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Foam maker

discharge outlets Fixed solution piping

Flexible hose pipe
for foam solution

Figure A-3-3.3.1.1(b) Fixed foam discharge outlets mounted on the
periphery of the floating roof.

(d) Corrosion resistance

(e) Material compatibility

(f) Proper operation

(g) Stress, shock, and impact

(h) Exposure to salt water, sunlight, temperature extremes,
and other environmental elements

(i) Proportioning system test data (demonstrating accept-
able injection rate over the intended flow range of the
system)

(j) Foam stream range data (based on still air testing with
monitor and nozzle combinations)

(k) Foam quality test data (demonstrating satisfactory perfor-
mance corresponding to small scale fire test nozzle foam

quality)

Quality control of specialty foam proportioning and applica-
tion equipment as well as foam concentrates should be
achieved through a listing program that includes a manufac-
turing follow-up service, independent certification of the pro-
duction process to ISO 9001, Quality Systems — Model for Quality
Assurance in Design, Development, Production, Installation, and
Servicing, and ISO 9002, Quality Systems — Model for Quality
Assurance in Production, Installation, and Servicing, or a similar
quality control program approved by the authority having
jurisdiction,

A-6-1.2.2 Foams for polar solvents are first tested for hydrocar-
bon performance using a test derived from Federal Specifica-
tion O-F-555C that was published from 1969 through 1990.
The foams are further tested for polar solvent system applica-
tion on the basis of 50 ft* (4.6 m?) fire test performance in
accordance with UL 162, Standard for Safety Foam Equipment
and Liquid Concentrates. Approved manufacturer’s deck system
design application rates and operating times incorporate de-
sign factors that are applied to the fire test application rates
and times.

A-6-2.1 This system is intended to supplement, not replace,
any required total flooding machinery space fire suppression

system. Foam systems comprising a portion of required pri-
mary machinery space protection may require longer applica-
tion times.

A-6-3.1 Although shipboard foam systems share many simi-
larities with tank farm foam systems on land, there are im-
portant differences between shipboard and land-based fire
protection. These differences, identified in (a) through (o),
result in foam system designs and arrangements that differ
from systems used in what may appear to be similar land-based
hazards.

(a) Foam fire tests of the type described in Appendix F are
very severe.

(b) There is limited data regarding use of systems meeting
USCG or IMO requirements on actual fires.

(c) There is little or no separation between tanks.

(d) The vessel may be widely separated from other hazards
or may be alongside another vessel or a terminal.

(e) The vessel may not have access to immediate fire-fighting
assistance.

(f) Fires resulting from catastrophic events, such as explo-
sions and collisions, historically are beyond the onboard
fire-fighting capabilities of the involved vessels necessitat-
ing use of outside fire-fighting assistance. Many large fires
have taken several days to extinguish.

(g) The number of fire-fighting personnel is limited to the
available crew.

(h) Fires not substantially controlled within the first
20 minutes may exceed the capability of the crew and
the onboard system.

(i) Ships are subject to rolling, pitching, and yawing, which
can cause sloshing of the burning liquid and reduced
performance of the foam blanket.

(j) Application of foam to the fire is likely to be much faster
than on land because the deck foam system is in place and
can be activated simply by starting a pump and opening
certain valves. There is little or no set-up time.

(k) Tank fires don’t seem to occur unless preceded by an
explosion.

(I) Explosions can cause substantial damage to foam systems.
They can have unpredictable results on the vessel struc-
ture including bending deck plating in such a way so
as to obstruct foam application. They may also cause
involvement of any number of tanks or spaces.

(m) Most tankers use inert gas systems to reduce vapor spaces
above cargo tanks to less than 8 percent oxygen thereby
reducing the likelihood of an explosion.

(n) Ships pay the cost of transporting their fire suppression
systems on every voyage.

(o) There is a finite amount of space on each ship design.
Tanker deck foam monitors are located at or above the
elevation of top of the tank as contrasted with typical
tank farm arrangements where monitors must project
foam up and over the rim of a tank.

A-6-3.2.2 Color coding the valves aids in identification. For
example, all valves that are to be opened may be painted some
distinctive color.

A-6-3.3 A fire main system may provide other services in
addition to fire protection. Other services, which could be left
operational during a fire, need to be included in calculations.
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D
I Fabricated
from 4-in.

(101.6-mm)
std. wall piping

Foam maker

(Fire hose
connections
not shown in
this view)

L, , paim
b Platform

—

12in.
(304.8 mm)
a

uppermost

Screen
24 in. (609.6 mm)

Weather

shield

l«—

’—>

¥sin,
(4.7 mm)

/

Windgirder

'«-10 ft (3 m) minimum —-'

Foam backboard
extension sheet
mounted
above AN
shell < >

I

of backboard

il

Top of shell

Platform

Solution piping
1 %in. (38.1 mm) fire  braced to tank shell

hose connections

View D-D

Floating
roof
e

Seal

Tank shell

Minimum height

depends on top
position of roof

Foam deflector
mounted to clear

position of roof

Bracing

C -

C

B <€

24in.

(609.6 mm)

N

Foam |
dam
B

|
(toroidal type shown)

Deflector & in. (3.2 mm) thick

Pad ¥ in. (6.4 mm) thick
View C-C

Foam dam
N\

Drain slots:
1in. (25.4 mm) wide x % in. (9.5 mm)

high, on 10 ft (3 m) centers

(approximate dimensions)
Continuous fillet weld

—l

View B-B

Figure A-3-3.4 Typical installation of foam handlines for seal area fire protection.

A6-3.4

(a) Differences Belween this Section and SOLAS or the IBC Code.
The application rates prescribed in this section for hydrocar-
bon fuels are higher than the rates given in the International
Maritime Organization’s International Convention for the
Safety of Life at Sea (SOLAS) Chapter 212 Regulation 61 as

follows:

1. Deck spills. This section

requires 0.16 gpm/ft® 2.

It is also understood that the value 0.16 gpm/ fit?
(6.5 L/min'm?) is generally regarded as the minimum
foam application rate for industrial hazards and reflects
the minimum application rate on the fuel surface, not
at the discharge device. Thus, loss of foam due to wind,
obstructions, and so forth, should be compensated for
to provide 0.16 gpm/ft® (6.5 L/min'm?) on the liquid
surface.

Single largest tank. This section requires 0.24 gpm/ft?

(6.5 L/min-m?) applied over the 10 percent of the cargo
block versus 0.147 gpm/ft® (5.98 L/min-m?) in SOLAS.
This difference is based on a long history of fire extinguish-
ment experience using 0.16 gpm/ft® (6.5 L/min-m?).
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(9.77 L/min-m?) over the single largest hydrocarbon tank
versus 0.147 gpm/ft? (5.98 L/min-m?) in SOLAS. This
difference is based on the need to deliver a minimum
of 0.16 gpm/ft® (6.5 L/min'm?) onto the surface of the
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burning fuel and takes into consideration the impact of
wind, evaporation, and thermal updrafts. This value is con-
sistent with recent experience with the extinguishment of
shore-based storage tanks using mobile foam equipment
similar to the monitors used in deck foam systems.

3. Polar solvents. The International Bulk Chemical Code
(IBC Code) provides two design methods. The first
method requires a foam application rate of 0.5 gpm/ fi?
(20.3 L/min-m?) without restriction to the type of chemi-
cals that may be carried or where on the ship’s cargo
block they may be carried. The second method allows
arrangements with application rates lower than
0.5 gpm/ft® (20.3 L/min-m?). This method is allowed if
the country where the vessel is registered has determined
through fire tests that the actual foam application rate at
each cargo tank is adequate for the chemicals carried in
that tank. The design practices given in this section comply
with the second method of the IBC Code. (Reference 1994
IBC Code Regulation 11.3.13.)

(b) Reliance on Monitor Application. It is recognized that
for land applications this standard generally restricts monitor
application of foam according to tank diameter and surface
area. A significant difference between monitor applications
on land and those on tank ships is that the monitors on tank
ships are located at or above the elevation of the top of the
tank. Therefore, shipboard systems do not suffer losses of
agent associated with long throws getting foam up and over
tank rims. Additionally, tank ship monitors can be placed in
operation immediately after an incident as there is little or
no set-up time and each monitor is required to be sized to
deliver at least 50 percent of the required foam application
rate.

(c) Design Factors. The application rates given in this sec-
tion incorporate design factors that allow the results of small
scale fire tests to be applied to full scale fires. Design factors
include scaling factors that allow the results of small scale tests
to be extrapolated to large scale. In addition, compensation
factors are included to account for losses expected from wind,
thermal updraft, stream break-up, plunging, and other ad-
verse conditions. The application rates and incorporated de-
sign factors are shown in Table A-6-3.4.

(d) Monitor Design Philosophy. The design philosophy
given in this standard reflects that outlined in NVIC 11-82,
Deck Foam Systems for Polar Solvents. NVIC 11-82 assumes that
the minimum single tank design application rate will be
0.16 gpm/ft (6.5 L/min-m?). It then allows monitors to be

calculated using 45 percent of the single tank rate. SOLAS
and the IBC Code require the monitor to be calculated at 50
percent of the single tank rate. However, SOLAS starts with
a single tank application rate of 0.147 gpm/ft? (6 L./min- m2)
so that 50 percent of that rate exactly equals 0.0735 gpm/ ft?
(3 L/min-m ) which is 45 percent of the NVIC 11 82 mini-
mum application rate of 0.16 gpm/ft (6.5 L/min-m?). The
IBC Code also requires monitors to be sized for 50 percent
of the single tank flow rate.

A-6-3.5.1 Foam application durations given in this section are
generally lower than those given in other sections of this stan-
dard. This difference is based on historically quick deployment
of marine deck foam systems and also takes into account all
of the factors listed in A-6-3.1.

A-6-3.5.3 The flow rates during an actual system discharge
will generally be greater than the minimum rates calculated
during system design because pumps, eductors, and nozzles
are typically not available in sizes for the exact minimum
flow rate needed. Therefore, this equipment will typically be
selected at the next larger commercially available size. Because
the system, built of components larger than the minimum
required, will flow foam at a rate greater than the minimum
calculated, the foam concentrate will be used faster than the
minimum usage rate. Since the concentrate will be used at a
rate higher than the minimum, the storage quantity should
be sized to provide the actual delivery rate during the entire
required discharge duration.

A-64 Although foam handlines are required for supplemen-
tary protection, it is not practical to rely on handlines for
primary fire fighting. Therefore, all required foam application
must be provided by monitors that cover the protected area.

A-6-9.2 Pipe should be uniformly supported to prevent move-
ment due to gravity, heaving of the vessel in heavy weather,
impact, and water hammer. Pipe should be supported by steel
members,

A-6-9.3 Deck foam system piping is not a substitute for any
portion of a vessel’s fire main system. Conversely, the require-
ment is intended to clarify that foam injected into the ship’s
fire main is not a substitute for a dedicated foam system on
the weather deck. The requirement is not intended to prevent
the proportioning of foam into a ship’s fire main. Such a
capability may be of great value during a machinery space
fire or any other fire involving flammable liquids.

Table A-6-3.4 Foam Application Rates

Scaling Fuel Surface Compensation Required
Fuel Scenario 100 ft* Test Fire Design Factor Application Rate Design Factor Application Rate
Hydrocarbon  Deck spill 0.06 gpm/fi® 2.67 (8/3) 0.16 gpm/ft? 1.0 0.16 gpm/ft>
(2.4 L/min-m?) (6.5 L/min-m?) (6.5 L/min-m?)
Hydrocarbon  Single largest  0.06 gpm/fi? 2.67 0.16 gpm/fe? 1.5 0.24 gpm/ft®
tank (2.4 L/min-m?) (6.5 L/min-m?) (9.8 L/min-m?)
Polar Deck spill Rate =0.06 gpm/ft? 2.67 Test rate X 2.67 1.0 =20.16 gpm/fi?
(2.4 L/min-m?) as = 0.16 gpm/f? (6.5 L/min-m?)
determined by test (6.5 L/min-m?)
Polar Single largest ~ Rate =0.06 gpm/ft? 2.67 Test rate X 2.67 1.5 =0.24 gpm/ft?
tank (2.4 L/min-m?) as = 0.16 gpm/ft (9.8 L/min-m?)

determined by test

(6.5 L/min-m?)
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A-6-9.4 The system should be arranged to prevent ice from
forming in any portion of the system. Sloped piping and man-
ual low point drains are considered to meet the requirement
that the system be self-draining.

A-6-10.1 Refer to the environmental report (Appendix E)
for further information related to environmental issues when
performing system discharge tests.

A-6-11.1.1 The primary foam concentrate tank is the tank
containing the supply calculated to satisfy the requirements
of 6-3.4 and 6-3.5. The location of emergency back-up supplies
and supplies of concentrate for refilling the primary tank
are not subject to the storage location restrictions of 6-11.2.
However, all foam concentrate storage is subject to other pro-
visions of this chapter such as those regarding prevention of
freezing and foam compatibility.

A-6-11.2.1 Corrosion occurs at the air/foam/tank interface.
Therefore, the small surface area of this interface in the tank
dome results in less corrosion than if the interface occurs in
the body of the tank. Tank domes are also used to reduce
the available free surface subject to sloshing. Sloshing causes
premature foaming and adversely affects foam proportioning.
In addition, sloshing can cause cracking or other damage to
the tank. Also foam evaporates so the use of a pressure vacuum
(PV) vent is necessary. A PV vent allows air to enter the tank
as liquid is discharged, allows air to leave the tank as liquid
fills the tank, and allows the PV valve to prevent evaporation
of the concentrate.

A-6-12.1 Examples of acceptable arrangements are shown in
Figures A-1-4(i) and A-1-4(j). Consideration should be given
to the need for spare or redundant critical equipment.

A-6-12.2 Where foam concentrate pumps are flushed with
sea water, the pump should be constructed of materials suit-
able for use with sea water.

A-6-12.3 Portions of TP 127 are generally considered equiva-
lent to IEEE 45, Recommended Practice for Electric Installations on
Shipboard.

A-6-13.4 Some pipe joint sealants are soluble in foam concen-
trate.

A-7-3 Acceptance Tests.

(a) A foam system will extinguish a flammable liquid fire if
operated within the proper ranges of solution pressure
and concentration and at sufficient discharge density per
square feet (square meters) of protected surface. The
acceptance test of a foam system should ascertain the
following:

1. All foam-producing devices are operating at system
design pressure and at system design foam solution
concentration.

2. Laboratory-type tests have been conducted, where
necessary, to determine that water quality and foam
liquid are compatible.

(b) The following data are considered essential to the evalua-
tion of foam system performance:

1. Static water pressure

2. Stabilized flowing water pressure at both the control
valve and a remote reference point in the system
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3. Rate of consumption of foam concentrate

The concentration of foam solution should be determined.
The rate of solution discharge may be computed from hydrau-
lic calculations utilizing recorded inlet or end-of-system op-
erating pressure or both. The foam liquid concentrate
consumption rate may be calculated by timing a given displace-
ment from the storage tank or by refractometric or conductiv-
ity means. The calculated concentration and the foam solution
pressure should be within the operating limit recommended
by the manufacturer.

A-7-3.3 The rate of concentrate consumption may be mea-
sured by timing a given displacement from the foam concen-
trate storage tank but only in systems where the storage tank
is small enough and the test run time is long enough so that
this can be accomplished with reasonable accuracy.

A-7-3.3.1(b) 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 Section 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.

A-8-1.1 Flushing of the concentrate pump may be necessary
at periodic intervals or following complete discharge of con-
centrate.

Appendix B Storage Tank Protection Summary

This appendix is not a part of the requirements of this NFPA document
but is included for informational purposes only.

See Table B.1.

Appendix C Tests for the Physical Properties of Foam

This appendix is not a part of the requirements of this NFPA document
but is included for informational purposes only.

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

C-1.1 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. Because foam prop-
erties are readily susceptible to modification through the use
of improper techniques, it is extremely important that the
prescribed procedures be followed.

A collector is designed chiefly to facilitate the rapid collec-
tion of foam from low-density patterns. In the interest of stan-
dardization, 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-1.1(a)
and (b).]

The standard container is 7.9 in. (200.67 mm) deep and
3.9in. (99.06 mm) inside diameter (1600 ml) and preferably
made of Yein. (1.55-mm) thick aluminum or brass. The bot-
tom is sloped to the center where a Y4in. (6.4-mm) drain fitted
with a %in. (6.4-mm) valve is provided to draw off the foam
solution. [See Figure C-1.1(b).]
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Table B-1 Storage Tank Protection Summary

Fixed-Roof (Cone) Tanks and
Pan-Type Floating Roof Tanks

Applicable Floating Roof Tanks
(Open-Top or Covered) Annular Seal Area

Top Side Foam Application

Number of foam
outlets
required

Hydrocarbon
application
rates

Polar solvent rates

Hydrocarbon
discharge
times

Polar solvents

1 foam chamber
2 foam chambers
3 foam chambers
4 foam chambers
5 foam chambers
6 foam chambers

Up to 80 ft (24.4 m) dia.

81 to 120 ft (24.7 to 36.6 m) dia.
121 to 140 ft (36.9 to 42.7 m) dia.
141 to 160 ft (43 to 48.8 m) dia.
161 to 180 ft (49.1 to 54.9 m) dia.
181 to 200 ft (55.2 to 61 m) dia.

Over 201 ft (61.3 m) dia

(See Table 3-2.3.2.1) 5000 ft2

"0.10 gpm/ft? (4.1 L/min'm?) of liquid surface

(See Tuble 3-2.3.2.2)

See Manufacturer’s Approval Report

Type I

Flash point 100°F to 140°F (37.8°Cto 20 min
60°C)

Flash point below 100°F (37.8°C) 30 min

Crude petroleum 30 min

Type 1 30 min

Type I 55 min

Foam Outlets Under Floating Roof Tank Seals or Metal Secondary Seal

Number required

Hydrocarbon
application
rates

Discharge times

Polar solvents

Not applicable

Not applicable

Not applicable

Not applicable

Foam Handlines and Monitors for Tank Protection

Size of tank

Hydrocarbon
application
rates

Discharge times

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? (6.5 L/min'm?)
(See 3-2.2.2, 3-2.2.3, and 3-2.2.4)

Flash point below 100°F (37.8°C)
Flash point 100°F to 140°F (37.8 to 60°C)

Crude oil
(See 3-2.2.3)

1 additional for each

Type 11
30 min

55 min

55 min

65 min
50 min

65 min

1 for each 40 ft (12.2 m) of circumference with a 12 in.
(304.8 mm) high foam dam

1 for each 80 ft (24.4 m) of circumnference with a 24 in.
(609.6 mm) high foam dam

(See 3-3.3.1 and Section 3-4)

0.30 gpm/ft? (12.2 L/min'm?) of annular ring area, above
seal, between tank wall and foam dam (See Section 3-3)

Not covered by NFPA 11

20 min

(See Section 3.3)
Not covered by NFPA 11

Mechanical shoe seal

1—For each 130 ft (39.6 m) of tank circumference (no
foam dam required) .

Tube seal—Over 6 in. (152 mm) from top of seal to top
of pontoon with foam outlets under 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. (152 mm) from top of seal to
top of pontoon 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. (305 mm) high required]

(See 3-3.3.3)

Top-of-seal protection with foam dam at 0.30 gpm/ ft? (12.2
L/min-m?)of annular ring area. All below-the-seal with
or without foam dam at 0.50 gpm/ft® (20.4 L/min-m?)

20 min — with foam dam or under metal weather shield
or secondary seal

Not covered by NFPA 11

Monitors not recommended

Handlines are suitable for extinguishment of rim fires in
open-top floating roof tanks

(See 3-3.4)

0.16 gpm/ft? (6.5 L/min-m?)
For rim fires in open-top floating roof tanks
(See 3-2.2.2, 3-2.2.3, and 3-2.2.4)

Use same times as for open-top floating roof tank rim fires

(continues)
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Table B-1 Continued

Fixed-Roof (Cone) Tanks and
Pan-Type Floating Roof Tanks

Applicable Floating Roof Tanks
(Open-Top or Covered) Annular Seal Area

Subsurface Application Outlets

Same as table for foam chambers. See above.

(See 3-2.4.1, 3-2.4.2, and 3-2.4.2.1.)

Hydrocarbon Minimum 0.1 gpm/ft2 (4.1 L/min-m?)
application of liquid surface

rates Maximum 0.2 gpm/ft? (8.2 L/min-m?)

Number required

Foam velocity from outlet shall not exceed 10 ft/sec

Not recommended

Not recommended

(8.05 m/sec) for Class 1B liquids or 20 ft/sec (6.1 m/sec)

for all other liquids
(See 3-2.4.2 and 3-2.4.3)

Flash point 100°F (37.8°C) to 140°F (60°C)
Flash point below 100°F (37.8°C)

Crude petroleum
(See 3-2.4.3)

Not recommended

Discharge times

Polar solvents

30 min Not recommended
55 min

55 min

Not recommended

For SI units: 1 gpm/ft? = 40.746 L/min-m?% 1 ft = 0.305 m;

1 £t = 0.0929 m?% 1 in. = 25.4 mm; °C = °F —32/1.8; 1 ft/sec = 0.0305 m/sec

26 in.
(660.4 mm)

1600-mi .~
foam container

T/

16.5in.
(419.1 mm)

Rubber
protective
guard

Figure C-1.1(a) Foam sample collector.

C-1.2 Turrets or Handline Nozzles. (Itis 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-fight-
ing 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 posi-
tions.

Initially, the collector should be placed at the proper dis-
tance 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 collector. After the
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3.9-in.
(100-mm) _.‘
diameter

7.9in.
(200 mm)

Clear tubing to
Ya-in. (0.6-mm) view foam drainage

shutoff valve

Cylinder with at

least 5-ml (.2-fl 0z)
graduations to record
foam drainage

Figure C-1.1(b) 1600 ml-foam container.

pressure and operation have become stabilized, 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
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the two samples in order to provide the “zero” time for the
drainage test described later. Immediately, the nozzle is turned
away from the collector, 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.

C-1.3 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 technician, wearing
appropriate clothing, enters the area without delay. The sam-
ple 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 should be suit-
ably shielded from extraneous foam. Immediately after remov-
ing 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.

C-1.4 Pressure Foam. (It is presumed that foam is flowing
under pressure from a foam pump or high-pressure aspirator
toward an inaccessible tank outlet.) A 1-in. (25.4mm) 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) section
of flexible rubber tubing to facilitate filling the sample con-
tainer. When drawing the sample, the valve should be opened
as wide as possible without causing excessive splashing and
air entrainment in the container. Care should 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.

C-1.5 Foam Chambers. In some instances where the foam
makers are integral with the foam chambers on the top ring
of a tank, the methods of sampling described in C-1.1 through
(-1.4 may not be workable. In this case it will be necessary to
improvise, 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 container 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 should 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 is likely to 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 percent to
several hundred percent.

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

C-1.6 Foam Testing. The foam samples, as obtained in the
procedures described in C-1.1 through C-1.5, are analyzed
for expansion, 25 percent drainage time, and foam solution
concentration. 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, one sample should be consid-
ered acceptable.

The following apparatus is required:

(a) Two 1600-ml (54.14] oz) sample containers

(b) One foam collector board

(c) One balance [triple beam balance, 2610 g (5.7 Ib) capac-
ity)

C-1.7 Procedure. Prior to the testing, the empty containers

fitted with a drain hose and clamp should be weighed to obtain

the tare weight. (All containers should be adjusted to the same

tare weight to eliminate confusion in handling.) Each foam

sample is weighed to the nearest gram and the expansion

calculated from the following equation:

1600
(full weight — empy weight)

= Expansion

(All weights to be expressed in grams)

C-1.8 Foam 25 Percent Drainage Time Determination. The
rate at which the foam solution drops out from the foam 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 drainage rates of different
foams in the “25 percent drainage time,” which is the time
in minutes that it takes for 25 percent of the total solution
contained in the foam in the sample containers to drain.

The following apparatus is required:

(a) Two stopwatches
(b) One sample stand
(c) 100-ml (3.38 fl oz) capacity plastic graduates

C-1.9 Procedure. This testis performed on the same sample
as used in the expansion determination. Dividing the net
weight of the foam sample by 4 will give the 25 percent volume
(in milliliters) of solution contained in the foam. To determine
the time required for this volume to drain out, the sample
container should be placed on a stand, as indicated in Figure
C-1.1(b) and the accumulated solution in the bottom of the
container should be drawn off into a graduate at regular,
suitable intervals. The time intervals at which the accumulated
solution is drawn off are dependent on the foam expansion.
For foams of expansion 4 to 10, 30-second intervals should
be used, and for foams of expansion 10 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 of foam solution
occupies a volume of essentially 1 ml (.68 fl oz), the total
volume of foam solution contained in the given sample is
180 ml (6.1 fl oz).
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Expansion = 1600 =
panst 180 ml
25% volume = 18(11111 = 45 ml

The time-solution volume data is recorded as shown in Table
C1.9.

The 25 percent volume of 45 ml (1.52 fl oz) falls between
the 2.0- and 2.5-minute period. The proper increment to add
to the lower value of 2.0 minutes is determined by interpola-
tion of the data:

45 ml (25% vol) — 40ml (20 minvol) _ 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
temperatures between 60°F and 80°F (15.6°C and 26.7°C).
The water, air, and foam temperatures should be noted in
the results. Lower water temperature 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 that the expansion determi-
nation 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 continues to run
during the time the sample is being weighed. It is recom-
mended that expansion weighing be deferred until after the
drainage curve data has been received.

C-2 Foam Solution Concentration Determination.

C-2.1 General. This test is used to determine the percent
concentration of a foam concentrate in the water being used
to generate foam. It typically is used as a means of determining
the accuracy of a system’s proportioning equipment. If 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 con-
centrate percentage in water. Both methods are based on
comparing foam solution test samples to premeasured solu-
tions that are plotted on a baseline graph of percent concentra-
tion versus instrument reading.

Table C-1.9 Foam Sample Drain Time

Drained Solution

Volume
Time
(min) (ml) (fl 0z)
0 0 0

0.5 10 .34
1.0 20 .68
1.5 30 1.0
2.0 40 1.4
25 50 1.7
3.0 60 2.0
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C-2.1.1 Refractive Index Method. A handheld refractome-
ter is used to measure the refractive index of the foam solution
samples. This method is not particularly accurate for AFFF or
alcoholresistant AFFFs since they typically exhibit very low
refractive index readings. For this reason, the conductivity
method may be preferred where these products are used.

C-2.1.1.1 Equipment. A base (calibration) curve is prepared
using the following apparatus:

(a) Four 100-ml (3.4l oz) or larger plastic bottles with caps

(b) One measuring pipette [10 ml (0.34 fl oz)] or syringe
[10 cc (0.34 fl 0z)]

(c) One 100-m! (3.44] oz) or larger graduated cylinder
(d) Three plastic-coated magnetic stirring bars

(e) One handheld refractometer — American Optical Model
10400 or 10441, Atago NI, or equivalent

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

C-2.1.1.2 Procedure. Using water and foam concentrate
from the system to be tested, make up three standard solutions
using the 100-ml (3.441 oz) or larger graduate. These samples
should include the nominal intended percentage of injection,
the nominal percentage plus 1 percent, and the nominal
percentage minus 1 percent. Place the water in the 100-ml
(3.441 oz) or larger graduate (leaving adequate space for the
foam concentrate), and then carefully measure the foam con-
centrate 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 (3.4-fl oz) or larger
graduate into a 100-m] (3.441 oz) 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 thor-
oughly to mix the foam solution.

After thoroughly mixing the foam solution samples, a refrac-
tive index reading should be taken of each percentage foam
solution sample. This is done by placing a few drops of the
solution on the refractometer prism, closing the cover plate,
and observing the scale reading at the dark field intersection.
Since the refractometer is temperature compensated, it may
take 10 to 20 seconds for the sample to be read properly. It
is important to take all refractometer readings at ambient
temperatures of 50°F (10°C) or above.

Using standard graph paper, plot the refractive index read-
ings on one axis and the percent concentration readings on
the other. (See Figure C-2.1.1.2.) This plotted 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.

C-2.1.1.3 Sampling and Analysis. Collect foam solution sam-
ples from the proportioning system, using care to be sure the
sample is taken at an adequate distance downstream from the
proportioner being tested. Take refractive index readings of
the sample and compare them to the plotted curve to deter-
mine the percentage of the samples.

C-2.1.2 Conductivity Method. This method is based on
changesin electrical conductivity as foam concentrate is added
to water. A handheld conductivity meter (as shown in Figure
(-2.1.2) 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
concentrate is added to the water in relatively low percentages.
Since salt or brackish water is very conductive, this method
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Figure C-2.1.1.2 Typical graph of refractive index versus foam
concentration.

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 adequate changes
in conductivity can be detected if the water source is salty or
brackish.

C-2.1.2.1 Equipment. Prepare a base (calibration) curve
using the following apparatus:

(a) Four 100-ml (3.4-f1 oz) or larger plastic bottles with caps

Figure C-2.1.2 Equipment needed for conductivity method of
proportioning measurement.

(b) One measuring pipette [10 ml (0.34 fl oz)] or syringe
[10 cc (0.34 1 0z)]

(c) One 100-ml (3.4-f1 oz) or larger graduated cylinder
(d) Three plastic-coated magnetic stirring bars

(e) A portable temperature compensated conductivity meter
— Omega Model CDH-70, VWR Scientific Model 23198-
014, or equivalent

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

C-2.1.2.2 Procedure. Using the water and foam concentrate
from the system to be tested, make up three standard solutions
using the 100-ml (3.4-f1 oz) or larger graduate. These samples
should include the nominal intended percentage of injection,
the nominal percentage plus 1 percent, and the nominal per-
centage minus 1 percent. Place the water in the 100-ml
(3.4 oz) or larger graduate (leaving adequate space for the
foam concentrate), and then carefully measure the foam con-
centrate 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 (3.4-fl oz) or larger
graduate into a 100-ml (3.4-f1 oz) or larger 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 making the three foam solutions in this manner, mea-
sure the conductivity of each solution. Refer to the instructions
that came with the conductivity meter to determine proper
procedures for taking readings. It will be necessary to switch
the meter to the correct conductivity range setting in order
to obtain a proper reading. Most synthetic-based foams used
with fresh water result in foam solution conductivity readings
of less than 2000 microsiemens. Protein-based foams generally
produce conductivity readings in excess of 2000 in fresh water
solutions. Due to the temperature compensation feature of
the conductivity meter, it may take a short time to obtain a
consistent reading.

Once the solution samples have been measured and re-
corded, set the bottles aside for control sample reference. The
conductivity readings then should be plotted on the graph
paper. (See Figure C-2.1.2.2.) It is most convenient to place
the foam solution percentage on the horizontal axis and the
conductivity readings on the vertical axis.

Use a ruler or straight edge to draw a line that approximates
connecting all three points. While it may not be possible to
hit all three points with a straight line, they should be very
close. If not, repeat the conductivity measurements and, if
necessary, make new control sample solutions until all three
points plot in a nearly straight line. This plot will serve as the
known base (calibration) curve to be used for the test series.

C-2.1.2.3 Sampling and Analysis. Collect foam solution sam-
ples from the proportioning system using care to be sure the
sample is taken at an adequate distance downstream from the
proportioner being tested. Using foam solution samples that
are allowed to drain from expanded foam may produce mis-
leading conductivity readings and, therefore, this procedure
is not recommended.

Once one or more samples have been collected, read their
conductivity and find the corresponding percentage from the
base curve prepared from the control sample solutions.

C-3 Interpretation of Foam Test Results. Where the intent
of conducting the tests described in C-1 and G2 is to check
the operating efficiency or standby condition, it is necessary

1998 Edition



11-52 LOW-EXPANSION FOAM

1100
'T] 3% foam solution
P
j: Control  Sample D
T % cond.
1000 T~ 5 o4
[T 3 886 y
[ 4 1041 .
y
w0
=
(1]
§ 900
[7]
[=]
5 ]
£
£
Z y
S
S 800
2
S 4
Q
700
L4
0 2 3 4

Percent concentration

Figure C-2.1.2.2 Typical graph of conductivity versus foam
concentration.

only to compare the results with the manufacturers’ standards.
The manufacturers should be consulted if any appreciable
deviations occur.

After a short period of experience with the test procedure,
it will be observed that foams exist in a wide variety of physical
properties. Not only may the expansion vary in value from 3
to 20, but at the same time the 25 percent drainage time may
also vary from a few seconds to several hours. These variations
result in foams that range in appearance from a watery consis-
tency to the stiffest whipped cream.

It is observed here that the foam solution rapidly drains
out of the very watery foams, while the drop out is very slow
with the stiff foams. It is not possible to make a foam that is
fluid and free flowing and, at the same time, able to hold
onto its foam solution. From the standpoint of quickly forming
a cohesive foam blanket and rapid flow around obstructions,
a fluid-type foam is desirable; however, foams of this nature
lose their water more rapidly, which may reduce their resis-
tance to flame burnback and shorten the effective time of
sealability. On the other hand, foams that retain their water
for a long time are stiff and do not spread readily over a
burning area. Thus, good fire-fighting practice indicates a
compromise between these two opposite foam properties in
order to obtain an optimum foam. An optimum foam is de-
fined as that foam, with physical properties defined by expan-
sion and drainage time, that will extinguish a fire faster, at a
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lower application rate, or with less water consumed than any
other foam.

Numerous test fires conducted in the course of research
and development work have shown that the characteristics of
an optimum foam depend on the type of the fire and the
manner of foam application. Experience over many years of
satisfactory results has supported this viewpoint. For example,
in a large fuel storage tank, foam may be gently applied from
one chamber and be required to flow 65 ft (19.8 m) across a
burning surface to seal off the fuel. In this case, the optimum
foam is physically different from that applied in a splashing
manner from a turret that can direct the foam application
as needed, and the foam has to flow no more than 42 in.
(12.7mm) to form a seal. The formation of a complete specifi-
cation for the various methods of application has not as yet
been accomplished; however, for guidance purposes, the best
data available to date are presented.

C4 Inspection of Foam Concentrate. In order to determine
the condition of the apparatus and foam concentrate and in
order to train personnel, foam should be produced annually
with portable foam nozzles. Following this operation, the con-
centrate container (can) should be cut open and examined
for deposits of sludge, scale, and so forth, which are capable
of impairing the operation of the equipment.

Where the concentrate is stored in tanks, a sample should
be drawn from the bottom of the tank annually, and actual
foam production tested as specified above, using a portable
foam nozzle and the withdrawn sample to verify the quality
of foam produced.

In the event that sludging of the concentrate is noted, the
manufacturer should be promptly consulted.

Appendix D Foam Fire Fighting Data Sheet

This appendix is not a part of the requirements of this NFPA document
but is included for informational purposes only.

D-1 The following data sheet is used to record and evaluate
data on actual fires and fire tests where fire-fighting foam is
used. This data may be considered in evaluating suggestions
for changes to this standard. Persons having knowledge of
such fires are requested to complete the form and send it to
the following:

National Fire Protection Association
1 Batterymarch Park

P.O. Box 9101

Quincy, MA 02269-9101

In the case of multiple attacks or reflashes of the same fire,
additional data sheets should be prepared for each attack.

Appendix E Foam Environmental Issues

E-1 Overview. Fire-fighting foams as addressed in this stan-
dard serve a vital role in fire protection throughout the world.
Their use has proven to be essential for the control of flamma-
ble liquid fire threats inherent in airport operations, fuel farms
and petroleum processing, highway and rail transportation,
marine applications, and industrial facilities. The ability of
foam to rapidly extinguish flammable liquid spill fires has
undoubtedly saved lives, reduced property loss, and helped
minimize the global pollution that can result from the uncon-
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Foam fire fighting data sheet

Date of fire
Time of fire
Location {City, state, county, facility (if available)]

Discharge devices

injection, etc.)

Type (Handline,

monitor, foam maker, subsurface

backboard)

Method of application (plunging, gentle,

Size of fire (Dimension of tank, pit, spill, and

extent involved) Number

Ignition source (Specify if test)

Method of detection

Fuel: General type (indicate percentage polar
solvent content or additives)
Reid vapor pressure (psia)
Initial temperature

Proportioning

Flow through each
Estimated pressure at each
Application rate, total (gpm/ft?)

Percent (1%, 3%, 6%, other. Identify if premix)
Type of proportioner: (Pickup tube, in-line

o inductor, pressure proportioning tank, pump
Boiling rgnge proportioner, metered proportioning, bladder
Flash point tank and controller, coupled water motor pump)
Depth before fire: Fuel

Water bottom Water
Depth after fire:  Fuel Salt Fresh Other (Explain)
Water bottom Temperature
Ambient conditions: Temperature Source

Humidity . Additives

Precipitation Description of hazard/facility (Indoors, outdoors,

Wind direction confined or unconfined, material of tank)

Wind speed

Including gusts

Preburn time prior to foam application Foam properties

Exterior cooling rate

(Identify apparatus used)

Apparatus
Control time (90%) Expansion
Extinguishing time 25% drainage
Discharging time after extinguishment Burnback

Sealability

Time of reflash Brief scenario

Foam concentrate

[Foam type (Estimate amount of each type)]
Protein (P)

Unusual circumstances
Test laboratory or other third-party observer

Fluoroprotein (FP)

Aqueous film-forming (AFFF) Submitter

Film-forming fluoroproteins (FFP) Point of contact

Synthetic (SYN)
Alcohol-resistant (ARF)
(Indicate if P, FP or AFFF base)
Other (Name)

Telephone number

Figure D-1 Foam fire-fighting data sheet

trolled burning of flammable fuels, solvents, and industrial
liquids.

However, with the ever increasing environmental awareness,
recent concern has focused on the potential adverse environ-
mental impact of foam solution discharges. The primary con-
cerns are fish toxicity, biodegradability, treatability in
wastewater treatment plants, and nutrient loading. All of these
are of concern when the end-use foam solutions reach natural
or domestic water systems. Additionally, the U.S. Environmen-
tal Protection Agency (EPA) has highlighted a potential prob-
lem with some foam concentrates by placing glycol ethers and
ethylene glycol, common solvent constituents in some foam
concentrates, on the list of hazardous air pollutants under the
1990 Clean Air Act Amendments.

The purpose of this appendix is to address the following:

(a) Provide foam users with summary information on foam
environmental issues

(b)
(c)

Highlight applicable regulatory status

Offer guidelines for coping with regulations, and provide
suggested sources for additional information

(d) Encourage planning for foam discharge scenarios (in-
cluding prior contact with local wastewater treatment

plant operators)

It should be emphasized that it is not the intent of this
appendix to limit or restrict the use of firefighting foams.
The foam committee believes that the fire safety advantages
of using foam are greater than the risks of potential environ-
mental problems. The ultimate goal of this section is to foster
use of foam in an environmentally responsible manner so as
to minimize risk from their use.

E-2 Scope. The information provided in this section covers
foams for Class B combustible and flammabile liquid fuel fires.
Foams for this purpose include protein foam, fluoroprotein
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