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of, or reliance on NFPA Standards. The NFPA also makes no guaranty or warranty as to the accuracy or
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In issuing and making NFPA Standards available, the NFPA is not undertaking to render professional or other
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person or entity to someone else. Anyone using this document should rely on his or her own independent
judgment or, as appropriate, seek the advice of a competent professional in determining the exercise of
reasonable care in any given circumstances.

The NFPA has no power, nor does it undertake, to police or enforce compliance with the contents of NFPA
Standards. Nor does the NFPA list, certify, test, or inspect products, designs, or installations for compliance with
this document. Any certification or other statement of compliance with the requirements of this document shall
not be attributable to the NFPA and is solely the responsibility of the certifier or maker of the statement.
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edition of the document, including any issued TIAs and Errata then in effect.
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This edition of NFPA 1150, Standard on Foam Chemicals for Fires in Class A Fuels, was prepared by the
Technical Committee on Water Additives for Fire Control and Vapor Mitigation. It was issued by the
Standards Council on July 8, 2021, with an effective date of July 28, 2021, and supersedes all previous
editions.

This edition of NFPA 1150 was approved as an American National Standard on July 28, 2021.

Origin and Development of NFPA 1150

The first edition of this document was issued in 1989 as NFPA 298, Standard on Foam Chemicals for
Wildland Fire Control, in response to a perceived need for a performance standard dealing with the
foam chemicals being used in controlling wildland fires. The 1994 edition was a complete revision to
make the document consistent with the developing changes in Class A foam technology. The title was
changed to Standard on Fire Fighting Foam Chemicals for Class A Fuels in Rural, Suburban, and Vegetated
Avreas.

In 1999, the document was again revised to reflect further advancements in technology and a
greater number of Class A concentrates and delivery systems available for use. The document was
renumbered as NFPA 1150, which put it within the numerical grouping of documents under the
responsibility of the Technical Committee on Forest and Rural Fire Protection.

The 2004 edition was a complete revision to bring the document into conformance with the
Manual of Style for NFPA ‘Technical Committee Documents. The title was changed to Standard on Foam
Chemicals for Fires in Class A Fuels to recognize that these chemicals are being used not only in rural
and wildland areas but in structural fire fighting and urban areas as well. The test procedures for the
chemicals as well as the lists of materials tested for compatibility with the chemicals were updated to
ensure the product is consistent with the needs of fire suppression personnel who are using the
chemicals to control, suppress, or prevent fires in Class A fuels.

In the 2010 edition, an entirely new section was added regarding exposure protection
effectiveness of Class A foams and included a test methodology involving lateral ignition flame
spread on substrate treated with foam solutions. That important information is useful for fire
departments as well as manufacturers and producers of Class A foam products.

For the 2017 edition, a new section was created within Chapter 5 to provide requirements for
alternate viscosity test methods for situations in which the viscosity is too low to obtain meaningful
results. Editorial changes included updating the standard to comply with the Manual of Style for NFPA
Technical Committee Documents.

For the 2022 edition, a new chapter has been added to identify qualifying fire test methodology
for testing foam extinguishing agents for class A fires. This update guides the user on how the fire
test should be conducted for testing, approval, and listing purposes. Editorial changes include
updating references and extracted text.

NFPA and National Fire Protection Association are registered trademarks of the National Fire Protection Association, Quincy, Massachusetts 02169.
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IMPORTANT NOTE: This NFPA document is made available for
use subject to important notices and legal disclaimers. These notices
and disclaimers appear in all publications containing this document
and may be found under the heading “Important Notices and
Disclaimers Concerning NFPA Standards.” They can also be viewed
at www.nfpa.org/disclaimers or obtained on request from NFPA.

UPDATES, ALERTS, AND FUTURE EDITIONS: New editions of
NFPA codes, standards, recommended practices, and guides (i.e.,
NFPA Standards) are released on scheduled revision cycles. This
edition may be superseded by a later one, or it may be amended
outside of its scheduled revision cycle through the issuance of Tenta-
tive Interim Amendments (TIAs). An official NFPA Standard at any
point in time consists of the current edition of the document, together
with all TIAs and Errata in effect. To verify that this document is the
current edition or to determine if it has been amended by TIAs or
Errata, please consult the National Fire Codes® Subscription Service
or the “List of NFPA Codes & Standards” at www.nfpa.org/docinfo.
In addition to TIAs and Errata, the document information pages also
include the option to sign up for alerts for individual documents and
to be involved in the development of the next edition.

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

A reference in brackets [ ] following a section or paragraph
indicates material that has been extracted from another NFPA
document. Extracted text may be edited for consistency and
style and may include the revision of internal paragraph refer-
ences and other references as appropriate. Requests for inter-
pretations or revisions of extracted text shall be sent to the
technical committee responsible for the source document.

Information on referenced and extracted publications can
be found in Chapter 2 and Annex B.

Chapter 1 Administration

1.1¥ Scope. This standard specifies requirements for Class A
foam and the chemicals used to produce Class A foam that is
used to control, suppress, or prevent fires in Class A fuels.

1.2*% Purpose.

1.2.1 The purpose of this standard is to define the acceptance
requirements and test methods for fire-fighting foam chemicals
that are used to control, suppress, or prevent fires in Class A
fuels.

1.2.2 Acceptance requirements shall not be deemed as estab-
lishing performance levels in actual fire-fighting situations.

2022 Edition

Chapter 2 Referenced Publications

2.1 General. The documents or portions thereof listed in this
chapter are referenced within this standard and shall be
considered part of the requirements of this document.

2.2 NFPA Publications. (Reserved)
2.3 Other Publications.

A 2.3.1 ASTM Publications. ASTM International, 100 Barr

Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM D92, Standard Test Method for Flash and Fire Points by
Cleveland Open Cup Tester, 2018.

ASTM D97, Standard Test Method for Pour Point of Petroleum
Products, 2017b.

ASTM D1331, Standard Test Methods for Surface and Interfacial
Tension of Solutions of Paints, Solvents, Solutions of Surface-Active
Agents, and Related Materials, 2014.

ASTM D2196, Standard Test Methods for Rheological Properties of
Non-Newtonian Materials by Rotational Viscometer, 2018.

ASTM D2281, Standard Test Method for Evaluation of Wetting
Agents by the Skein Test, 2010, reapproved 2016.

ASTM DA4976, Standard Specification for Polyethylene Plastics
Molding and Extrusion Materials, 2012a.

ASTM E3, Standard Guide for Preparation of Metallographic Speci-
mens, 2011, reapproved 2017.

ASTM E407, Standard Practice for Microetching Metals and
Alloys, 2011, reapproved 2015el.

ASTM E729, Standard Guide for Conducting Acute Toxicily Tests
on Test Materials with Fishes, Macroinvertebrates, and Amphibians,
1996, reapproved 2014.

ASTM E1321, Standard Test Method for Determining Material
Ignition and Flame Spread Properties, 2018.

2.3.2 EPA Publications. Environmental Protection Agency,
William Jefferson Clinton East Building, 1200 Pennsylvania
Avenue, NW, Washington, DC 20460.

EPA Method 537.1, Determination of Selected Per- and Polyfluori-
nated Alkyl Substances in Drinking Water by Solid Phase Extraction
and Liquid Chromatography/Tandem Mass Spectrometry (LC/MS/
MS), 2018.

OPPTS 835.3110, “Ready Biodegradability,” Test, Fate, Trans-
port and Transformation Test Guidelines, January 1998.

OPPTS 850.1075, “Fish Acute Toxicity Test, Freshwater and
Marine,” Ecological Effects Test Guidelines, April 1996 (December
2002).

OPPTS 870.1100, “Acute Oral Toxicity,” Health Effects Test
Guidelines, August 2002.

Shaded text = Revisions. A = Text deletions and figure/table revisions. e = Section deletions. N = New material.
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OPPTS 870.1200, “Acute Dermal Toxicity,” Health Effects Test
Guidelines, June 1996.

OPPTS 870.2400, “Acute Eye Irritation,” Health Effects Test
Guidelines, August 1998.

OPPTS 870.2500, “Acute Dermal Irritation,” Health Effects
Test Guidelines, August 1998.

2.3.3 ISO Publications. International Organization for Stand-
ardization, ISO Central Secretariat, BIBC II, Chemin de Blan-
donnet 8, CP 401, 1214 Vernier, Geneva, Switzerland.

ISO 304, Surface active agents — Determination of surface tension
by drawing up liquid films, 1985, confirmed 2019.

ISO/IEC 17025, General requirements for the competence of testing
and calibration laboratories, 2017.

A 2.3.4 NACE Publications. NACE International, 15835 Park
Ten Place, Houston, TX 77084-4906.

NACE TMO0169, Standard Guide for Laboratory Immersion Corro-
sion Testing of Metals, 2012a.

2.3.5 OECD Publications. Organisation for Economic Coop-
eration and Development, 2, rue André-Pascal, 75775 Paris
Cedex 16, France.

OLCD Principles of Good Laboratory Practice, 1998.

A 2.3.6 SAE Publications. SAE International, Society of Auto-
motive Engineers, 400 Commonwealth Drive, Warrendale, PA
15096.

SAE AMS-3208N, Chloroprene (CR) Rubber, Weather Resistant,
45-55, 1942, stabilized 2014.

SAE AMS-C-9084, Cloth, Glass, Finished for Resin Laminates,
1999, reaffirmed 2013.

SAE AMS-DTL-23053/5B, Insulation Sleeving, Electrical, Heat
Shrinkable, Polyolefin, Flexible, Crosslinked, 2012.

SAE AMS-S-8802E, Sealing Compound, Fuel Resistant, Integral
Fuel Tanks and Fuel Cell Cavities, High Adhesion, 1999, revised
2019.

N 2.3.7 UL Publications. Underwriters Laboratories Inc., 333
Pfingsten Road, Northbrook, IL. 60062-2096.

UL 711 CAN/ULC S508, Rating and Fire Testing of Fire Extin-
guishers, 2018.

A 2.3.8 US Government Publications. US Government Publish-
ing Office, 732 North Capitol Street, NW, Washington, DC
20401-0001.

Title 40, Code of Federal Regulations, Part 160, “Good Labo-
ratory Practice Standards.”

Title 40, Code of Federal Regulations, Part 792, “Good Labo-
ratory Practice Standards.”

Federal Test Standard No. 601, Rubber: Sampling and Testing,
1985.

Wildland Fire Chemicals STP 2.2, “Lateral Ignition and
Flame Spread Test (LIFT),” U.S.D.A. Forest Service, 2007.

Shaded text = Revisions.

A = Text deletions and figure/table revisions.

2.3.9 U.S. Military Specifications. Defense Standardization
Program Office, 8725 John J Kingman Road, Stop 5100, Fort
Belvoir, VA 22060-6220.

MIL-A-A-55859A, Tube, Nonmetallic, Polyvinyl Chloride (PVC),
Flexible (General Use), October 31, 2002.

MIL-PRF-81733D, Sealing and Coating Compound, Corrosion
Inhibitive, May 15, 1998.

2.3.10 Other Publications.

Merriam-Webster’s Collegiate Dictionary, 11th edition, Merriam-
Webster, Inc., Springfield, MA, 2003.

2.4 References for Extracts in Mandatory Sections.

NFPA 18, Standard on Wetting Agents, 2021 edition.
NFPA 472, Standard for Competence of Responders to Hazardous
Materials/Weapons of Mass Destruction Incidents, 2018 edition.

Chapter 3 Definitions

3.1 General. The definitions contained in this chapter shall
apply to the terms used in this standard. Where terms are not
defined in this chapter or within another chapter, they shall be
defined using their ordinarily accepted meanings within the
context in which they are used. Merriam-Webster’s Collegiate
Dictionary, 11th edition, shall be the source for the ordinarily
accepted meaning.

3.2 NFPA Official Definitions.

3.2.1* Authority Having Jurisdiction (AHJ). An organization,
office, or individual responsible for enforcing the requirements
of a code or standard, or for approving equipment, materials,
an installation, or a procedure.

3.2.2 Shall. Indicates a mandatory requirement.

3.2.3 Should. Indicates a recommendation or that which is
advised but not required.

3.2.4 Standard. An NFPA Standard, the main text of which
contains only mandatory provisions using the word “shall” to
indicate requirements and that is in a form generally suitable
for mandatory reference by another standard or code or for
adoption into law. Nonmandatory provisions are not to be
considered a part of the requirements of a standard and shall
be located in an appendix, annex, footnote, informational
note, or other means as permitted in the NFPA Manuals of
Style. When used in a generic sense, such as in the phrase
“standards development process” or “standards development
activities,” the term “standards” includes all NFPA Standards,
including Codes, Standards, Recommended Practices, and
Guides.

3.3 General Definitions.

3.3.1 Artificial Sea Water. A solution that consists of
1.10 percent magnesium chloride hexahydrate, 0.16 percent
calcium chloride dihydrate, 0.40 percent anhydrous sodium
sulfate, 2.50 percent sodium chloride, and 95.84 percent deion-
ized or distilled water.

e = Section deletions. N = New material. 2022 Edition
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3.3.2 Biodegradability. A measure of the decomposition of
organic matter through the action of microorganisms.

3.3.3 Class A Foam. Foam for use on fires in Class A fuels.

3.3.4 Class A Fuel. Materials such as vegetation, wood, cloth,
paper, rubber, and some plastics in which combustion can
occur at or below the surface of the material.

3.3.5 Drain Time. The time that it takes for a specified
percent (customarily 25 percent) of the total solution that is
contained in the foam to revert to liquid and drain out of the
bubble structure.

3.3.6 Expansion Ratio. The ratio of the volume of the foam in
its aerated state to the original volume of the non-aerated foam
solution.

3.3.7 Exposure Protection Effectiveness. The ability of a
product to increase the time to ignition of a substrate subjected
to a prescribed radiant heat source.

3.3.8 Fixed Tank. A tank that is internal to or attached
directly to a helicopter.

3.3.9 Flash Point. The minimum temperature of a liquid at
which it gives off vapor sufficient to form an ignitible mixture
with air near the surface of the liquid under specified environ-
mental conditions.

3.3.10 Foam. An aggregation of bubbles lighter than water
created by forcing or entraining air into a foam solution by
means of suitably designed equipment or by cascading it
through the air.

3.3.11 Foam Chemicals. A generic name for the liquid foam
concentrate, foam solution, and foam in whatever form it is
being used.

3.3.12* Foam Concentrate. The foaming agent as received
from the supplier that, when mixed with water, becomes foam
solution.

3.3.13 Foam Solution. A homogeneous mixture of foam
concentrate and water in the mix ratio required to meet the
needs of the user.

3.3.14 Intergranular Corrosion. A corrosive attack on metal at
the grain boundary.

3.3.15*% Laboratory Fresh Water. Deionized or distilled water
to which calcium chloride has been added to provide a hard-
ness measure of 120 to 140 ppm of calcium carbonate.

3.3.16 LC;, (Lethal Concentrationy;). The concentration of
agent in water, usually expressed as milligrams of agent in a
liter of solution, that results in the death of 50 percent of the
aquatic test specimens within a specified time frame.

3.3.17 LD,, (Lethal Dosage;). The dosage of a chemical,
usually expressed as milligrams of the chemical per kilogram of
body weight of the test animal, at which 50 percent of the test
animals die within a specified time frame.

3.3.18 Miscibility. The ability of concentrate to mix with water
under specified conditions without separation into phases.

3.3.19 Mix Ratio. The proportion of foam concentrate in the
foam solution, expressed as a volume percentage.

2022 Edition

A 3.3.20*% Safety Data Sheet (SDS). Formatted information

provided by chemical manufacturers and distributors of
hazardous products that contains information about chemical
composition, physical and chemical properties, health and
safety hazards, emergency response, and waste disposal of the
material. [472, 2018]

3.3.21 Surface Tension. The elastic-like force at the surface of
a liquid, which tends to minimize the surface area, causing
drops to form.

3.3.22 Uniform Corrosion. Removal of metal by chemical
means over the entire surface.

3.3.23 Viscosity. A measure of the resistance of a liquid to
flow.

3.3.24 Wetting Ability. The ability of foam solution to pene-
trate and soak into a solid.

Chapter 4 Characteristics and Acceptance Requirements

4.1 General.

4.1.1¥ The characteristics, requirements, and handling of
Class A foam concentrates, foam solutions, and foam shall be in
accordance with this chapter.

4.1.2 A minimum of six 20 L or six 5 gal sealed containers of
foam concentrate taken from a single production lot shall be
used for the purpose of evaluating the foam concentrate prop-
erties and requirements of this standard.

4.1.2.1 The test product shall be identified by a unique prod-
uct identifier, lot number, and production date.

4.1.2.2 Three of the containers shall be used for the stability
test required in 4.2.2.1.

4.1.2.3 Three containers shall be used for evaluating the other
properties and requirements of this standard.

4.2 Foam Concentrate.
4.2.1% Health, Safety, and Environmental Considerations.

4.2.1.1 Mammalian Toxicity. The foam concentrate shall not
exceed the toxicity limits defined in Table 4.2.1.1 when tested
in accordance with 5.3.1.

4.2.1.2 Aquatic Toxicity. The LC,, of the foam concentrate

shall be greater than 10 mg/L when tested in accordance with
5.3.2.

4.2.1.3 Biodegradability. The foam concentrate shall have a
minimum of 60 percent biodegradation within 42 days when
tested in accordance with 5.3.3.

4.2.1.4 Flash Point. The foam concentrate shall not exhibit a
flash point below 60°C (140°F) when tested in accordance with
5.3.4.

4.2.2 Physical Properties.
4.2.2.1* Stability.

4.2.2.1.1 The foam concentrate shall not be stratified, crystal-
lized, or otherwise separated when tested in accordance with
5.4.1.
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Table 4.2.1.1 Toxicity Limits for Class A Foam Concentrates and Solutions
Primary Dermal Primary Eye Irritation
Acute Oral Toxicity Acute Dermal Toxicity Irritation Unwashed Eyes Washed Eyes
Foam concentrate LD, > 500 mg/kg LD, > 2000 mg/kg Primary irritation Mildly irritating Mildly irritating or
score: <5.0 or less less
If more irritating, If more irritating,  If more irritating,
recommend recommend recommend
protective gear protective gear protective gear
and safe and safe and safe
handling handling handling
procedures procedures procedures
Foam solution LDy, > 5000 mg/kg  LDs,> 2000 mg/kg Primary irritation Mildly irritating Mildly irritating or
score: <5.0 or less less

4.2.2.1.2 The expansion ratio and drain time, as determined
in accordance with 5.4.8, shall differ by no more than
+15 percent expansion ratio or =2 minutes drain time when
compared with the expansion ratio and drain time from fresh
concentrate determined by Section 4.4.

4.2.2.2 Viscosity. The viscosity of the concentrate at tempera-
tures of 2°C = 1°C (35°F + 2°F), 21°C + 1°C (70°F = 2°F), and
49°C = 1°C (120°F £ 2°F) shall be measured as described in
5.4.2, and the viscosity values obtained shall be reported on the
product data sheet.

4.2.2.3* Miscibility.

4.2.2.3.1 The foam concentrate shall be miscible in water at
21°C + 1°C (70°F + 2°F) when tested in accordance with 5.4.4,
and the results shall be reported on the product data sheet.

Table 4.2.3.1 Maximum Allowable Corrosion Rates

4.2.2.3.2 The foam concentrate miscibility in water at 4°C
+ 1°C (40°F = 2°F) shall be determined in accordance with
5.4.4 and shall be reported on the product data sheet.

4.2.2.4% Pour Point. The pour point of the concentrate, when
determined in accordance with 5.4.5, shall be less than 2°C
(85°F) and shall be reported on the product data sheet.

4.2.3*% Corrosion and Materials Compatibility.

4.2.3.1* Uniform Corrosion. The foam concentrate shall not
exhibit values that exceed those specified in Table 4.2.3.1 when
tested in accordance with 5.5.1.

4.2.3.2* Compatibility with Nonmetallic Materials.

4.2.3.2.1 The effects of foam concentrate on the hardness and
volume of the nonmetallic materials listed in 4.2.3.2.2 shall be
tested in accordance with 5.5.3.

UNS
C27000
Brass (65%
Cu, 35%
2024-T3 Aluminum 4130 Steel Zn) AZ31B Magnesium
Total Partial Total Partial Partial Total Partial
Immersion Immersion Immersion Immersion Immersion Immersion Immersion
21°C | 49°C | 21°C | 49°C | 21°C | 49°C | 21°C | 49°C 49°C 21°C | 49°C 21°C 49°C
Application (70°F) | (120°F) | (70°F)| (120°F) | (70°F) | (120°F) | (70°F)| (120°F) (120°F) (70°F) | (120°F) | (70°F) | (120°F)
Foam 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0° 5.0% 5.0° 5.0°
Concentrates
Foam Solutions
Fixed-wing 2.0° 2.0 2.0 2.0 5.0 5.0 5.0 5.0 5.0 — — — —
aircraft
Helicopter with 2.0° 2.0° 2.0° 2.0° 5.0 5.0 5.0 5.0 5.0 4.0 4.0 4.0° 4.0°
fixed tank
Helicopter with 2.0 2.0 2.0 2.0 5.0 5.0 5.0 5.0 5.0 — — — —
bucket
Ground 2.0 2.0 2.0 2.0 5.0 5.0 5.0 5.0 5.0 — — — —
application®
Note: All values in milli-inches per year; 1 milli-inch = 2.54 x 10® millimeters.
“Only required if submitted for use in “helicopters equipped with fixed tanks” or if the concentrate is contained on board the helicopter.
"Intergranular corrosion tests also required; see 4.3.4.2.
‘Includes fire apparatus, portable pumps, backpacks, and other such devices.
Shaded text = Revisions. A = Text deletions and figure/table revisions. = Section deletions. N = New material. 2022 Edition
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4.2.3.2.2 The following nonmetallic materials shall be subject

to testing:

(1) PVC plastic, MIL-A-A-55859A, Tube, Nonmetallic, Polyvinyl
Chloride (PVC), Flexible (General Use)

(2) Sealant, SAE AMS-S-8802E, Sealing Compound, Fuel Resist-
ant, Integral Fuel Tanks and Fuel Cell Cavities, High Adhesion

(3) Sealant, MIL-PRF-81733D, Sealing and Coating Compound,
Corrosion Inhibitive

(4) Neoprene rubber, SAE AMS-3208N, Chloroprene (CR)
Rubber, Weather Resistant, 45-55

(5) Fiberglass, SAE AMS-C-9084, Cloth, Glass, Finished for Resin
Laminates

(6) High-density polyethylene, ASTM D4976, Standard Specifi-
cation for Polyethylene Plastics Molding and Extrusion Materi-
als

(7) Flexible polyolefin, SAE AMS-DTL-23053/5B, Insulation
Sleeving, Electrical, Heat Shrinkable, Polyolefin, Flexible, Cross-
linked

(8) Low-density polyethylene, ASTM D4976, Standard Specifi-
cation for Polyethylene Plastics Molding and Extrusion Materi-
als

4.2.3.2.3 The hardness of the test piece shall not decrease by
more than 10 percent or increase by more than 20 percent and
shall be reported on the product data sheet.

4.2.3.2.4 The volume of the test piece shall not change by
more than 0.5 cm® and shall be reported on the product data
sheet.

4.2.4 Packaging.

4.2.4.1% The packaging of foam concentrates shall conform
with regulations that govern the ground and air transport of
materials.

4.3* Foam Solution.

4.3.1% Foam solution shall be tested within the range of 0.1 to
1.0 percent by volume, as specified in Section 4.3.

4.3.2 Health, Safety, and Environmental Concerns.

4.3.2.1 Mammalian Toxicity. A 1.0 percent foam solution shall
not exceed the toxicity limits specified in Table 4.2.1.1 when
tested in accordance with 5.3.1.

4.3.2.2 Documentation. On request, the manufacturer shall
provide a summary of the results of toxicity testing as described
in Section 5.3.

4.3.3% Physical Properties.

4.3.3.1 Surface Tension. Surface tension of foam solutions at
0.1 percent, 0.3 percent, and 1.0 percent concentrations shall
be measured in accordance with 5.4.6 and shall be reported on
the product data sheet.

4.3.3.2% Wetting Ability. The wetting ability of a 0.1 percent, a
0.3 percent, and a 1.0 percent foam solution shall be deter-
mined in accordance with 5.4.7 and shall be reported on the
product data sheet.

4.3.4% Corrosion and Materials Compatibility.

4.3.4.1 Uniform Corrosion. The foam solution, at 0.1 percent
and 1.0 percent concentration by volume, shall not exhibit
values that exceed those specified in Table 4.2.3.1 when tested
in accordance with 5.5.1.
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4.3.4.2 Intergranular Corrosion. Intergranular corrosion test-
ing shall be performed as required in 4.3.4.2.1 through
4.3.4.2.2 and the results reported on the product data sheet.

4.3.4.2.1 If the foam solution is to be applied using fixed-wing
aircraft, aluminum coupons that are exposed to the foam solu-
tion during uniform corrosion testing shall be examined in
accordance with 5.5.2 and shall exhibit no intergranular corro-
sion.

4.3.4.2.2 If the foam solution is to be applied using helicop-
ters with fixed tanks, magnesium and aluminum coupons that
are exposed to the foam solution during uniform corrosion
testing shall be examined in accordance with 5.5.2 and shall
exhibit no intergranular corrosion.

4.3.4.3*% Compatibility with Nonmetallic Materials.

4.3.4.3.1 The effects of foam solution, at 0.1 percent and
1.0 percent concentration by volume, on the hardness and
volume of the nonmetallic materials listed in 4.3.4.3.2 shall be
tested in accordance with 5.5.3.

4.3.4.3.2 The following nonmetallic materials shall be subject
to testing:

(1) PVC plastic, MIL-A-A-55859A, Tube, Nonmetallic, Polyvinyl
Chloride (PVC), Flexible (General Use)

(2) Sealant, SAE AMS-S-8802E, Sealing Compound, Fuel Resist-
ant, Integral Fuel Tanks and Fuel Cell Cavities, High Adhesion

(3) Sealant, MIL-PRF-81733D, Sealing and Coating Compound,
Corrosion Inhibitive

(4) Neoprene rubber, SAE AMS-3208N, Chloroprene (CR)
Rubber, Weather Resistant, 45-55

(5) Fiberglass, SAE AMS-C-9084, Cloth, Glass, Finished for Resin
Laminates

(6) High-density polyethylene, ASTM D4976, Standard Specifi-
cation for Polyethylene Plastics Molding and Extrusion Materi-
als

(7) Flexible polyolefin, SAE AMS-DTL-23053/5B, Insulation
Sleeving, Electrical, Heat Shrinkable, Polyolefin, Flexible, Cross-
linked

(8) Low-density polyethylene, ASTM D4976, Standard Specifi-
cation for Polyethylene Plastics Molding and Extrusion Materi-
als

4.3.4.3.3 The degree of hardness of the test piece shall not
decrease by more than 10 percent or increase by more than
20 percent and shall be reported on the product data sheet.

4.3.4.3.4 The volume of the test piece shall not change by
more than £0.5 cm® and shall be reported on the product data
sheet.

4.3.5 Exposure Protection Effectiveness. Foam solutions at
0.4 and 1.0 percent concentrations shall be characterized and
tested for exposure protection effectiveness in accordance with
Section 5.2. The results will be made available to users as
performance information.

4.4 Foam.

4.4.1 Expansion Ratio. The expansion ratio of 1.0 percent
foam solutions in deionized or distilled water, laboratory fresh
water, and artificial sea water shall be determined in accord-
ance with 5.4.8 and the results reported on the product data
sheet.

4.4.2 Drain Time. The 25 percent drain time of a 1.0 percent
foam solution in deionized or distilled water, laboratory fresh
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water, and artificial sea water shall be determined in accord-
ance with 5.4.8 and the results reported on the product data
sheet.

4.4.3 Exposure Protection Effectiveness. Foam produced
from 0.4 and 1.0 percent foam solution shall be prepared as
described in Section 5.2 and tested for exposure protection
effectiveness using the Lateral Ignition Flame Spread Test
(LIFT) described in Section 5.2. The results for untreated,
water-treated, and foam-treated samples shall be reported on
the product data sheet.

4.5 Labeling and Documentation.

4.5.1 Labeling. The manufacturer shall provide the following
information on a label that is permanently attached to the
concentrate container:

(1) Manufacturer name and address

(2) Product name, lot number, and date of manufacture

(3) Emergency and first-aid instructions

(4) Volume (liters and U.S. gallons) of concentrate in
container

(5) Statement that product meets all requirements of the
current edition of this standard when used within the
range of 0.1 and 1.0 percent

(6) Statement directing attention of user to product data
sheet

4.5.2 Documentation.

4.5.2.1 A product data sheet that contains the information
identified in this standard shall be prepared by the manufac-
turer.

4.5.2.2 On request, the manufacturer shall provide a product
data sheet that documents the results of the tests required by
this standard, and a copy of a current safety data sheet (SDS).

N 4.5.2.3 Where water additive is to be used, foam prepared at
the maximum concentrations specified for use by the manufac-
turer’s water additives listing shall be tested for toxic fluorina-
ted ingredients in accordance with EPA Method 537.1,
Determination of Selected Per- and Polyfluorinated Alkyl Substances in
Drinking Water by Solid Phase Extraction and Liquid Chromatogra-
phy/Tandem Mass Spectrometry (LC/MS/MS), by an EPA-approved
laboratory or a laboratory that is recognized by the authority
having jurisdiction.

Chapter 5 Test Methods

5.1 General.

5.1.1 Good Laboratory Practices. All testing required by this
standard shall be conducted by an independent laboratory that
is adhering to good laboratory practice standards as defined in
40 CFR 792, “Good Laboratory Practice Standards,” 40 CFR
160, “Good Laboratory Practice Standards,” or OECD Principles
of Good Laboratory Practice. Those laboratories that conduct LIFT
testing shall adhere to the requirements of ISO/IEC 17025,
General requirements for the competence of testing and calibration labo-
ratories.

A 5.1.2 Safety Data Sheets (SDSs). The SDS for each product
and reagent chemical used during the evaluation shall be
obtained. The recommendations for safe handling and
personal protective equipment (PPE) shall be followed.
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5.2 Exposure Protection Effectiveness. Foam prepared from
water solutions of the foam concentrate shall be characterized
and tested for exposure protection effectiveness using the verti-
cal LIFT apparatus and general method in ASTM E1321, Stand-
ard 'Iest Method for Determining Material Ignition and Flame Spread
Properties, as well as the details described in this section.

5.2.1 Foam Preparation. Two identical samples of the foam
shall be prepared and tested to determine foam characteristics
as described in 5.2.2 and the exposure protection effectiveness
as described in 5.2.3.

5.2.1.1* Foam shall be generated in a blender having four
1.25 in. angled blades and a speed of 3150 rpm + 150 rpm.

5.2.1.2 All test products shall be prepared using 250 mL
(250 g) of room temperature [21°C + 2.8°C (70°F + 5°F)],
deionized water.

5.2.1.3 The indicated volume of foam concentrate shall be
injected into the required amount of water in the blender
container just before blending to obtain the desired solution.

(1) 0.4 percent foam solution = 1.0 mL of foam concentrate
in 250 mL of water

(2) 1.0 percent foam solution = 2.5 mL of foam concentrate
in 250 mL of water

5.2.1.4 The foam shall be mixed at high speed (3150 rpm
+ 150 rpm) for one minute, and the start/stop times shall be
recorded on the data sheet.

5.2.2 Characteristics of Foam Samples. The foam characteris-
tics shall be recorded as described in 5.2.2.1 through 5.2.2.3.

5.2.2.1 Using one set of samples prepared in accordance with
5.2.1, the volume of foam generated shall be measured by
pouring the foam into a graduated cylinder immediately upon
discontinuing the blending and the measurement recorded.

5.2.2.2 The expansion ratio and drain time shall be deter-
mined using the procedure, calculation, and number of repli-
cations used in 5.4.8.1(4) through 5.4.8.1(8).

5.2.2.3 The results (average of expansion ratio values and
drain times) for each of the foam solutions shall be recorded.

5.2.3 Exposure Protection Effectiveness Test Method. The
exposure protection effectiveness shall be determined in
accordance with the method below.

5.2.3.1 Equipment Set-Up and Calibration.

5.2.3.1.1*% The radiant heat panel shall provide a stable heat
flux of 40 kW/m?.

5.2.3.1.2 The pilot ignition flame, located in front of the
sample container where the radiant panel is closest to the
sample holder, shall be ignited.

5.2.3.1.3 The equipment shall be calibrated prior to initiating
tests.

5.2.3.1.4% A control test on an untreated board shall be
performed at the beginning and end of each test period, and
throughout the test period as necessary, to assure a heat flux of
40 kW/m? is maintained.

5.2.3.1.5 Additional calibrations of equipment shall be
performed throughout the test series and any time that repeat
tests have significant differences in results.
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5.2.3.1.6 The performance of the test apparatus shall be
monitored and recorded.

5.2.3.2 Data Collection.

5.2.3.2.1 A video camera with a time-stamp capability and a
clear view of the test piece during exposure to the radiant
panel shall be used to record the test, and the video shall be
included with the test records.

5.2.3.2.2 All product information, test information, and meas-
ured data shall be recorded on the standard data sheet.

5.2.3.2.3 Data from the radiant panel performance shall be
recorded and copies maintained with the test records.

5.2.3.3 Substrate Preparation.

5.2.3.3.1 Substrate samples shall be Douglas fir T1-11 siding
from a single source, cut to a dimension of 14.6 cm x 14.6 cm x
1.3 cm (5.75 in. x 5.75 in. x 0.5 in.), free of grooves and plugs.

5.2.3.3.2 All substrate samples shall be conditioned for at least
30 days before use at 21°C + 2.8°C (70°F + 5°F) with a relative
humidity (RH) of 50 percent + 5 percent.

5.2.3.3.3% A stack of three substrate samples shall be used for
each test.

5.2.3.3.4 Each test board (the top sample piece in a stack of
three) shall be marked with a unique identifier (e.g., number
or letter) on the back (smooth) side with a permanent marker.

5.2.3.3.5 The initial weight of each test board shall be recor-
ded.

5.2.3.3.6% Using an electronic moisture meter, three measure-
ments of the moisture content of each test board taken on the
smooth side of each test board shall be averaged and the result
recorded.

5.2.3.4 Loading the Sample Holder.

5.2.3.4.1% Three sample substrate panels shall be placed in
the sample holder so that the rough side of the test board is
exposed and the micro-grooves are perpendicular to the length
of the sample holder.

5.2.3.4.2 Metal wedges shall be inserted between the T1-11
and the sample holder to ensure that the T1-11 panels are held
firmly in place and do not float.

5.2.3.4.3 The sample holder shall be firmly attached in the
test apparatus and leveled.

5.2.3.5 Application of Test Agent.

5.2.3.5.1* The prepared foam shall be poured into the pan
containing the T1-11.

5.2.3.5.2 When measuring the performance of agent with a
0.4 percent solution, the panel holder shall sit undisturbed for
5 minutes.

5.2.3.5.3 When measuring the performance of agent with a
1.0 percent solution, the panel holder shall be raised to the
vertical position immediately after agent addition.

5.2.3.5.4 The panel holder shall be tipped to vertical, bringing
the left side to the top and allowing the sample to drain for
10 seconds.
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5.2.3.5.5 The panel holder shall be returned to the horizontal
position, ready to move it to the exposure apparatus.

5.2.3.6 Exposure of Panel to Radiant Heat.

5.2.3.6.1 The heat shield shall be removed from the exposure
apparatus about 30 seconds prior to inserting the test holder
into the apparatus.

5.2.3.6.2 The panel holder shall be made vertical, rotated
counterclockwise one-quarter turn (to bring the right side to
the top), and inserted into the exposure apparatus.

5.2.3.6.3 The time in seconds from initial exposure of the
sample surface to the radiant panel to ignition of the substrate
shall be measured and recorded.

5.2.3.6.4 If foam-treated substrate does not ignite after
600 seconds (10 minutes) of exposure, the test shall be ended
and the note “no ignition” recorded on the data sheet.

5.2.3.6.5% If flash or transient ignitions occur, the time and
frequency shall be noted. If the flash continues for 30 seconds
or if intermittent flashing continues for 30 seconds, the sample
shall be considered to have ignited.

5.2.3.6.6 Once ignition has occurred or the test discontinued,
the sample panel holder shall be removed from the radiant
heat source and allowed to cool.

5.2.3.6.7* Once the sample panel has cooled so it can be
handled comfortably, the test board shall be removed from the
sample container and the sample identification on the back
verified, if possible.

5.2.3.6.8 Repeat the process steps in 5.2.3.6.1 through
5.2.3.6.7 for a minimum of five sample panels.

5.2.3.7 Determination of the Performance Rating.

5.2.3.7.1 The performance rating shall be determined sepa-
rately for the 0.4 percent and the 1.0 percent foam, by compar-
ing the time from exposure to ignition of the foam-treated
panel to the time to ignition for the water-treated samples.

5.2.3.7.2 The time to ignition for each treatment (soak time
and concentration) shall be determined by averaging all
samples of the same treatment.

5.2.3.7.3 The performance rating shall be calculated as shown
below where all ignition times are given in seconds.

[5.2.3.7.3]

_ (Ignition time, foam treated —Ignition time, water treated)

Rating
Ignition time, water treated

A 5.3 Health, Safety, and Environmental Considerations.

5.3.1 Mammalian Toxicity.

A 5.3.1.1 The foam concentrate and a 1.0 percent by volume

foam solution shall be tested in accordance with the following
guidelines:

(1) OPPTS 870.1100, “Acute Oral Toxicity”

(2) OPPTS 870.1200, “Acute Dermal Toxicity”

(3) OPPTS 870.2500, “Acute Dermal Irritation”

(4) OPPTS 870.2400, “Acute Eye Irritation,” including the
optional test defined in 4(iii) of the guidelines
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5.3.2 Aquatic Toxicity.

A 5.3.2.1 Foam concentrate samples shall be tested, using rain-

bow trout (Oncorhynchus mykiss), in accordance with OPPTS
850.1075, “Fish Acute Toxicity Test, Freshwater and Marine,” in
soft water as defined in ASTM E729, Standard Guide for Conduct-
ing Acute Toxicity Tests on Test Materials with Fishes, Macroinverte-
brates, and Amphibians.

5.3.2.2 In accordance with OPPTS 850.1075, “Fish Acute
Toxicity Test, Freshwater and Marine,” 10 fish that are 60 days
+ 15 days post-hatch shall be exposed under static conditions to
each level of a foam solution that contains ASTM soft water for
96 hours at 12°C + 1°C (54°F = 2°F).

5.3.3* Biodegradability.

A 5.3.3.1 The biodegradability of the foam concentrate shall be

determined in accordance with Section M, CO, Evolution
(Modified Sturm) Test, of OPPTS 835.3110, “Ready Biodegrad-
ability.”

5.3.3.2 Testing shall be conducted for a minimum of 28 days.

5.3.3.3 Testing shall be discontinued at the end of 42 days, or
when the oxygen depletion plateau has been reached, which-
ever is sooner.

5.3.3.4 At least one reference substance shall be used to moni-
tor inoculum activity.

5.3.4 Flash Point. The open-cup flash point shall be deter-
mined in accordance with ASTM D92, Standard Test Method for
Flash and Fire Points by Cleveland Open Cup Tester.

5.4 Physical Properties.
5.4.1 Stability of Concentrate.

5.4.1.1 Three 20 L or 5 gal containers of foam concentrate
that are taken from a single production lot and packaged in
sealed containers, as received from the manufacturer, shall be
marked, handled, stored, and tested as described in 5.4.1.2
through 5.4.1.7.

5.4.1.2 The containers shall be designated as Samples 1, 2,
and 3.

5.4.1.3 Prior to starting the test, the containers shall be inver-
ted four times within a one-minute period. The contents of the
containers shall not subsequently be agitated, mixed, or other-
wise disturbed, except as required to complete the testing, until
the temperature storage sequence is completed.

5.4.1.4 Sample 1 shall be tested in accordance with 5.4.1.7
after it has been stored for 37 continuous days under the
following conditions in the following sequence:

(1) 49°C +3°C (120°F + 5°F) for 30 days
(2) 21°C+3°C (70°F = 5°F) for 7 days

5.4.1.5 Sample 2 shall be tested in accordance with 5.4.1.7
after it has been stored for 68 continuous days under the
following conditions in the following sequence:

(1) 49°C +3°C (120°F + 5°F) for 30 days

(2) 21°C+3°C (70°F = 5°F) for 1 day

(3) -9°C +3°C (15°F« 5°F) for 30 days

(4) 21°C+3°C (70°F = 5°F) for 7 days
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5.4.1.6 Sample 3 shall be tested in accordance with 5.4.1.7
after it has been stored for 37 continuous days under the
following conditions in the following sequence:

(1) -9°C = 3°C (15°F = 5°F) for 30 days
(2) 21°C +£3°C (70°F £ 5°F) for 7 days

5.4.1.7 Within one day following the end of the storage peri-
ods described in 5.4.1.4 through 5.4.1.6, the sealed sample
containers shall be inverted four times within a l-minute
period.

5.4.1.7.1 Each sample shall then be opened, and the foam
concentrate shall be poured into separate, clean, open-head
transparent containers and allowed to sit undisturbed for
10 minutes to allow bubbles to rise to the surface.

5.4.1.7.2 The samples shall then be visually examined for
separation, stratification, and crystallization.

5.4.1.7.3 The empty storage container shall be examined for
evidence of residual sediment or crystals.

5.4.1.7.4 The expansion ratio and the drain time of solutions
prepared from each sample of the concentrate shall be deter-
mined in accordance with the procedure in 5.4.8 and shall be
compared with the expansion ratio and the drain time
obtained with the original sample.

5.4.1.7.5 The wetting ability of freshly prepared solutions
from each stored concentrate shall be compared with the
wetting ability of the original sample, in accordance with the
procedure in 5.4.7. The result shall be recorded.

5.4.2 Viscosity. The viscosity of the foam concentrate shall be
measured at the temperatures of 2°C (35°F), 21°C (70°F), and
49°C (120°F) according to the following:

(1)* A Brookfield viscometer, model LVT or LVF, or the equiv-
alent, set at 60 rpm with the appropriate spindle (No. 2
for viscosities from 1 to 500 centipoise and No. 4 for
viscosities greater than 500 centipoise), shall be used to
measure the viscosity in accordance with ASTM D2196,
Standard lest Methods for Rheological Properties of Non-
Newtonian Materials by Rotational Viscometer.

(2) A straightsided glass beaker that contains approximately
800 mL of the test sample shall be positioned under the
viscometer.

(3) The spindle shall be immersed in the concentrate to the
indicated depth.

(4) The viscometer then shall be turned on, and the spindle
shall be allowed to rotate for 1 minute prior to taking the
measurement.

(5) Triplicate measurements shall be made, stirring gently
between each measurement, and the viscosity of the
sample shall be calculated in centipoise, using the appli-
cable multiplier (5 for spindle No. 2 and 100 for spindle
No. 4).

(6) When reporting results, the spindle size (number) and
rotational speed shall also be reported.

5.4.3 Alternate Viscosity Test Methods.

5.4.3.1* Where the preferred method does not provide usable
results, an alternative test method shall be permitted.

5.4.3.2 Where an alternative test method is used, the method
and test conditions shall be documented and reported with the
results.
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5.4.4 Miscibility.

5.4.4.1 The temperature combinations of foam concentrate
and water shown in Table 5.4.4.1 shall be tested in accordance
with the test method described in 5.4.4.2 using foam concen-
trate mixed into deionized or distilled water.

5.4.4.2 The miscibility of the foam concentrate shall be meas-
ured according to the following procedures:

(1) Five hundred (500) mL of deionized or distilled water at
the test temperature shall be added to a 1 L glass beaker.

(2) A stirrer, as illustrated in Figure 5.4.4.2, shall be inserted
into the water to the depth shown in the figure.

(3) The speed of the stirrer motor shall be adjusted to
60 rpm + 10 rpm.

(4) The required amount of foam concentrate (1.5 mL for a
0.3 percent foam solution and 5.0 mL for a 1.0 percent
foam solution) shall be added over 2 seconds.

(5) After 10 revolutions of the stirrer, rotation shall be stop-
ped and the liquid mixture shall be observed.

(6) If the foam solution is not visually homogeneous, it shall
be stirred for an additional 10 revolutions.

(7) The procedure shall be repeated until the foam solution
is visually homogeneous or until the total number of revo-
lutions is equal to 100.

(8) The observations made at each 10-revolution interval
shall be recorded.

(9) If the foam solution is not visually homogeneous after 100
revolutions, the result shall be recorded as not miscible.

5.4.5 Pour Point. The pour point of the foam concentrate
shall be measured in accordance with ASTM D97, Standard Test
Method for Pour Point of Petroleum Products.

5.4.6 Surface Tension.

5.4.6.1 Foam solutions (0.1 percent, 0.3 percent, and
1.0 percent by volume) shall be prepared with 21°C + 3°C
(70°F + 5°F) deionized or distilled water.

5.4.6.2 The surface tension of each sample shall be deter-
mined in accordance with ASTM D1331, Standard Test Methods
Jor Surface and Interfacial Tension of Solutions of Paints, Solvents,
Solutions of Surface-Active Agents, and Related Materials, or 1SO
304, Surface active agents — Determination of surface tension by
drawing up liquid films.

5.4.7 Wetting Ability.

5.4.7.1 Three freshly prepared samples each of 0.1 percent,
0.3 percent, and 1.0 percent by volume foam solution shall be
prepared with deionized or distilled water.

Table 5.4.4.1 Temperature Combinations of Foam
Concentrate and Water for Miscibility Testing

Foam Concentrate

Water Temperature Temperature

°C °F °C °F
4=+1 40 + 2 21+1 70 +2
21 +1 70 £2 21 1 70 £2
4+1 40 + 2 4+1 40 + 2
21+1 70 + 2 4=+1 40 +2
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8 mm (%e in.) > | [«
diameter 152 mm (6 in.)
approximately approximately

305 mm (12in.)
approximately

Fluid level

41 mm (1% in.)
approximately

T
FIGURE 5.4.4.2  Stirrer Shaft for Miscibility Test.

5.4.7.2 The ability of each sample to wet a cotton skein shall
be determined in accordance with ASTM D2281, Standard Test
Method for Fvaluation of Wetting Agents by the Skein Test, except the
test shall be modified as required by the following:

(1) A 1.50 g S-hook shall be used.

(2) The weight of each test skein shall be corrected to 5.00 g.

(8) The time it takes for the skein to sink when immersed in
the test solution shall be measured to the nearest second.

5.4.7.3 The average value of the replicate tests shall be repor-
ted.

5.4.8*% Foam Expansion Ratio and Drain Time.

5.4.8.1% Test Method. The foaming ability of 1.0 percent
foam solutions that are prepared with laboratory fresh water,
deionized or distilled water, and artificial seawater shall be
determined in accordance with the following:

(1) Ten (10) mL of foam solution shall be placed in a 100 mL
stoppered, graduated cylinder having 1.0 mL graduations
between the 0 and 10 mL marks.

(2) The cylinder shall be shaken forcefully until all the liquid
is incorporated in the foam structure.

(8) Immediately after shaking is ceased, a stopwatch shall be
started, and the volume of foam and the volume of solu-
tion in the cylinder recorded.

(4) The volume of drained solution in the bottom of the
cylinder shall be recorded at l-minute intervals for
5 minutes and then after 10 minutes and 15 minutes or
until such time that 2.5 mL of foam solution has drained
from the foam.

(5) The foam expansion ratio shall be calculated by dividing
the volume of foam recorded in 5.4.8.1(3) by 10.

(6) The 25 percent drain time shall be determined by
subtracting the volume of solution recorded in 5.4.8.1
from the volume of drained solution recorded at each
time interval in 5.4.8.1(4) and extrapolating the data to
determine the time when 2.5 mL of solution has drained
from the foam.

(7) The test shall be repeated at least three times using fresh
foam solution for each test.
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(8) The average of all expansion ratio values and the average
of all drain time values shall be calculated and reported.

5.5 Corrosion and Materials Compatibility.

5.5.1 Uniform Corrosion Test. The foam concentrate and
foam solution shall be tested for uniform corrosion.

5.5.1.1 Three coupons each of 2024-T8 aluminum and 4130
steel shall be tested to the conditions specified in 5.5.1.4.

5.5.1.2 Three coupons of brass (65 percent Cu and 35 percent
Zn) shall be tested to the conditions specified in 5.5.1.4(4).

5.5.1.3 If the foam concentrate or foam solution is used in
helicopters equipped with fixed tanks or if the concentrate is
contained on board the helicopter, three coupons of AZ31B
magnesium shall be tested to the conditions specified in
5.5.1.4.

5.5.1.4 The following condition(s) shall be tested as required
by 5.5.1.1 through 5.5.1.3:

(1) Total immersion at 21°C + 2°C (70°F + 3°F)
(2) Total immersion at 49°C + 2°C (120°F + 3°F)
(8) Partial immersion at 21°C + 2°C (70°F + 3°F)
(4) Partial immersion at 49°C + 2°C (120°F + 3°F)

5.5.1.5% Each coupon shall have a nominal size as shown in
cither of the following and shall be engraved with a unique
identification code:

(1) The coupon shall be 1 in. x 4 in. x % in. with a % in. hole
located % in. from one end and centered from each side
as shown in Figure 5.5.1.5.

(2) The coupon shall be 25 mm x 102 mm x 3 mm with an
8 mm hole located 12.5 mm from one end and centered
from each side as shown in Figure 5.5.1.5.

A Table 5.5.1.7.3 Procedures for Cleaning Corrosion Coupons

3mm [€————102mm (4in) ——>

(%8 in.) 8 mm (%46 in.)

> < hole

T 12.5 mm
25 mm B(f (2in.)
(1in.) T A

y i

le—>]

12.5 mm
(Y2in.)

FIGURE 5.5.1.5 Test Coupon.

5.5.1.6 Each coupon shall be measured to the nearest
0.01 mm (0.0004 in.) in each of the three dimensions.

5.5.1.7* Cleaning and Conditioning.

5.5.1.7.1 Immediately prior to use, each coupon shall be
degreased using an all-purpose liquid cleaner and shall be
rinsed in tap water.

5.5.1.7.2 Contamination, including contact with bare skin, of
the degreased coupon shall be avoided.

5.5.1.7.3 The coupons then shall be cleaned chemically as
described in Table 5.5.1.7.3, rinsed in deionized or distilled
water, wiped with clean lintfree toweling, and dried at 55°C
+3°C (130°F = 5°F) for 15 to 30 minutes.

5.5.1.7.4 After the coupons are cooled to room temperature
in a desiccator, they shall be weighed to an accuracy of 0.1 mg
(3.5 x 10 0z) and used immediately.

5.5.1.8 Test Procedure.

5.5.1.8.1 Each 1 L (32 oz) wide-mouth, straightsided glass jar
shall contain 800 mL (27 oz) of liquid for total immersion tests
or 400 mL (13.5 oz) of liquid for partial immersion tests.

Immersion
Time Solution
Alloy Cleaning Solution* (minutes) Temperature Remarks
Aluminum 70% HNO, 2-3 Room temperature  Lightly scrub using nonmetallic brush or scrub
pad after immersion. If the corrosion film
resists cleaning with the HNO, alternate with
10-minute immersion in a solution that
contains 2 g CrO; and 5 g H;PO, in 93 mL of
80°C to 85°C (175°F to 185°F) deionized or
distilled water.
Brass 15-20% HCI 2-3 Room temperature  Lightly scrub using nonmetallic brush or scrub
Steel 50 g SnCl + 20 g ShCl, in 35 Ice bath p:ad after im.mersion. A rubber' stopper, [scour
1L conc HCI pad] or equivalent, nonmetallic scourer, or
scrubber can be used to scrub coupons with
Magnesium 15 g CrO, + 1 g Ag,CrO, 15 Boiling water bath hard or severe coating.
in 84 mL deionized or
distilled H,O

*Discard cleaning solutions when changing from one product to another and as the cleaning solutions become discolored. Use fresh chemical to

clean each magnesium coupon. Exercise care to prevent cross-contamination.

Source: NACE TMO169, Standard Guide for Laboratory Immersion Corrosion Testing of Metals.
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5.5.1.8.2 One test coupon shall be suspended in each jar in
such a way that the coupon does not touch the sides or bottom
of the jar, using a length of braided 8 kg to 9 kg (18 1b to 20 1b)
test Dacron fishing line.

5.5.1.8.3 For total immersion tests, the coupon shall be
completely covered with liquid.

5.5.1.8.4 For partial immersion tests, the coupon shall be
suspended so that one-half its length is immersed in the liquid
and one-half its length is exposed to the vapor space above the
liquid.

5.5.1.8.5*% Each jar shall be closed with a vinyl-lined Bakelite
screw cap that has been firmly hand-tightened, labeled with
coupon identification and starting date, and placed in the test
chamber.

5.5.1.8.6 The jars containing the test samples shall be stored
undisturbed at the controlled temperatures defined in 5.5.1.4
for 90 days.

5.5.1.8.7 At the end of the 90-day test, the coupons shall be
removed from the liquid and rinsed under running tap water
to remove loosely attached corrosion products and test solu-
tion. If necessary, the coupons shall be scrubbed lightly with a
toothbrush or other nonmetallic brush to aid in removing
scale.

5.5.1.8.8 Following the procedures of 5.5.1.8.7, the coupons
shall be cleaned chemically in accordance with Table 5.5.1.7.3,
rinsed in deionized or distilled water, wiped with clean lint-free
toweling, and dried at 55°C + 3°C (130°F + 5°F) for 15 to
30 minutes.

5.5.1.8.9 A clean, unexposed coupon of known weight that is
to serve as a control for weight loss during cleaning shall be
cleaned in the same manner.

5.5.1.8.10 Following the procedures of 5.5.1.8.8 and 5.5.1.8.9,
the test coupons shall be cooled to room temperature and the
final weight of each coupon determined to the nearest 0.1 mg
(3.5 % 10° 0z).

5.5.1.9 Test Results.

A 5.5.1.9.1 The corrosion rate, C, in milli-inches per year (MPY),

shall be calculated for each sample using the equation below,
in accordance with NACE TMO0169, Standard Guide for Laboratory
Immersion Corrosion esting of Metals.

[5.5.1.9.1]
_ MLX 534.57
SA X ET x MD

where:
C = corrosion rate (milli-inches per year)
ML = mass loss (mg)
SA = surface area (in.2)
ET = exposure time (hours)
MD = metal density (g/cm?)

CAUTION: Be sure all measurements are converted to the
units shown above prior to performing the calculation.
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5.5.1.9.2 The alloy densities in Table 5.5.1.9.2 shall be used in
the calculation of the corrosion rate.

5.5.1.9.3 The results of replicate tests shall be averaged and
the results reported to the nearest 0.1 milli-inch per year.

5.5.2 Intergranular Corrosion Test. The foam solution shall
be tested for intergranular corrosion according to the follow-
ing procedures:

(1)  One coupon for each immersion condition and tempera-
ture that is used in the 90-day weight loss tests on the
specified alloys shall be sliced as shown in Figure 5.5.2,
and mounted in accordance with ASTM E3, Standard
Guide for Preparation of Metallographic Specimens.

(2) The coupon shall be polished to 0.3 pm alumina finish.

(3) The aluminum coupon shall be etched with Keller’s
reagent; the magnesium coupon shall be etched with
Nital reagent, in accordance with ASTM E407, Standard
Practice for Microetching Metals and Alloys.

(4) The coupon shall be examined at a magnification of 500x
on both the transverse and longitudinal cross-sections as
shown in Figure 5.5.2.

5.5.3 Nonmetallic Materials Compatibility Test.

5.5.3.1 Preparation. Unused samples of each nonmetallic
material to be tested shall be cut into coupons with a nominal
size of 13 mm x 76 mm x 3 mm (% in. x 3.0 in. x % in.) and
tested according to the following procedures:

(1) A wide-mouth bottle of nominal 1 L. or 1 qt volume shall
be used as the test container.

(2) The volume of each test coupon shall be measured as
specified in 5.5.3.5.1 and shall be recorded.

(3) The hardness of each test coupon shall be measured as
specified in 5.5.3.6.1 and shall be recorded.

Table 5.5.1.9.2 Alloy Densities

Density
Alloy g/cm® oz/in.?
2024-T3 aluminum 2.77 1.60
4130 steel 7.86 4.54
UNS C27000 Brass (65% Cu, 8.47 4.90
35% 7Zn)
AZ31B magnesium 1.77 1.02
le— 102 mm (4 in.) ——— >
3 mm 8 mm
(8in.)  |le«—38 mm —> 38 mm (s in.)
> (1%in.) (15 in.) hole
0 12.5mm oy 12.5 mm

25 mm (2in.) ! (v2in.)

(1in.) \ : e I U
v . :

Longitudinal 12.5 mm

cross-section (Y2in.)

Transverse Discard shaded
cross-section  portion

FIGURE 5.5.2 Intergranular Corrosion Coupon.
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5.5.3.2 Exposure. The samples prepared according to 5.3.3.1
shall be exposed to the text concentrate or test solution accord-
ing to the following procedures:

(1) The container shall be filled with 800 mL (27 oz) of the
test concentrate or test solution.

(2) Three coupons of the same test material shall be suspen-

ded in a single container such that they are totally

immersed and not touching each other or the jar.

The test container shall be loosely covered to minimize

liquid evaporation and shall be maintained at room

temperature [approximately 21°C (70°F)] during the

test.

The test coupons shall be immersed for 16 consecutive

hours in the concentrate or solution, and then removed

from the concentrate or solution (without wiping, rins-

ing, or drying) and suspended in the air without contact

with any surface for 8 consecutive hours during each 24-

hour period.

During the weekends, the sample shall be permitted to

remain in the solution.

The immersion cycles shall be repeated until the sample

has been subjected to 20 cycles.

Any lost concentrate or solution shall be replenished

during the test period so that the sample is totally

immersed.

At the end of the test period, each coupon shall be rinsed

and wiped with a disposable, lint-free tissue.

The volume and hardness of each coupon shall be deter-

mined on the same day that exposure ends.

5.5.3.3 Calculation of Change.
M

(2)

(4)

)
(6)
(7)

(8)
9)

The change in volume and hardness of each coupon shall
be determined in accordance with 5.5.3.5 and 5.5.3.6.

If either the hardness or volume of a test coupon exceeds
the allowable variation, they shall both be determined
again 24 hours later, and the results recalculated.

5.5.3.4 Reporting Results. For each test material, the set of
measurements giving the results showing the least change shall
be reported.

5.5.3.5 Volume Test.

5.5.3.5.1 The volume of each test coupon shall be calculated
from the measurements of each dimension or by means of
liquid displacement and shall be recorded to the nearest cubic
centimeter.

5.5.3.5.2 The change in volume shall be calculated by
subtracting the final value from the initial value.

5.5.3.5.3 The average volume change for the three coupons of
each material shall be reported.

5.5.3.6 Hardness Test.

A 5.5.3.6.1 The hardness of the samples shall be determined in
accordance with Methods 3021 and 3025 of Federal Test Stand-
ard No. 601, Rubber: Sampling and Testing.

5.5.3.6.1.1 A Shore D gauge shall be used for fiberglass and
high-density polyethylene.

5.5.3.6.1.2 A Shore A2 gauge shall be used for all other mate-
rials specified in 4.2.3.2.2 and 4.3.4.3.2.

5.5.3.6.2 The hardness of each sample shall be recorded.
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5.5.3.6.3 The percent change in hardness shall be calculated
as follows:

[5.5.3.6.3]
initial hardness — final hardness

. X100 = percent change
initial hardness

5.5.3.6.4 The average hardness change for the three coupons
of each material shall be reported.

N Chapter 6 Class A Fire Extinguishment Tests

N 6.1 General. Products listed for use on Class A fires shall pass
all the fire tests specified in this chapter. [18:6.1]

N 6.2 Wood Crib Fire Test.

N 6.2.1 The ability of a wetting agent solution to extinguish
wood crib fires shall be determined with the solution prepared
at the minimum concentration specified for use by the manu-
facturer. [18:6.2.1]

N 6.2.2 Tests shall be conducted according to the procedures
detailed in this section and UL 711 CAN/ULC S508, Rating and
Fire Testing of Fire Extinguishers, for Class A fires utilizing a 3-A
wood crib. [18:6.2.2]

N 6.2.3 The solution shall be applied with a nominal 9.5 L
(2.5 gal) listed 2-A rated water extinguisher. [18:6.2.3]

N 6.3 Deep-Seated Fire Test.

N 6.3.1 Wetting agent solutions shall extinguish deep-seated
cotton fires and exhibit less runoff than water when tested in
accordance with 6.3.2 and 6.3.3. [18:6.3.1]

N 6.3.2 Tests shall be conducted three times with plain water
and three times with the wetting agent solution prepared at the
manufacturer’s recommended concentrations. [18:6.3.2]

N 6.3.3 The tests shall be conducted using a cylindrical basket of
perforated sheet steel, 114 mm (4} in.) in diameter and
178 mm (7 in.) high, and ginned cotton weighing 100 g
(3.5 0z) shall be used and the test conducted as follows:

(1) Stuff 50 g (1.75 oz) of cotton into the bottom half of the
basket.

Heat a steel rod 35 mm (1.38 in.) in diameter and 33 mm
(1.3 in.) long to 593°C (1100°F).

Place the rod on the cotton in the basket.

Immediately insert 50 g (1.75 oz) of cotton into the
basket on top of the rod.

Pour 250 mL (8.5 fl oz) of test liquid (water or wetting
agent solution) onto the cotton and catch the runoff in a
pan placed below the basket.

(6) Measure and record the volume of runoff.

[18:6.3.3]

N 6.4 Wood Fiberboard Penetration.

N 6.4.1 Wetting agent solutions shall extinguish wood fiber-
board fires and exhibit less runoff and weight loss than water
when tested in accordance with 6.4.2 and 6.4.3. [18:6.4.1]

N 6.4.2 Tests shall be conducted three times with plain water
and three times with the wetting agent solution prepared at the
manufacturer’s recommended concentrations. [18:6.4.2]

e = Section deletions. N = New material. 2022 Edition
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N 6.4.3 Penetration tests shall be conducted as follows:

(1)  Weigh fiber insulation board squares measuring 305 mm
x 305 mm x 13 mm (12 in. x 12 in. x % in.) and place
them on a wire grid.

(2) Expose each insulating board sample to an alcohol flame
from a burning pan that is placed immediately below the
sample board.

(3) Expose the flame to the board for 1% minutes
(105 seconds).

(4)  Remove the fuel pan and place a clean, dry pan under
the board to collect the water or agent runoff.

(5) Spray 250 mL (8.5 fl oz) of test liquid (water or wetting
agent solution) on the upper surface of the insulation
board using a small sprinkler bottle.

(6) Place pans underneath the board to catch any runoff that
occurs.

(7)  Measure and record the volume of runoff.

(8) Dry and weigh the boards and calculate the weight loss.

[18:6.4.3]

Annex A Explanatory Material

Annex A is not a part of the requirements of this NFPA document but is
included for informational purposes only. This annex contains explan-
atory material, numbered to correspond with the applicable text para-
graphs.

A.1.1 Class A foam solutions are generally used at concentra-
tions in the range of 0.1 percent to 1.0 percent, and testing
over this range of concentrations is required by this standard.
However, situations can occur when either lower- or higher-
concentration solutions would be more effective. For example,
Class A foam solutions lower than 0.1 percent concentration
can, in some cases, be as effective as higher concentrations in
wetting and penetrating into deep-seated fires. Also, concentra-
tions higher than 1.0 percent can have benefits in some situa-
tions. See NFPA 1145.

A.1.2 When evaluating health, safety, and environmental
concerns of fire-fighting chemicals, there are numerous aspects
that need to be considered, not all of which are addressed by
the testing included in this document. To address the varied
concerns of these types of products, there is a need to develop
fire testing.

Of particular concern with respect to these products is fire
performance, which has been evaluated under various research
programs. The results of such research suggest that concerns
related to resistance to ignition and suppression ability of the
solutions and foams need further evaluation. Research to
develop reproducible testing procedures continues.

A.3.2.1 Authority Having Jurisdiction (AHJ). The phrase
“authority having jurisdiction,” or its acronym AH]J, is used in
NFPA documents in a broad manner, since jurisdictions and
approval agencies vary, as do their responsibilities. Where
public safety is primary, the authority having jurisdiction may
be a federal, state, local, or other regional department or indi-
vidual such as a fire chief; fire marshal; chief of a fire preven-
tion bureau, labor department, or health department; building
official; electrical inspector; or others having statutory author-
ity. For insurance purposes, an insurance inspection depart-
ment, rating bureau, or other insurance company
representative may be the authority having jurisdiction. In
many circumstances, the property owner or his or her designa-
ted agent assumes the role of the authority having jurisdiction;
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at government installations, the commanding officer or depart-
mental official may be the authority having jurisdiction.

A.3.3.12 Foam Concentrate. Class A foam concentrates,
where mixed with water at concentrations in the range of
0.1 percent to 1.0 percent by volume, produce an array of foam
solutions and foams. Such foam solutions and foams are used
for a variety of situations that are encountered when fighting
fires in Class A fuels. Fires in Class A fuels occur in an infinite
number of configurations that are affected by fuel types,
amounts, and geometries. Class A foam concentrates are used
in applications for flame knockdown, overhaul or mop-up, and
fuel pretreatment. Because of the diversity of applications, the
foam solution and foam should be varied over a range of
performance characteristics. Those who use foam need to be
knowledgeable of and proficient in the conditions of prepara-
tion and application that are most suitable to each fire situa-
tion.

Foam solutions prepared at the lower end of their recom-
mended concentration range can be used as wetting agents on
Class A fuels. For more information, see NFPA 1145.

Types of systems for producing Class A fire-fighting foam are
as follows:

(1) Compressed air foam system (CAFS), from which foam is
produced by injecting air or nitrogen into the foam solu-
tion ahead of the nozzle. The expansion ratio depends on
mix ratio, air/foam solution ratio, and hose and nozzle
selection.

(2) Airaspirating foam nozzle from which foam is produced
by entraining and mixing air with the foam solution at
the nozzle. The expansion ratio depends on mix ratio,
nozzle selection, and operating pressure.

(3) Conventional nozzles that are not specifically designed
for the production of foam but that are able to produce
foam by entraining and mixing air with the foam solution
after discharge from the nozzle. The expansion ratio is
generally low and depends on mix ratio and application
technique.

(4) Fixed- and rotor-wing aircraft from which foam is
produced by cascading foam solution through the air.
The expansion ratio depends on drop speed, drop
height, and mix ratio.

Referenced information on each of these foam development
and application methods is provided in Annex B.

The foam bubbles and the solution that drains from them
attach to and penetrate Class A fuels due to the reduced
surface tension imparted to the water by the foam concentrate.
The bubbles hold moisture and release it as the foam breaks
down, prolonging the time the moisture is in contact with the
fuel. Where applied in adequate quantities, the foam excludes
air from the fuel-air interface; envelops combustible vapors;
and resists disruption due to wind, heat, and flame.

A.3.3.15 Laboratory Fresh Water. Water meeting the defini-
tions of hard water and soft water can be prepared using the
method shown in Table A.3.3.15 as defined in ASTM E729,
Standard Guide for Conducting Acute Toxicity Tests on Test Materials
with Fishes, Macroinvertebrates, and Amphibians.

A A.3.3.20 Safety Data Sheet (SDS). SDS is a component of the

Globally Harmonized System of Classification and Labeling of
Chemicals (GHS) and replaces the term material safety data
sheet (MSDS). GHS is an internationally agreed-upon system,
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A Table A.3.3.15 Preparing Laboratory Fresh Water
Soft Water Hard Water
Sodium bicarbonate 48 mg 192 mg
Calcium sulfate, 30 mg 120 mg
dihydrate

Magnesium sulfate 30 mg 120 mg
Potassium chloride 2 mg 8 mg
Notes:

(1) Add the listed quantities of the specified chemicals to a 1-liter
volumetric flask.

(2) Dilute to the mark with deionized water.

(3) Mix well to ensure all chemicals are dissolved.

Source: Table 1 of ASTM E729, Standard Guide for Conducting Acute
Toxicity Tests on Test Malerials with Fishes, Macroinvertebrates, and
Amphibians.

created by the United Nations in 1992. It replaces the various
classification and labeling standards used in different countries
by using consistent criteria on a global level. It supersedes the
relevant European Union (EU) system, which has implemen-
ted the GHS into EU law as the Classification, Labelling and
Packaging (CLP) Regulation, and United States Occupational
Safety and Health Administration (OSHA) standards. The SDS
requires more information than MSDS regulations and
provides a standardized structure for presenting the required
information. [472, 2018]

A.4.1.1 Product brands and types of foam concentrate are not
necessarily compatible. Tanks or containers that hold concen-
trate should be flushed and rinsed before adding another
brand or type of concentrate. Advice from the manufacturer(s)
should be obtained before mixing different concentrates.

A4.2.1 The handling, mixing, and application of foam
concentrate should follow specific operational procedures to
protect the water source and to provide safety in the workplace.
Secondary containment devices such as berms should be used
to isolate potential foam concentrate spills from the aquatic
environment.

The following procedures should be used where Class A fire
suppressant foams are mixed and applied:

(1) Fire apparatus tanks should not leak, and operators
should use appropriate methods and equipment to avoid
overflow spills and discharge hose spills when filling the
tanks.

(2) Helicopter buckets and fixed tank systems should be
filled using a closed, portable, concentrate container with
a long spout, an onboard injection system, or a similar
device to prevent splashes and concentrate spills.

(3) Portable tanks or sumps that are used to premix solution
or to fill application vehicles should be located at least
30 m (100 ft) from bodies of water. Mixing operations
should be conducted in such a manner as to avoid spill-
ing foam concentrate or foam solution. Spillage should
not enter drainage systems that empty into fish habitats
or waterways that flow into fish-inhabited water.

(4) All aerial applications should be conducted so that foam
solution does not come closer than 91.4 m (300 ft) to
bodies of water.

Informational references on foam applications are provided
in Annex B.

Shaded text = Revisions. A = Text deletions and figure/table revisions.
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All personnel involved in handling, mixing, and applying
foam concentrate and foam solutions should be trained in the
recommended procedures that address occupational safety and
health and environmental impact. All personnel should follow
the manufacturer’s recommendations on the product label and
safety data sheet (SDS).

Contact with concentrate should be avoided due to its
tendency to irritate skin and eyes. Thorough washing of the
affected area is recommended as soon as possible after contact
with concentrate. Clothing that is wetted with concentrate
should be changed and washed before reuse.

As a minimum, personnel who handle foam concentrate
should wear impermeable gloves and eye protection. Skin or
eyes that come in contact with concentrate should be rinsed
and washed immediately. Large amounts of potable or reasona-
bly clear water should be available on site for such purposes.
Personnel should avoid ingesting concentrate. An individual
who has ingested concentrate should be examined by a doctor
as soon as possible.

Users of Class A foam products should ensure that the
following conditions are met:

(1)  An SDS should be available at a location in the workplace
that allows examination by the workers.

(2) Foam concentrate should not be used at a workplace
unless a product label and an SDS are provided and
worker instruction and training have been completed.

(3) Labels and SDSs should be available in English and other
languages as prescribed by the authority having jurisdic-
tion.

(4) Every container in the workplace that contains foam
concentrate should be labeled and should remain labeled
in the prescribed manner.

(5) Prescribed safe-handling equipment should be provided,
should be in proper repair, and should be used at the
workplace.

Additional information on safety is included in the U.S.D.A.
Forest Service’s “Human Health Risk Assessment: Wildland
Fire-Fighting Chemicals,” and “Ecological Risk Assessment:
Wildland Fire-Fighting Chemicals.”

A.4.2.2.1 The purpose of the stability requirement is to ensure
that the foam concentrate has a useful shelf life. However,
because it is impractical to test every potential storage circum-
stance, it is possible that stability problems will occur.

Foam concentrate should be stored in sealed containers to
avoid evaporation of solvents that are necessary for the stability
of the concentrate. Instability of the product can result in
malfunction of the proportioning and dispensing equipment.

A.4.2.2.3 Miscibility relates to the ease of mixing foam concen-
trate and water to form homogeneous foam solutions, that is, a
foam solution that contains the desired mix ratio of compo-
nents in all portions thereof and that consequently performs
uniformly. Under some conditions, opalescence (turbidity) can
occur when the concentrate and water are mixed.

Opalescence is not necessarily related to miscibility, provided
the foam solution is homogeneous. Miscibility is measured at
different temperatures because the viscosity and the miscibility
of the foam concentrate can be affected by both its tempera-
ture and the temperature of the water with which it is being
mixed. Variations in viscosity, in turn, can affect the ability to
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achieve a uniform foam solution. Warming the concentrate to
between 15.6°C (60°F) and 21°C (70°F) prior to mixing it with
water can improve its miscibility.

Foam concentrates should be chosen that are miscible in the
water available for use in the preparation of foam solutions. For
example, if sea water is frequently used in fire-fighting opera-
tions, a product that is compatible with sea water should be
used.

A.4.2.2.4 The pour point of a liquid is the lowest temperature
at which it flows. The pour point of Class A foam concentrates
is measured to demonstrate the changes in the flow characteris-
tics of the product that occur with changes in temperature.
The pour point test procedure can be used to measure the
impact of temperature on ability to flow. It should be recog-
nized, however, that the rate of flow of the concentrate at the
measured pour point is not necessarily adequate for use in
many proportioning and transport systems.

A.4.2.3 Foam concentrate can cause corrosion of metal surfa-
ces. Corrosion requirements exist for several commonly used
metals. Foam concentrate should be stored in its original
container. The foam manufacturer should be consulted regard-
ing materials compatibility if the concentrate is to be stored in
other than the original container.

Coatings, such as paints and galvanized surfaces, adhesives,
sealants, and lubricants should be evaluated, and those that
react with foam concentrate should not be used where contact
between the two is likely.

Foam concentrate is capable of passing through openings
that are too small for water. Therefore, all joints, seams, or
connections that are conceivably subject to leakage (e.g., valve
packing, retainers, bushings, threaded joints, and screw
unions) should be carefully examined.

A.4.2.3.1 Corrosion induced by fire chemicals in ground and
aerial delivery system equipment has been a problem since the
beginning of wildland fire chemicals programs. The corrosive
effects of fire suppression chemicals (primarily fire retardants,
although studies also included a number of foams) have been
tested on metals commonly used in equipment since the early
1960s. The results showed that the chemicals could be corro-
sive in varying degrees, from failures within a few days to only
small pits after a year’s time, depending on the chemical-metal
combination and the type of exposures examined.

An examination of fire suppression equipment, including
aircraft, after several seasons of use of a variety of chemicals led
wildland fire management agencies to recommend alloys for
construction of application equipment, use of protective coat-
ings, and housekeeping practices in addition to methods of
testing for new suppression chemicals. By the early 1970s, these
same agencies outlined performance requirements and test
methods for use in fire suppression chemical standards and
specifications. In 1974, the U.S.D.A. Forest Service contracted
to assess the corrosion effects of wildland fire chemicals on
storage, mixing, and application equipment to determine
corrosion rates on critical alloys, correlate findings to actual
field damage, and recommend methods of reducing corrosion
effects. Special emphasis was placed on aerial delivery systems
because of the potential risk of catastrophic failure of aircraft
components exposed to the wildland fire chemicals. Results of
these and following studies provided guidance for use and
performance requirements for corrosion reduction in Forest
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Service specifications and standards and have been in use for
many years. They have been adopted for use by numerous
agencies in the United States and internationally. These
requirements were also adapted by NFPA in 1989 in the first
“Standard on Fire Fighting Foam Chemicals for Class A Fuels
in Rural, Suburban, and Vegetated Areas” and in subsequent
editions [NFPA 298 (withdrawn and incorporated into
NFPA 1143) and NFPA 1150].

A4.2.3.2 Tests for compatibility with nonmetallic materials
can be conducted on samples removed from unused parts that
are constructed of nonmetallic materials of defined composi-
tion. Given the variability of nonmetallic material composition,
such tests are useful but do not provide assurance of nonmetal-
lic material compatibility. Changes in test results can occur due
to variations in the constituent components of the material
even though the finished material meets specification. The
nonmetallic compatibility tests required in this standard do not
take into account any degrading effects of temperature, aging,
or ultraviolet or infrared exposure conditions that are known
to exist.

Foam concentrates and solutions come into contact with a
broad range of nonmetallic materials. All such materials are
not included in the list of those tested in this standard. The
materials that are included are generally representative of
those that are encountered in foam-proportioning and foam-
handling systems. It is recommended that the foam concen-
trate manufacturer be contacted for information on specific
materials.

A.4.2.4.1 Regulations for packaging and shipping are estab-
lished by government or international agencies such as U.S.
Department of Transportation, Transport Canada, the United
Nations, and IATA (International Air Transport Association).

A.4.3 Freshly prepared foam solutions should be used for all
laboratory testing, unless otherwise specified in the test
method. Foam solutions stored for prolonged periods of time
will degrade, resulting in reduced wetting and foaming.

A.4.3.1 See A4.2.1 and A.1.1.

A.4.3.3 The foam expansion ratio and drain time control
where and how fast the foam solution is released to the fuel. To
obtain the desired foam for the application, the fire fighter
needs to determine (1) the mix ratio, (2) the application tech-
nique, (3) the type of foam-generating hardware, and/or (4)
the operating pressure of the foam-generating system.

The mix ratio affects physical properties such as the quantity
and characteristics of the foam solution obtained. Mix ratios in
the range of 0.1 percent to 1.0 percent foam solutions exhibit
reduced surface tension values compared to water, resulting in
improved spreading and improved wetting of the fuel.

The mix ratio also has an impact on the characteristics of the
foam. Depending on the foam-generating system, different mix
ratios are frequently necessary to produce desired foam charac-
teristics. For additional information, refer to NFPA 1145.

A.4.3.3.2 For additional information, refer to NFPA 1145 and
A.5.4.8.

A4.3.4 Generally, foam solutions have a cleansing action.
Some can affect or interact with substances that normally
protect against corrosion or lubricate metals. Such substances
include natural oxides, grease, oil, paint, and other protective
coatings.
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