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INTRODUCTION

PURPOSF .

The project objective was to study
and test all currently available
firefighting foam agents and to rank
these agents in accordance with the
method developed at the National
Aviation Facilities Experimental
Center (NAFEC) (appendix A) according
to their potential value where
applicable in the control and axtin-
guishment of aircreft fuel ground
fires.

BACKGROUND.

The development of larger commercial
aircraft and the enormous increase
in general aviation aircraft activ-
ities has emphasized the need for the
most effective firefighting capa-
bilities at certificated and general
aviation airports. This goal can be
achieved both efficiently and econom-
ically by employing the most effec-
tive firefighting agents and equip-
ment combinations.

The principal fire extinguishing
agents employed in aircraft fire
protection are aqueous foams. The
development and effective utilization
of these agents involve many o: the
fundamental principles of chemistry
and the surface and interfaciai
tension of liquid systems. As a
consequence of the recent rapid
advance made in firefighting
technology, a periodic assessment of
the impact of these new developments
on aircraft fire protection is
indicated.

DISCUSSION

COMPOSITION AND TYPES OF FIREFIGHTING

FOAM AGENTS

PROTEIN FOAM AGENTS, There are two

protein foam (Fr) agents in general
use in the United States, based
primarily upon the differences in
their use concentration. The
6-percent type and 3-percent type are
recommended for proportioning with
water to produce 6-percent and
3-percent solutions by volume.

The 6-percent agent is used by the
Federal Government and procured under
Federal Specification O0-F-555C (ref-
erence l). At present there is no
Federal or military specification for
procuring the 3-percent agent.
However, it is recognized by the
National Fire Protection Association
(NFPA) and listed for commercial use
by the Underwriters' Laboratories,
Inc. (reference 2). Most of the
3-percent PF foam liquid 1is consumed
by industry in the protection of
hydrocarbon fuel storage tanks and
related applications.

The definitive 3-percent and 6-percent
PF 1liquid concentrates employed
in the United States (U.S,) are unot in
common use on a world-wide basis.

AQUEOUS~-FILM-FORMING FOAM. The
recorded firefighting accomplishments
of PF ageats are long and impressive,.
However, the chemical advances in
fluorine technology made significant
improvements in mechanical foam




techrology a reality, It had long
been the goal of foam research
themists to develop new and iwmproved
producte which would materially
reduce the fire control and extin-
guishing times for complex class B
fires,

This goal was finally achieved at the
Naval Resw=arch Laboratory under
the direction of Dr, R. L. Tuve, A
very significant technical document
appeared in March 1964, entitled " A
New Vapor Securing Agent for Flam-
mable Liquid Fire Extinguishment"
authored by Tuve, Peterson,
Jablonski, and Neil (reference
3). This document provided detailed
information on the chemical and
physical properties of a new class of
mechanical firefighting foams based
on proprietary products developed by
the 34 Company.

The fluorochemicals provided by the
IM Company during these early efforts
vere derivatives of perfluorooctanoic
acid produced by an electrolytic
process in the Simons cell (referencs
4). An im ortant paper authored by
R. A. Guenthner and M, L., Vietor
entitled "Surface Active Materials
from Perfluorocarboxylic and Per-
fluorosulfonic Acids" appeared in
1962 (reference 5).

The aqueous-film-forming foam (AFFF)
agents are currently available in
both the 3-percent and S-percent
concentrations. The 6-percent type
is procured by the Federal Government
under a military specification,
MIL-F-24385, Navy (reference 6).

The original composition of the AFFF
firefighting foam liquid concentrates
developed by the Naval Research
Laboratory (NRL) comprised a

combination of one or more highly
fluorinated ourface-active agents
in combination with foam stabilisers
and pour point depressants or other
additives (reference 7). In an
effort to reduce the cost as well as
to improve the fire extinguishing
characteristices of AFFF agents
certain modifications to this basic
composition were developed by Arthur
F. Ratzer in a paper presented at a
technical wmeeting of concerned
government agencies and manufacturers
convened on Campabello Ilsland, N, B,
during August 1! through 13th, 1964,
under the aegis of The Mearl Cor-
puration, This new composition
comprised a combination of hydro-
carbun foaming agents and highly fluor-
inated surfactants which c¢ould be
readily formulated tv meet the optimum
sucface and interfacial tension
requirements of the aqueous film to
achieve the most rapid spread rate
and stability on a liquid hydrocarbon
surface, Previous studies conducted
by Bernette and Zisman (reference 8)
at the NRL demonstrated the
synergistic surface tension-
reducing effects produced upon water
from mixtures of fluorinated alcohols
with conventional hydrocarbon
surfactants, These fundamental
principles were subsequently incor-
porated in a U.S. Patent (reference
9) which discloses a fire extin-
guishing composition cowmprising &
fluorvaliphatic surfactant and a
fluorine-free surfactant. Presently,
firefighting foam liquid concentrates
incorporating these basic concepts
are being produced on a world-wide
basis.

FLUOROPROTEIN FCAMS. A logical

offapring ~f the development of AFFF
was 8 combination of PF and the
fluorocarbon surf ce~active agents,.
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This combination is called *.1-oro-
protein" foam (FPF), and the variable
physical properties which can be
achieved by different proportions of
a protein hydrolyzate and fluorinated
surfactauts are indicated in fig-
ure i,

Iii this diagram, the FPF agents are
indicated as lying in a varigble
position between PF on the left and
AFFF on the right. If a small
quantity of a suitable fluorocarbon
is added to protein foam, the
resulting product may produce foam
with excellent stability toward
Purple~K powde:. (PKP) without the
formation of an aqueous film on the
surface of the hydrocarbon fuel.
Howear, when increased quantities of
suitable fluorocarbon surfactants
are added to a protein hydrolyzate,
the surface tension of the sclution
draining from the foam decreases
until it reaches a point where it may
spread acrogs the surface of a liquid
hydrocarbon. Under these conditions
the generic term "fluoroprotein" foam
would still apply, but the physical
characteristics of the foam would
approach and perhaps equal those of a
true AFFF.

The FPF liquid concentrates were
developed by the Naval Applied Science
Laboratory (NASL) and industry specifi-
cally to achieve an acceptable degree
of compatibility between PF and
Purple-K powder from candidate formu-
lations submitted principally by the
National Foam System, Inc. This effort
therefore recognized the basic incom-
patibility between the current
6-percent PF and Purple-K powder.

As a result of this work, a protein-
type agent was developed which demon-
strated a greatly improved compat~
ibility with Purple-K powder. The
FPF agents demonstrate complete confor-
mance with the requirements of the
Federal specificaticn for PF, and in
addition may display a high order of
compatibility with Purple-K powder when
evaluated in accordance with tests
developed by the NASL (reference
10).

From the standpoint of chemical compo-
sition, the onlv difference between
the FPF agents and those approved under
the Federal Specification is the pres-
ence of a relatively small quantity,
generally less than 1 percent by
weight, of a perflurvronated surfactant.

FLUOROPROTEIN
FOAM
PROTEIN FOAM | <@~ 1 T — AFFF
! |
| |
' g
NO AQUEOUS { | AQUEOUS FIIM
FILM FORMED | l FORMED
POWDER l:ﬁy DEVELOP
COMPATIBLE | quEOUS FIIM 7622-1
FIGURE 1. RELATIONSHIP OF FLUOROPROTEIN FOAM WITH PROTEIN FOAM

AND AQUEOUS-FILM-FGRMING FOAM (AFFF)
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These fluorocarbona convey powder
compatibility to PF through a phys-
ical rather than a chemical property.
The fluorocarbor molecule is func-
tionally double ended; that is, one
end is hydrophilic, or water loving,
and the other is hydrophobic and/or
oleophobic; that is, water and oil
hating.

The manner in which the fluorocarbon
protects the protein foam from
destruction by powder may be via-
ualized by considering the way in
which a drop of hydrocarbon tuel,
such as JP~4 or gasoline, spon-
taneously spreads when placed on the
surface of water, This same
spreading phenomenon may be con-
sidered to occur when an aqueous
protein~base foam is placed on the
surface of a hydrocarbon fuel. That
is, a very thin film of fuel,
probably monomolecular in thickness,
"climbs" or spreads up and across the
foam surface. This hydrocarbon film
in itself is not destructive to the
fcam, However, when Purple~K powder
is present in the eystem, a syner-
gistic foam-destructive wmechanism is
established between the powder and
the fuel which causes a very rapid
and progressive destruction of
the foam body., When a fluorocarbon
is present in the foamed solution,
the surface tenaion of the aqueous
phase ia lowered from approximately
45 dynes/centimeter (cm) to approx-
imately 34 dynes/cm in some formu-
lations, and the fluorocarbon mol-
ecules are orieated in the foam
wall in such a way that the fluoro-
carbon end is extended outward and
forms an oleophobic or oil~repelling
barrier at the iaterface between the
foam and fuel. This interpretation
of the phenomenon implies that the
hydrocarbon film is no longer able to
apread over the surface; therefore,
the fuel parameter ia excluded from

the foam-destructive mechanism
involving Purple-K, fuel, and foam.
This system is dynamic, however, and
only a few seconds are required to
establish the optimum foam-fuel
interfacial equilibrium condition.

LABORATORY EVALUATION OF FOAM AGENTS.

PHYSICAL PROPERTIiES OF AQUEOUS FLUORO-
CARBON FILMS PRODUCED BY THI AFFF
AGENTS. The firefighting effectiveness
of the foam produced by the perfluor-
onated sucrfactants is greatly enhanced
by the aqueous fluorocarbon film which
floats on the surface of hydrocarbon
fuels as it drains from the foam
blanket.

The mechanism whersby the fluorocarbon
surfactants function as effective
vapor securing agents is based upon
their outatanding effect in reducing
the surface tension of water and of
their controllable oleophobic and
hydrophilic properties. These proper-
ties provide & means for controlling
the physical properties of water
enabling it to float and spread across
the surface of a hydrocarbon fuel even
though it is more dense than the
substrate. This unique property led to
the term "light water" whjch appeared
in several of the early military
specifications defining the properties
of this class of agents.

According to classical theory (refer-
ence 11) concerning the spreading
of insoluble filma on liquid surfaces,
the following equaticn maintains:

sc¢ = Yo - (Yw + Yi),
where: SC = spreading coefficient of
the aqueous fluorocarbon solution,

Yo = gurface tension of the
fuel,

Yw = surface tension of the
aqueous film, and

Yi = interfacial tension between
fuel and the aqueous film,
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1f the spreading coefficient has a
value greater than zero (i.e.,
positive), the aqueous phase can
spread spontaneously upon or '"wet"
the fuel. A coefficient below zero
(i.e., negative) indicated that it
cannot spread spontaneously. When
the spreading coefficient 1is zero,
the two liquids are miscible.

Although this equation is applicable
to pure liquids, there is wide
variation possible when aqueous
fluorocarbon films spread on a
hydrocarbon fuel because of the
variable oleophobic and hydrophobic
properties of the fluorocarbon
moieties. Therefore, to assess the
interrelationship between fire-
fighting effectiveness and the
surface activity of the aqueous films
produced by the 3~ and 6-percent AFFF
agents, a study was conducted to
determine the film spread rate of
each agent as a function of its
interfacial tension on Jet A aviation
fuel (appendix B). The Jet A fuel
employed in these and all subsequent
laboratory experiments had a surface
tension of 27.0 dynes/cm.

In an effort to obtain better insight
into the aqueous film spreading
phenomenon on hydrocarbon fuels four
separate aliquot liquid fractions
were taken of the solution as it
drained from the foam body. The
spreading coefficients obtained by
this procedure using four different
6-percent AFFF solutions on Jet A
fuel are summarized in table 1. From
these data it is apparent that
only one agent (Lorcon 6) showed a
negative spreading coefficient
indicating that the first aliquot
liquid fraction which drained from
the foam would not spread spontane-
ously on Jet A fuel. It is specu-
lated that this behavior resulted
from the temporary adsorption of the

At el e e L

active fluorocarbon moietie(s) within
the body of the fosm from which it was
slowly released toward the end cf the
foam drainage cycle. However, this
same agent produced relatively high
spreading coefficient values for the
unfoamed solution and of the third
aliquot fraction which drained from the
foam,

Similar experiments were performed
using the three 3-percent AFFF agents,
and the results are presented in table
2. A compariaon of the film spreading
coefficients obtained for the 3- and
6-percent twpe AFFF agents shows a
strong similarity in pattern between
the unfoamed solution and the three
aliquot fractions of the drained foam
liquid, with the exception of the
anomalous performance of Lorcon 6.
Based upon these data, it is apparent
that all of the AFFF agents produce an
aqueous fluorocarbon film capable of
spontaneously spreading over the
surface of Jet A fuel.

However, a second factor considered of
equal significance in determining
the firefighting effectiveness ¢f the
AFFF agents is the rate at which
the aqueous fluorocarbon film spreads
over the hydrocarbon fuel surface.
To accomplish this objective, the
apparatus shown in figure 2 was
developed.

The film spread rate experiments were
conducted by discharging 4 milliliters
(ml) of solution down the inclined
trough onto the surface of the Jet A
fuel at-the uniform rate of 0.10
ml/second and observing the distance
traveled by the solution at appropriate
time intervals. The film spread rates
obtained for the unfoamed solution and
each of the three aliquot foam drainage
samples are presented in table 1 for
the 6~percent agents and in table z for
the 3-percent agents.
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For comparative purposes, these data
are plotted in figures 3 and 4 for
the 6-percent and 3-percent AFFF¥
agents, respectively. A comparison
of these profiles show similar trends
for both the 3-percent (F(-203 and
Aer-0-Water 3) and 6-percent (FC-206
and Aer-0-Water A) agents. However,
it is considered noteworthy that the
film spread rate obtained with the
third aliquot sample drained {orm
FC-206 and Aer-0-Water 6 foams
achieved the same film sprwad
rate as the unfoamed solution,
Therefore, these data tend to
indicate that the foaming of an AFFF
solution may retard the rate at which
the aqueous film spreads over Jet A
fuel. This phenomenon was, in fact,
later demonstrated in large-scale
fire tests in which the foam solution
was discharged through a non-air-
aspirating nozezle.

Visual evideace of the rate at which
an aqueous fluorocarbon film (Aer-0-
Water 6) spreads over Jet A fuel is
illustrated by the s2quential photo-~
graphs presented in figure 5.

MUTUAL COMPATIBILITY BETWEEN FOAM

LIOUID CONCENTRATES. The probability
that firefighting foam agents pro-
duced by different manufacturers will
be used concurrently in airport
firefighting operations is increasing
and requires that tests be performed
to determine the effects upon the
resulting compoaite liquid system if
these agents are inadvertently mixed.
Accelerated aging tests were there-
fore performed in nominal conformance
with Federal Specification O-F-555C
(reference 1) to determine the degree
of compatibility between the dif-
ferent bhrands within each c¢laas of
agents employed at the same usage
concentration (i.e., either 3- or
6-percent by volume), A summary

of the manufacturers and the agents
tested for compatibility within each
¢lres 18 presented in table 3.

Appendix C contains the results of the
compatibility experiments conducted
with binary mixtures at concentrations
of 25, 50, and 75 percent by volume
of each agent. From these data it is
apparent that the four 6-percent
AFFF agents demonstrated an acceptable
degree of compatibility when evaluated
in accordance with the test procedures
established in appendix C for all
liquid mixtures,

Although thz 3-percent AFFF agents are
not manufactured in accordance with
a military specification, as are the
6-percent agents (reference 6), they
also dermonstrated excellent mwmutual
compatibility in all of the laboratory
experiments,

In contrast with the AFFF agents, the
6-percent FPF liquid concentrates
showed a low order of compatibility in
the accelerated aging cycle. OF
the 1T tinary combiratisng testsd, only
two showed a sediment of 0.25 percent
(maximum allowable) or less in the
aging experiments,

Similar results were obtained when
combinations of the 3-percent fluoro-
protein agents were subjected to the
accelerated aging test., A total
of six mixtures were tested of which
only cone combination produced a
sediment of 0.25 percent or less by
volume,

From these data it is evident that
combinations of the fluoroprotein
agents should be avoided if they are to
be stored for any prolonged period of
time, However, it does not necessarily
preclude their being mixed when they
are required for immediate use.
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FILM FRONT

(a) FILM FRONT DI STANCE TRAVELED AT 2 8 SECONDS

£ILM FRONT

(b) FILM FRONT DISTANCE TRAVELED AT 13,1 SECONDS

FIGURE 5. FILM SPREAD RATE OF AN AQUEOUS FLUOROCARBON FILM

(AER-0-WATER 6) ON JET A FLEL (] OF 2)
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FILM FRONT

{c) FILM FRONT DI STANCE TRAVELED AT 25 9 SECONDS

FILM FRONT

. “""-‘2‘-«4-:42-.4“___~_{ .

(d) FILM FRONT DISTANCE TRAVELED AT 54 6 SECONDS

FIGURE 5. FILM SPREAD RATE OF AN AQUEOUS FLUOROCARBON F1LM
(AER-0-WATER 6) ON JET A FUEL (2 OF 2)
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It is speculated that the reason for
the low orvrder of compatibility
between the fluoroprotein agents as a
class is the absence of a suitable
specification to defiane pertinent
r2quirements aund thereby provide
guidance during their manufacture.
In this regard, roference 12 specif-
ically emphasizes the fact that the
mixing of protein, fluoroprotein, or
AFFF liauid concentrates of different
tvpes oc¢ produced by different
manufacturers shall not be per-
mitted unless it has been established
thiat they are mutuwally compatible
under long-term storage conditions
and that the mixture w#ill not reduce
the firefighting effectiveness of the
equipment in which {t 1is used.

Only one experiment was conducted
using 3-percent PF liquids (Aer-0-
Foam 3 and Mearl 3) in the accel-
erated aging tests. The results of
this experiment showed that an
acceptable degree of compatibility
maintained between the agents,
with sediment not exceeding 0.05
percent by volume after aging.

No compatibility experiments were
conducted with the 6-percent PF
agents because of the work previnusly
accomplished with these agents
(reference 13) and the fact that they
ar2 gaonrrallv oroduced in conformance
with the federal specification
(reference 1) which requires mutual
compatibility for approval.

COMPATIBILITY OF FIREFIGHTING FOAMS

WIYH DRY-CHEMICAL POWDERS. The
firefighting performance of all
dry-chemical powders may be regarded
to he of the "go" or "no go" type.

Thet 1is, the fire 1is either
completely extinguished with the
environment cooled below the flash

or the fira
their

point of the fuel,
will reflash. Therefore,

15
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principal use 1in combatting complex
three-dimensional fuel-spill fires 1is
as auxiliary or complementary agents
in conjunction with one or more of
the foam-blanketing agents.

The 1increasing use of dry-chemical
powders as auxiliary agents in
aircraft accidents requires a knowl-
edge of the compatibility of these
agents with different foams. The
results of large-scale fire tests
performed at NAFEC (reference 14)
with incompatible powder-foam com-
binations resulted in an almost
complete cancellation of the fire~
fighting effectiveness of both
agents, and fire control was never
obtained. To be successful the
dry-chemical powders used in either a
combined agent attack or as mop-up
agents should demonstrate a rea-
sonable degree of compatibility with
the foam,

Thne compatibility between dry-
chemical powders and different foams
is usually one of degree rather than
an absoli:te value. Therefure, lab-
oratory tests designed to evaluate
this property must be correlated with
the results obtained using the same
agenty under actual full-scale crash
fire conditions. The laboratory test
outlined in appendix D contains the
four parameters existent in all air-
craft fire situnations in which foam
and powder =zre employed; i.e., fuel,
heat, foam, and dry-chemical powder.
The purpose of employing this test
procedure, in which the materials are
intimately mixed and expcsed to
intense thermal radiation, was an
attempt ro simulate the most severe
conditions which might be realized
under actual crash firefighting
conditions and to avoid the ambiguity
sometimes associated with inter-
preting the results of tests repre-
sentative of some unknown inter-
mediate degree of fire severity.

- iﬂm.‘-m&tum e i3
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The reaults of experiments performed
in accordance with this procedure
using a variety of foam and dry-
chemical agents !ndicated that {f the
time required to collect 25 ml of
foam solution was 2.0 minutes (min)
oOr mote, an acceptable degree of
compatibility would be obtained under
conditions {nvolving a high-degree
of turbulence of the burning fuel,
foam, and dry-chemical powder in
crash~fire situations (references 1)
and 19). The experimental resulta
obtained uaing this test method and
five different dry-chemical powders
with each agent comprising the three
classea of foams are summarized {n
table 4. The manufacturers of the
dry-chemical powders are presented in
appendix E.

From these data {t is apparent that
all of the 6~ and 3-percent AFFF
agents demonatrated an acceptable
degree of compatibility with each of
the five Jdry-chemical powders when
tested in accordance with the pro-
cedure outlined in appendix D.

In contrast with the AFFF agents, 6
of the 10 fluoroprotein agents showed
an acceptable degree of compatibility
vith Monnex® and compatible dry-
chewical (CDC), while only four
demonstrated acceptable compatibility
with monomon{um phosphate (ABC)
powder. N~ compatibility was shown
between any of the 10 fluoroprotein
agents and Super K or Purple K powder
(PKP). None of the five dry-chemical
powders were compatible with either
the 6- or 3-percent regular PF agents
tested. As a consequence of these
adverse results, a second series
of experiments was conducted in an
effort to identify the parameter
responsible for the incompatibility
between the PF and FPF agents and the
dry~chemical powders.

Previous foam powder compatibility
experiments conducted {n nominal
conformance with reference 16 {ndicated
that the major parameter contributing
to incompatibility was the tuel.
Therefore, to assess the effect of the
fuel parameter, a second series of
experiments was conducted similarly to
the first in which the fuel was omitted
from the aystem.

The results of these experiments are
summarized in table 5. From these
data it is apparent that the
compatibility between the PF and FPF
type foam agents and dry-chemical
powders showed marked improvement in
the absence of fuel. However, it (s
obvious that any teat method purporting
to measure the compatibility between
firefighting agents which are rec-
ommended for use either in combiuation
ot sequentially (reference 17) that
does not take cognizance of the
presence of fuel 1s unresponsive to the
conditions maintaining in afrcraft
accidents {nvolving fire. It was for
this reason that the test procedure
presented in appendix D was developed
and determined to be reasonably
consistent with the results obtained in
full-scale outdoor fire tests.
Therefore, the foam and dry-chemical
powder compatibility data presented in
tahle 4 are considered to more closely
approximate the compatibility to be
anticipated 1in alrcraft accidents
involving wassive fuaz2l spill fires.

COMPATIBILITY OF FIREFIGHTING FOAMS
WITH VAPORIZING LIQUIDS (HALOGENATED
HYDROCARBONS). The halogenated hydro-
carbons are considered among the
more stable of the organic compounds.
Although all of the vaporizing agents
employed in firefighting are chemically
related, each member of the group has a
different chemical structure resulting
in different degrees of thermal

16
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TABLE 5.

Foam ents

AFFF
FC~200
FC~206
AER-O-WATER 6
LORCON
ANSUL
FC-203
AER-O-WATER 3
AER-O~WATER PLUS 3

FPF
AER~0-FOAM XL-~6
LORCON K

LORCON FP

ANGUS FP=-570
PYRENE PLUS F
PROTECTOFOAM
AER-0-FOAM XL-3
LORCON FP 3
ANGUS FP-70
MEARL

PF
TYPE O-F-555C
AER-0-FOAM 3
MEARL

COMPATIBILITY OF AFFF, FPF, AND PF AGENTS WITH
DRY-CHEMICAL POWDERS (WITHOUT JET A FUEL)

FOAM SOLUTION DRAINAGE TIME FOR 25 ml
MintSec

Foam, Powder, and Heat

Foam and | Dry-Chemical Powders
Heat Alone Super K PKP &ne ABC
6:55 4:05 5:00 3144 5:05
4350 3:35 3:45 2:55 3:20
5:20 3:35 3:15 3124 3:50
4:15 2:45 2:50 2:10 2:30
5:20 5:20 6:18 2:19 5:20
6:15 3:50 4:00 3126 4:50
6:55 2:40 3:00 2:28 3:30
4:24 3:27 3:26 2:07 4:09
4:10 3:00 2:05 2:06 4:40
7:05 4:45 3:15 2:37 4:15
6:48 4:00 4:15 2:03 5:15
7:22 3:16 2:59 2:19 5:37
4:38 3:16 3:15 3:04 5:07
5:30 2:44 1.30 2:12 3:35
6:00 2:18 1:25 1:46 3:25
5:10 1:48 4:20 2:21 4:00
4:59 2:15 2:01 2:00 4:52
5:16 4:09 3:41 2:00 5:15
6:15 3:08 1:35 1:56 3:45
5:25 2:14 0:20 1:33 2:15
6:49 4:12 2:11 2:44 3:36
i
18
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4:45
3:15
3:50
2:40
5:20
4340
2:40
3:45
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stability. The molecular stability
of individual compounds is a function
of the dissociation energies for the
weakest bonds in the molecules;
accordingly, the weaker the bond
energy, the more readily thermal
dissociation will be accomplished.

As a consequence of the low chemical
reactivity of these agents at ambient
temperatures and their very low water
solubility, they are compatible with
all preformed aqueous foams. In
addition, the AFFF solutions were
shown to be compatible with chloro-
bromomethane (CB) in reference 15,
and in referance 3 the premixed AFFF
solution was '"blown" (rfoamed) with
Freon 12 (dichlorodifluoromethane).

Although the pure vaporizing agents
show an acceptable degreée of compat-
ibility with preformed foams, there
may be sume minor transient incompat-
ibility with their pyrolyses prod-
ucts. An extensive series of tests
conducted by ICI America under
practical fire conditions using
bromochlorodifluoromethane indicated
that about 98 percent of the agent is
volitalized in an unchanged con-
dition. Analyses of the data avail-
able on the thermal decomposition
products of the hologenated compounds
indicates that these are quite
similar for all of the agents. The
products 1include principally the
halogen-acid gases such as hydrogen
fluoride, hydrogen chloride, hydrogen
bromide, and to a lesser extent the
free halogens (chlorine, bromine, but
not fluorine) carbon monoxide and
various analogs of phosgene (COClj)
such as COFCl, COF;, COFBr, etc. All
of which are highly toxic. It is
these acidic pyrolysis products which
could conceivably be incompatible
with established blankets of pre-
formed foams. However, because of
the dynamic and highly turbulent
environmental conditions inherent in

SOLVENTS.

combatting large outdoor free-burning
pool fires no significant incom-
patibility has been observed or
reported when employing the vaporizing
agents and aqueous foams either simul-
taneously or sequentially,

STABILITY OF PREFORMED FOAMS ON POLAR
The primary hazard asso-
ciated with aircraft firefighting 1is
the large quantity of hydrocarbon fuel
and oil carried. These petroleum
products are insoluble in water and are
sometimes referred to as nonpolar
compounds, to differentiate them from
the polar compounds or p ar solvents
which are either completely soluble or
partially soluble in water. All other
flammable 1liquids associated with the
operation of the aircraft are extremely
small by comparison. However, the
large increase in cargo shipments of
highly flammable polar solvents
presents a potential hazard worthy of
consideration by the Crash-Fire Rescue
(CFR) services at airports in the
future.

Regular AFFF, FPF, and PF agents are
satisfactory for extinguishing/securing
large aviation fuel fires at nominal
application densities from 0.022 to
0.053 gallons per square foot (gal/
ft2) depending upon the fire con-
ditions. However, these agents are not
capable of securing large quantities of
polar solvents existing in-depth at
these application densities.

To effectively fight polar solvent
fires of significant depth, a special
class of extinguishing agents has been
developed which are variously referred
to as being of the "alcohol-type,"
"polar solvent type," or "all-purpose
type." An example of the solution
application rates récommended by one
manufacturer using specially formulated
foam agents (reference 18) to
extinguish several different classes of

e il 2. e i 2 i N Y A P
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polar solvent fires ies fpresented in
appendix F. From these data, it is
apparent that the solution appli-
cation rstes required to extinguish
different polar solvent fires, even
with these speciglly formulated
agents, requires somewhat elevated
solution application rates over those
recommended for hydrocarbon fires.
These data also emphasiie the depend-
ence of the foam solution application
rate on the particular type of polar
solvent fuel involved. Althcough the
polar solventes carried as cargo
pose a potential fire hazard the
actual quantity and packaging
requirements (reference 19) for
shipment tend to reduce the hazard to
within the capabilities of the CFR
services using rcgular nonpolar fire
ext inguishing agents,

The polar solvent most frequently
used onboard aircraft is methanol,
either neat or in the form of its
aqueous solutions., The quantity of
nest methanol carried may vary from a
few gallons to 45 gallons or more
depending upon the configuration of
the aircraft. Therefore, laboratory
foam stability experiments were

performed on neat methanol and its
aqueous solutions in acsordancs
with the experimental requirements

outlined in appendix G.

In these experiments the volume of
foam used (35.77 in3d) and the area
of interfacial cortact with the fuel
(26.01 in?) were held constant.
These parameters were considered most
representative of actual firefighting
field conditions.

Because of the wide variation in the
foeming characteristics of each
class of agents the average foam
expansion ratios varied as follows:

AFFF, 18-20:1; FPF, 10-12:1; and PF,
8-10:1 by volume, which resulted in
the following solution application

densitiea: AFFF, 0.042 g3al/ft?;
FPF, 0.071 gal/ft2; and PF, 0.084
gai/ft2. As a consequence of the

relatively large volume of methanol
employed in these experiments, the
dilution caused by the liquid which
drained from the foam was negligible.

The results of the foam stability
experiments conducted with AFFF, FPF,
and PF agents on neat methanol and
aqueous solutions of 75, 50, end 25
percent by volume are summarized in
table 6, These data tend to indicate
that the rate &t which the foams are
destroyed decreases as the solution
becomes more dilute and that the
critical concentration required to
delay the very rapid destruction of the
foam lies somewhere between 25 and 50
percent by volume. The most stable
foam blanket on methanol and its
solutions were produced by the
fluoroprotein foams (Aer~0-Foam XL-=6,
XL-3, Angus FP-70) and protein foams
(Aero-0-Foam 3 and Mearl 3).

In these experiments, the estimated
average foam solution application
density varied between 0,071 and 0.084
gal/ft2 when the foam was placed
gently on the methanol surface,
However, in actual practice, where
these foams are normally applied from
an air-uspirating nozzle, the appli-
cation density would have to be
increased by a factor of 2 to 3 to
offset the deleterious effects produced
by the turbulent action cauaed by
this mode of diascharge.

FOAM QUALITY DETERMINATIONS. After the
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completion of the laboratory experi-
ments, a scries of small-scale fire
tests was scheduled employing the
standard U.S. Navy (~gel/min foam
nozzl: specified in reference 1. Prior
to performing these experiments, the
quality of foam produced by those
agents, which were considered
candidates for future evaluation, wac
determined,




TABLE 6.
Agen: rc-200
Solution
conc e ( Q __g_
MNethanol
Couc.
Percant
by Volume
100 0:09
75 0:25
30 30:00
25 -—
0 -—
Agent AER=-0~-FOAM
XL-6
Solution

Conc. () _6

Methanol
Cone.
Percent
by Volume
100 &
75 30
30
25
0

A

0
0

N

Agent

Solution
Cone, (X)

Hethanol
Conc.
Perceat
by Volume

100
75
30
25

0

YN 1R (R IO O g

Foss Stadility

STABILITY OF PREFORMED FOAMS ON NEAT METHANOL AND ITS AQUEOUS SOLUTIONS

Nin:Sec
APFY AGENTS
FC=206 AER-O~MATER 6 ANSUL LORCON  AER-O-NATER 3} ARR-O~WATER PC-203
rLUS 3
L S L L S = i,
0:08 0:08 0:00 0:00 0:00 0:00 0:02
0:18 6:39 0:10 0:07 0:27 0:11 0:46
30:00 30:00 30:00 12:48 ¥:00 301:00 30:00
-3 -— - 30:00 - w— -
FLUOROPROTEIN FOAM AGENTS
ANGUS PYRENE  ABR-0-FOAX ANGUS
LORCON X LORCON FP FP-570 Plus T -3 P=70 LORCON FP3 NEARL
£ 5 S & 3 I N N 2
0:04 0:00 0:50 0:920 1:02 1:05 0:00 0:07
7:44 1:28 30:00 0:09 30:00 25:36 0:46 22:04
30:00 30:00 - 30:00 — 30:00 30:00 30:00
PROTEIR FOAM
Federal Spec.
0-r=-555C AER-0~FOAM * NEARL
S 3 S
0:08 0:59 0:06
19:4% 30:00 30:00
30:00 — -
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The quality of AFFF, FPF, and PF
agents was determined in terms of the
expansion ratio and 25-percent
solution drainage time, in &ccordance
with NFPA methods (reference 12), A
third physical property of fire-
fighting foams not included as a
requirement in current federal,
military, or civil specifications
is viscosity,

The instrument ewmployed in measuring
the foam viscosity in these experi-
ments is shown in figure 6.
Essentially, the instrument consists
of a constant speed rotating torsion
wire and vane which may be adjusted
to shear a sample of foam held in a
special container.

The torsion wire and vane are rotated
by a geared motor in the head of
the instrument. The torsion wire is
enclosed in a brass tube on the
downward facing spindle of the gear
box. Attached to the lower end of
this tube is an adjustable circular
scale which is divided into 100
divisions. Thc vane is attached to
the torsion wire which is also fitted
with a steel disk of sufficient size
to keep the wire taut. These com-
ponents are arranged so that they can
be moved vertically as a unit, and
the sliding head is fitted with
adjustable stops which can be preset
so that when the head is depressed
the vane is fully emersed in the foam
to its uppermost edge.

The results of the foam quality
experiments are presented in tables 7
through 9. These tables show foam
quality data in terms of the foam
expansion ratio and 235~percent
solution drainage time for the
candidate agents subsequently
employed in the small-gcale fire
tests. However, only one agent

22
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was selected from each class and type
for detailed analysis of the change
in foam viscosity as a function of time
after formation. These data were
congidered of value in assessing foam
fluidity, which is one of the principal
properties defining fire control time.
The increase in foam viscosity with
time is indicated by the profiles
presented in figure 7.

SMALL-SCALE FIRE EXTINGUISHING

EXPERIMENTS.

COMPARATIVE EVALUATION OF FIREFIGHTING

FOAMS ON 100-SQUAKE-FOOT JET A FUEL

FIRES, The foam equivalency ranking
procedure presented in appendix A
requires a determination of the
relative fire extinguishing effec~-
tiveness of agents under a variety of
environmental conditions encountered in
actual aircraft accident situations,
Therefore, a series of small-scale fire
tests was developed based upon the fire
requirements of Federal Specification
0-F--555~C using the standard 6-gal/min
foam nozzle. Experiments were con-
ducted with the three classes of foam
agents in accordance with the modified
procedure presented in appendix H. The
results of these experiments are
summarized in tables 10 through 12,

Table 10 presents a summary of the data
obtained using the 3- and 6-percent
AFFF agents. These data show the
average fire control and extinguishing
times for both concentrations to be of
the same order of magnitude, with the
3-percent showing a slight advantage
over the 6-percent agents.

The data presented in table 11 indicate
that all of the FPF agents passed the
foam sealability and burnback require-
ments. However, the fire control and

ext inguishing times varied widely among
In general

the different FPF agents.
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the average fire control and extin-
guishing times for the 6-percent
agents were lower than for the
3-percent foams, while those for the
4-, 4.5~, and S5-percent agents were
found tc lie between these extremes.

The results of experiments conducted
with one 6-percent and two 3-percent
PF agents are summarized in table 12,
These data indicate that all PF
agents passed the sealability and
burnback requirements and that
neither class of agents demonstrated
a significant advantage in the fire
control and extinguishing times over
the other.

This experimental procedure demon-
sirated the adequacy of AFFF, FPF,
and PF agents to meet the minimum
requirements for compliance with
the federal specification at a foam
solution afplication rate of 0.06
gal/min/ft4., However, the 3- and
6-percent AFFF agents exhibited the
fastest fire control and extir-
guishing times of all agents tested.

EFFECT OF SOLUTION TEMPERATURE ON
FOAM QUALITY AND FIRE EXTINGUISHING
EFFECTIVENESS OF FOAM AGENTS. The
effect of the ambient air temperature
upon foam production under simulated
crash fire conditions has not been
extensively investigated because of
the logistics problems inherent in
conducting full-scale fire tests
under extremely low~temperature
conditions. However, it was evident
in one series of experiments
(reference 13) conducted at temp-
eratures from 18° to 20° Fahrenheit
(F), that the ambient air temperature
was of minor importance in deter-
mining the fire control time,
probably, in part, because of the
temperature~moderating influence
produced by the intense thermal
radiation on the environment during

30

foam application, In general, the
temperature of the water and foam
liquid was determined to be more
influential than the ambient air
temperature in establishing the foam
quality produced by any particulaz
foam-dispensing system,

The regults of small-scale (100-
square-foot) fire tests and foam
quality experiments conducted at
solution temperatures of 35° F and 125°
F with AFFF and those agents based upon
protein hydrolyzates are summarized in
table 13. The general trend among all
foans was for the expansion ratio to
increase (figure 8) and the 25-percent
solution drainage time to decrease
(figure 9) as the solution temperature
was increased from 35" F to 125° F,
The effect of these diverse trends in
foam quality upon fire control time is
indicated in figure 10 for the dif-
ferent classes of agents. From these
profiles it is apparent that the
firefighting effectiveness of the
AFFF's tends to increase as the solu-
tion temperature is increased, while
the proteinaceous agents required a
longer time for fire control at the
higher solution temperatures. One
interpretation of the improved fire-
fighting effectiveness of the AFFF
agents concerns the more rapid release
of the aqueous perfluorinated sur-
factant film (figure 5) from the foam
body at elevated solution temperatures,
which 1is the predominant factor
defining rapid fire control by these
agents,

However, since no aqueous film is
produced by the protein-base agents,
the predominant factor defining fire-
fighting effectiveness is foam quality,
which is indicated in figure 9 to
rapidly deteriorate rthrough the loss of
liquid as it drains from the foam body
at elevated solution :emperatures. The
extended fire coutrol time is further
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i TABLE 12, FIREFIGHTING EFFECTIVENESS OF PF AGENTS ON 100~SQUARE-FOOT FIRES
TYPE AER-0-FOAM
Foam Agent 0~-F-555C 3 MEARL
9
: Class of Agent PF PF PF
i
1 Concentration-2 6 3 3
Ambient Air 80 78 74
Temperature~"F
3 .
1 Wind Velocity 0-3 2 -9
mph
1
; Fire Control 0:55 1:00 0:46
3 Time~Min:Sec
Fire Exting. 2:27 3:00 1:42
Time~Min:Sec
Sealability Pass Pass Pass
Test
Burnback Test Pass Pass Pass
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sugmented by an increase in the foam
expansion ratio, as indicated in
figure 8, which, in the case of
low-exparsion protein-type foam
agents, is accompanied by a rise in
foam viscosity (reference 9).
As the foan viscosity increases, the
fluidity decreases, and the foam may
become more difficult and time-
consuming to distribute uniformly
over & burning fuel surface.
Therefore, excessively high or low
water temperatures are to be avoided
to obtain optimum firefighting foam
quality, particularly with regard to
the protein-base agents.

EFFECT OF WATER HARDNESS ON THE

FIRE-EXTINGUISHING EFFECTIVENESS

OF FOAM AGENTS. With respect to

hardneas, waters may be roughly
classified as soft, less than 50
parts per million (ppw); moderately
hard, 50 to 100 ppm; and hard, above
100 ppm,

Water hardness derives principally
from the presence of the calcium and
magnesium cations and to the
chloride, sulfate, carbonate, and
bicarbonate anions which are dis-
solved in various amounts as they
contact different geologic formations
and are subsequently exposed to local
environmental conditions. A deter~
mination of the water hardness at a
number of airport locations through-~
out the United States indicated that
the hardness varied from approxi-
mately 3 ppm to 410 ppm (reference
13). As a consequence of this
finding, it was decided to conduct

the evaluation of agents at 18 ppm,
which is the approximate hardness of
water at NAFEC, and at 470 ppm, which
is roughly equivaleut to one-half the
hardness of coastal

sea water.

36

Since it is known that various
quantities and combinations of
contaminating ionic moieties could
have a degrading effect upon fire-
fighting effectiveness, it was con-
sidered expedient to identify any
adverse reactions caused by water
hardness by cunducting a series of
laboratory foam quality experiments
and small-scale outdoor fire tests.

The results of the foam quality
experiments conducted with each class
of agents «t water hardness levels of
18 ppm and 470 ppm are summarized in
table 14, Only one agent was selected
from each class in an effort to
identify any general trends concerning
the effects of water hardness on
foam quality.

The profiles presented in figure 11
show a decrease in the foam expansion
ratio for increasing water hardness
with the exception of AER-O-Water 3
which increased and XL-16 which
remained unchanged, while figure 12
shows a general decrease in the
25-percent solution drainage time for
all classes of agents with an increase
in water hardness., The slope of the
curveg counstructed for the AFFF
agents indicate that the foam solution
drainage rates increase with increasing
water hardness, thereby, releasing the
fluorocarbon film more rapidly from the
foam body. Therefore, it is apparent
that both elevated solutior tem-
peratures and an increase in the water
hardness accelerate the release of the
aquecus fluorocarbon film from AFFF,

The effect of water harduness -~
firefighting effectiveness was
determined by selecting one repre-
sentative 3- and one 6-percent agent
from each c¢lass and conducting teats
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in the 100~square-foot test tank
(reference 1). The results of these
experiments are summarized by the
profiles presented in figure 13, The
fire performance of these agents
tends to suggest that their indi-
vidual effectiveness is strongly
influenced by water hardness in the
fire environment. However, it is
noteworthy that all of the 6-percent
types demonstrated shorter and all of
the 3-percent types longer fire
control times with hard water
regardless of their class.

THERMAL STABILITY OF FOAMS ON JET A
FUEL FIRES. The relative thermal
stability of mechanical foam blankets
was determined for AFFF, FPF, and
PF agents by modifying the fire test
procedure required in reference 1
to include a source of thermal
radiation and flame impingement on
the established foam blankets. Foam
blanket stability was determined as a
function of the time required for
fuel reignition to occur as a con-
sequence of the thermal disinte-
gration of the foam blanket. A
descriptinn of the equipment and test
method is presented in appendix I.

In these experiments, 6-percent PF
conforming to the federal specifi-~
cation (reference 1) was chosen as a
frame of reference for comparing the
foam blanket stability with that
obtained for other agents.

The results of the fire tests are
presented in tables 15 through 17.
From the data presented in table 15
for the 3- and 6-percent AFFF agents,
it is evident that fire control was
achieved with all foams within 37 to
47 seconds. At the coanclusion of the
10 minute fcam application period,
the residual blankets varied from
5.75 to 10 inches in depth. In
general, the correlation between foam

40

depth and fuel reignition times are
good. However, foam quality in terms
of heat resistance also appears to be
sipnificant, as evidenced by FC-206
which produced o 7-inch-~deep foam
blanket that resisted fuel reigni-
tion for 9.5 minutes, which was the
longest for any of the AFFF agents.
The generally longer fire extin-
guishing times required by the
3-percent over the 6-percent AFFF
agents is attributable in part to the
higher viscosity of the 3-percent
foams.

The fire test reaults obtained with the
FPF agents are summarized in table 16.
These data display a rather broad range
of fire control and extinguishing times
among the various commercially
available products. The quality of
foam produced by the different agents
also varied widely, especially in terms
of the 25-percent drainage time which
ranged from 55 seconds to 6 minutes.
It is noteworthy, however, that the
thermal stability of the resulting foam
blanket, in terms of the fuel
reignition time, was 10 minutes
or more for all foams with the excep-
tion of Aer-0-Foam XL-3 which required
5.5 minutes., These results tend to
indicate that the overall effectiveness
of the FPF agents may be more closely
associated with the oleophobic prop-
erties of the expanded foam conveyed by
the fluoronated surfactant than
to the pureiy mechanical properties of
the foam. However, none of the FPF
agents displayed any significant
tendency to produce a spreading
aqueous film upon the surface of Jet A
fuel.

e A e w

PPy

The results of the fuel reignition
experiments performed with one
6~percent and two 3-percent PF agents
are presented in table 17. These
data indicate that the PF agents
provided rapid fire control and extin-
guishment of the Jet A fires which
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; . TABLE 17. THERMAL STABILITY OF FOAM BLANKETS PRODUCED BY PF AGENTS . } ﬁ
F .
TYPE AER~-0~POAM
FOAM AGENT 0~F~-555C 3 MEBARL
Class of Agent P¥ PrF PF¥ ‘
}
E Concentration - X 6 3 k|
Ambient Air 55 54 69 .
Temperature - °F !
Wind Velocity 10 10 6-8 ‘
oph
Fire Contr.i 1:15 1:20 0:46
Time - Min:Sec
Fire Exting. 3:00 2:30 3:40
Time ~ Min:Sec
Foam Depth 7.75 6.0 10.0 3
Inch .
Reignition 13:15 8:03 13:18
Time ~ Min:Sec
L.
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resulted in a heavy cohesive blanket
over the fuel surface after foam
discharge., The toam produced by the
6-percent agunt was the moat
thermally resistant to radiant wsnerjy
as evidenced by itas lower dateri-
oration rate, Thue rate at which the
foam blanket produced by the two
J-percent agents deteriovated was
¢ssunt ially identical. Howaver, the
J=percart Mearl foeam provided pro-

tection equivalent to that of the

6-percent foam because of its greater
depth,

A comparison of the fire control and
oxt inguishing times obtained with
AFFF and PF illustrates the very
vapid fire control times that are
characteristic of the AFFF agents.
It was obsurved during theae testa
that fire contrel, and particularly
the fire-extinguishment time, was a
function of foam fluidity., The drum
vbatruction in the ceater of the tank
required th2 foam to flow around the
back of the obatacle, and the morw
viscoua foama produced a VY-shaped
opening in this area which required a
maasive buildup of foam to close,
This condition was most ovident with
PF.

Although there was wide variatioan
between individual agents within
wach clasa, 8 comparison of the
thermal reaistance of the fire-
fighting foame, based upon their
diaintegration ratws, tends to
indicate the following raaking order
from most to least stable: FPF
6=-percent > FP¥ J-percent > PF
6-parcent > PF 3J-parcent > AFFF 6-
parcant > AFFF 3-purcent. Te e
noteworthy thet this ranking order
is not represenzative of the Ffire-
fightiag effectivenesas of thense
agents but oaly of the stability of
catablished blankets of these foams
to pravent reignition after fire
ext inguishment .

pasc T OTTONROR FR G

The wide variation in the results of
exparimants conducted with FPF agents
manufactured and distributed on a
world-wide basas, strongly auggests the
roquirement for a specification to
provide basic guidelines for manufac-
turers in formulating chese agents to
achieve their maximum effectivenesa
for use in the CFR services.

THE EFFECT OF WATER_ SPRAY ON

ESTABLISHED BLANKETS OF AFFF, FPF, AND

PF FOAM. A study of the relative
effect of water-spray on established
blankets of firefighting foams was
conaiderad necessary to provide irfor-
mation which would be usefui in esti-
mating the disruptive uffect that could
be caused by heavy rain or by water
diacharge frum firvefighting equipment,

A osmall-scale water~spray test proce-
dure was developed baswed upon the
100-square-foot fire teat tank and
6-gal/min foam nozkle required in the
fedaral apecification (reference 1),

The procedure required that the 100-
square-foot tuest tank be filled to a
depth of 12 inches with wataer upon
wvhich 100 gallons of Jet A fuel were
floatad. The fuel was then ignited and
allowed to burn for 60 ssconds, after
which foan was discharged onto the fire
for & period of 5 minutea, and the
times required to obtain contrel and
oxt inguishment were recorded., In these
axperinents, the fire control time waa
judged to be the time required for 90
percen: of th» fuel surface to be
covered by foam, and the tire extin-
guishment time was racorded as the
total 2lapsed time until al! flames
ware wxt inguished within the tank, The
foam blanket sealability was evaluated
for a pariod of 1 miwmte by continually
passing a lighted torch held 1/2 inch
above the esurface in accordance with
the requirsment of the tederal speci-
fication, At the conclusion of the

43
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l-minute torching period, che water-
aprinkler system was activated and
allowed to discharge for 30 seconds,
after which the aystew was
deactivated and the torch pessed
over the remaining foaw dlanket for |}
minut2 tn an attempt to {gnite any
encaping fuel vapors., This entive
process was repeated until permanent
tani{tion of the fuel occurred,
The number of successful water-apray
cycles completed was considered &
measure of the foam blanket
stability.

The resulta of the water=-spray tests
using AFFF are presented in table 18
and for the FPF and PP agents in
tables 1Y and 20, respectively,

A bar chart relating the foam blanket
atability of each agent tested is
preaented in figure &, where the
namber of spray cycles obtained,
befors blankat tellure occurred, ia
plotted on the ordinate, A com-
pavison of these teat reasults shows
that the number of sprey cyclee
completed by FPF, an a class of
agents, significantly excveeded that
of either AFFF ov PF, These data also
indicate that (he uase cuncentration
(agent type' of the agents within e
spocific clase in not 4 major contei-
buriug factor in determining the
rezintance of an eatablizhed foam
blanket to destruction by watery
apray, with the exception of PF, The
water-apray vesistance demonstrated
by FI'F appears to be the result of a
Avnergintic reaction between the
perfluoronated surfactanta and
protein hydrolyrates which produce a
foam significantly superior to =ither
of the components individually,

EFFECT OF TERRAGN ON THE CONTROL AND
EXTINGUISHMENT OF JKT A FOKL FIRKES
BY FOAM, Previous tests vonducted at
NAFEC comparing the fire cantrol

46
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and ext inguishment times for dif-
ferent foam agents were performed on
large water-base pool firees. In
these experiwmeuts, a water gsubstrate
was used under the fuel to adjust the
level of the liquid surface and
prevent the intrvusion of islande
through the surface. Although this
procedure led to the eatablishwent of
uniform fire tesat conditions, it was
not necessarily representative of
atrcraft crash-fire conditions.
Therefors, to establish & wmore valid
basia for the estimation of foam
blanket astability, a series of swall-
acale experiments was pecformed on
three different types of terrain uaing
AFFF, FPF, and PF, A deecription of
the fire test procedure and the wquip-
ment employed in these sxperimenta is»
contained in appendin J. The tvper of
terrain employed to evaluate toam
stability included wsand, traprock,
simulated treve-studded sod, and a
standard water-bame pool fire for
comparison of the fire control and
extinguishwent timea, Iu these tests,
the primary ubjectives were tuo evaluate
the stability of the foam in contact
with the burning Ffuel-svaked surfacea
and tu eatimate the rate of flow of
foam acrvoss the varivue simuleted
tervaina, A wteel backboard, requiring
foam atream impingement before draining
tnto the fire wit, was used to expose
the foama to the most severs eunviron-
mental conditions poasible, Foam was
dispended at a aolution rvate of C,06
gal/min/ft? for all tests, which
sapprorimates the threshold valve for
PF, The effect of these different
terraine upon the fire control aand
ext inguishment tiwes for Jet A& fuel
fires employing representalive wmemders
of the three classes of firefighting
foame avre presented in tables 21
through 23,

From the data presented in table 24, it
ia appavent that all of the foam

it a1 b b i ks B e gk
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TABLE 20. EFFECT OF WATER SPRAY ON PF BLANKETS

TYPE AER-0-FOAM
| FOAM AGENT 0-F=355¢C 3 MEARL
.
| "lass of Agent PF PF PF
Conceniration - X 6 3 3
Ambient Air 71 78 30
Temperature ~ °F
Wind Velocity - wmph 6~-10 2-4 0-5
Avg. Fire Control Time 1:12 1:12 0:57
(2 Tects) ~ Min:Sec
Avg. Fire Exting., Time 2:55 2:52 1:57 :
(2 Tests) - Min:Sec ;
Avg. Foam Depth 2.75 3.5 2.4 k
(2 Tests) = Inch i
Avg., Water Spray Cycles 13 9 3
Completed (2 Tests) i
3
i
:
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agents met the nominal fire control
and extinguishing tiwmes established
in reference | for PF. However, none
of the foam agents met the 4-minute
control and S-winut2 extinguishing
times required in the federal speci-
fication when discharged on sny of
the other simulated terrains, with
the exception of the AFFF agents on
the sandy terrain.

The data presented in tables 21
through 23 show that of the three
terrains tested the simulated tree-
studded sod posed the most cowplex
fire situation, since it comprised
both class B and three-dimensional
class A fires., By contrast, the
sandy terrain Jet A fire was the
least difficult to extinguish,
followed in complexity by the
traprock fire configuration. These
results therefore tend to emphasize
the importance of the physical
properties of the foam, in terms of
expansion ratio and foam viscosity to
provide a rapidly spreading vapor-
securing blanket over the fire
hazard.

The results of these tests also
suggeat that five control and extin-
guishment times obtained under simple
pool fire conditions may not be
adequate to accurately define the
actual requirements with regard to
the solution application density
necessary and the time vcequired to
achieve fire control and extin-
guishment when different natural
surface structures are involved,
Trhese facts were confirmed by pre-
vious full-scale fire tests using
B-47 aircraft (reference 13) which
emphasirzed the fact that other
pavameters are invelved in aircraft
firefighting than those encountered
in simple, pocl fire experviments,
The sircraft configuracion and its
position relative to the wind
direction and the type of terrain
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are among the factore which may
affect the fire control time.

LARGE-SCALE FIRE EXTINGUISHING

TRy T e ot T T

EXPERIMENTS.

FULL-SCALE FUAM DISPENSING EQUIPMENT.

Two different turret nozzles were
euployed in the large-occale fire-
modeling experimentz, One {figure 15 a
and b) was &n air-aspirating single-
barrel unit witi¥ & nominal solutiom
diascharge rate of 800 gal/min at 250
pounds par square inch (1b/in2) at
the pump. This nozzle was capable of
imparting high energy to the foam
solution by creating a condition of
high shear and turbulation to the foam
during passage through the barrel.
Foam shapers at the end of the barrel
were capable of chaaging the foam
pattern from estraight stream to the
fully dispersed pattern in a contin-
uous manner.

The second nozzie (figure 16 a and b)
was a non-air-aspirating single-
barrel unit comprising a discharge tube
and a stacked deluge tip with a
1.5-inch crifice capable of discharging
foam solution at the rate of 800
gal/min. Foam shapers were adapted to
the eand of the nozzle which were
capable of varying the discharge
from straight stream to a fully dis-
persed pattern.

Figures 16 and 18 through 21 show
the foam ground patterns produced
by the 3- and 6-percent AFFF, FPF,
and PF agents when dispensed in the
straight stream and fully dispersed
modes. These patterns are of value
when adjusting the initial fosm dis-
persion pattern and for estimating the
nozzle elevation required after eack
successive traverse across the fire pit
to achieve the minimum fire control and
ext inguishing times.

The quality of foam produced by the
800-gal/min turret nozzles is

:
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(b) FRONT VIEW

FIGURE 15, GENERAL CONFLGURATION OF THE ALR-ASPIRATING FOAM NOZZLE
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58




FOAM THROY RANGE — FEET

240

200

140

ATRRES ST FATIEEEEL AR T TR e e ame e

280
i
40
200 -
-
w
(]
'S
[}
w 160~
$ 0
x !
b o
0\ /I g | |
WV A
b o[ | |
b b
|| L
l
|l 40 b~ ‘i
N |‘l _
l ! }
\ |‘ vy i E
[ I | | [ 9 L1 w i1 11 1.1 4
10 19 0 10 20 20 10 © 10 20 2010 0 10 20 2010 0 10 20 ]
DIS™ERSED STRAIGHT DISPERSED STRAIGHT 3
STREAM STREAM STREAM STREAM
WIDTN - MERY WIOTH — FERT
(A) FOAM GROUND PATTEANWS FOR THE (B} FOAM GROUND PATTERNS FOR THE
6 -PERCENT LAREPE AGRATS ) ~FERCENT ARFP AGENTS

79-2-18

T P - N P T

FIGURE 18. FOAM GROUND PATTERNS PRODUCED WITH AFFF AT 800 CAL/MIN
USING THE NON-AIR-ASPIRATING WATER NOZZLE

59




P T T I

F1ZZON RVO0d INIIVEIdSY-¥IV ZHI WO¥d
9ISd 0ST IV NIW/TvD 008 4O gdIvd NOI1N10S IV €-IX aNvV 9-TX SINIIV

TR YA FTITRE T e aza o e

RIZIOWJ0E0NTd FHL 18 a3onaodd SNEZALLYd gNNo¥d Wvod FHL 40 NOSI¥VJH0O *61 FANOI14

1% MIZLONLONON TS AT
a35nA0Yd SNEILLVYd CHMNOUS WVOd (V)

61-2-6L £-1X NI31084080NTF A8
G39NC0Ud Shiudw'.vd GNACED HYOS (3)

1334 — H1O0IA 1334 — HIOIA
WY3¥LS WY3ULS wWy3auis WY3¥1S
ag3Isuadsia AHOIVELS Q3su¥34S10 LHMVELS
ot 01 0 JI ot og 0T 01 O o} ol of . gL Nt O ot ot
LI , T I} yr ) v 1 3 7 T K 7 3

1 Y Iy

I \ |

il 1/N n

1\

|

=

T - et - -

1 224 — IONYV MOWHL HVOd

60

Ak it S o

R ST

PR




:
1
:
1

FPUATEY T TN TS T

SRR RETES YRR T A e

e i

kel Lobie el

L it

0Z-¢~6L £ WYO2-0-43V WYO3 LNIDHIJ €

d7IZZON KVO0d ONIIVYIdSV-YIV dHI KOdd OISd
0SZ 1V NIW/TIVO 008 30 SALvVd NOILNTIOS LV SINIOV NIZLO¥d LNIAOYAd-9
ANV IN3Dd3Ad-t FHI X€ GAONCOdd SNEZLLVd (NNOBD KWVOd FHL JO0 NOSTHVIWOO "0Z Zdno1ad

(3§55-4°0) HYO3 NIZLOUd LNIDOUId 9 AS

AS GAJNCAONC SRYILLY Y ONAGED WYOd (9) G34IN30¥d SNYILLYd GNNOUD HYCH (V)

1334 — HiOAM 1334 — HiQIM
WY3WLS WY3YLS WY3ULs Wy3dLs
03su3dsia LHOIVYLS Q3as¥3dsIa 1HOIYYLS
6E 0T 01 © I O Of ol 01 0 0) O 0f 0Z 01 0 O} oZcE 02 o010 01 0Z
444)_-< AL DR AL T T T KT 7T T T g7 171 o
/ i
‘_ / \ "
! / |
_ \ _
I / !
\ I
/ A
i\l < os
- oo}
- osi
- ooz
- osz

1334 — AONVYH MOYHL WYO4

61

it s i R bt i Wl

i et L A A G o ot e o inza




LSRR T T

:
3
i
I3

(90C-0d4) 444V IKISiT NIW/TIVO 008

a IV FTIZZON WVOA ORIAIVHIASV-UIV FHLI ANV FTZZON HAIVM ONIIVIIESY
. ~2IV-NON ZHL X9 AIDNAJ8d SNHALLVd aANAOND WVO0A AHL 40 KOSIIVINOD S EAY.(1 )
12-2-6L 31Z26M WYOS IHL 272Z0N WILVA SHL 3
A3 AINA0VY SHETLLYY CANOND KVO3 (B) A% QIING0NE SNUTLLYD THNOND WYOS (V) ..”
m 1374 —~ HiOls 1334 ~ H10IM i
,. WYIULS NYINLS WYINLS WYINLS m
“ QFSNILSa LHOIVELS Q3suadsio LHOIYNLS A
w o€ 0T 0' O 0} O O€ 0T o' 9 0! 0T 0t o7 O 0 O T ot 0Z 6( g Oi o7
4 T 7T T XK ¥V 17 LN S BRI L. LA DL aﬂ_m_.dl‘“o k_
3 / N\ $ \ 4
: J ! 3
’ i - ;
i o~ ;
3 b k
] R z 3

N x

: Il ~o0! o
1 » i
1 i $ Z
» 3
X » ,.m
L 4
~osi ! i
h ] 3
b ,
i N
: M
} 3
4
~{oor m

W i e ey e =

R e o B . R A




S PP

Fac

cor o e it e et A

summarired in taole 25 in terms of
the foam expansion ratio, 25-percent
solution drainage time, and f{oam
viscosity. However, there was
insufficient foam produced by
the non-sir-aspirating nozzle to
evaluate foam viscosity., The
increase in foam viscosity as a
function of time after formaticn i3
indicared by tne profiles presented
in figure 22.

FIRE TEST FACILITY AUD TEST METHODS,
The fire test environment employed
in these experimeats is schematically
and pictorially presented in figure
23, The test bed comprised a 200-
foot-diameter pit constructed with a
12-inch-thick soil cement base and a
polyvinyl chloride membrane embedded
6-incheos below the surfzce to serve
as a fuel &nd water barrier. Within
this area, fires were confined in
concentric pools of 82.4, 101, s&nd
143 reet in diameter. The twe
innermost pools were constructed of
9- and 13-inch~high coun-vete dikes,
and the outermost by san 18-inct.-bigh
earthen dike, By employing this
configuration, it was possible to
change from one fire size to “he next
larger by the addition of the water
substrate to the proper pool.

The fixed fire conditious incor-
porated a8 cruciform cluster of seven
55-gallon steel drums as an obstacle
factor in the cencter of the fire
pools, This served as a heat sink in
support of a three-dimensional fire
situation which was sustained by &
spray of fuel from a 2-foot-high,
l1/4~inch-diawmeter stainless steel
tube. Fuel tanks fed the burn
avea by gravity through an under-
ground network of pipes.

The instrumentation employed in
monitoring the progress of fire
control is shown in figure 23 b aad
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describsd in appendix K. Heat sensors
were located at the pool perimeter on
the diameter and at right angles to the
wind direction. Thermal data were
recorded on instruments within a
specially prepared trailer. Motion
pictures for dorumentatioa and data
analysis of each test was obtained at
locations on the top of two specially
designed vans (appendix L).

Uniform fire test conditions were
naintained throughout the testing
program by allowing a minimum preburn
time of 30 seconds at maximum radiation
intensity prior to initiating fire
control action. The connotation of the
terms, preburn time and contvol time,
as defined by the test parameters, is
iliustrated by the idealized profiles
in figure 24, where heat flux versus
time after igrition is plotted to
illustrate the type. of thermal
radiation data obtained from the
fire-monitoring system, It will be
noted that after the fuel was ignited,
the heat flux slowly rose until a
maximum radiatioa level was reached,
vader the existing conditions, and
maintained For & minimum of 30 seconds
prior to the start of foam discharge.
This period of maximum radiation
intensity before foam application is
defined as the preburn time; in this
case, 45 seconds. Fire contrel 1is
defined as the elapsed time between the
initiation of the extinguishing
operation to that time when the heat
flu:, as measured by the radiometers,
was reduced to 0.20 British Therwal
Units (BTU)/ft2-5, In these
experiments, the fire control time was
recorded 2s the major test parameter
defining fire performance, because it
was more consistently reprcducible than
the fire extinguishing time.

FIRE EXTINGUISHING EFFECTIVENESS OF

AFFF, FPF, AND PF AGENTS. The purpose

of the large-scale fire extinguishing
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FIGURE 22.  VARIATION OF FOAM VISCOSITY WITH TIME AFTER FORMATION
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experiments was to establiah the
optimum foasam solution application
rates for bdoth the 3- and 6-percent
type AFFF, FPF, and PF agents on Jet
A fuel fires using the 800-gal/min
air-aspirating foam nozzle and the
800-gal/min non-air-aspirating water
wozzgle, One representative foam
agent was selected from each class
and type and tested at solution
applicetion rates of 0.05, 0,10, and
0.15 gal/min/fc2,

The results obtained using the
air-aspirating foam nozzle are
summarized in table 26 and in 27 for
the non-air-aspirating nozzle. These
data are presented in figure 25,
whick shows the fire controi time as
a function of the foam solution
application rate for each agent.

In general, these profiles identify
two families of agents based upon
their chemical composition; i.e., the

AFFF, or synthetic ageats and the
proteinaceocous agents derived
principally from natural products.

It is also evident from these exper-
iments that the fire control times
were consistently lower for the
AFFF agents at all solutica appli-
cation rates.

A comparison of the profiles
developed for the FPF and PF agents
indicate that the average fire
control time obtained with the two
FPF agents was approximately 16
percent longer than for the PF agents
at an apglication rate of 0.05
gal /min/ft The estimated average
fire control time demonstrated
by all of the proteinaceous foams
indicated an approximate increase of
76.8 percent over that obtained for
the aynthetxc AFFF agents at 0.05
gal/min/ft2, However, when the
solation rppligation rate was
1ngreased from 0.05 to 0.10 gal/mxn/
ft2, the average difference in fire

68

control time between the protein-
aceous and synthetic agents was
reduced to approximately 27.3 percent.
From these experiments, it is apparent
that the AFFF agents are aignificantly
more effective than the proteinaceous
foams at a solutxon application rate
of 0.05 gal/min/ft2 and that all of
the agents tend to reach a minimum
fire control time at an application
rate of 0.10 gal/min/ft2,

The profiles in figure 26 were con-
structed to show the relationship
between the foam application rate and
the residual application density after
fire control had been obtained. From
these data it is evident that, as the
solution application rate was reduced
(by increasing the fire area), the
application density of the AFFF agents
required to achieve fire countrol was
also reduced.

In contrast, the profiles developed for
the proteinaceous agents show a reduc-
tion in the amount of agent required
as the application rate was deureased
from 0.15 to 0.10 gal/min/ft?2 but
then to increase as the application
rate was further reduced to 0.05 gal/
min/ft2 One explanation for this
anomalous performance is that these
agents are being employed below their
criticel application, or threshold
rate, which nominally lies between
0.055 and 0.060 gal/min/ft2. (The
term threshold or critical solution
application rate may be defined as
the minimum rate at which a foam agent
can provide a continuous and progres-
sive securing action toward achieving
fire control and extinguishmeant of
class B fires.)

The results of these experiments tend
to indicate that the fire extinguishing
effectiveness of the FPF and PF agents
decreases rapidly below 0.10 gal/min/ft?
and that the AFFF agents tend to reach
an optimum solution application density




; TABLE 26. LARGE-SCALE FOAM APPLICATION EXPERIMENTS EMPLOYING THE i
' 800~GAL/MIN AIR-ASPIRATING FOAM NOZZLE

AYPF AGENTS !a
. Pirc Solution olution i
5 Solution Pive Pit Fire Pit Jet A Comtrol Application Application ;
i Tosm Concentration Dismeter Are) Fual Time Rate Nuit‘ [
3 Agente (2) (feet) (ft-) (gel) (see) S.al[-h‘!tz) (gal/ted)
3 re-203 3 82.4 5,39 1,500 %) .15 0.0425
} r-203 3 101 8,000 2,400 17 0.10 0.0283
: FC-203 3 143 16,000 5,000 3 0.8 0.0250
§ .
FC-206 3 82.4 5,333 1,500 16 0.19% 0.0399
FC-206 6 101 8,600 2,400 16 0.10 0.0266
FC-206 6 143 16,000 5,000 26.5 0.08 0.0218
FPF AGENTS
n-3 3 82.4 5,333 1,500 20 0.15 0.03500
n-3 3 101 8,000 2,400 22 0.10 0.06366
x1-3 3 343 16,000 5,000 52 0.0 0.0435 ;
X1.-6 6 82.4 5,333 1,300 20 0.15 0.0500 :
XL-6 6 101 8,000 2,400 20 0.10 0.0333
XL-é 6 143 16,500 5,000 56 0.05 0.0467 ;
_ PF AGENTS
Aer=Foam 3 3 82.4 5,333 1,500 20 0.15 0.0500 4
Aer~0~Foam 3 3 101 8,000 2,400 20 0.10 0.0313
Aer-0O~Foza )} 3 143 16,000 5,000 A3 0.05 0.0358
TYPE O-F=555¢ 6 82.4 5,333 1,500 21 0.15 0.0523%
TYPE O-F-555C 6 101 8,000 2,400 2} 0.10 0.0350
TYPE 0-r-5550 6 143 16,000 5,000 50 0.0 0.0418 :
3
E
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hetween 0,022 and 0,025 gal/ftl
(0.05 pal/min/ft?).  Bamed upon the
test procedures and agents employed
in theae experiments it isa evident
that ne reduction in the fire control
time or solution application occurred
through the uae of FPF over the PF
Agenta,

The renulta of experiments conducted
with the B00 gal/mia non-air-
anpirating norzle are presented
graphicaliy in figures 25 aund 26,
These profiles indicate that a
shorter fire coantrol time was
required at diacharge rates of 0,09
sud 010 gal/min/tt?. which
resulted in A lowsr solution appli-
cation dennity. However, atter fire
control and extinguishwent had been
obtained, lesn than 25 percent of the
fuel surface had npeen necured by
toam, although there was evidence of
the presence of an aquesus  tluoro-
carbon film,

These experiment s sugpest the potean-
tial advantagen ot & prototype norrle
incorporating  the  long-throw-vange
characvteriatic of the non-ave-
aspitating nozzle vith the air-
aspirvating capability ot the foam
nozzle which could be contrelled by
the turiet opevator o prodace the
required toam qeality in a cont invoun
manner,

FEFFCTIVENESS RATING OF FIRFFIGUTING
FUAMS |

Gongidetable emphasta s beiog nlaced
upon the cost ot tive pretection at
arrports, whicn is, 1n fuct, the
primery  teasen tor consider.ang  the
new  amd more ottective foam agent 1,
even though they may be more expen-
sive, Howrver, any potent ial
increaus tyw the cont of agents to
obtatn control of & given
situnation must  he  Rolances against

fire
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the potentiel econamies realized from
a reduction in hardware and manpower,
which may couatitute a substantial
and continuing economy.

As a conwsequence of a contractual
effor: supported by the UV.§. Air
Force and the FAA-NAFEC (refecencr 13)
sufticient data were develaped to
permit a ranking of AFFF and PF in
overall effectivenecs, The metihod
develop«d is present2? in appendix A
and was subsequently aubmitted by the
1.8, delegate to the Interuational
Civil Aviation Organization {(1CA0)
during the second mecting of the
Rescue and Fire Fighting Panel in June
of 1972,

In thia ranking procedure, the overal!
effectivenesa of firefighting foams
is based upon a poiat aystem (appendix
A) with a maximum or perfect score
ot 400 points beirg possible. There
are 10 major parsneters, each of which
wan assigned a point value that was
considered reproesrntative of its
relative importatice in the proper
tunctinntng of the agent under ticld
conditions, 1t will be noted that items
Voand 6 ar» subdivided into port inent
componrenta, =ach of which coutributes
to the total value of that ittem.
The estimated valuen shown in appendin
A tor AFFF and PF under eacn parsmeter
are based upon laboratory experiments
v the reanlta of ameil- and large-
arale tive tests. This vanking sys(em
peratted a reduction of approximately
W percent 1n the water requirements 1o
tiretfighting operatiors when AFFF
te substituted for PF, Sabsequent 1y,
concerned organizations such arx the
TCAQ  and NFPA recoamended & reduction
ot one-third yn the vater requirement
when AFFE in substlituted for PF and, in
Federal Aviation Regulation  {FAR)
Part 119,49, a reduction of 0 percent
in permitted at U.S, certificated
airports (reference 19),
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As & consequence of the large
increase in the use of the 3-percent
foam agents at U.S, airports and the
ready availability of numerous FPF
agents, the rvanking method employed
in appendix A was expended in table
28 to include these newer agents.
From a comparison of the grand totals
developed for each class and type
of ageut, it is apparent that nc
significant change in the original
ranking of the 6-percent LFFF and PF
agents occurred. The data also show
that the values obtained for the 3~
and 6-percent AFFF and protein foams
were essentially equivalent.
However, there was no improvement in
the overall ranking of the 3- and
6-percent FPF agents over the cor-
responding PF agents. This was
due in part to the very low order of
compat ibility between the FPF agents
as a class and the dry-chemical
fowders. In addition the FPF liquid
concentrates of the same type demon-
strated a very low order of wmutual
compat ibility when mixed.

The results of this ranking procedure
tend to confirm the validity of
allowing a 30-percent reduction in
the water requirement at certificated
airports when c¢ither the 3- or
fh-percent type AFFF agents are used
to replace PF agents. The data
further indicate that when either the
3- or 6-percent type FPF agents
are substituted for similar types of
PF agents, the total weter requive-
ment for foam production should
remain the same,

SUMMARY OF RESULTS

The results obtained from laboratory
and lasrge-scale fire teats employing
AFFF, FPF, and PF on 82.4, 10}, and
143 feet in diaweter Jet A fuel fires
are:
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1. Only the 3~ and 6~-percent type
AFFF agents produced aqueous fluoro-
carbon films which spread across the
Jet A fuel.

2. When the 3- and 6-percent type
AFFF and PF liquid concentrates were
mixed in proportions of 25, 50, and 75
percent by volume and subjected to
accelerated aging, the sediment pro-
duced was less than 0.10 percent by
volume, Under identical conditions,
rhe 3~ and 6-percent FPF agents pro-
duced sediment in excess of 0.10
percent by volume,

J. Laboratory foam-powder com-
patibility experiments indicated that
all combinations of 2- and 6-percent
AFFF with five dry-chemical powders
showed 25-ml solution drainage times of
2 minutes or more, None of the FPF or
PF agents demonstrated 25 ml drainage
of 2 minutes or more with all powders.

4, All of the AFFF, FPF, gond PF
agents when tested in accordance with
the fire requirements of Federal
Specification 0-F-555C dewmonstrated
fire control times of lecs than 4
minutes and fire extinguishing times
under 5 minutes.

S. In small-scaie fire tests con-
ducted with AFFF, FPF, and PF agents
the effect of elevated solution tem—
perstures was to decrease the five
control time for the AFFF agents and to
incresse thy control tiwe for FPF and
PF age«ts.

6. In small-scule fire tests, the
effect of permanent water hardnuss
of 470 ppm demonstrated a reduction in
the fire control times for FC-206,
XL-6, and 6-percent PF (Medarl) and an
incresase in the fire control times »f
FC-203 and Aer-O-Water 3. Fire control
could not be obtained using FPF XL-3
within the test duration time
(5 minutes).
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7. In small-scale fire tests the
thermal disintegration of established
blankets of AFFF varied from 00,0158
in/sec for the 6 percent to 0.023
in/sec for the 3-percent agents. The
thermal disintegration rate of FPF
agents varied from 0.0033 to 0.0096
in/sec for the 6- and 3-percent
agents, respectively., The 6~ and
3-percent PF agents demonstrated
4 thermal decomposition rate
from 0.0098 to 0.0125 in/sec,
respectively.

8. Small-acale fire tests conducted
to determine the resistance of
established foam blankets to
destruction in terms of the number of
water-spray cycles survived indicates
an average of 5,2 for the 6-percent
and 7.3 for the 3-percent AFFF
agents., The number of water-sprey
cycles sustained by the 6- and
3-percent FPF agents varied from 3.4
to 21.5, respectively., The 6-percent
PF blanket survived 13 water-spray
cyclea and the 3-percent agents
an average of 6 cycles,

9. The small-scale fire tests
conducted in which Jet A fuel was
spilled on different types of
terrain, indicated that only the
6-percent AFFF (FC-206) was suc-
cessful in extinguishing fires in
tree-studded sod. However, both
the 3- and 6-percent AFFF, FPF, and
PF agents extinguished fires on
sandy and traprock terrains which
required from 2.33 minutes for
6-percent AFFF (FC-206) to 14.66
minutes for 3-percent PF, respec-
tively.

10. Large-scale fire tests conducted
on Jet A fuel fires at solution
application rates of 0.05, 0.i0, and
0.15 gal/min/ftZ using both 3- and
6-percent type AFFF, FPF, a&and PF
agents indicated that the optimum
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application rate was 0.10 gal/min/ft2.
However, when the solution application
rate of the 3- and 6-percent type AFFF
agents was reduced to 0,05 gal/min/ft2
(50 percent), the fire control time was
increased by approximately 65 percent.

11, Based upon a rating system with a
maximum or perfect score of 400 points,
the relative values obtained for each
foam agent were: AFFF 3-percent 360,
6-percent 374; FPF agents 3-percent
251, 6-percent 274.5; and PF 3-percent
267.5, 6-percent 279,

CONCLUSIONS

Based upon the results of tests con-
ducted during the evaluation of the
foam firefighting agents, it 1is con-—
c¢luded that:

!. The spreading coefficient of the
aqueous fluorocarbon films calculated
in accordance with the laboratory
procedures outlined was greater than
zero for both the 3~ and 6-percent AFFF
agents, indicating that the AFFF
solution was capable of spreading
freely upon the surface of Jet A fuel.

2. The AFFF and protein foam (PF)
liquid concentrates, as individual
~lasses of agents, demonstrated an
ac. ‘otable degree of mutual compati-
bility when subjected to the
accelerated aging test requirements.

3. The 3- and 6-percent fluoroprotein
foam (FPF) liquid coacentrates demon-
strated an unacceptable degree of
compatibility as a class when subjected
to the accelerated aging test require-
ments.

4. All of the AFFF, FPF, and PF
agents met the minimum fire test
requir:uments of Federal Specification
O-F-5%4%C at a solution application rate
of .6 gal/min/it2,
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5. Water hardness has a sig-
nificant but variable effect
upon the fire control and
extinguishing times of the AFFF,
FPF, and PF agents at a solution
application rate of 0.06 gal/min/ft2
on Jet A fuel firesa.

6. The therma! resistivity of
firefighting foams as classes of
agents indicate the following ranking
order from the most to least effec-
tive: FPF 6-percenc > FPF 3-percent >
PF 6-percent > PF 3-percent > AFFF
6-percent > AFFF 3-percent,.

7. The resistance of firefighting
foams to destruction in terms of
the number of water-spray cycles
survived indicates the following
ranking order from the most to least
effective: FPF 6-percent > FPF
3-percent > PF 6-percent > AFFF
3-percent > PF 3-percent > AFFF
6-percent.

8. Aviation fuel (Jet A) spill
fires in wooded or on grass-—covered
sod are more difficult to extinguish
with foam than those on sandy or
rock-covered terrain,

9. The optimuan solution application
rate for all clamsses and types of
foanr agents on large-scale Jet A fuel
fires was 9.10 gal/min/ft2; how-
ever, the J- and 6-percent AFFF
agents were more effective ai a
solution rate of 0.05 gal/min/ft2
cthan the FPF ov PF agents,

10. Based upon the resuits obtained
from the foam rating system, the AFFF
a3 a class of agents (3- and 6-
vercent types) show an overall
average improvemsnt of 34.5 percent
over the PF agents (3- and 6-percent
types) and an advantage of &40
pevcent over the FPF (3- and 6-
percent types).
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RECOMMENDATIONS

Based upon the results obtained
during the evaluation of foam fire-
fighting agents, it is recommended
that:

1. The muiual compatibility between
all foam liquid concentrates be
unequivocally established before they
are mixed in any proportion for bulk
storage.

2. The five-extinguishing effec-
tiveness of all foam agents be
established before they are selected
for use in those areas where exces-
sively hard or brackish water mey be
employed in foam firefighting
vehicles.,

3. The 3- and 6-percent type AFFF's
should be considered the agents of
choice for use in combatting aviation
fuel spill fircs in those areas
within or adjacent to an airport
containing trees/shrubs or grass-
covered sod.

4., A minimum foam solution appli-
cation rate of 0.10 gs&l/min/ft?
be employed when ueing FPF and PF
agents to coatrol large-scale Jet A
fuel fires.

5. A minimum foam soiution appli-
cation rate of 0.05 gal/min/ft?
be employed to extinguish large-scale
Jet A fuel fires with AFFF agents (3-
or 6-percent typec).

6. The 30-percent reduction in
the water requirement at U.S. cer-
tificated airports be continued
when the AFFF agents (3- or 6-percent
type) are substituted for PF agents
(3- or 6-nerceat type) and that FPF
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(3~ or 6-percent types) and PF agents
be considered equivalent in terms of
their total water requirement at U.S.
airports.

7. Guidelines be established by the
FAA/NAFEC, in collaboration with
industry, defining the physical
properties of the FPF (3~ and
6-percent types) liquid concentrates
and the quality and firefighting
effectiveness of the foam produced,
for inclusion in an FAA Advisory
Circular,
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TABLE A~1, FOAM EFFECTIVENESS RATING BASED UPON A FIRE CONTROL TIME
OF 1:2 FOR AFFF TO PROTEIN FCAM. OVERALL ADVANTAGE RATIO
PROTEIN FOAM/AFFF (1,0:1.2),

FOAM RATING SYSTEM

Assigned
Ratings Maximum
Rating
|AFFF____PF
1. Fire Control Time 100 50 100
2. Fire Extinguishing Time 80 30 80
3. Foam Blanket Stability 27 50 50
AFFY PF
a) Disruption by Wind 8 10
b) Stability Under Thermal 6 10
Radiation
c) Stability Under Water 8 10
Spray .
d) Wicking Action 0 10
e) Burnback Rate ) 10
Subtotal 27 50
4, Effect of Terrain on Fire Control Time 38 45 45
S. Training Level Required (Ease of Application) 40 30 40
6. Compatibility of Agents 30 24 30
| AFFF PF
a) Foan/Powder 10 8
b) Halocarbons/Foams 10 10
c¢) Between Qualified 10 6
Product List Liquid
Concentrates
(Binary Mixtures)
Subtotal 30 24
7. Foam Stream Range : 25 25 25
8. Foam Liquid Concentrate Storage Life 8 10 10
(12-Month Period)
9. Effects of Temperature on Foam Quality 10 9 10
10. Effect of Water Hardness on Fcam Quality 8 10 10
and Firefighting Effectiveness
Grand Tctal 366 283 400
A-]
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AFPENDIX B

METHODS EMPLOYED TO DETERMINE SURFACE AND INTERFAClAL TENSION OF
SOLUTIONS OF AFFF AGENTS ON A HYDROCARBON SUBSTRATE

The following e¢xperimental procedures
were developed to determine the
surface and interfacial tension and
the film spread rate of solutions
of the AFFF agents on Jet A fuel
before foaming and of three equal
sequent ial fractions of the solution
which drained from the foam during
aging. ’

PREPARATION OF SAMPLES.

Samples of the candidate AFFF s&gents
are prepared by mixing the proper
quantity (3- or 6-percent by volume)
of the liquid concentrate with
distilled water maintained at 70°
+2° F. A 200-milliliter (ml) sample
of the experimental solution is
poured into the large bowl of a
kitchen mixer (Sunbeam Mixmaster
Model 12C or equivalent) and beaten
at a speed of 870 revolutions per
minute (r/min) for exactly 3 minutes.
During the mixing process, the bowl
is made to rotate at approximately
one revolution per second (r/s).
After completion of the mixing cycle,
the foam in the bowl is removed with
a spatula and placed in the standard
1,400-m1 foam container (reference
12) and screeded off, level with the
rim., The foam container is then
placed on a special stand having a
slope downward of l-inch per
12-inches toward the front. The
solution samples draining from the
foam are collected in 100-ml
graduated cylinders by means of the
drain cock provided under the
front of the container. By this
pruocedure three consecutive aliquot

samples of the solution draining from
the foam were collected.

DETERMINATION OF THE SURFACE AND

INTERACIAL TENSION BETWEEN THE AFFF

SOLUTIONS AND JET A FUEL.

The “Fisher Autotensiomat" surface
tension analyzer (reference 20) was
employed to measure the surface ten*
sion of Jet A fuel and solutions of
the AFFF agents as well as the
interfacial tension between these twe
liquids.

The surface tension of individual
samples oi the AFFF solutions and Jet
A fuel were determined at 70° +2° F.
Measurements were recorded on a Servo
II, Model L1102S, No. 2 pen recorder

in accordance with the equipment:

manufacturer's requiremants (refer-
ence 20). All surface tension
measurements were made using a du
Nouy ring withdrawal rate of 0.05
in/min and a recorder chart speed of
1 in/min., A 5-minute stabilization
period was allowed before each
measurement was taken.

Determinations of the interfacial
tension between the AFFF agents and
Jet A fuel were performed by placing
35 ml of the AFFF solution in a
100-ml beaker and submerging the du
Nouy ring well beneath the surface
after which 35 ml of Jet A fuel was
gently floated on the surface of the
aqueous solution., At the conclusion
of the S-minute stabilization period
at 70° +2° F, the interfacial tension
was measured in accordance with the
manufacturers' specification (refer-
eace 20).
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APPENDIX C

LABORATORY DETERMINATION OF THE COMPATIBILITY BETWEEN FIREFIGHTING
FOAM LIQUID CONCENTRATES

Firefighting foam agents are
generally procured on the basis of
class, type, and cost. Therefore,
the probability that agents produced
by different manufacturers may be
subject to mixing in various
proportions during storage 1is
increasing. Accordingly, a series of
laboratory experiments was conducted
to asscss the projected storage life
of mixtures of the three classes of
foam agents employed at the two
principal use concentrations (3 and 6
percent by volume).

The major parameters defining foam
liquid compatibility were considered
to include the pH value, the kine-
matic viscosity and the percentage
of sediment in the liquid both before
and after the aging cycle. The
quality of foam produced by the
various combinations of liquid
concentrates was determined as a
function of the expansion ratio and
25-percent solution drainage time.

The pH value of the solution was
determined potentiometrically by
means of a pH meter equipped witu a
glass and suitable reference
electrode. Kinematic viscosity
determinations were conducted in
accordance with American Society
for Testing and Materials (ASTM)
method D-445-65 at 40° +0.1° F for
the AFFF agents and at 32° +0.1° F

for both the protein foam (PF) and
fluoroprotein foam (FPF) ageants. The
high temperature stability (accel-
erated aging tests) of the foam
liquid concentrates was determined in
accordance with Federal Specification
0~F=555C under 3.10.2 High
Temperature Stability, 149° F (65°
C) and 4.7.5 Sedimentation.

The quality of foam produced by the
aged foam liquids was determined by
beating a 200-ml aqueous sample of the
candidate agent of the proper con-
centration in the large bowl of a mixer
(Sunbeam Mixmaster Model 12C or equiv-
alent) at a speed of 870 revolutions
per minute for 3 wminutes, after which
the foam was removed from the bowl and
the expansion ratio and 25-percent
solution drainage times were determined
in accordance with NFPA No. 412
(reference 12).

The results of the foam liquid com-
patibility experiments are summarized
for the 6-percent AFETF agents in tables
C-1 and C-2 and in table C-3 for the
3-percent agents. The data indicating
the compatibility between the &4.5-,
5-, and 6-percent FPF agents are
presented in tables C-4 through C-7 and
in tables C-8 and C-9 for the 3-percent
agents. The compatibility between
the two 3-percent PF liquids 1is
indicated by the ds:a in table C-10.
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TABLF. C-1.

Foam égents

FC-206

AER~-O-WATER 6

pH (not aged) @ 75° F
Viscosity” (not aged)
Sediment X (aged)

pH (aged) @ 75° F
Viscosity® (aged)
Foam Expansion Ratio
Foam Drainage Time
25% (min:sec)

AER-O-WATER 6

LORCON 6

pH (not aged) @ 75° F
Viscosity" (not aged)
Sediment X (aged)

pH (aged) @ 75° F
Viscosity® (aged)
Foam Expansion Ratio
Foam Drainage Time
25X (min:sec)

FC-206

LORCON 6

pH (not lged) @ 75° F
Viscosity” (not aged)
Sediment X (aged)

pH (aged) @ 75° F
Viscosity* (aged)
Foam Expansion Ratio
Foam Drainage Time
25X (min:sec)

IN ACCELERATED AGING TESTS

COMPATIBILITY BETWEEN 6-PERCENT AFFF LIQUID CONCENTRATES

Foam Liquid Mixtures Percent By Volume

0

100
7.21
3.81
<0.65
7.22
3.64
18.84
6:50

100
6.61
. 6.64
<0.05
6.78
5.60
18.52
6:13

0
100
6.61
6.64
<n.05
6.78
56
18.52
6:13

25
75

<0.05
7.25
3.59
20.35
7:24

* Kinematic Viscosity in centistokes at 40° F

50
50

<0.05
7.30
3.50
20.74
8:00

15
25

<0.05
7.33
3.66
20.59
7:46

15
25

<0.05
7.13
4,18
21.41
7:50

15
25

<0.05
7.16
4.06
22.47
7:40

100

0
7.80
4.08
<0.05
7.48
3.62
19.53
7:32

100

7.21
3.81
<0.05
7.22
3.64
18.84
6:50

100

7.8
4.0
<0.05
7.48
3.62
19.53
7:32
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TABLE C-2., COMPATIBILITY BETWEEN 6~PERCENT AFFF LIQUID CONCENTRATES
IN ACCELERATED AGING TESTS

Foam ents

FC-206

ANSUL 6

pH (rot aged) @ 75° F
Viscosity” (not aged)
Sediment X (aged)

pH (aged) @ 75° F
Viscosity* (aged)
Foam Expansion Ratio
Foam Drainage Time
25% (min:sec)

AER-O-WATER 6

ANSUL 6

pH (nnt aged) @ 75° F
Viscosity” (not aged)
Sediment % (aged)

pH (aged) @ 75° F
Viscosity® (aged)
Foam Expansion Ratio
Foam Drainage Tiwme
252 (min:sec)

" LORCON 6

ANSUL 6

pH (not aged) @ 75° F
Viscosity” (not aged)
Sediment X (aged)

pH (aged) @ 75° F
Viscosity* (aged)
Foam Expansion Ratio
Foam Drainage Time
25X (min:sec)

Foam Liquid Mixtures Percent By Volume

0
10¢
8.2

4.16
<€0.05
8.30
4,28
16.85
7:57

100
8.2
4,16
<0.05
8.30
4.28
16.85
7:57

100
8.2
4,16
<0.05
8.30
4.28
16.85
71:57

25
75

<0.05
8.10
4,36
18.35
9:52

25
75

<0.05
7.90
4.07
17.81
8:41

* Kinematic Viscosity in centistokes at 40° F

c-3

50
50

75
25

75
25

<0.05
7.00
5.73
17.07
6:41

100

0

7.8
4.08
<0.05
7.48
3.62
19.53
7:32

100

7.21
3.81
<0.05
7.22
3.64
18.84
6:50
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COHPATIBILITY BETWEEN

IN ACCELERATED AGING

3~PERCENT AFFF

TEST

LIQUID coNcENTRATES
s

Foam Liguid Mixtureg Percent By Volume

Foam ﬂgents

FC~203 0
AER-O~WATER 3 100
PH {not aged) @75 fF 8.12
Viscosity (not ageq) 23,58
Sediment ¥ (aged) <0.05
PH (aged) @ 75° F 8.31
Viscoaity* (aged) 20.21
Foam Expansion Ratig 20.60
Foun Drainage Time i0:30

252 (min:aec)

FC~203 0
AER*O~WATER PLUS 3 100
PH (not ageq) @ 75° F 8.11
Viscosity (not aged) 49,06
Sediment % (aged) <0.05
PH (aged) @ 75°¢ F 8.28
Viscogipy* (aged) 42,99
Foam Expansion Ratio 18,28
Foam Drainage Time 9:15

25% (min:gec)

AER“O*UATER 3 0
AER“O‘“ATER PLUS 3 100
PR (not aged) € 75 ¢ 8.11
Viscosity* (por aged) 49,06
Sediment g (aged) <0.05
PH (aged) @ 75° ¥ 8.28
Viscosity* (aged) 42.99
Foam Expansion Ratio 18.28
Foam Drainage Time 9:15

252 (min:aec)

25 50 75 100
75 50 25 0
-~ - - 7.59
-- —- - 12,98
<0.05 <0.05 0 <0.05
8.25 8.19 8.01 7.68

18.39 14,76 13.5¢4 11.69
20.23 20,93 21.77 21,37

9:58 10:05 9:57 9:59
25 50 75 100
75 50 25 0
- - - 7.59
- - ~~ 12,98

<0.05 <0.05 <0.05 <0.05
8.10 8.00 7.90 7.68
27,23 21,43 11.91 11.69
17.95 20,00 21.4] 21.37

8:47 9:40 8:46 9:59
25 50 75 100

73 50 25 0

-~ - - 8.12

- ~~ -~ 23.58
<0.05 <0.05 <0.05 <0.05
8.20 8.20 8.20 8.31
33.48 31.03 24.06 20.2}

19.86 19.53 19.58 20.60
10:09 9:52 9:47 10:30

* Kinemat io Viscosity ip centistokes at 40° F
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TABLE C~4. COMPATIBILITY BETWEEN 4.5-, 5~, AND 6~PERCENT FLUOROPROTEIN
LIQUID CONCENTRATED IN ACCELERATED AGING TESTS

T TR TRy A - . -

E Foam Agents Foam Liquid Mixtures Percent By Volume

4 AER~O-FOAM XL-6 0 25 50 75 100

j PYRENE Plus F 100 75 50 25 0
pH (not aged) @ 75° F 7.00 - - - 7.10
Viscosity” (not aged) 11.26 -— - - 30.17
Sediment X (aged) 1.75 1.90 1.30 0.38 <0.05
pH (aged) @ 75° F 6.6 6.75 6.85 6.95 7.15
Viscosity* (aged) 12.99 14.86 21.28 28,22 41.13
Foam Expansion Ratio 13.42 14 .00 12.01 12.50 11.20
Foam Drainage Time 15:13 18:32 19:51 21:51 19:42

25% (min:sec)

LORCON K 0 25 50 75 100
nNGUS FP-570 100 75 50 25 0
pH {(not aged) @ 75° F 6.5 - ~~ - 6.19
Viscosity" (not aged) 15.27 - - - 55.92
Sediment % (aged) 0.05 0.69 0.50 0.16 0.10
pH (aged) @ 75° F 6.55 6.40 6.30 6.25 6.20
Viscosity® (aged) 13.58 19.30 27.18 35.04 55.81
Foam Expansion Ratio 12.50 12.54 11.73 11.36 14.00
Foam Drainage Time 22:57 23:/8 19:55 18:09 28:27 f

25% (min:sec)

o e .

LORCON K ¢ 25 50 75 100
LORCON FP 100 75 50 25 0
pH (not aged) @ 75° F 6.19 - - - 6.19
Vigcosity™ (not aged) 36.99 - - -- 55.92
Sediment ¥ (aged) 2.80 1.80 0.65 0.25 0.10 :
pH (aged) @ 75° F 6.10 6.10 6.10 6.1C 6.20 g
Viscosity* (aged) 32.26 33,51  46.646  49.88 55.8] f
Foam Expansion Ratio 11.86 13.01 - 11.82 11.78 14.00 :
Foam Drainage Time 19:02 22:34 23:21 28:52 28:27 ;

25% (min:sec)

* Kinematic Viscosity in centistokes et 32° F
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TABLE C-5.  COMPATIBILITY BETWEEN 4.5-, 5~, AND 6-PERCENT FLUOROPROTEIN
LIQUID CONCENTRATED IN ACCELERATED AGING TESTS

Foam Agents Foam Liquid Mixtures Percent By Volume
AER-0~FOAM XL-6 0 25 50 15 100
ANGUS FP-570 100 75 50 25 0
pH (not aged) @ 75° F 6.50 - - - 7.10
Viscosity” (nct aged) 15.27 - - - 30.17
Sediment % (aged) 0.05 0.13 0.15 0.14 <0,05
pH (aged) @ 75° F 6.55 6.78 6.90 7.00 7.15
Viscosity* (aged) 13.58  18.91 26,46 32,97 41.13
Foam Zxpansion Ratio 12.50 11.57 11.57 11.36 11.20
Foam l'rainage Time 22:37 20:40 15:32 20:48 19:42

25% (min:sec)

AER-0-FOAM XL-6 0 25 50 75 100
LORCON K 100 75 50 25 0
pH (not aged) @ 75° F 6.19 - -~ - 7.10
Viscosity™ (not aged) 55.92 - - - 30.17
Sediment X (aged) 0.10 0.15 0.07 0.05 <0.05
pH (aged) @ 75° F 6.20 6.50 6.74 6.99 7.15
Viscosity® (aged) 55.81 56.29 46.40 53.93 41,13
Foam Expansion Ratio 14.00 11.29 10.61 12,73 11.20
Foam Drainage Time 28:27 25:36 12:15 23:03 19:42

25% (min:sec)

AER-0-FOAM XL-6 6 25 50 75 100
LORCON FP 100 75 50 25 0
pH (not aged) @ 75° F 6.19 -~ - - 7.10
Viscosity (not aged) 36.99 -- -~ - 30.17
Sediment ¥ (aged) 2.80 0.25 0.11 <0.05 <0.05
pH (aged) @ 75° F 6.10 6.55 6.78 6.99 7.15
Viscosity* (aged) 32.24 33.70  37.21  42.01 41.13
“oam Expansion Ratio 11,86 13.08 11.97 12.50 11.20
Foam Drainage Time 19:02 26:31 16:49 21:37 19:42

25% (min:sec)

* Kinematic Viscosity in centistokes at 32° F
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TABLE C-6. COMPATIBILITY BETWREN 4.5-, 5~, AND 6-PERCENT FLUOROPROTEIN

Foam ents

LORCON K

PYRENE Pius F

pH (rot aged) & 75° F
Viscosity” (not aged)
Sediment X (aged)

K (aged) @ 75° F
Viscosity® (aged)
Foam Zxpansion Ratio
¥oam Drainage Time
25X (min:sec)

LORCON FP

ANGUS FP-570

pH (not aged) @ 75° F
Viscosity” (not aged)
Sediment X (aged)

pH (aged) @ ¥5° F
Viscosity™ (aged)
Foam Expansion Ratio
Foam Drainage Time
25X (min:sec)

LGRCOR FP

PYRENE Plus F

ph (no> aged) @ 75° F
Viscosity" (not aged)
Segiment % (aged)

pd (aged) @ 75° F
Tigcosity’ (aged)
Foam Expansion Ratio
Foam Drainage Time
25% (min:soc)

LIQUID CONCENTRATED IN ACCELERATED AGING TESTS

Foam Lignid Mixtures Percent By Volume

0

100
7.00
11.26
1.75
6.60
12.99
13.44
15:13

100
6.50
15.27
0.05
6.55
13.58
12.50
22:37

100
7.00
11.26
1.75
6.60
12.99
13.42
F5:13

25
75

2.50
6.45
13.83
13.15
17:28

* Kinematic Viscosity in centistokes at 32° F

50
50

2.30
6.30
23.48
11.57
16:10

50
50

1.30
6.30
20.58
11.94
16:11

15
25

0.80
6.15
36.20
11.78
18:26

75
25

2.80
6.28
23.39
12,38
22:20

100

4]
6.19
55.92
0.10
6.20
55.81
14.00
28:27

1060

6,19
36.99
2.80
6.10
32.24
11.86
19:02

100

0
6.19
36.99
2.80
6.10
32.24
11.86
19:02
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E TABLE C~7.  COMPATIBILITY BETWREN 4.3~, 35-, AND 6~PERCENT FLUOROPROTEIN
i LIQUID CONCENTRATED IN ACCELERATED AGING TESTS

: Foam Agentas Foam Liguid Mixtures Percent By Volume

: PYRENE Plus F 0 25 50 7% 100
ANGUS FP=-570 100 15 50 25 0
pH (not aged) & 75° F 6.50 -- - - 7.00
Viscosity" (not aged) 15.27 - -~ - 11.27
Sediment X (aged) 0.05 0.3% 0.75 1.10 1.7%
pR (aged) @ 75° F 6.55 6.40 6.45 6.50 6.60
Viscosity" (aged) 13.58 13,82 13.47 14,03 12,99
Foam Expansion Ratio 12.50 12.90 13.26 14.23 13.42
Foam Drainage Tiwe 2:3 13:38 10,17 14:28 15:13

252 (min:sec)

* Kinematic Viscosity in Centistokes at 32° F
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TABLE C-8. COMPATIBILITY BETWEEN 3-PERCENT FLUOROPROTEIN LIQUID
CONCENTRATED IN ACCELERATED AGING TESTS

T Y

; Foam Agents Foam Liquid Mixtures Percent By Volume

i AER-0-FOAM XL-3 0 25 50 75 100
ANGUS FP-70 100 75 50 25 0
pH (not aged) @ 75° F 6.8 - - -~ 6.65
Viscosity" (not aged) 69.18 - -- - 106.42
Sediment X (aged) <0.05 0.06 0.05 0.09 0.10
pH (aged) @ 75° F 6.85 6.75 6.70 6.70 6.70
Viscosity® (aged) 60.46 81.14 91,07 115.43 109.66
Foam Expansion Ratio 11.23 11.26 11.59 10.97 11.25
Foam Drainage Time 13:18 15:57 14:08 17:11 22:34

252 (min:sec)

AER-0-FOAM XL-3 0 25 50 75 100
MEARL 100 75 50 25 0
pH (not aged) @ 75° F 6.65 - - - 6.65
Vigcosity” (not aged) 123.36 - - - 106.42
Sediment X (aged) 0.05 2.50 2.45 1.10 0.10
pH (aged) @ 75° F 6.52 6.68 6.70 6.72 6.70 '
Viscosity® (aged) 88.6 97.82 105.49 116.15  109.66 3
Foam Expansion Ratio 10.39 10.20 9.84 9.91 11.25
Foam Drainage Time 20:35 16:04 19:53 14.45 22:34

252 (min:sec)

PRSP T Sy P2 P S

AER~-0-FOAM XL-3 0 25 50 75 100

LORCON FP 3 100 75 50 25 0 {
pH (not aged) @ 75° F 6.35 - -~ - 6.65 1
Viscosity” (not aged) 88.9 - - - 106.42 :
Sediment X (aged) 2.70 0.70 0.20 0.15 0.10 i
pH (aged) @ 75° F 6.42 6.50 6.62 6.68 6.70 !
Viscosity* (aged) 65.10 71.04 83.54 95,13 109.66 i
Foam Expansion Ratio 10.74 10,75 - 9.97 10.30 11.25 '
Foam Drainage Time 14:20 14:07 10:56 10:18 22:34

25% (min:sec)

* Rinematic Viscosity in centistokes at 32° F
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TABLE C-9, COMPATIBILITY BETWEEN 3~PERCENT FLUOROPROTEIN LIQUID
CONRCENTRATED IN ACCELERATED AGING TESTS

Foam Agents Fosm Liquid Mixtures Percent By Volume ‘
i ANGUS FP-70 0 25 50 75 100 t
3 MEARL 100 15 50 25 0 ;

pH (not aged) @& 75° F 6.65 -- - - 6.80

Viscosity (not aged) 123.36 - - - 69.18

Sedimert I (aged) 0.05 3.60 2.40 1.20 <0.05

pH (aged) @ 75° F 6.62 6.71 6.72 6.75 6.85

Vincocity* (aged) 88.60 111.91 69,18 71.10 60.46

Foam Expansion Ratio 10.39 11.34 10.62 10.74 11,23

Foam Drainage Time 20:35 15:37 15:00 12:15 13:18

25% (min:sec)

ANGUS FP-70 0 25 50 75 100
LORCON FP 3 100 75 50 25 0
pH (not aged) @ 75° F 6.35 - - - 6.80
Viscosity" (not aged) 88.90 - - - 69.18
Sediment ¥ (aged) 2.70 1.70 0.90 0.25 <0.05 :
pH (aged) @ 75° F 6.42 6.54 6.63 6.75 6.85 ‘
viscosity” (aged) 65.10  64.64  62.10  55.84 60.46
Foam Expansion Ratio 10,74 10.08 10.51 10.99 11.23
Foam Drainage Time 14:20 7:17 12:50 16.06 13:18

25X (min:sec)

MEARL 0 25 50 75 100
LORCON FP 3 106 75 50 25 0
pH (not aged) @ 75° F 6.35 - - - 6.65
Viscosity (not aged) 88.90 - - -~ 123,36
Sediment I (aged) 2,70 0.60 2.00 3.00 0.05
pH {aged) @ 75° F 6.42 6.51 6.55 6.60 6.62
Viscosity® (aged) 65.10  82.23  88.2!  99.74 88.60
Foam Expansion Ratio 10.74 10.85 10.30 16,77 10.39
Foam Drainage Time 14:20 10:50 8:26 7:40 20:35

252 (min:sec)

* Kinematic Viscosity in centisctokes at 32° F
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TABLE C-10. COMPATIBILITY BETWEEN 3-PERCENT PROTEIW FOAM LIQUID
CONCENTRATES IN ACCELERATED AGING TESTS

e o i itina L

Foam Agents Foam Liquid Mixtures Percent By Volume B
AER-0-FOAM 3 0 25 50 75 100 3
MEARL 100 75 50 25 0
pH (not aged) @ 75° F 6.60 - -- - 6.80
Viscosity” (not aged) 131.61 - -- -~ 135.47
Sediment X (aged) : 0.05 <0.05 <0.05 <0.05 <0.05
pH (aged) @ 75° F 6.50 6.60 6.70 6.80 6.90
Viacosity* (aged) 109.65 136.31 87.84 118.78 106.98
Foam Expansion Ratio 10.29 10.69 9.59 10.04 9.52
Foam Drainage Time 18:44 22:57 12:34 18:56 12:24

252 (min:sec)

* Kinematic Viscosity in centistokes at 32° F
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APPENDIX D

LABORATORY FOAM-POWDER COMPATIBILITY TEST

This tesi method is a modificetion of
that required in reference 16 to
determine the compatibility between
Purple-X powder and protein foam, and
is concerned primarily with the
addition of the important parameter
of fuel to the system. Combinations
of foams and dry--hemical powders
meeting the requirements of the
modified test have shown an
acceptable degree of compatibility
in terms of foam blanket stability
and depth in full-scale fire modeling
experiments.

TEST PROCEDURE.

A sample of the experimental foam
solution is prepared by mixing the
proper quantity of foam liquid
concentrate with the required volume
of fresh water at 70° +2°* F. T.o-
hundred milliliters (ml) of this
solution ia poured into the large
bowl of a kitchen-mixer (Sunbeam
Mixmaster Model 12C or equivalent)
and beaten at a speed of 870 r/min
for exactly 2 minutes. During the
mixing process, the bowl is made to
rotate at approximately 1 r/s. At
the end of 'he 2-minute foam-mixing
cycle and vith the mixer running, a
10-gram (g) +0.1-g sample of the test
powder is sprinkled onto the surface
of the foam in the bowl and allowed
to mix for an additional 30 seconds,
after which a 15-ml sample of the
test fuel is added and the mixing
continued for another 30 seconda.
The foam mixture remaining in the
bowl is removed with the aid of
a spatula into the standard foam

container and screeded-off level with
the vim. The pan is then placed on a
stand having a slope of | inch in 12
inches toward the front and constructed
t0o that the top of the pan and the foam
surface is 2 3/8 inches below a radi-
ating metal surface. The heat source
consists of a 1,000-watt electrical
hotplate with a 7-inch-diameter face
(Bdwin L. Wiegard Co., Pittsburgh, Pa.,
Model ROPH-100 or equivalent) mounted
upside down over a 6 1/2-inch-diameter
hole in & 1/2-inch-thick piece of
transite. The temperature of the
hotplate face is maintained at 1,000° F
by varying the current input with a
Variac” transformer. To determine this
temperature, it is coavenient to use a
thermocouple embedded in the hotplate.
As the pan containing the foam is
inserted, a4 sheet of transite
8-inches-souare and 1/2-inch-thick is
placed benuath the pan to insulate it
from the hot stand. A 100-ml graduated
cylinder is placed under the draw-off
tube of the foam container, and the
liquid draining from the foam is
measured at 30-second intervals., From
these data, the time required to
collect 25 ml of solution is determined.

The results of experiments performed in
accordance with this modified pro-
cedure using & variety of foam awvd
dry-chemical agents indicated that

if the time required to collect 25 ml
of foam solution was 2.0 minutes or
more, an acceptable degrea of com-
patibility would be obtained under
conditions involving a high degree of
turbulence cof the burning fuel, foam,
and dry-chemical power.




APPENDIX P

DRY-CHEMICAL TOWDER MANUFACTURERS

“ype Base Powder Manufacturer
Potassium Chloride (Super K) Pyro Chemicals Inc., %oonton,
N2w Jersey, USA
[ Potassium Bicarbonate (Purple-X The Ausul Company, Marinette,
i Powder, PKP) Wisconsin, USA
Sodium Bicarbonate (Foam Chemical Concentrates Corporation,
Compatible, CDC) Fort Washington, Pennsylvania, USA
£ Monoammonium Phosphate The Ansul Company, Marinette,
§ (Multipurpose, ABC) Wisconsin, USA
Monnex Imperial Chemical Industries America,

Inc., Wilmington, Delsware, USA
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APPENDIX F

EXAMPLES OF TWO SPECIALIZED FIREFIGHTING FOAM AGENTS AND THE SOLUTION
APPLICATION RATES REQUIRED TO EXTINGUISH SOME OF THE MORE IMPORTANT
INDUSTRIAL POLAR (WATER SOLUBLE) CHEMICALS

.1
1
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TABLE F-1. RECOMMENDED APPLICATION RATES FOR COMMON POLAR SOLVENT
FULLS RATES GIVEN IN GAL/MIN/FTZ (1/MIN/M2)%

AERO-O-WATER PSL AER-0~-FOAM 99

Nozzles, Monitors Noxzzles, Monitors
FLAMMABLE or Overhead Spray or Overhead
L1QU1D Spray-Spills of

1 inch or Leas

Proportioning

@ 10X @ 62 62 Proportioning Only
Alcohols
Lsopropanol (99%) 0.20 (8) 0.25 (10) 0.20 (8)
Methanol .16 (6) .20 (8) .16 (6)
N-Propannl 12 (5) .16 (6) .16 (6)
N-But ancl 12 (5) .16 (6) .16 (6)
T-Butyl Alcohol 30 (12) .35 (14) .25 (10)
Isodecanol .10 (&) .16 (6) .16 (6)
Esters
Ethyl Acetate <10 (&) .16 (6) .16 (6)
N-Propyl Acetate .10 (4) .16 (6) .16 (6)
Butyl Acetate .10 (&) .16 (6) .20 (8)
Methyl Amyl Acetate 10 (&) .16 (6) .16 (6)
Methyl Acrylate .10 (4) .16 (6) .16 (6)
Ketoneas
Acetone .20 (8) .25 (10) .25 (10) |
Methyl Ethyl Ketcone .20 (8) .25 (10) .20 (8) i
Methyl Isobutyl Ketone .10 (4) .16 (6) .25 (10) (
{
Mixed Alcohol Solvents
SDA — 1-200 PF 16 (&) .20 (8) .20 (8) 3
SDA — 25-190° .16 (6) .20 (8) .20 (8) !
Jaysol — SDS .20 (8) .25 (10) .20 (8) ;
Glycol Ether .10 (&) .16 (6) .16 (6) !
Proplonaldehyde .16 (6) .20 (8) .16 (6)
(A1l Spills) :
Hydrocarbons .16 (6) @ 6X .16 (6) i

* Extracted from National Foam System Inc., Engineering Manual
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APPENDIX G

STARILITY OF PREFORMED FOAMS ON POLAR SOLVENTS

It ia known that the proformed foams
produced by AFFF, fluoroprotein
and protein agents show a very low
order of stability toward polar
solvents. However, an estimate of the
relative stability of the foams wmay
be made by employing the following
procedure:

OBJECTIVE.

The objective of the test is to
determine the maximum residence time
of a foam blanket on methanol-water
mixtures of 100, 75, 50, 25 percent
by volume.

TEST PROCEDURE.

A sample of the experimental foam
solution is prepared by mixing the
proper quantity of foam liquid
concentrate with fresh water at 70°
+2 ' F. Two hundred milliliters (ml)

of this solution are poured into the
large bowl of a kitchen wmixer
(Sunbeam Mixmaster Model 12C or
equivalent) and beaten at a speed
of 870 revolutions per wminute (r/min)
for exactly 3 minutes. During the
mixing process, the bowl is wmade to
rotate at approximately 1 revolution
per second (r/s).

After mixing, the foam is immediately
poured onto the surface of 600 ml
of the test polar-solvent solution
contained in a 6-inch-diameter
crystallizing dish, and the foam is
screeded-off level with the rim.

The stability of the foam is measured
in terms of the elapsed time after
the foam is screeded-off level with
the rim of the dish to the time any
portion of the liquid surface is
exposed as a consequence of foam
decomposition.

ol i
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APPENDIX H
METHOD FOR EVALUATING THE FIRE EXTINGUISHING EFFECTIVENESS OF
FIREFIGHTIRG FOAM AGENTS

TEST PROCEDURE.

The test method used to cowupare the
effectiveness of the extinguishing
agents was a modification of th :
required in section 3.13 (F:. e
Requirements) of Federal Speci-
fication 0-F=555c. In this section
of the specification the fire
requirements aie determined in terms
of the fire performance, foam
fluidity, foam blanket sealability,
sand the foam burnback resistance.
The rire extinguishing tests were
conducted in & 10-foot~deep test tank
using a standard 6-gal/min foam
nozzle as provided for in the federal
specification under the quality
assurance provisions.

The procedure requires that the
100-square-foot tect tank be filled
to a depth of 10.5 inches with water
upon which 100 gallons of Jet A
aviation fuel was floated, The fuel
was then ignited and allowved a
preburn time of 60 seconds after
which focm was discharged zcross the
tank to impinge in the approximate
center of the downwind side for a
period of 5 minutes, and the times
required to obtain fire control and
extinguishment were recorded.
Fire control was judged to be the
time required for 90 percent of the
fuel surface to be covered by foam,
and the fire extinguishment time was
recorded as the total elapsed time
until all flames were extinguished
with the tank,

The fuel vapor sealability of the
foam blanket was evaluated twice by
means of a lighted torch after
completion of the foam discharge.
The first torching was made by passing
the torch continuously for a period of
60 seconds over the blanket without
touching or penetrating the surface
starting 10 minutes after foamn
application was concluded. Fourteen
minutes after completion of foam
application, the torch was passed over
the foam blanket for 1 minute with the
torch touching but not penetrating the
blanket by more than 1/2 inch.

Immediately following the completion of
the sealability test, a modification
of the standard burnback test was
performed by cutting a hole 6 inches
in diameter in the approximate center
of the foam blanket., A metal container
6 inches in diameter and 6 inches deep
containing burning JP-4 fuel was
then lowered into the opening level
with the interface between the fuel and
foam blanket, The container and
surrounding fuel was then permitted to
burn for 5 minutes after which the
burnback area was determined.

The compliance of foam agents with the
federal specification is judged on
the basis of achieving fire control
within 4 minutes, fire extinguishment
within 5 minutes, and a maximum
burnback - area of 20 inches square.




e Loakiabl

TR YT

APPENDIX 1
THE THERMAL NTABILITY OF MEKCHANICAL FOAN RLANKKTN

Thin awction containe a descripl ian
of the teat pracsdure and squipment
emploved to evaluate the rvelative
thermal atability ol mechanival
foam hlankets,

THST METHOD.

The teat wethod ip a vaviation of the
standard  tive teats provcedure cons
tained in the ledeval apecification
(refevrcace 1) of thia veport and was
made by intvaducing a suitable souree
of tlameas and vadiant heat tnto the
fire twat taunk alter the tive had
hevn ext inguiahed,

TEST BQUUPMENT,

The baaic equipment comprised the
tive teat tank and atandavd o-gal/wmin
foam nosate apecifed (0 vetereace 1,

A weann of intvoducing a source of
inteane thermal vadiation tnto the
ceiter ot the {0-toot by 10-foot by
V-foot atewl taunk was made by
vrweting a 4=-tont by A-tuont by
Y/8-iuch-thick atvel plate tn a
horisontal  position, & iacheoas
above A L7-iuch-high dection ot a
SS-gallon ateel drum,

-1

A protile view of the tive toeat
bed (s shown in figure -1,

FIRE TEST PROCKDURK,

...... -

The stevl tout tank waw tilled tuo «
depth of 11 inches with water upon
which 100 galloun of Jut A fuwl was
floated., The fuvl wam then iguitad
and given a prebuin time ol o0
noconds, Foam wan discharged onto
the firve tor a total time ot 10
mititen, amd the tiwe to obtain five
control  and extinguishment wore
rocorded,  Fire contvol was  judged to
bo the time teguired tor Y0 pevcoant
of the tuel surface to be coversd by
toam,  The tire oxtinguishment time
war tecotrded an the toial olapaed
time trom the start of toam applicat ion
unt il all flamew weve oxt inguished
within the tank. At the conclusion ot
the 0-~minute toam applivation time, S
gallonn of Jut A fuel were placed in
the drum aect lon v the center of thoe
tank amt ignited, The time vequived
tor the tuel outeide the dvum asct ton
to ignite wasn tecotded an the veigae-
tian tiwe and was vonmidered to be o
weasute ot the toam blanket atability,

o etk b il b
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APFENDIX J
THE EFFECT OF TERRAIN ON THE FIRE CONTROL AND EXTINGUISHMENT
TIMEE FOR JET A FUEI. FIRES

This section contains a descriptiow
of the test procedure and equipment
employed in a determination of the
effects of different terrains on the
fire control and extinguishment cf
Jet A fuel fires.

TEST METHOD.

This was a new teat method, in which
fire control and extinguishment
tests were performed in 10-foot by
10-foot open pits. The terrains
selected for evaluation were confined
within this area by 12-inch-high
earthen dikes. :

Foam was dispensed from an air-
sspirating nozzle positioned directly
above the dike, on the upwind side of
the fire pit, so as to impinge on a
steel backboard on the opposite side
and flow back over the burning area
to extinguish the fire,

TEST EQUIPMENT AND FOAM AGENTS.

The mechanical equipment comprised
the small-scale 6-gal/min mechanical
foam nozzle described in reference 1
mounted on a suitable monitor stand
and a 4-foot by 4-foot steel back-~
board and stand.

The agents evalua*ed by this
procedure included AFFF, fluoro-
protein, and protein foam of the
3-and 6-percent types. To assure
accurate solution concentrations, all
liquids were premixed with potable
water in the required concentration.

TEST PROCEDULE.

o n kal Ml A m, A N ek P S r bt ~aaai

Three square pits 1 foot by 10 feect
by 10 feet were constructed within
the 200-foot-diameter fire test bed.
Each pit was filled with a different
material to simulate a particular
naturally occurring surface structure,
These included (1) a 3-inch-thick layer
of traprock to simulate a rocky
terrain; (2) a 3-inch-thick layer of
fine sand; and (3) grass-covered sod,
studded symetrically on 2-foot centers
with 16 pine boards, 2 inches by
2 inches by 24 inches high, to simulate
a woodland area.

Each pit was saturated uniformly with
100 gallons of Jet A fuel just prior
to ignition. The basis for comparison
was the time required to control
and extirguish a pit of similar size
vherein the Jet A fuel was floated on
a wa.er surface. A preburn time of 1
to 2 minutes was allowed before foam
application was started, depending upon
the type of terrain,

Foam was applied to the test pits by
directing a solid stream from the
upwind side of th¢ fire so as to
impinge on the center of a 4-foot by
4-foot steel backboard located on the
downwind side of the pit. Foam was
therefore required to flow back across
the pit to effect fire extinguishment.
The time necessary to obtain fire
control and extinguishment was deter-~
mined. Fire control was estimated to
be the time required for 90 percent of
the fire surface to be covered by
foam.

e e s e i A

o e i Sk L i




o TATTRE T e
% g A i TR, FIATT

Extinguishment timu was recorded ee »f fedu discnarge. Thurefore, if the
tue to.al elapsed time uncil al)l foam solution was exhausted belors
flames neve extingrvished. total {ire extinguishment was obtained,

only the time of total fcia discharge
i Sufficiant premixel fosm solution was was recorded,

available for approximately 13 r’nutes

J-2 '
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APPENDIX K
ELECTRONIC FIRE-MONITORING EQUIPMENT

The inatrumentation emploved for the
required parametric measurements
consisted of radiometers and cameras.
Thermal data were recorded on a
Speed Servo 11, two-channel crossover
potentiometer analog recorder, model
L 11028, manufactured by the
Esterline Angus Instrument Cor-
poration and waa equipped with an
event marker which was manually
activated when foam was discharged,

Two heat flux transducers manu-
factured by Heat Technology
Laboratory Inc., Model GRW 20-64D-SP,
were mounted on ateel poles and
pvsitioned on tane diameter of
the fire pits at rvight angles to the
wind, These radiometers measured
the rvadiant heat flux and were rated
at 10 +1.5 millivolts (mV) at 15
Btu/ftZ-sec. The angle of view was
120°., Each unit was provided with
a calibration curve by the
manufacturer,
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APPENDIX L
PhOTOGRAPHIC TEST PLAN

Each full-scale outdoor fire-modeling
experiment was monitored by two
16~mm Lo Cam motion picture instru-
mentation cameras, both equipped with
a 15-am lens exposing Ektachrome
Commercial color film, type 7252, at
24 frames per second cperated by orne
photographer each from fixed,
elevated positions strategically
located around the fire test bed. An
elapsed-time clock, graduated in
minutes and gceconds, was within the
line of sight of each cawmera. The
experiments required the instru-
mentation cameras to start operating
0.5 minutes prior to fuel ignition
and to continue running till the end
of foam agent discharge.

Documentation coverage of the fire
tests was provided from a 16-~mm
Arriflex motion picture camera

equipped with a 12-mm to 120-mm
Angenieux zoom lens exposing
Ektachrome Commercial color film,
type 7252, at 24 frames per second.
This camera was operated by one
photographer from various positions
around the fire test bed selected at
his discretion.

One still photographer shot a minimum
of six different exposures marking
critical events before, during, and
after each full-scale fire-modeling
experiment using a 120-mm Mamiya
RB=67 camera equipped with a 90-mm
Mamiya/Sekor lens exposing Veri-Color
I1 (VPS) roll film. The exposures
provided 8- by 10-inch glossy color
prints, 2- by 2-inch color slides,
and 8- by 10-inch color viewgraphs of
each full-scale fire-modeling
experiment.
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