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For Decades, The Department
of Defense Knew Fire Fighting
Foams With PFAS Chemicals
Were Dangerous But Continued
Their Use

As far back as 1970s, studies conducted by the
Department of Defense showed that the firefighting
foam used on military bases and ships known as
Aqueous Film Forming Foam (AFFF) that contain
fluorinated chemicals now known as PFAS were
toxic. By the 1980s, animal studies conducted by the
Air Force revealed that PFAS chemicals could pose
environmental and health risks.

Here is a timeline of internal DoD studies and
reports detailing just how much they knew about
the dangers of using AFFF.



1963 - Navy scientists seek patent for AFFF.

1966 - Navy granted patent for AFFF.

1967 - Fire on the USS Forrestal kills 34 sailors.

1967 - The Navy and Marine Corps require the use of AFFF,

1973 - Air Force report, citing toxic effects of AFFF, calls for carbon filtration.

1974 - Air Force report cites toxic effects of AFFF on fish, suggests treatment
of AFFF waste.

1976 - Navy scientists cite toxic effects of AFFF.
1978 - Navy study cites toxic effects of AFFF.

1983 - Air Force technical report finds PFDA has toxic effects in mouse
studies.

1985 - Navy report again cites toxic effects of AFFF.

1989 - Citing toxic effects, Air Force calls for better management of AFFF
waste.

1991 - Army urges Fort Carson to stop using “hazardous” AFFF.

2000 - DOD alerted that PFOS is “bioaccumulative” and “toxic.”

2001 - DOD memo finds PFOS “persistent, bioaccumulating, and toxic.”
2001 - DOD and EPA hold meeting on military use of PFAS in AFFF.

2011 - DOD releases a Chemical and Material Emerging Risk Alert for AFFF,
citing “human health and environmental risks.”

2016 - Assistant secretary of Defense directs branches of the military to
prevent uncontrolled environmental releases of AFFF and to dispose properly
of PFOS containing AFFF.
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3,258,423
METHOD OF EXTINGUISHING LIQUID
HYDROCARBON FIRES
Richard L. Tuve, Silver Spring, and Edwin J. Jablonski,
Seat Pleasant, Md., assignors te the United States of
America as represented by the Secretary of the Navy
Filed Sept. 4, 1963, Ser. No. 306,665
9 Claims. (CL 252—3)

The invention described herein may be manufactured
and used by or for the Government of the United States
of America for governmental purposes without the pay-
ment of any royalties thereon or therefor.

This invention relates to novel compositions for cover-
ing a low flash point flammable liquid to prevent ignition
or reignition of the same when exposed to a nearby flame
or source of ignition. More particularly, it relates to a
method for using prior art fire extinguishing agents in
conjunction with novel foam compositions for blanket-
ing newly extinguished fuel surfaces which are susceptible
to fire flashback.

Heretofore, finely-divided dry chemicals, such as so-
dium and potassium bicarbonate have been used as fire
extinguishing agents due to their fast and efficient flame-
suppressing ability. The superiority of potassium bicar-
bonate as a fire extinguishing agent over the previously
employed sodium bicarbonate has been demonstrated and
reported in a Naval Research Laboratory Report 5183
on August 21, 1958, by R. R. Neill. The dispersion of
a finely divided mass of powder directly within the com-
bustion zone of a flaming fuel provides rapid extinguish-
ment of the flames, but the occurrence of flashbacks over
the extinguished area is certain unless the fire has been
completely extinguished and no possible source of re-
ignition remains.

Methods have also been devised for the application of
fire-fighting foams by spraying or by injecting a coherent
foam blanket on the surface of a burning fuel. Stable
foams which were spread in sufficient thickness over
the entire burning area have been capable of resisting
the heat and flame attack to suppress and smother a con.
flagration. Prior art foams which have been used for
fire-fighting purposes were formed of proteinaceous sub-
stancs, such as, keratins, albumins, globulins, hemo-
globins, seed meal, etc., which were modified by hy-
drolysis and stabilized with salts of polyvalent metals;
¢.g., ferrous sulfate.

Protein foams, however, are disadvantageous for fight-
ing hydrocarbon fires because of the heavy blanket of
foam which must be spread over the entire burning sur-
face, while any disruption of the foam barrier results in
a flare-up of burning fuel. Protein foams have also been
found to be adversely affected by finely-divided dry chem-
icals which have been treated with a silicone film;- the
silicone acts as a defoamer and causes the protein foam
to collapse at a high rate.

Dry chemical agents are treated with a silicone sur-
face to provide free-flowing, moisture-resistant powders,
to act in the nature of a fluid, said powders being readily
discharged by pressure from a hose line or nozzle.

The present invention provides novel foam composi-
tions which have proven to be effective in extinguishing
fires when utilized singly or in combination with other
fire extinguishing agents. The present foam composi-
tions display a remarkable effect in their ability to pro-
tect newly extinguished flammable fuel surfaces from
possible recurrence of fire. In this respect, the novel
foams have been found to be especially useful in com-
bating fires in gasoline, naphtha, ether, benzene and other
combustibles of a highly flammable vapor; they are also
useful in combating fires in other hydrocarbons, which
are capable under the heat conditions of a fire to give
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off considerable vapor, for example, kerosene, jet fuels,
diesel oils, etc.

The present foams serve the fire extinguishing proc-
ess in two ways: they block the feedback of radiant
energy to a fuel surface and they also prevent further
release of flammable vapor after the flames have been
suppressed.

The foams disclosed herein are suitably employed with
dry chemical agents, in particular potassium bicarbonate
powder, the foams displaying complete stability in the
presence of silicone-coated powder. Moreover, foams
by their very nature, enhance the extinguishing prop-
erties of KHCO; powder by eliminating the possibility
of flashbacks. With rampart fuel fires such as those
occurring at aircrash sites where a powder cloud of
KHCO; is applied, the present foam is then sprayed on
the surface of the fuel to secure the extinguishment of
the fire. The foam spray will prevent flashbacks on the
extinguished fuel surface while the remainder of the
flames are extinguished, Thus, the chief limitation of
KHCO; powder, because -of its inability to cope with
flashbacks, has now been successfully overcome as a re-
sult of the present powder-foam method of combating
fires.

A further desirable effect noted in the use of the
present foam compositions is based on their remarkable
ability to extend their usefulness even after the air-
liquid bubbles are disintegrating. The foams release a
thin surface film which persists on the fuel surface and
which has been found to be impervious to flammable
fuel vapors. The thin film is capable of spreading over
the fuel-foam interface and also over fuel areas ‘which
are not fully covered with foam. The film is quickly
reformed whenever it becomes ruptured. ‘Thus, the thin
film is equally effective as the foam itself in preventing
the release of fuel vapor. Previous foams cannot be
utilized in this manner, for the foamy coating is some-
what transient and can be ruptured, and previous foams
are therefore susceptible to reignition of fuel

Thus, it is an object of the present invention to pro-
vide a more efficient foam composition for suppressing
and extinguishing fires,

Another object of the invention is to provide a fire
extinguishing technique which employs a foam to pre-
vent flammable vapor release from a fuel surface after
the flames have been suppressed.

A further object of the invention is to provide novel
foam compositions that can be used effectively with any
dry powder agents to effect rapid and complete extinguish-
ment of hydrocarbon fires.

A further object of the invention resides in the forma-
tion of a water-containing film which prevents the re-
lease of flammable vapor from a hydrocarbon surface.

‘Other objects and advantages of the invention will
become more fully apparent from the following detailed
description and as illustrated in the accompanying sheet
of drawings in which:

FIG. 1 schematically illustrates a system by which a
dry powder and a foam composition are delivered to twin
discharge nozzles for combating hydrocarbon fires in
accordance with the teachings of the present invention;
and

FIG. 2 is a view of the twin discharge nozzles under
operating conditions.

In accordance with the present invention, novel foam
compositions are formed from solutions containing
therein as foaming agents one or more fluorocarbon com-
pounds; said compositions -are capable of forming a
frothy mass when blown or mixed with air, Freon-12,
nitrogen, or other suitable gaseous media. The fluoro-
carbon foam-formers of the present invention are de-
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rivatives of the perfluorocarboxylic and perfluorosulfonic
acids, represented by the general formula, R{CO.H and
R,SO.H, respectively. In the carboxylic acid molecule,
the Ry is a perfluoroalkyl chain of seven carbon atoms,
C.F15—, and in the sulfonic acid molecule, the R; is a
perfluoroalkyl chain of eight carbon atoms, CgFrr—
The perfluoroalkyl Ry may be a straight chain or a
branched chain. Preferred fluorocarbons which are use-
ful for the purposes of the present invention comprise
the following quaternary mnitrogen compounds which
have in their molecular structure an intermediate amido-
polymethylene linkage:

[CsF—S 0;NH—(CH2)s~N(C BEEYE) Gl B
[C7F 15—C ONH—(CH2);~N(C Hs)sj+ 1-

(4)
®)

I
[C;F1;-CONH-(CHy) 3+—N(CH3);CHCH0C—C H=CHJ+C}- (C)

C;F;;—~CONH—(CHo) s—gl (CH3):CH:CHC 00~ (D)

An additional fluorocarbon which is also suitable for
the preparation of the present foam is the sulfonamido
aliphatic acid salt represented by the formula:

CF17S0,N (CoH; ) CH,COOK (E)

The above fluorocarbon compounds provide long-
chain, surface active cations and anions which have a
terminal perfluoroalkyl chain that is both hydrophobic
and oleophobic and therefore repellant to water and to
hydrocarbons. The molecules are capable of concen-
trating on the surface of water or hydrocarbon fuel and
form an oriented surface film with the perfluorocarbon
end pointed upward.

The molecular structures (A), (B), (C) and (D)
consist of an anion electrostatically united to a long
chain cation, owing to the positive charge of the quater-
nary nitrogen atom. The molecule (D) is cationic, but
it is also anionic due to the presence of the carboxylic
group which is able to release hydrogen atoms in aqueous
solutions. The ionized (D) molecule is amphoteric and
ampholitic and thus presents both cationic and anionic
properties, since both positive and negative ionization
sites exist in the ion. The molecule (E) is a carboxylic
acid salt, and the carboxylate group in this compound is
anionic.

Other perfluoro compounds showing similar character-
istics may be used as the foam formers in accordance
with the invention.

When the present fluorocarbons are used in relatively
small concentration in water, they are capable of form-
ing frothy emulsions that are especially useful as fire
extinguishing foams. The present fluorocarbons possess
the necessary thermal and chemical stability which is
essential for foam compositions. The fluorine-carbon
bond provides improved stability to the molecule. The
fluorine in the terminal portions renders the molecules
more stable in the presence of heat. Moreover, the
above molecular structures possess extraordinary activity
in reducing the surface tension of solutions even when
they are present in very small concentrations.

The fluorocarbon compounds are especially useful in
foams which are designated as vapor-controlling or se-
curing agents concomitant with the use of flame-sup-
pressing dry powders. The present foams do not dis-
integrate nor react with a dry powder such as the
Purple-K Powder (P-K-P). Purple-K Powder is a term
used to designate potassium bicarbonate fire extinguish-
ing agent which is free-flowing and easily sprayed as a
powder cloud in flammable liquid and other fires.

Features of this invention relate to the water-contain-
ing film at the foam-fuel interface, and to the ability of
the film to persist during and after the foam has disinte-
grated due to external effects. The fluorocarbon film,
which retains a certain amount of water on its surface,
is capable of preventing vapor release from the fuel sur-
face. Additionally, the surface film exhibits a great
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mobility and self-sealing ability and is thus capable of
resealing the surface after it has been pierced. Previous
fire-fighting foams provide an initial foam blanket, but
once the foam layer is broken the surface is open to
reflash.

The foams pertaining to this invention are prepared
by forming a water solution containing the perfluoro
compound in a sufficient amount when suitably acted
upon to form a foamy mass. Foams of good water re-
tention and adequate resistance to breakdown contain the
perfluoro compounds in concentrations of about 0.10
to about 10% or more by weight, depending on the par-
ticular compound used for this purpose. At higher con-
centrations, the solutions have a tendency to gel and
become stratified. Preferably, the foam compositions
contain one or more of said fluorocarbon compounds in
concentrations in the range of from about 0.25 to about
4% by weight of solution.

Solutions containing a perfluoro compound, for ex-
ample the compound designated (A) in concentrations
of 0.25% or more, will form a frothy mass by aerating
with a gas, such as Freon—12 or with air to form rela-
tively stable foams. The solutions may be readily ex-
panded to volumes as high as 40-50, based on the ratio
of air to liquid.

Freon—12 is a trade name for the low-boiling diffuoro
dichloro methane commonly known as a refrigerant gas.

The water content in foams determines their ability
to withstand thermal shock and also their ability to spread
and level off readily, consequently, volume expansion
plays a very important role in providing good fire ex-
tinguishing properties. Therefore, it is preferred to em-
ploy the present foams at volume expansions of approxi-
mately 8 or 10, that provide thereby a water content of
about 0.025 gal./ft.2 of surface area. The lower volume
expansion displays good action in flowing around and up
against surfaces.

The compounds designated (A) and (D) have been
found to be more effective in their ability to form resistant
foams capable of protecting low flash point fuels from
dgnition or reignition for periods of from 5 to 10 minutes
or more. Compounds (A) and (D) may be used in about
0.5% concentration to form foams of maximum stability.

Alternately, compounds (A) and (D) may be combined
in a single solution in any relative amount up to 4%, but,
preferably, they form foams of maximum usefulness by
using equal amounts of compounds (A) and (D) in a
total concentration of about 0.50%, consisting of 0.25%
of (A) and 0.25% of (D) by weight of solution, based on
a final foam volume expansion of 8 to 10.

Improved stability in the present foams, especially with
the lower expansion foams, is obtained by means of an
additive that improves the resistance of the foam to
heat and its capacity to maintain its surface and liquid
content. A foam improver in the form of a water-soluble
polymeric material combined in solution before foaming
will increase the stability of the foam. Foam improvers
which may be advantageously combined in solution in-
volve the high molecular weight polymers of ethylene
oxide, polyvinyl resins, polyglycols, carboxy vinyl poly-
mer, etc. A polymer containing between 2000-4000 units
of ethylene oxide has been found to be a useful additive,
imparting greater resistance to foam distintegration. A
polyethylene polymer commercially available is the
Polyox WSR-35 manufactured by the Union Carbide
Chemical Co. Foam additives of this type are included
in the foam composition in an amount in the range of
from about 0.5 to 5% by weight of the final solution.

A preferred foaming composition in accordance with
the invention has the following composition by weight:

Component: Percentage
(A) e 0.25
(D) 0.25
Polyox WSR~35 e 0.50
Water o 99.0
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The above solution is blown or mixed with Freon—12
or any other gas (including air) to form a gas-liquid emul-
sion.

The following test procedures are illustrative of the
fire extinguishing characteristics of the present foa com-
positions. The presence of the film barrier which forms
on the fuel surface and its effective interference with the
ignition and propagation of flame is hereby vividly de-
monstrated.

Test 1

The compound (A) is formed into a 1% aqueous solu-
tion and expanded with air to a volume of about 10. The
foam is then applied as a thin layer of about % inch to
the surface of motor grade gasoline. The foam prevent-
ed ignition by an open flame and when ignition was finally
effected only a small amount of vapor was present to
permit a brief flash across the surface. Agitation with
a probe disclosed that it was difficult to break open the
barrier to get a sustained flame. When exposed surfaces
of fuel was finally obtained, the exposed fuel would not
take fire until repeated agitation in one area and then
it was quickly extinguished. This test indicated the pres-
ence of a useful film that forms a surface barrier capable
of suppressing fuel vaporization.

Test 2

The formation of a surface film was further demon-
strated by means of a small amount of fluorescent mate-
rial in the foam solution employed in Test 1. A small
amount of foam containing the fluorescent material, so-
dium fluorescein, was placed on the surface of gasoline,
and the area of foam and surrounding surface were -ob-
served under ultraviolet light. The green glow of the
foam was soon observed spreading in all directions on
the surface of the gasoline. As the foam began to dis-
integrate with time, the green glow on the surface grew
larger. After the foam had completely disintegrated, the
green coloration had spread out over an area many times
larger than the area previously occupied by the foam.

_Test 3

In a field scale test involving a 14-foot diameter gasoline
fire, the presence of the film barrier along with its mobility
and self-sealing ability was further demonstrated. A con-
tainer 1id 19 inches in diameter was placed in the gasoline
fire prior to the application of foam. A foam containing
about 0.5% of compound (D) was blown with air and
applied to give a density of about 0.06 gallon of solution
per square foot of fuel surface over the entire burning sur-
face until the fire was extinguished. After a lapse of about
one minute, a torch was brought over the opening left by
the Iid. The surface could not be ignited even with agita-
tion.  Gaps also occurred in the foam blanket, and the
foam was subject to considerable movement by the wind.
However, the open surfaces could not be ignited even
with agitation proving that the surface film had formed
and held together by resealing itself throughout the pe-
riod in which the .gasoline surface was being agitated.,

The present fire extinguishing method is best disclosed
by a certain illustrative embodiment which will now be
described in detail.

Hlustrated in FIG. 1 ds a pressurized system for dis-
charging a dry chemical and a perfluorocarbon foam of
the type described herein from 2 dry chemical container
11 and a solution container 12; said containers may form
a part of a mobile unit that can be readily dispatched
to the scene of hydrocarbon fire. The dry chemical in
container 11 may be potassium or sodium bicarbonate,
ammonium dihydrogen phosphate or CO, gas under pres-
sure.  In container 12, the foam solution may consist of a
mixture of the perfluoro compounds (A) and (D) in a
concentration of about 0.25% of each compound and in-
cluding therein a foam stabilizer, such as a polyethylene
polymer, and a pour point depresent, such as ethylene
glycol. The dry chemical and solution are charged through
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openings 13 and 14 in the respective containers. The con-
tainers are then suitably provided with means for pres-
suring said containers through pressure lines 15; the dis-
charge pressure forces the contents through outlet lines
16 near the bottom of said containers.

The powder and foam are conveyed through dis-
charge lines 17 and 18, respectively, and discharged as a
spray through separate nozzles, as shown in FIG. 2. The
solution is made into a foaming mass by mechanically
mixing with air or other gas. More conveniently, the
foam may be readily formed by adding a suitable amount
of Freon liquid to discharge line 18. Upon leaving the
nozzle 21, the Freon flashes into the vapor phase form-
ing a foaming mixture 28.

Turning now to FIG. 2, the powder nozzle 19 and the
foam nozzle 21 are mounted in a fixed position relative to
each other on a rod holder 22. The foam nozze 21 is
equipped with a discharge tip 23, which may be the fog-
foam tip SG-2559, manufactured by the Rockwood Sprin-
kler Corporation, said tip being rated at 50 gallons per
minute at 100 p.si. The tip has a convex screen 24
mounted in the front to cause the foam to fan out in a
wide arc upon discharge.

The dual nozzle arrangement is designed with pistol
grips 25 that have trigger type shut-off valves 26 to per-
mit an easy on-off operation with one hand on each pistol
grip. The operator begins with the dry chemical dis-
charge 27 initially and moves in a given direction. He
then directs the foam discharge 28 over the area covered
by the powder until the entire area is blanketed succes-
sively with dry chemical and with foam. The foam
covers the area after the dry chemical has extinguished
the flames.

150 square feet of gasoline fire may. be extinguished
with about 20 Ibs. of KHCO, powder and 5 gallons of
perfluorocarbon foam. The foam is preferably applied
with a water density of 0.03 gal./ft.2,

The present foams constitute essentially air-water
emulsions that display a substantial capability to distrib-
uie a thin layer of water in an active film. The term
“light water” has been coined to describe the present -
foamy mass with its active ilm. The oriented, surface-
active film is capable of distributing a useful water con-
tent which does not drain rapidly from a hydrocarbon
surface. This water-containing film with a specific grav-
ity of nearly 1.0 is capable of floating on a hydrocarbon
surface with a specific gravity of only 0.7 and to persist
thereon for an extended period. A further distinction
of “light water” is its ability to foam from very dilute so-
lutions containing a small concentration of the perfluoro-
carbon foaming materials. The complete disintegration
of these foams resulis essentially in water deposition con-
taining a soluble compound.

Past experience has shown that the water content of
foams is of great importance in determining their ability
to withstand thermal shock. The breakdown of foam
involves evaporation from the surface; it also involves
drainage of liquid from the bubble wall and interstices.
The retardation of foam decay is thus affected by the
volume of water in the foam. A unique property of the
fluorocarbon foams is that their heat resistance is not
entirely related to their water content. The present foams
lose their water liquid phase at a higher rate than pro-
tein foams, but they exhibit good heat resistance and
vapor suppression qualities.

The present fluorocarbon composition may be formu-
lated more conveniently as concentrates which may then
be diluted with water to form the active foaming solu-
tion to generate the foam. The concentrate may also
contain stabilizers and pour point depressants and other
additives.

In a projected fire-fighting situation a hydrolyzed pro-
tein foam and the perfluoro, “light water” foam may be
used simultaneously or successively in a single locale.
The two foams may also be combined and applied as a
mixed blanket of foam without adverse effects. When
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the mixed foam is employed on a fuel surface, the vapor-
suppressing film of “light water” is clearly evident and
equally effective in preventing reignition.

The invention therefore provides novel perfluorocar-
bon foams which have been found to be very advan-
tageous in combating fuel fires, especially hydrocarbon
fuel of high flammable vapor.
invention provides an improved method for combating
hydrocarbon fires by discharging a flame-suppressing dry
powder and then blanketing the extinguished flames with
a perfluorocarbon foam to prevent further flashbacks.

Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims the invention may be
practiced otherwise than as specifically described.

What is claimed is:

1. A method of extinguishing a liquid hydrocarbon
fire which comprises covering the burning area of the
liquid hydrocarbon with an aqueous foam having a non-
combustible gas phase and an aqueous liquid phase which
contains in solution from about 0.1 to 10% by weight
thereon of a surface active fluorocarbon compound se-
lected from the group consisting of

[CsF 7S OsNH (CHa)sN (C Ha)s]+ 1~
[C7F5C ONH(C Hz)sN (CHy)a]*I~
o]

I
[C+F 15C ONH (C Hg)sN (CHz):CH:CH:0C CH=C Hy+Cl-

N
d CrF15C ONH(CH2):N(CH):CH2CH2C 00~
an

C3TrS0:2N(C:Hs) CH:COOK

2. A method as defined in claim 1, wherein the con-
centration of surface active fluorocarbon compound in
the aqueous liquid phase of the foam is from about 0.25
to 4% by weight thereon.

3. A method as defined in claim 2, wherein the aqueous
foam has a gas to liquid volume ratio of from about
8 to 10.

4. A method as defined in claim 3, wherein the surface
active fluorocarbon compound in the aqueous liquid phase
of the foam is

C1F15C ONE(C H)sN (CHs)2C Fl2OH2C 0 0-

5. A method of extinguishing a liquid hydrocarbon fire
which comprises covering the burning area of the liquid
hydrocarbon with an aqueous foam having a non-com-
bustible gas phase and an aqueous liquid phase which
contains in solution about 0.25% by weight thereon of
each of the surface active fluorocarbon compounds

[CsF 178 OaNH (CHg)sN (CHa)slI-
and

C1F 15C ONEL(C Hz)oN (C Hy)oO HaC HaCOO-
and the gas to liquid volume ratio thereof is about 8 to 10.
6. A method as defined in claim 5, wherein the gas
phase of the aqueous foam is difluorcdichloromethane.

In addition, the present
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7. A method of extinguishing a liquid hydrocarbon fire
which comprises covering the burning area of the liquid
hydrocarbon with a dry powder capable of extinguishing
flames at the surface of the liquid hydrocarbon and in
amount to extinguish said flames and immediately there-
after covering the dry powder covered area of the surface

. of the liquid hydrocarbon with an aqueous foam having

a non-combustible gas phase and an aqueous liquid phase
which contains in solution from about 0.25 to 4% by
weight thereon of a surface active fluorocarbon selected
from the group consisting of

[CsT 178 O NH(C H2)sN (C Hs)al* I~

[C7F :C ONH(C H3):N (CHa)sf+1-

It
[C7F 15C ONH(C H2)3sN (C Hy):C H3C H:0C CH=CH3]+Cl-~

-
C:F15CONH (CH2) 3N (CHa)3CH3CH3sCO O~
and
CsF1rSO3N(C:H;) CH;COOK

8. A method as defined in claim 7, wherein the aqueous
foam contains in solution a foam stabilizer which is a
water-soluble high molecular weight polymer and in a
small amount sufficient to improve the thermal stability
of the foam.

9. A method as defined in claim 7, wherein the dry
powder is potassium bicarbonate powder and the aque-
ous liquid phase of the foam contains in solution about
0.25% by weight thereon of each of the surface active
fluorocarbon compounds

[CsF 7S O3NH (C Hz)sN (C Hy) I~
and

+
CyF1;C ONH(CH:)N (C Hs),C HaCH2C 0 0~

and the gas to liquid volume ratio of the foam is about
8 to 10.
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ABSTRACT

THE IMPACT OF THE USS FORRESTAL’S 1967 FIRE ON UNITED STATES NAVY
SHIPBOARD DAMAGE CONTROL, by LCDR Henry P. Stewart, United States Navy,
112 pages.

This thesis examines the impact of the 1967 flight deck fire on the aircraft carrier USS
Forrestal (CVA 59) and the resulting two investigations, on the development of US Navy
damage control doctrine and equipment. The first investigation focused solely on the
Forrestal fire; the second assessed the safety of aircraft carrier operations throughout the
US Navy. Both investigation reports included several proposals to improve shipboard
damage control. The thesis found that most of these recommendations were successfully
implemented, substantially enhancing shipboard damage control capability over the long
term. Successful implementation of these proposals depended on the following: strong
support by, long-term involvement of, and resourcing by the Chief of Naval Operations,
aswell as broad agreement by senior Navy leaders that the proposed changes were
necessary based on lessons learned from the two investigations. Training and material
deficiencies appeared to be noncontroversial and thus relatively easy to correct; proposals
that did not mesh well with Navy culture and existing personnel practices appeared
especially controversial and were not successfully implemented.
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CHAPTER 1

INTRODUCTION

One of the most serious disasters in modern naval history began just before 11:00
am. on 29 July 1967. On that morning, one of the United States Navy’s most modern
aircraft carriers, USS Forrestal (CVA 59) was operating in waters off the coast of

Vietnam.

The Ship

Forrestal wasthefirst of the “ supercarriers’ of the US Navy. Commissioned in
1955, she was the first US aircraft carrier specifically designed to operate jet aircraft, and
was the first carrier the United States built following World War 11. Her namesake was
James V. Forrestal, aformer naval aviator, and our nation’s first Secretary of Defense.
Forrestal was 1,076 feet long, 252 feet wide at her flight deck, and displaced over 79,000
tons. In comparison, the Essex class aircraft carriers built during World War Two only
displaced 41,000 tons. Forrestal’ s flight deck had approximately 250,000 square feet of
area. Her engineering plant was able to produce 260,000 horsepower and consisted of oil-
fired boilers and steam turbines. She had four propellers, and could achieve a top speed
of greater than 30 knots (approximately 35 miles per hour). She had 19 separate levels
(called “decks” in naval terminology), and over 2,000 separate compartments, or
“gpaces.” A crew of 3,000 men operated the ship, and 2,500 more men operated and
maintained the embarked aircraft. Forrestal had her own post office, laundry rooms, and
ship’s store (selling cigarettes, snacks, and personal items for crew members), staterooms

for officers, and lounges for the crew. She produced her own electricity and distilled



approximately 200,000 gallons of fresh water daily for drinking, washing, and cooking.
Many of her interior compartments were air-conditioned. She was a virtual “city at sea.”

The Incident

The Forrestal had recently arrived in the waters off Vietnam, and had been
bombing targets in North Vietnam for the previous four days. Forrestal launched and
recovered al aircraft from the first strike of the day without incident, and the crew
prepared the second strike group’ s aircraft for launch. Crewmen staged 27 aircraft on the
flight deck. The fully armed planes were crowded together on deck as the crew conducted
final preflight checks. Each aircraft carried afull load of bombs, rockets, and
ammunition, and the fuel tanks of each plane were full. In addition, crew members staged
several tons of bombs on the flight deck on wooden pallets.

The Forrestal accelerated to nearly 30 knots and turned into the wind as she
prepared to launch the second strike of the day (she was generating high relative winds
over her flight deck to provide sufficient lift to safely launch her aircraft.) Severa of the
jets started their engines in preparation for launching. Without warni ng, arocket was
accidentally fired from one of the F-4 Phantom fighter planes on the deck. The rocket
struck a crewmember on deck before striking and ripping open an A-4 Skyhawk staged
on the opposite side of the flight deck. The rocket passed through the aircraft without
exploding and hit the ocean. However, several hundred gallons of jet fuel poured from
the Skyhawk’ s punctured fuel tank and quickly ignited by particles of burning rocket
propellant left on the flight deck. The burning fuel from the stricken jet was pushed aft
(back) by the heavy winds across the flight deck. The burning fuel quickly engulfed
several other aircraft staged on the flight deck. Within seconds, these aircraft began
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burning, and the fire continued to spread. The officer of the deck (the officer on watch
responsible to the commanding officer for safe operation of the ship) immediately
sounded General Quarters. This was a shipwide announcement that the ship was
experiencing an emergency. He quickly followed this up with a verbal report over the
1IMC (the shipwide general announcing system) notifying the crew of the fire on the
flight deck. The Forrestal’ s crew moved toward their assigned “ battle stations.”

When General Quarters was set, Forrestal’ s crew members fully manned all
positionsin the ship’s damage control organization. The crew also set Material Condition
Zebra. This compartmentalized the ship by closing doors and hatches throughout the ship.
Many of these hatches were normally open to facilitate crew movement throughout the
ship. Closing them would help to limit the flow of smoke, fire, and firefighting water
through the ship. The Commanding Officer ordered the ship to stop, to reduce the wind
across the flight deck that was fanning the blaze. However, the fire continued to spread
quickly.

The heat of the fire exploded a bomb on the flight deck approximately ninety
seconds after the fire began, and a second bomb exploded a few seconds later. These
explosions severely damaged the carrier and killed several sailors on the flight deck. The
fuel tanks of several other planes ruptured, adding to the intensity of the blaze. The
exploding bombs created severa holesin the flight deck, allowing fire and smoke to
spread into the interior of the ship.

Forrestal’ s crew feverishly battled and eventually extinguished the fire. It took
over twenty-four hours to extinguish the fires that spread below the flight deck. The
losses caused by this incident were high. One hundred thirty-four sailors were killed by
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the fire, and 161 more wereinjured. Over twenty aircraft were lost. The damage forced
Forrestal to suspend combat operations and conduct temporary repairs in the Philippines
before returning to the US for permanent repair. Repairs to the ship cost approximately
$72 million, and took approximately two years to complete.

Purpose of This Research

Sailors have feared fires at sea since the days of the earliest ships. Even in modern
times, ship’s crews had to depend on each other to save their ship (and their own lives)
when disaster struck. Every sailor had to be afirefighter as well. Proficiency was
important, since fire could quickly spread in the hazardous shipboard environment. It
remains vital for the Navy to accurately assess the cause of disasters and apply lessons
learned to prevent similar situations from recurring. Failure to do so can result in many
liveslost, millions of dollarsin damages, and even the loss of a ship.

The purpose of thisthesisisto examine how the Navy applied lessons learned
from the USS Forrestal conflagration on 29 July 1967 to improve fleetwide damage
control capability (training, doctrine, installed equipment, and warship design). The
primary research question is: Did thisfire have significant influence on the US Navy’s
damage control doctrine and training, shipboard firefighting equipment, and warship
construction? Secondary research questions include: If so, what specific changes resulted
from this disaster? Were these changes significant and permanent? Does historical
evidence show that these changes were effective?

The thesis statement of this research is that the US Navy significantly improved
damage control training, damage control equipment, and warship design as a direct result
of lessons learned from the fire on USS Forrestal.
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M ethodology

Numerous historical documents were examined to prove the thesis and answer the
research questions. The official investigation report of the incident was studied to learn
about the damage control organization on Forrestal in 1967. This thesis reviewed what
damage control equipment was available to Forrestal’s crew, what survivability features
wereincluded in Forrestal by designers, and what damage control doctrine existed to
guide her crew. The thesis also examined the issue of whether the Navy built damage
control improvements into Forrestal because of lessons learned from previous disasters
or battle damage.

Two official Navy investigation panels were convened as a direct result of the fire
on Forrestal. Thisthesis reviewed the recommended changes to improve damage control
on US Navy ships submitted by these panels. The following specific areas were
examined: What specific changes did the panels recommend? Were they implemented?
Were these changes effective? Did shipbuilders apply lessons |earned from the Forrestal
fire to incorporate design changes into future warships? If so, what changes did they
make, and how did these changes improve a ship’s damage control capability? Did the
Navy only apply design changes to ships built after the Forrestal fire, or did they make
some changes to improve the damage control capability of existing ships?

The thesis examined a similar fire that occurred on the US Navy aircraft carrier
Enterprise in 1969 (approximately eighteen months after the Forrestal fire) to assist in
assessing whether lessons learned from the Forrestal were significant and enduring.

This thesis answered the following questions. Did the damage control
organizations of these ships benefit from lessons learned from Forrestal’s fire? Did
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shipbuilders incorporate improved damage control features into these ships? If so, did
these changes serve to mitigate the effects of damage?
Limitations

There were numerous limitations to this research. The study focused on the
specific lessons learned from the fire on USS Forrestal on 29 July 1967, and how these
lessons were applied by the US Navy to improve damage control capabilities on its
warshipsin later years. Major themes of interest included examining what damage
control doctrinal, shipboard firefighting and dameage control systems changed from
analysis of thisfire. This research also discussed design changes the Navy madeto its
warships after analyzing this disaster. This study briefly examined incidents that occurred
on US Navy warships after the Forrestal incident to determineif the US Navy
successfully applied these lessons. This research did not study damage control doctrine,
equipment, or ship design in foreign navies. The study was limited to the impact that this
incident had on damage control on US Navy surface warships. This study relied on
official Navy accounts of the fire, reports of official Navy panels convened to review the

fire, and Navy damage control doctrine and instructions.



CHAPTER 2

DAMAGE CONTROL DOCTRINE

Firefighting and damage control have been important to the US Navy since the
age of sail. This concern remained vitally important in 1967, since naval ships contained
large quantities of fuel, oils, weapons, ammunition, paint, and many other hazardous and
flammable materials. Other factors also elevated the risk of fire and damage--ships
launched and recovered helicopters and other aircraft, frequently maneuvered at high
speeds in close proximity to other vessels, and steamed in widely variable weather and
sea conditions. The danger to ships from accidental fires and flooding was high whether
the ship was operating in home waters or was forward deployed to war zones. Fire or
other damage usually struck suddenly, and had to be quickly controlled to prevent
extensive damage to the vessel and minimize injuriesto her crew. Perhaps the most
important aspect of damage control was that any ship sustaining damage often had to rely
completely on its own crew to take responsive action. Operational circumstances
demanded that naval vessels often operated independently of other ships, and weather
could prevent other ships from assisting.

Well-known naval authorities and retired US Navy Captains John V. Noel and
Edward L. Beach provide one authoritative definition of damage control. Captain Noel
revised Knight’s Modern Seamanship, The Division Officer’s Guide, The Watch Officer’s
Guide, Ship Handling, and coauthored Naval Terms Dictionary with Captain Beach.
Captain Noel commanded a destroyer, supply vessel, and cruiser during hislong career.
Captain Beach served as a damage control assistant and chief engineer in submarines, and

also commanded severa submarines. He wrote several fictional and nonfiction works,
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and was well known for his novel Run Slent, Run Deep. Captains Noel and Beach define
damage control as“Measures necessary to preserve and reestablish shipboard watertight
integrity, stability, maneuverability and offensive power; to control list and trim; to make
rapid repairs of materiel, to limit the spread of and provide adequate protection from fire;
to limit the spread of,, remove the contamination by, and provide adequate protection
from toxic agents; and to provide for care of wounded personnel.”* Although many of the
procedures used to combat damage control changed substantially over time, the basic
problems remained constant. The US Navy relied on training (damage control schools,
shipboard drills) and doctrine (official publications promulgating techniques and
procedures to be used in controlling damage). Doctrine evolved over the years to reflect
advances in damage control equipment technology, changes in ship design, and to
incorporate lessons learned from earlier incidents.

World War || Damage Control Doctrine

US Navy damage control doctrine in effect during the 1967 Forrestal fire evolved
from the Navy’s World War Two era damage control doctrine. The American Navy’s
primary shipboard firefighting doctrine during the Second World War was the Fire-
Fighting Manual (Naval Ships Publication 688). This 133-page manual was published in
1943 to provide a sound basis for naval firefighting and damage control to the many
inexperienced personnel joining the rapidly expanding wartime navy. It described the
nature and hazards of the shipboard environment, explained how to use the Navy’s
shipboard damage control and personnel protective equipment, and detailed the
techniques and procedures necessary to fight fires and control damage. Although the
Fire-Fighting Manual was useful in familiarizing Navy officers and enlisted men with
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the equipment, techniques, and procedures necessary to combat fires and damage on
ships, the Navy also operated seven major shipboard Fire Fighter’s Schools on the larger
naval bases. The Navy’s Bureau of Ships developed and prescribed the course of
instruction taught at these schools to standardize the training. Course lengths of one to ten
days were available. The full (ten-day) course included instruction on the various types of
fireslikely to be encountered on ships, training on al Navy damage control equipment
(instructor would demonstrate how to use each item, and students would then practice
using it), and extinguishment of actual fires and repair of simulated damage in simulated
ship compartments. The shorter courses focused on familiarization and practice with
shipboard damage control equipment. In 1943, approximately 600 students per month
were attending each of the seven Navy Fire Fighter’'s Schools.?

Shortly before the war ended, the Bureau of Ships published a Handbook of
Damage Control that detailed many of the damage control lessons that had been learned
by the Navy during the war years. The first nine pages of this manua were exclusively
composed of excerpts from US Navy war damage reports. These excerpts provided
examples of awarship’s inherent resistance to damage, the importance of maintaining
watertight integrity, particularly effective fire prevention measures and firefighting
actions taken by the crews of several warships, and the importance of damage control
training and personnel protection.®

In addition to the Handbook of Damage Control, the Navy’s Bureau of Ships
compiled several reportsin the mid-to-late 1940s analyzing the damage incurred on US
Navy ships during the Second World War. These reports were based on accounts of
shipboard personnel, reports of observers stationed on other ships, and assessments of
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damage conducted by Bureau of Ships and shipyard personnel when damaged ships
returned to port. Each volume in this series of damage reports was dedicated to a
particular type of ship, such as destroyers, cruisers, battleships, or aircraft carriers. These
reports described the types of damage sustained by each ship, what weapons caused the
damage, what structural and hull damage was sustained, how buoyancy and stability were
affected and what fires and flooding resulted and analyzed the performance of the crews
in controlling the damage. These reports also detail some of the improvements in damage
control procedures and equipment developed as a result of wartime experience.*

The report on destroyersis particularly illuminating because destroyers were the
most numerous type of combatant vessel in the US Navy during the Second World War
(377 were in commission in 1945). The Destroyer War Damage Report stated that the
Navy suffered severe losses due to fires during the first year of the war. The report also
stated that firefighting performance improved throughout the war as a result of several
factors. First, avoidable fire hazards (excess flammable materials) were removed from
Navy ships. Second, ships were given an increased allowance of firefighting equipment.
This new equipment tended to be more effective than the old equipment, and was widely
dispersed throughout the ship to increase rapid accessibility when needed. Third, damage
control lessons learned were reinforced in the Navy’ s firefighting schools. Finally, the
Destroyer Report concluded that:

In general, the firefighting performance of destroyer crewsin the latter
part of the war, utilizing their improved training and newly developed equipment,
was very encouraging. Thelir record proved that speed in getting water to the fire
isal-important and is the mark of effective drilling. One hose stream brought to

the scene of the fire within a minute often proved more valuable than severa a
few minutes later. Drillsin immediately running hose and rigging portable pumps
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for use in the damage area and in promptly checking the intactness of the firemain
repeatedly proved their value.”

Postwar Doctrine Revision

The next major revision of US Navy firefighting doctrine was issued in May
1951, when Bureau of Ships Manual Chapter Ninety-Three: Fire Fighting — Ship was
published. This new manual replaced the old Fire-Fighting Manual , which was |ast
revised in 1944. The new manual reflected more changes in equipment and procedures
made as a result of lessons learned from the Second World War. Chapter Ninety-Three
consisted of 113 pages, broken down into three sections. The first section discussed the
firefighting and damage control equipment available to the shipboard firefighter. The
second section described how to properly use shipboard personnel protective equipment,
and the final section prescribed firefighting techniques and procedures.®

The next version of the Navy’s firefighting manual, Naval Ships Technical
Manual Chapter 9930: Fire Fighting — Ship (referred to hereafter as NSTM 9930) was
issued approximately one month after the Forrestal fire, on 1 September 1967. Although
it was not in effect during the Forrestal fire, it doesillustrate the state of development of
Navy Damage Control doctrine at the time of the incident (It didn’t include any lessons
learned from the Forrestal’ s fire, since that incident was still under active investigation).
Thisinitial version of NSTM 9930 contained the same three sections as Bureau of Ships
Chapter 93, but Section Two (Protective Equipment) was a placeholder, with no
information included. The overall document was reduced to ninety-nine pages. Thefirst
seventy-three pages were dedicated to the nature of fire and firefighting equipment; the
remainder dealt with firefighting techniques and procedures.” Significantly, most of the

material describing fire, firefighting agents and shipboard firefighting equipment
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included in NSTM 9930 was virtually identical to discussions in the older doctrine.
Although warships had dramatically increased in size and complexity since World War
Two, it seemed that the damage control tools available to sailors had not significantly
changed.

It isimportant to note that the 1967 version of NSTM 9930 was not designed as a
stand-alone reference document for shipboard firefighting. For the first time, the 1967
edition of NSTM 9930 directed ships to establish and maintain areference library of
damage control publications, and contained alist of forty-six separate publications to be
included in thislibrary. Thislist included a Ship’s Damage Control Book (tailored to
each type of Navy ship in service), acomplete set of Naval Ship’'s Technical Manuals
(each volume, or chapter, provided information on a particular aspect of Navy
operations), instruction manuals on damage control and personnel protective equipment
used aboard naval vessels, and naval regulations and instructions governing damage
control.® Of course, the usefulness of this reference library depended largely on how
effectively each ship’s senior damage control experts integrated the material into their
damage control training program.

NSTM 9930 stressed the importance of reducing fire hazards to decrease the risk
of shipboard fires and to minimize the damage sustained when afire did occur. It
prescribed four basic principles to reduce unnecessary fire hazards. first, proper stowage
of combustible materials; second, regular and frequent inspections of shipboard spaces by
shipboard leaders; third, training all personnel on the importance of reducing fire hazards;

and finally, strict enforcement of fire prevention policies and practices”’
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NSTM 9930 aso placed heavy emphasis on the importance of frequent, realistic
training drillsto improve the efficiency of a ship’s damage control organization:

Every man in the organization must know where to go, how to get there,
what may be needed, and what to do upon arriving at the scene of afire. It isonly
by constant drilling that fire-fighting parties can learn to function as teams. Men
must be trained to act immediately and use the proper equipment and correct
procedure. . . . Drills uncover weaknesses and failures of personnel and material
which can be eliminated or recognized as a possible source of danger should an

actual fire occur inthe area. . . . An effective protection against firesin shipsin
the quantity and quality of training before afire starts.’

The third section of the 1967 NSTM 9930, Fire Fighting and Fire Hazards, was
significantly different than earlier doctrine. In the older doctrine, this section discussed
the nature of shipboard fires and the effectiveness of extinguishing agents, such as solid-
stream water, water fog, foam, carbon dioxide, and others. After this discussion, the
doctrine stipulated appropriate techniques and procedures to combat several common
types of shipboard fires (such as flight deck fires, engine room fires, and firesin
electronic equipment rooms). The 1967 NSTM 9930 contained this information as well,
but it aso included an entirely new subsection on the configuration of the ship’s damage
control organization. It directed each ship to implement tailored “Fire Bills.” Fire Bills
were published lists that assigned specific duties and responsibility to specific crew
membersin the event of afire. Rudimentary fire bills had been in use since the Age of
Sail, but the increased size and complexity of modern warships demanded a highly
specialized list. Examples of positions on atypical fire bill include nozzlemen
(responsible for manning the nozzle end of the hose and attacking the fire), hosemen
(who maneuvered the hose to support the nozzleman), plugmen (who opened valves
charging the hoses), investigators (who rapidly surveyed the ship to determine the

location and extent of damage), and scene leaders (who directed local damage control
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efforts and reported status of those efforts up the chain of command). Crew members
received training to qualify for positions on the fire bill. Sailors were required to qualify
for these positions sequentially. For example, anewly reported sailor could quickly
qualify as a plugman. As a plugman, thisjunior sailor would only be responsible for
operating avalve feeding a single fire hose. With more experience, the plugmanwould
qualify to serve as a hoseman, then as a nozzleman. A scene leader was required to be
proficient in all of these junior positions. Separate Fire Bills were required for periods
when the ship was at sea and when the ship was inport. The entire ship’s company was
available to participate in damage control efforts while the ship was underway, but a
much smaller number of personnel were available inport. While the ship was inport, the
majority of crew members departed the ship after normal working hours. The ship’s
company was split into several “duty sections.” Each duty section would spend the night
aboard to oversee the ship until relieved by the next duty section the following day. These
duty sections were comprised of relatively small portions of the overall ship’s company,
and would only man asingle repair locker to respond to emergencies (all repair lockers
were manned if required during emergencies at sea). The duty section would frequently
be augmented during fires inport (many sailors lived aboard ship), but the fire bill
provided supervisory personnel with aformal list of qualified sailors charged with
responding to damage occurring during their duty day. The engineer officer (officer in
charge of the Engineering Department, and the individual who, by Navy Regulations,
was also designated as the damage control officer) was responsible for supervising the
Fire Bills and ensuring that assigned personnel were properly trained and qualified for
their positions.*t NSTM 9930 also provided several examples of typical shipboard
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damage control organizations, defining required positions and responsibilities of assigned
personnel and delineating necessary types and quantities of damage control equipment.
The next chapter examines the survivability features that were included in US
Navy warships in general and the Forrestal in particular as aresult of experience and
lessons learned from previous incidents and battle damage. The chapter also describes the
damage control equipment and personnel protective gear used by shipboard firefightersin

1967.
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CHAPTER 3

WARSHIP SURVIVABILITY FEATURES AND
DAMAGE CONTROL GEAR

Survivability was one of the warship’s primary design considerations. Warships
were designed to survive and operate effectively in extremely inhospitable conditions at
sea. Heavy seas exerted tremendous stress on a ship’s structure, and were often
encountered with little warning. In February 1933, the USS Ramapo survived an
encounter with a 112 feet high wave in the Pacific Ocean (the highest ever reliably
reported, according to Professor Jerome Williams, who published several works on
oceanography and originated the oceanography course at the US Naval Academy).*
Although thisis an extreme example, it illustrates the harshness of the marine
environment even in the absence of accidental fires or enemy action. All shipsthat are
expected to perform well in these demanding conditions require a high degree of
buoyancy and stability. However, naval vessels must be built stoutly enough to sustain
damage and remain operational, so they require even greater protection than would
normally be expected. The elements of survivability considered by naval architects that
designed warships such as the Forrestal included compartmentalization, seagoing
capability, and i mprovements based on experience gained during the Second World War.

Compartmentalizaton

Shipbuilders have always been concerned with the hazards of flooding and
sinking. Even wooden ships would easily sink if their interior compartments were
flooded. This concern intensified as ships were built with steel hulls, and their size

increased dramatically. Disasters such as the loss of the Titanic emphasized the
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importance of compartmentalization, or subdividing a ship’s structure into numerous
watertight compartments.

Warships required an inherent ability to resist damage caused by underwater
attack (such as damage from naval mines or torpedoes). Transverse watertight bulkheads
(connecting the port and starboard sides of the hull) are effective in containing flooding
along the length of a ship’s hull after underwater damage is sustained. By the time
Forrestal was built, all warships contained a series of numerous transverse bulkheads
extending from the keel (bottom) of the ship to the main deck (frequently termed the
damage control deck). The forward most transverse bulkhead was generally placed
severa feet abaft (behind) the bow. It was specifically designed to reduce aship’s
vulnerability to flooding as aresult of collisions, and was termed the collision bulkhead.?
The exact location of the collision bulkhead varied widely depending on the ship’s
length. Designers termed the imaginary vertical line extending through the point where
the ship’s bow met the sea the “forward perpendicular.” Similarly, the vertical line
extending through the point where the stern touched the water was termed the “ after
perpendicular.” The length between these two imaginary lines was referred to as the
“length between perpendiculars,” and the collision bulkhead was located at least 5
percent of this length abaft the forward perpendicular. Longitudinal watertight bulkheads
ran fore and aft between main transverse bulkheads. Longitudinal bulkheads were often
used to protect vital spaces (containing equipment essential to operate the ship) from
flooding. Longitudinal bulkheads had to be carefully designed to minimize
unsymmetrical spacesin the ship’s hull. Unsymmetrical spaces resulted when the
compartmentalized spaces on one side of the ship’s centerline were not identical in
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volume to those on the other side. The ship’s stability decreased if an unsymmetrical
space flooded.

In addition to limiting progressive flooding (the spread of flooding throughout the
ship), compartmentalization was useful in limiting the spread of fire and smoke through
the ship’sinterior spaces. The Navy developed several procedures and requirements
designed to maximize the effectiveness of compartmentalization. Many compartments
had necessary fittings, such as doors, hatches, ventilation ducts, and electrical cablesthat
passed through watertight bulkheads. Regular inspection and maintenance was required
to ensure that these fittings did not reduce a ship’ s watertight integrity. Compartment
Check-Off Lists (CCOLSs) were developed, listing each of these fittingsin every
compartment. Regular inspections of items listed on the CCOLs were required, and
periodic maintenance was required on items susceptible to wear, such as door gaskets.®

The US Navy a so developed three maor material conditions of readiness for all
vessels. Each material condition provided a different degree of tightness and protection.
Crew memberslabeled al fittings (sometimes referred to as closures) to facilitate rapid
identification. Condition “X-Ray” allowed the most fittings, such as doors, hatches, and
scuttles, to remain open. Thisincreased the convenience and ease with which personnel
could transit throughout the ship, but also provided the least degree of protection against
the spread of fire, smoke, or flooding. Condition “X-Ray” was normelly set inport during
normal working hours when the ship was not believed to be at risk from attack. Condition
“Yoke” required more fittings to be closed, and consequently provided more protection.
Condition “Yoke” wastypically set at al times while the ship was at sea and after normal
working hours in port. Condition “Zebra” provided the most protection, and required
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most fittings to be closed. Condition “Zebra’ was normally set when the ship expected to
enter combat soon (General Quarters was set), or in the event of fire and flooding in the
vessel. Condition “Zebra” was not normally set for long periods at sea, since it
significantly hampered the movement of crew and material throughout the ship, and
reduced crew comfort since most ventilation was secured during Condition “Zebra.”
Modifications of these three basic conditions, such as “Circle X-Ray, Y oke, and Zebra’
permitted certain predesignated closures to be opened by crew members. This allowed
crew members to transit through zones, and facilitated moving anmunition and other
supplies throughout the ship. “William” fittings were essential to the ship’s mobility and
fire protection. These fittings were marked with a black “W,” and were kept open during
all material conditions. Fire pump and other vital pump cutout valves were classified as
“William” fittings.*

Enhanced Seagoing Capabilities

When she was commissioned in 1955, Forrestal wasthe world’ slargest aircraft
carrier. Her large size greatly enhanced Forrestal’ s seagoing capabilities, since a
warship’sinherent survivability and seaworthiness tend to increase with the vessel’ s size.
For example, alarger ship generally has more watertight compartments than a smaller
ship. Reserve buoyancy, the volume of the watertight portion of the ship above the
waterline, is also usually greater for larger ships.” Asaresult, larger ships are inherently
able to sustain more damage and remain afloat. Larger ships also enjoy severa other
characteristics useful in naval vessels. A smaller fraction of the ship’s displacement is
required for propulsion equipment and fuel storage on larger ships (or agreatly extended
rangeis possible if the same percentage of fuel to ship’s displacement is maintained), and
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larger ships generally are capable of higher speedsin rough seas.® Larger ships are also
capable of carrying more weapons, equipment, and stores. Naval vessels were limited in
size by treaties for much of the interwar period, but began to increase in size in the late
1930s. This trend toward increasing warship size was still continuing when Forrestal was
built in the early 1950s. The Forrestal displaced 79,000 tons and contained 1,240
watertight compartments; while the Essex Class carriers built during World War Two
displaced |ess than 40,000 tons and contained 750 watertight compartments.” The trend
toward increasing warship size was not limited to aircraft carriers — many combatant
shipsin the US Navy were increasing with size during this period. For example, the
Porter class destroyers of the 1930s displaced approximately 1,850 tons, the Fletcher
class destroyers of the 1940s displaced over 2,500 tons, and the early 1960s Charles F.
Adams class of destroyers displaced nearly 3,400 tons.®

Survivability Enhancements Based on World War |1 Experience

Several survivability features recommended by the Navy’s World War Two
damage reports were incorporated in Forrestal. Forrestal was built with an armored
flight deck, constructed of thick, high-strength steel. World War Two experiences
showed that this would decrease the amount of structural damage sustained in interior
compartments from explosions or fires on the flight deck.®

Forrestal was also equipped with afiremain loop. The firemain loop was
designed to correct a serious deficiency observed during the Second World War, when
many crews were unable to combat shipboard fires because firemain pressure was lost as
aresult of damaged piping. In several instances fire pumps continued to run and the
ship’s stability was reduced by tons of seawater flowing into interior compartments from
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damaged piping.’® A firemain loop was aline of saltwater piping that ran continuously
around the vessel. The loop also incorporated several runs of piping running athwartships
(connecting the firemain piping on the ship’s port side with that on the starboard side).
These transverse piping runs were placed near the bow, amidships (near the center of the
vesseal), and aft. The loop could be charged with severa fire pumps, located in numerous
compartments throughout the ship. Cutout valves were placed at regular intervalsin the
piping runs. This arrangement enabled the ship’s crew to isolate damaged portions of the
firemain, while still supplying firefighting water where needed. The dispersion of
multiple firefighting pumps helped to ensure that adequate firemain pressure could be
maintained even if some pumps were damaged or inoperable. If the ship expected to enter
combat, several isolation valves would be closed near the transverse piping runsto create
several smaller firemain loops. Thiswould ensure firemain pressure to most of the ship in
the event of firemain piping damage, and would limit the amount of flooding sustained
from broken piping. A diagram of atypical firemain loop isincluded in Appendix A.
Flight deck and hangar deck sprinkler systems were also installed on Forrestal to
cool ordnance during fires (to prevent cook-off) and to help prevent the spread of firesin
these areas. Several high capacity foamgenerating stations were also installed. These
stations were capable of generating large amounts of firefighting foam to help smother
firesin the hangar deck or on the flight deck. US Navy damage reports from the Second
World War indicated that all of these features proved to be effective in limiting damage

during actual fires™
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Forrestal was also designed to carry aircraft using JP-5 for fuel. JP-5 was much
less volatile than the aviation gasoline that had been carried aboard aircraft carriersin
World War Two, and was considered to be less hazardous for shipboard use.

Asthe last several pages have shown, naval warships such as Forrestal were
designed to sustain damage and survive. However, another significant component of
damage control was found in the development of an extensive array of specialized
equipment. This equipment ranged from items designed to be operated by individual
crew members, to larger systems operated by ateam. Some of this equipment was used to
control and extinguish fires, combat flooding, and isolate damaged systems. Personnel
protective equipment helped reduce the risk to crew members as they fought to control
damage in hazardous environments. The next two sections of this chapter will examine
the damage control and personnel protective equipment availableto Forrestal’s crew.

Damage Control Equipment

The equipment shipboard firefighters used to extinguish fires depended largely on
the class, or type, of fire. Class Alphafiresinvolved combustible materials such as
bedding, books, and clothing. Class Alphafires left embers, which made these fires
highly susceptible to rekindling. Water was the firefighting agent of choice for Class
Alphafires, sinceit lowered the temperature of the burning items and helped prevent
reflashes.

Class Bravo firesinvolved burning flammable liquids, such as fuel oils, paint, and
lubricants. They did not leave embers, and could be effectively extinguished by using
firefighting foam to create a barrier between the burning liquid and the air needed for

continued combustion.
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Class Charliefires occurred in electrical equipment. Carbon dioxide was the agent
of choice for Class Charlie fires for two primary reasons: it would not damage the
equipment, and it reduced the hazard of electrical shock for firefighters.

Class Deltafires occurred when metals such as magnesium ignited. NSTM 9930
stated that no effective firefighting agents existed for Class Deltafires. Burning metals
were generally jettisoned if possible.”?

To combat this array of possible conflagrations, shipboard firefighters had an
extensive amount of available equipment. The fire main delivered firefighting water to
fireplugs and sprinkler systems throughout the ship. Most fireplugs on aircraft carriers
had outlets 2 %2 inches in diameter. Some plugs had 1 ¥z inch reducing connections
installed. These reducing connections would either have a single outlet, or would use a
double Y -gate connection with two 1 %2-inch outlets. The fireplugs on Forrestal were
positioned so that any point on the ship could be reached with a one hundred-foot length
of hose from at least two separate locations. One hundred feet of hose was always
connected to each fireplug. Specialized wrenches, termed spanners, were placed near
each fireplug to connect additional hose sections as needed.

A Navy all-purpose nozzle was attached to the end of each hose connected to the
ship’s firemain. All-purpose nozzles could deliver either solid streams of firefighting
water, or fog. Four, ten, and twelve-foot long applicators could be inserted into the end of
an all-purpose nozzle to provide low-velocity fog. Solid streams of firefighting water
were effective against Class Alphafires, while water fog was useful against both Class
Alphaand Bravo fires. Water fog was also used to help shield personnel from the heat of
shipboard fires, and to cool munitions to prevent cook-off.**
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Firefighting foam was very useful in fighting Class Bravo fires. In 1967, two
basic types of foam were available in the US Navy. One type was termed protein foam
since it consisted of a hydrolyzed protein base; the other type was called “Light Water,”
and was composed of a mixture of fluorinated surfactants. Both types came in
concentrated liquid form, and six parts of concentrate were mixed with ninety-four parts
of water to create firefighting foam. The two types of foam were fully compatible, but the
Navy planned to gradually phase out the protein foam since it had alimited shelf life. The
Light Water concentrate could be stored indefinitely before use™

Naval vessels had several means of generating and delivering firefighting foam.
The simplest piece of equipment used was a mechanical-foam nozzle with a pickup tube.
A firefighting hose was connected to the nozzle, and the pickup tube was inserted into a
five-gallon foam concentrate container. WWhen the hose was charged, water flowing
through the nozzle would create suction, drawing the concentrate up into a mixing
chamber in the nozzle. The mixing chamber was sized to mix air, water, and foam
concentrate together in the proper proportions to create firefighting foam. The
mechani cal-foam nozzle would empty afive-gallon foam container in about ninety
seconds, producing approximately 660 gallons of foam in that time. Additional
concentrate cans could be placed nearby if more foam was required.”

Larger pieces of equipment, known as proportioners, were used to protect
machinery spaces, aircraft hangars, and flight decks. Proportioners used water motors and
liquid foam pumps to generate foam. The size of the motors and pumps were designed to
maintain the necessary proportion of foam concentrate to water. These proportioners
consisted of dedicated firemain piping to supply water, fixed foam concentrate tanks, and
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supplied foam to hose stations as well as sprinkler heads. Although the larger foam
stations could be started remotely, a crew of three or four sailors was assigned to monitor
and operate each station. This crew would establish communications with the hose station
near the fire, and would replenish the foam tank with additional concentrate as needed.
The size of the tank varied by station--smaller proportioners had fifty-gallon liquid
concentrate tanks, while the larger stations had 300-gallon tanks. The high-capacity foam
stations serving the hangar and flight decks could produce 5,700 gallons per minute of
foam at maximum output. The 300-gallon foam concentrate tank would be emptied in
just over five minutes at this rate. Sailors would have to continuously empty five-gallon
cans of concentrate into the liquid foam tank (at the rate of fifty-seven gallons per
minute) to keep each high-capacity foam station operating. *°

Two common types of portable fire extinguishers were also carried aboard Navy
ships. These extinguishers used carbon dioxide or dry chemicals as extinguishing agents,
and were placed at frequent intervals along the bulkheads of passageways and in many
compartments throughout naval vessels.

Standard navy portable carbon dioxide extinguishers contained fifteen pounds of
pressurized agent. They were effective against small Class Alpha, Bravo, or Charliefires,
had an effective range of three to five feet, and lasted forty to forty-five seconds. The
carbon dioxide provided very little cooling effect, so larger fires were very susceptible to
reflash after being extinguished. However, their small size and ubiquity throughout naval
vessels alowed crew membersto rapidly deploy them against small fires before the

ship’s damage control organization could respond with more substantial equipment.*’
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Portable dry chemical extinguishers, known as PKP extinguishers, were also
installed in large numbers throughout naval vessels. These extinguishers used a small
carbon dioxide charge to expel eighteen pounds of potassium bicarbonate based agent.
The dry chemical extinguishers had an effective range of eighteen to twenty feet, and
would last from eighteen to twenty seconds. These extinguishers were primarily intended
for use against small Class Bravo fires, but could also be used to extinguish Class Charlie
fires. The dry chemical agent was approximately four times more effective than an equal
weight of carbon dioxide against flammable liquid fires, but left a fouling residue on
electrical equipment when used on Class Charlie fires. Like carbon dioxide extinguishers,
the dry chemical agent provided very little protection against reflash. It was intended only
to extinguish small fires, or to help extinguish larger firesin conjunction with firefighting
foam. '

The Forrestal was also equipped with emergency pumping equipment, intended
to augment or temporarily replace damaged portions of the ship’s firemain system. The
largest of these pumps was the gasoline powered P-250 portable pump. The P-250
weighed over 150 pounds with fuel, and was capable of supplying 250 gallons per minute
of firefighting water to either three 1 %2-inch hoses or a single 2 ¥z inch hose. The P-250
could also be used to remove 250 gallons per minute of water from compartments. A
smaller gasoline powered pump, the “handybilly,” was also carried aboard naval vessels.
The handybilly weighed 106 pounds and could supply firefighting water to asingle 1 %2
inch hose or remove water at the rate of sixty gallons per minute. The handybilly could

also be connected to a mechanical-foam nozzle to produce firefighting foam.
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Naval vessels were equipped with numerous items designed to remove water from
compartments. Portabl e electric submersible pumps could be dropped into a flooded
compartment. A 2 ¥2inch hose was connected to the pump discharge and carried water to
the nearest available overboard discharge fitting. Overboard discharge fittings were fitted
into the hull at frequent intervals to facilitate removal of firefighting and floodwater from
internal compartments. They were usually located just above the ship’s waterline, and
were covered with watertight caps except while in use. These overboard fittings enhanced
the efficiency of dewatering pumps by reducing the head pressure on the discharge side.
If the discharge line from a portable pump were smply run overboard from the main
deck, the higher head pressure would significantly reduce the pumping rate. For example,
standard submersible pumps discharged 140 gallons per minute with a discharge head of
seventy feet. If the discharge head was reduced to fifty feet, the same pump discharged
200 gallons per minute.™®

Naval vessels carried an extensive array of eductors to remove water from interna
compartments. These eductors varied widely in size and capacity, but all functioned on
the same principal firefighting water was supplied to nozzles, or jets in the eductor body.
Asthe water flowed through these jets, a vacuum was created in the eductor body. Water
in the flooded compartment would be drawn up a suction line connected to the eductor
body by this vacuum, and would mix with the firefighting water. This water mixture
would then be discharged overboard. Fixed eductors were permanently installed in
compartments and were fitted with permanent firemain supply, suction, and overboard
discharge piping. Portable eductors could be carried where needed. They used
firefighting hoses to supply water and carry water to overboard discharge connections.
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Smaller eductors removed less than one hundred gallons of water per minute; larger
eductors had a capacity of well over 1,000 gallons per minute.

Other significant equipment carried aboard naval shipsfor controlling damage
included tools to access locked or damaged compartments, such as bolt cutters, fire axes,
and crowbars. Portable oxyacetylene cutting apparatus was used to cut holes in decks and
bulkheads and to remove debris. Portable battery operated lanterns were invaluable, as
were portable blowers and ducts to remove smoke and toxic gases from internal
compartments.*

Personnel Protective Equipment

Protective gear was designed to reduce the hazards to crew members as they
fought fires and damage aboard naval vessels. The protective gear available to
Forrestal’s crew was essentially identical to that used by US Navy sailors during the
Second World War.

Uniforms worn aboard ship were designed to provide some protection against fire.
Enlisted crew members wore cotton chambray shirts, dungaree pants, and steel-toed
boots. Officers wore cotton khaki colored shirts and trousers and steel toed boots. During
fires, crew members would button the top buttons on their shirts and tuck their trouser
bottoms into their socks to minimize the amount of exposed flesh. However, the
effectiveness of this procedure, which was aready marginal, was reduced even more for
the many crew members that frequently wore short sleeve shirts during warm weather.
Personnel attacking the fire would aso don asbestos gloves and helmets with a small

attached battery operated lantern, known as a*“miner’s lamp.”
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Breathing apparatus was available to protect naval firefighters from hot, toxic
gases. The most common type of breathing apparatus used for fighting fires on Forrestal
was the “Oxygen Breathing Apparatus,” or OBA. The OBA was a self-contained unit for
individual firefighters. It consisted of a canister holder, two neoprene breathing bags (one
on each side of the canister holder), afacepiece with inhalation and exhalation tubes, a
timer, and a breastplate with webbing to attach the unit to the wearer. The firefighter
wore the OBA on the front of his body. A fresh canister was inserted into the OBA before
use. When activated, chemicals in the canister reacted with moisture from the
firefighter’ s breath to produce oxygen and absorb carbon dioxide. The breathing bags
held and cooled the oxygen. The firefighter manually set atimer to activate an audible
alarm several minutes before the canister’s chemicals were exhausted. The firefighter had
to return to a clean atmosphere to change canisters. Each canister supplied approximately
thirty minutes of oxygen.? Tending lines could be connected to the OBA to maintain
lifeline signals with personnel remaining in safe atmospheres.

Aluminized asbestos “ proximity suits’ were carried aboard naval vessels. These
protected personnel against high heat, but were not designed for direct contact with
flames. Proximity suits were frequently used to rescue personnel, such as aircrew
members involved in accidents on the flight deck.?

The preceding chapters have described the survivability features incorporated in
warships operated by the US Navy in the 1960s, the damage control doctrine developed
over the years, and the specialized damage control and personnel protective gear
available to sailors. Although the “supercarriers’ of the 1960s had dramatically increased
in size and complexity compared with aircraft carriers that operated during World War
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Two, the damage control tools available to sailors had not significantly changed. The
Navy’s World War Two damage reports clearly described the massive fuel, ordnance,
and aircraft fires that occurred on carriers as aresult of mishaps and enemy attacks, and
Forrestal carried more aircraft, ordnance, and fuel than any aircraft carrier built before
her. Unfortunately, her crew members were equipped with virtually the same equipment
that their fathers had used to fight shipboard fires over twenty years earlier. This damage
control equipment was not faulty or poorly designed; it had simply been rendered
obsolete, and was not capable of quickly and effectively extinguishing a massive
conflagration on the flight deck. The protective gear available to Forrestal’s crew was
woefully inadequate. Although the OBAs effectively protected firefighter’s lungs, the
nonfire retardant cotton uniforms worn by sailors provided virtually no protection
against burns.

After the 1967 fire on Forrestal, the Navy took a hard look at the adequacy of
damage control tools available to shipboard firefighters. Two investigations were
convened shortly after thisfire. The first of these focused solely on the Forrestal fire, but
the second investigation examined the safety of aircraft carrier operations throughout the
US Navy. These investigations developed numerous recommendations to improve
shipboard damage control readiness. The next chapter examines the most significant of

these proposed improvements.
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CHAPTER 4

RECOMMENDATIONS FROM INVESTIGATING PANELS

Soon after the fire aboard USS Forrestal, two separate investigation panels were
formed. Thefirst of these investigations was required by naval regulations, and was
conducted in accordance with instructions contained in the Manual of the Judge Advocate
General. The purpose of the Judge Advocate General Investigation was to determine
what caused the fire, and who was responsible. Rear Admiral Forsyth Massey headed this
investigation, and produced a 7,500-page report containing the evidence he reviewed,
along with his findings of fact, opinions, and recommendations. Admiral Massey found
that serious deficiencies existed in Forrestal’ s damage control related design features. He
also stated that the damage control and firefighting equipment carried aboard Forrestal
was inadequate, and many members of Forrestal’s damage control organization were
poorly trained. His report included thirty-one proposals to correct these deficiencies.

The senior officer in the US Navy ordered the second of these investigation
panels to be convened, shortly after Rear Admiral Massey’ s team began their work.
Admiral Thomas Moorer, Chief of Naval Operations, appointed recently retired four-star
Admiral James S. Russell as director of this panel. Admiral Russell was aformer naval
aviator, and had served as the Vice Chief of Naval Operations prior to his retirement.
Admiral Russell was directed to examine aircraft carrier operations throughout the Navy,
with the goal of assessing safety hazards and proposing ways to improve shipboard
damage control effectiveness. Admiral Russell generally concurred with Admiral
Massey’ s recommendations, and included them as proposed improvements in his report

aswell. However, Admiral Russell’ s report also included severa proposalsto improve
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personnel protective equipment available to shipboard personnel. Admiral Russell wrote
that the Navy’s available personnel protective gear was poor, and that more effective
equipment was needed as soon as it could be devel oped.

This chapter will examine how these two panels conducted their investigations,
the facts they discovered, the opinions they formed based on these facts, and the solutions
they proposed to improve the deficiencies they perceived to exist.

The Judge Advocate General |nvestigation

Following the fire, the Forrestal steamed to Naval Air Station Cubi Point,
Republic of the Philippines to conduct repairs. Although the scope of required repair
work was too extensive to be accomplished at Cubi Point, inspections and basic repairs
were made to ensure that Forrestal was able to safely return to the United States.

Vice Admiral Charles T. Booth, the US Atlantic Fleet Naval Air Force
Commander, immediately ordered a Manual of the Judge Advocate General investigation
into the Forrestal fire. Rear Admiral Forsyth Massey was appointed Senior Member of
this Informal Board of Investigation on 30 July 1967. Rear Admiral Massey’s primary
assistants during the investigation were Captains A.K. Earnest and M.J. Stack.
Commander Joseph H. Baum and Lieutenant Commander Edward T. Boywid provided
legal counsel for the board. The members of the board arrived at NAS Cubi Point on 3
August 1967. The members began the investigation while temporary repairs were in
progress, and remained aboard for the thirty-two-day transit back to Forrestal’ s homeport
of Norfolk, VA.

Captain Beling’s Immediate Superior in Command (1SIC), Rear Admiral Harvey
P. Lanham, Commander of Carrier Division Two (COMCARDIVTWO), ordered his
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staff to conduct a preliminary investigation on 30 July. Forrestal was serving as Rear
Admira Lanham’s flagship, and he and his staff were aboard during the fire. Rear
Admira Lanham’s investigating team, headed by Captain William Morton, presented
Rear Admiral Massey and his board with a background brief on the fire upon their
arrival. Three members of COMCARDIVTWO's preliminary investigation team assisted
Rear Admiral Massey’ s board throughout their investigation. These three officers
included Commander Roger Carlquist, Commander Roger Weeks, and Ensign David
Jacobs.

The first significant task faced by Rear Admiral Massey’ s investigating board was
the identification of “parties.” The board members examined the duties and
responsibilitiesinherent in billets of service members assigned to Forrestal during the
fire. If the board determined that a service member’ s duties and responsibilities related to
either the initiation of the fire or controlling the resulting damage, that serviceman was
designated a party. Twenty personnel were designated as parties, and all were offered
legal counsel. Rear Admiral Massey designated these parties shortly after hisarrival to
allow adequate time to embark desired legal counselors aboard Forrestal prior to the long
transit back to Virginia.

After the parties were identified, the Investigating Board began taking statements
from parties and witnesses. The board used formal hearing room procedures when taking
statements, and all statements were taken under oath. During the investigation, the board
read approximately 1,900 statements from 136 parties and witnesses.?

The investigating board also spent time touring the damaged areas of the ship and
reviewed the Pilot Landing Aid Television (PLAT) camerafilm carefully. The PLAT
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camera was used to film all planes as they launched from or landed on the Forrestal’s
flight deck. When the fire began, the PLAT camerawas filming a KA-3B aircraft asit
prepared to launch. The camera recorded the accidental launch of the Zuni rocket. The
PLAT operator then turned the camera and recorded the burning A-4 shortly after the
Zuni rocket struck it. The camera’ s position was not changed again for the duration of the
fire. The camerarecorded the spread of the fire, the exploding ordnance, and the crew’s
firefighting efforts. The PLAT camera also recorded the time of these events by filming
an integrated clock face. This footage proved invaluable to the investigators.®

Rear Admiral Massey submitted his investigation report to the commander of the
US Atlantic Fleet Naval Air Force on 19 September 1967. The report consisted of
approximately 7,500 pages, divided into thirteen volumes. VVolume One contained the
board’ s preliminary statement, findings of fact, opinions, and recommendations. The
remaining volumes contained testimony and statements presented by witnesses.

Findings of Fact

The Investigating Board determined that the fire began at 10:52 a.m. local time on
29 July when a Zuni rocket struck A-4 aircraft number 405, puncturing its external 400-
galon fuel tank. A fragment also punctured the external fuel tank of nearby A-4 number
310. The burning fuel quickly spread to the after portion of the flight deck, pushed by
thirty-two knots of wind and the exhaust of several jets positioned ahead of the stricken
aircraft. General Quarters was sounded at 10:53 a.m., and material condition Zebra was
set throughout the ship at 10:59 a.m. However, the crew left some Zebrafittings open to
facilitate rapid evacuation of injured personnel.? The investigators found many of the
high capacity foam and firefighting hoses on the port side of the flight deck were
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engulfed in flames and unusable. A 1,000-pound bomb fell from A-4 number 405 when it
was struck by the rocket, and rolled into a pool of burning jet fuel. The casing of the
bomb, which was split by the fall, quickly began to heat up. Fifty-four seconds after the
fire began, Chief Petty Officer G.W. Farrier attempted to extinguish the burning pool of
fuel around the bomb with a portable PKP dry chemical extinguisher. Approximately one
minute and twenty seconds after the fire began; crew members attacked the forward
boundary of the fire with firefighting water. One minute and thirty-four secondsinto the
fire, the first bomb exploded. This explosion killed Chief Farrier and twenty-six other fire
fightersin the vicinity, and spread the fire to a group of three A-4 aircraft stationed near
the after end of the flight deck. Severa other hose teams continued to advance on the fire
immediately after this explosion, but a second bomb exploded nine seconds after the first.
The second bomb’ s explosion spread the fire to ten additional aircraft. Seven additional
major explosions occurred in the next five minutes, severely hampering firefighting
efforts on the flight deck.

Severa of these explosions penetrated the armored steel flight deck and spread
the fire to the three decks below the flight deck in the aft portion of the ship. The board
determined that the burning aircraft contained atotal of approximately 40,000 gallons of
JP-5 fuel, and that this burning fuel spread the fire to the ship’s sides, stern, and through
holes in the flight deck into the hangar bay below. These bombs killed fifty night crew
personnel who were sleeping in berthing compartments below the after portion of the
flight deck. Forty-one additional crew members were killed in internal compartmentsin
the after portion of Forrestal. The investigation found that firefighting foam and
sprinklers effectively prevented the spread of fire in the hangar bay.
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The investigators assessed the crew’ s firefighting efforts as effective after the nine
major explosions subsided. “ That once fire boundaries were established there was no
further spread of the fire. Thereafter, the fire was fought aft progressively, compartment
by compartment, on each deck in textbook fashion until it was finally extinguished. The
only secondary damage was that caused by fire fighting water.” ®> The flames on the flight
deck were extinguished by 11:40 am., but firesin the internal compartments were not
entirely extinguished until approximately 4:00 am. the morning of 30 July.® One hundred
thirty-four crew members perished, and the fire and explosions injured 161 more. The
estimated damage to the ship (not including damage to aircraft) was $72.1 million.’

Rear Admiral Massey’s Board of Investigation dedicated a section of their
findings to damage control and firefighting-related training, procedures, and material
condition. First, the report stated that the normal damage control refresher-training period
(REFTRA) was shortened from six weeks to four weeks for Forrestal prior to her
deployment. Second, Forrestal received a grade of “unsatisfactory” in setting materia
condition Zebra during refresher training, but achieved a satisfactory grade during her
predeployment Operational Readiness Inspection (ORI). Third, 37 percent of the ship’s
damage control personnel who attended refresher training transferred prior to Forrestal’s
deployment. At the time of the fire 1,610 crew members (57 percent of the ship’s
company) had attended firefighting school in the previous three years. Of course, this
meant that 43 percent of the ship’s company had not attended firefighting school in that
time period. Forrestal conducted General Quarters drills fifty-seven timesin the 106 days

that she was at sea prior to the fire.®
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The report also identified several fundamental training deficiencies that hindered
firefighting efforts. The board found that numerous personnel on the flight deck were
unfamiliar with firefighting procedures and equipment, and were unable to effectively
contribute to firefighting efforts. For example, investigators discovered that at least one
firefighting foam station was not initially charged because crew members were unsure
how to activate the system. Rear Admiral Massey’ s team noted that the physical
configuration and activation procedures varied considerably among Forrestal’ s different
foam stations. Thislack of standardization could easily prove confusing to sailors who
were not thoroughly familiar with the foam generation stations. Another significant
hindrance to effective firefighting efforts resulted because many crew members did not
report to their assigned general quarters stations (some were unable to because of injuries,
some were impeded by the ship’s physical damage, some were already heavily involved
in the firefighting efforts, and others simply made no attempt to reach their stations).®

The investigation report also noted several problems with Oxygen Breathing
Apparatus (OBAS). “ Significant numbers’ of personnel assigned to Forrestal’s air wing
were not trained in using OBAS, some personnel experienced difficulty in activating the
oxygen generating canistersin the OBASs, and some canisters did not last for the rated
thirty-minute time period.’°

Opinions and Recommendations

Rear Admiral Massey’s report included 116 opinions based on the facts
uncovered during the investigation. Many discussed the need to improve ordnance
handling safety procedures, but a substantial number of opinions related to damage
control. Although the report acknowledged several shortcomingsin the crew’s
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firefighting performance, it was particularly critical of the damage control equipment
available aboard Forrestal :
With existing installed fire fighting equipment, the fire could not have been
extinguished prior to the explosion of major ordnance (ninety-four seconds after
initiation of the fire) regardless of the aggressiveness, readiness, response and
expertise of personnel and readiness of equipment...the design and operating
procedures of fire fighting equipment currently available in attack carriersis

totally inadeguate to the needs generated by modern combat operations and the
concentrations of very large quantities of ordnance and fuel on jet aircraft. ™

The members of the board, based on their investigation into the fire, trandated these
opinions into sixty-two recommendations. Thirty-one of these recommendations were
damage control related, and focused on improving training, damage control equipment,
and warship design. To improve the performance of the shipboard damage control
organization, the investigators recommended minimizing the transfer of trained personnel
prior to a ship’s deployment. This recommendation was especially pertinent since 37
percent of Forrestal’ strained firefighters transferred from the ship prior to deployment.
Rear Admiral Massey also recommended that aircraft carrier air wing personnel
receive increased firefighting and damage control training. Air wing personnel comprised
nearly 40 percent of the deployed aircraft carrier’s crew. These sailors operated and
maintained the aircraft, and did not move aboard the ship until after the ship had
completed a great deal of predeployment training. The air wings were not permanently
attached to particular ships, and frequently deployed on different classes of aircraft
carriers. As aresult, the air wing sailors tended to be somewhat unfamiliar with the
location and operation of firefighting and damage control equipment peculiar to the ship
they were serving on. However, since these sailors primarily worked on and near the
flight deck, it was essential for them to have a thorough understanding of firefighting
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techniques and equipment. The investigators specifically called for increasing instruction
for air crew personnel in the following areas: shipboard damage control organization,
principles of damage control, shipboard orientation (including traffic flow patterns during
emergencies and escape routes, and how to activate and use damage control equipment
such as OBAS, firefighting foam stations, the ship’s firemain, and sprinkler systems.™
The investigation report also recommended that all personnel assigned to aircraft carriers
(including air wing personnel) achieve basic qualifications in damage control and
firefighting prior to embarking their ships.

Rear Admiral Massey’s team members also felt shipboard flight deck firefighting
training drills were inadequate. They recommended that the Navy develop redlistic
training exercises based on fires of the magnitude experienced on Forrestal, smulating
the hazards of live ordnance and the loss of key personnel and equipment.

As stated earlier, the investigating board believed that the fire on Forrestal’s
flight deck could not have been extinguished prior to the ordnance explosions with the
equipment available onboard. To correct this unacceptable situation, the panel
recommended that the Navy commission a study to examine improvements to increase
the effectiveness of shipboard firefighting and damage control equipment. Specifically,
the report recommended that this study focus on potential improvements to firefighting
foam stations, firefighting nozzles, and fire hose storage.

Recommended improvements to foam stations included standardizing controls to
reduce operator confusion. The investigation had discovered that the operating controls
varied with the different foam stations located throughout the ship. This lack of
standardization was especialy confusing for members of the embarked air wing, who
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were often unfamiliar with a particular ship’s equipment idiosyncrasies. The report also
recommended increasing the number of remote activation controls for each firefighting
foam station to improve response time. Testing completed during the course of the
investigation revealed significant delays between activation of the foam stations and
delivery of firefighting foam to the flight deck hoses. Investigators tested the
performance of ten foam stations without providing advance warning to the Forrestal’s
crew. One station produced foam after seventeen seconds had elapsed, another station
failed to develop foam at all, and one station generated foam after four minutes. The
remaining seven stations produced firefighting foam thirty to forty-five seconds after they
were activated.™® Since the first bomb exploded on Forrestal’ s flight deck one minute and
thirty-four seconds into the conflagration, investigators recommended that the Navy
examine the feasibility of modifying the foam stations to reduce the time required to
deliver foam to flight deck hoses.

Asthe Forrestal’ s crew battled fires that had spread into compartments below the
flight deck, they were forced to cut small access holes into several bulkheads and decks
to insert nozzles and hoses. This technique proved useful in cooling compartments to
prevent the spread of fire, and fighting fires where the normal entry points were
inaccessible because of damage or high intensity fires. The panel recommended that the
Navy develop and issue small omni-directional nozzles, especially designed to spray all
areas within a compartment when inserted through a small hole in a bulkhead or deck.

Rear Admiral Massey’s investigators discovered that the heavy firefighting hoses
used on the flight deck were very susceptible to getting tangled up as they were deployed.
If a hose developed a significant kink while being used to fight fire, the flow of water or
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foam would be interrupted. The sudden loss of agent would render the hose ineffective
until the kink was removed, and could easily endanger firefightersif they werein close
proximity to alarge fire. The report recommended that the Navy study ways of
improving hose storage to reduce tangling during hose deployment.

Rear Admiral Massey aso proposed significantly increasing the allowance of
firefighting foam, OBAs, and OBA canisters carried aboard Forrestal. The board opined
that the existing allowance of foam and OBA canisters was insufficient for combating
seriousfires, and believed that Forrestal’s crew would have been forced to simply
contain the fires until they burned out if other shipsin the vicinity had not replenished
these items. Forrestal’ s existing allowance included 1,220 five-gallon containers of
firefighting foam concentrate, 550 OBAS, and 3,300 OBA canisters. The board
recommended increasing this allowance to 2,500 containers of foam, 620 OBAs, and
8,000 OBA canisters.”

Rear Admiral Massey aso recommended that the Navy consider employing
armored fire fighting vehicles on the flight decks of aircraft carriers. The report noted that
such vehicles would provide carriers with several useful capabilities. They could be used
to push burning wreckage (such as damaged planes) over the side, they could closely
approach fires while protecting operators from the hazards of ordnance detonation and
resulting shrapnel, and supervisors could direct their employment by radios.

Finally, theinitial investigation report into the fire on Forrestal recommended
several modifications to the Navy’s carriers to improve survivability and enhance the
damage control efforts of crew members. The report noted that approximately 40,000
gallons of fuel from burning aircraft contributed significantly to the intensity of the fire.

43



The burning fuel also entered interior compartments through bomb holes and other
opening in the flight deck, spreading the fire and damage. Rear Admiral Massey
recommended that the Navy add large sprinkler systems specifically designed to quickly
wash large quantities of fuel off carrier flight decks. He noted that alarge system of
drains would have to be added as well to accommodate large volumes of fuel and water.
These drains would have to be designed to divert fuel and water over the side while
minimizing fuel intrusion into interior compartments. The board aso recommended
extending the length of flight decks over the stern of aircraft carriers to eliminate another
potential route for burning fuel to enter the ship. Finally, the board recommended
incorporating jettison ramps into the flight deck so that ordnance, flammable materials,
and even aircraft could be quickly pushed over the side when necessary.

During the Forrestal’ s fire, ninety-one crew members died in compartments
below the flight deck. Some crew members were trapped in compartments because the
explosions damaged a single exit. Others died because they were unable to reach the
nearest exit before toxic gases and heat overcame them. To reduce similar casualtiesin
the future, the board recommended that the Navy construct alternate escape exitsin
compartments of all vessels, where possible.

Numerous crew members stated that the shipwide genera announcing system, the
“1IMC,” was nearly impossible to hear in the hangar bay during the fire. This announcing
circuit was critical, since senior officers frequently used it to provide direction and status
updates to the crew during emergencies. Testing by the investigators confirmed that the
system was unintelligible throughout much of the hangar bay, so they recommended that

this deficiency be corrected.



While Rear Admiral Massey’ s team was crossing the Atlantic and continuing
their investigation, the Chief of Naval Operations, Admiral Thomas Moorer, decided to
establish a panel to review the safety on aircraft carriers throughout the Navy. As
discussed earlier, Admiral Moorer selected recently retired former Vice Chief of Naval
Operations and naval aviator Admiral James S. Russell to head this panel.

The Russell Report

Admiral Russell’s panel convened in Washington, D.C. on 15 August 1967, just
over two weeks after the Forrestal’s fire. In addition to Admiral Russell, who served as
the Director, the Office of the Chief of Naval Personnel assigned eleven officers and
civiliansto this Panel to Review Safety in Aircraft Carrier Operations (PRSACO). These
panel members were selected based on their professional expertise and experience with
aircraft carrier operations and equipment design. The PRSACO members conducted a
series of organizational meetings during their first five days together, then split into two
groups. The first group was comprised of Admiral Russell, Rear Admiral Buie, Captain
McCall, Commander Engel, Commander Charles, and Mr. Bee. This group visited the
headquarters of the Pacific Fleet’s Commander in Chief and spent a week assessing four
aircraft carriers as they conducted combat operations in the Gulf of Tonkin, off Vietnam.

While Admiral Russell’ s group was conducting its tour, the remaining panel
members conducted areview of available literature on the topic. When Admiral Russell
returned from his tour, the entire panel reconvened in San Diego, California. The panel
then conducted conferences with personnel serving on the staff of the Commander, Naval
Air Forces Pacific (COMNAVAIRPAC) and the Pacific Training Command
(COMTRAPAC). After these conferences, the panel members returned to the Pentagon
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for aseries of briefings and discussions. Top Navy |leaders considered the briefings
presented to Admiral Russell’s panel important. The Naval Material Command, the
Bureau of Naval Personnel, and the Office of the Chief of Naval Operations produced the
majority of briefings. The Chief of Naval Operations wrote |etters to the Chiefs of Naval
Material and Personnel requesting briefings on subjects of interest to the panel. He also
wrote internal memorandums directing his staff to provide desired briefings for Admiral
Russell’ s panel. The members of the panel recelved seventy-six separate briefings. A
short description of each of these briefings was included in the panel’ s report. During
their review of carrier operations safety, PRSACO members studied a bibliography of
eighty-one pertinent books, articles, and reports. Items in this bibliography discussed
ordnance safety, personnel issues such astraining, organization, and personal protective
equipment; damage control doctrine, World War Two battle damage reports, reports of
fires on aircraft carriers after the Second World War, and other ship systems. A brief
synopsis of each item in the bibliography was included in Admiral Russell’s report. The
Russell Report (as Admiral Russell’s Report of the Panel to Review Safety in Carrier
Operations was frequently referred to in Navy memorandums) included alist of forty-six
interviews that panel members conducted. This extensive series of interviews included
discussion with the Navy’ s top leaders and carrier aviation experts, including the
Secretary of the Navy and thirty-nine separate flag officers (admirals). Panel members
interviewed several of these senior |eaders on more than one occasion. Most of them had
extensive experience with aircraft carrier operations, and several were former
commanding officers of carriers. The positions of these senior leaders were diverse --
some were responsible for training, many supervised technical research and ship
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construction programs, and others commanded operational units. The panel members
interviewed Rear Admiral Massey to discuss insights he gained while investigating
Forrestal’ sfire. They also interviewed the former Commanding Officer of Forrestal,
Captain John Beling, and Forrestal’ s Chief Engineer, Commander Merv Roland. Finally,
the panel visited Forrestal while it was docked in Norfolk, Virginiato examine the
damage caused by thefire.

Admiral Russell’s team completed their Report of the Panel to Review Safety in
Carrier Operations on 16 October 1967. In the abstract, Admiral Russell stated that his
review identified several serious deficiencies:

Deficiencies were identified, however, that, though largely beyond the ability of

the ships to correct, do affect the ability of CVAs (aircraft carriers) to carry out

their assigned combat missions with a reasonable degree of safety to themselves.

The most serious of these deficiencies are inadequate fire protection for the flight

deck and to alesser extent the hangar deck. . .persona equipment for fighting
firesand for individual survival,...inadequate individual and team training.

Admiral Russell provided eighty-six recommendations to improve aircraft carrier
safety in hisreport. Many of these recommendations, asin Rear Admiral Massey’s
report, were focused on improving damage control training, increasing the capability of
shipboard firefighting and other damage control equipment, and modifying warship
design to further enhance survivability. However, it isimportant to note that Admiral
Russell’ s panel had a much broader point of view than Rear Admiral Massey’ s team.
Rear Admiral Massey was appointed to determine what caused the fire on Forrestal. His
recommendations were based on facts discovered during his investigation and opinions
that he formed after closely studying that single incident. Rear Admiral Massey had at
least some incentive to moderate his recommendations — any harsh criticism of the

performance of Forrestal’ s crew members would be damaging to the careers of officers
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serving on Forrestal (Rear Admiral Massey specifically stated in his report that he did
not recommend placing blame on any Forrestal crew members for the conflagration). On
the other hand, the highest ranking officer in the United States Navy, Admiral Moorer,
appointed Admiral Russell to undertake a comprehensive study of how safely all
American aircraft carriers were being operated. Although his project was important to the
Navy, Admiral Russell was not as constrained by the need to quickly complete an
investigation before eyewitness accounts of a single disaster deteriorated. Admiral
Russell’s panel visited five aircraft carriers to gain firsthand knowledge of how they were
operated. The Navy’s leading experts on firefighting and damage control, warship design
and construction, and procurement briefed the PRSACO members. They were granted
virtually unlimited access to interview Navy uniformed personnel and Department of the
Navy civilians to capitalize on their tremendous experience and gain insight from their
opinions. A final significant factor was that Admiral Russell’s panel was well designed to
assure a thorough, honest look at existing flaws in aircraft carrier operations safety.
Admiral Moorer’s decision to appoint aretired officer avoided the possible negative
career implications an active-duty officer might face if he chose to advocate politically
unpopular recommendations. Each panel member was alowed and encouraged to present
possible recommendations to be considered for inclusion in the final report. However,
only Admira Russell had authority to approve what recommendations were included in
his report. This enabled panel members to present honest and critical recommendations
without concern for their own careers. Additionally, the presence of aretired four-star

admiral on the panel (with obvious strong support from the Chief of Naval Operations)
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hel ped ensure that the panel would receive a high degree of cooperation from the busy
officials they chose to interview.

Each of the eighty-six recommendations proposed by Admira Russell was
accompanied by an explanation of why they were considered important by the panel. The
panel used information gathered from the sources mentioned earlier to justify their
recommendations. Admiral Russell included proposals to assign cognizance for each of
his recommendations to a specific naval command. For example, he proposed that the
Naval Material Command be assigned responsibility for improving fire hoses used
aboard ships. Three days after Admiral Russell submitted his report, the Chief of Naval
Operations forwarded the report to an extensive distribution list of naval commands.

Admiral Russell’s panel grouped their recommendations into nine separate
categories--ship’s material, personal equipment, aircraft systems, weapons, training,
documentation, personnel, organization, and operations. This thesis will not examine
those recommendations related to aircraft systems, weapons, or documentation (since the
recommendations in this category related to ordnance safety publications). The
recommendations in the remaining six categories that pertain to damage control
improvement will be examined.

Recommendations to Improve Warship Survivability Features

In his most significant recommendation for improving ship’s material, Admiral
Russell proposed devel oping advanced flight deck fire fighting systems for carriers.
Many of the elements of this proposed system were initialy included in Rear Admiral
Massey’ s report, such as remote control, rapid response time, and massive firefighting
agent delivery capability. This Russell Report recommendation also incorporated another
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consequential proposal from Rear Admiral Massey’ sinitial report--that it was important
to incorporate means for quickly draining large quantities of spilled fuel from flight decks
into this advanced fire fighting system. ** Admiral Russell provided strong supporting
rationale for including this recommendation in his report:
Development of an advanced flight deck fire fighting system is of prime
importance. Principal attention in aircraft carrier fire fighting has been focused in
the past on the hangar deck. Adoption of the steel ballistic deck in Midway Class
and later carriers, and the trend toward elimination of aviation gasoline, tended to
support the belief that control of fire on the flight deck was not a serious problem
The Forrestal incident proved that it is. Modern carrier aircraft are capable of
carrying large quantities of fuel and weapons. The strike group on Forrestal was
estimated to be loaded with approximately 40,000 gallons of JP-5 (jet fuel) when
the accident occurred. Modern aircraft and weapons complexities combine with
environmental conditions on aflight deck to provide an ever-present possible

source of ignition. Presently installed equipment is not capable of handling a
conflagration of the magnitude of that which developed on Forrestal .*

Admiral Russell provided three pages of justification detailing why he considered
it vitally important to develop an advanced firefighting system for carrier flight decks. He
concurred with Rear Admiral Massey’ s assessment that existing flight deck fire fighting
equipment was simply inadequate, and proposed that the Naval Material Command
immediately begin research and development on an improved system.

The Russell Report recommended that the Naval Material Command develop a
standardized system for marking and illuminating emergency escape routes from interior
compartments. The report noted that personnel experienced difficulty in escaping from
smoke-filled compartments in many previous shipboard fires, including the one on
Forrestal. PRSACO members believed two critical factors increased the difficulty crew
members experienced when attempting to evacuate dark, smoke filled compartments
during emergencies: aircraft carriers were extremely large, and many crew members were

not familiar with all sections of their ships. During their visit to four deployed carriers,
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panel members observed various markings designed to help personnel evacuate
compartments during emergencies; they also noted that some carriers had no markings at
all. The panel recommended that the Naval Material Command investigate which colors
and types of paint and lights were most effective in helping personnel evacuate shipboard
compartments, and then develop an effective, standardized system to mark evacuation
routes.’® The PRSACO members proposed implementing a closely related
recommendation originally made by Rear Admiral Massey, increasing the number of
exits from compartments. They noted that US Navy ship design specifications required
two exits from all stations normally manned by ten or more crew members. However, this
requirement did not apply to berthing compartments or workshops. Admiral Russell’s
team proposed extending this requirement to include all berthing compartments and
working areas that were sometimes occupied by ten or more crew members. They
recommended that all new ships be constructed to this standard, and that existing ships be
altered to meet this new requirement where feasible.”

Admiral Russell also concurred with the assessment of Forrestal fire investigators
that the general announcing system was difficult to hear and understand in some locations
on aircraft carriers. The investigation into Forrestal’ s fire determined that personnel in
the hangar deck directly below the flight deck had difficulty hearing and understanding
the ship’s general announcing system, or “1 MC.” Admiral Russell’s report noted that
this problem was not confined to Forrestal:

The complaint concerning the inadequacy of the 1 MC General

Announcing System is universally supported by Y ankee Station CVAs visited by

the Panel. There are many working and living areas where the 1 MC simply

cannot be heard. . . . A space-by-space survey should be conducted on each ship

in order to determine what must be done to provide a system that will be adequate
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for passing important information or orders during an emergency. It isequally
important to insure that the General and Chemical Alarms may be heard in every
normally inhabited space throughout the ship and that the inhabitants of these
spaces may also communicate the existence of afire or other emergency in the
space to the bridge. In short, command cannot function properly without adequate
command and control communications.

Remembering that fifty crew members died while sleeping in their berthing
compartments after the General Alarm had been sounded over Forrestal’s 1 MC system,
it is hard to overemphasize the importance of this recommendation. Admiral Russell
proposed that the Naval Material Command should conduct surveys on all US Navy
aircraft carriersto discover and correct instances where 1 MC speakers were inaudible or
unintelligible in inhabited compartments.

Admiral Russell recommended that the Naval Material Command review all
pending repair requests for the Navy’s carriers. He proposed that al items affecting fire
fighting or damage control should be considered critical to the safety of these ships, and
should be given high priority during each ship’s maintenance periods. His included
rationale noted that there is always limitations on how many items can be repaired or
upgraded during any given maintenance period, and there is heavy competition about
which items are given priority. Damage control improvements and repairs competed with
areas such as propulsion machinery and command and control equipment. Admiral
Russell stated that damage control items often lost out in this competition for limited
resources:

This fact, combined with Navy-wide apathy toward damage control over the past
years, has resulted in the low state of material readiness in thisimportant area.

Admiral Russell cited excerpts from Inspector General assessments of five aircraft

carriers conducted in May and June 1967 to support his harsh comment:
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Fire fighting equipment in 3 of the 5 carriers inspected was in satisfactory or
better condition. An examination of watertight inspection records and watertight
boundaries revealed: watertight inspections were logged in 4 of 5 carriers,
watertight boundaries were unsatisfactory in al 5 ships.”

PRSACO members believed that placing damage control repair requests in the
“safety to ship” category would highlight their importance to senior officials, and help
ensure that they received a higher priority in future maintenance periods.

The final significant recommendation by Admiral Russell’s panel related to ship’s
material proposed establishing an exploratory program to study means of improving
survivability of ships. To bolster this recommendation, the report stated that the Navy had
great need for such a program: “As an example of the need, present-day shipboard fire
fighting and damage control are essentially based on means available in World War
Two."?

The panel theorized that this program could incorporate computer simulations to
model damage that could occur from both accidents and enemy action, and that
computers could also be used to evaluate the effectiveness of proposals designed to

increase warship survivability.

Recommendations to Improve Personal Protective
and Damage Control Equipment

The need for improved personal protective equipment was the one area where
Admiral Russell’ s report made significant recommendations not originally proposed by
Rear Admiral Massey’ s team. The PRSACO members, based on their broader view,
realized that shipboard emergency personal protective equipment was woefully
inadequate. As Admira Russell stated in the conclusion to his report:

Of great importance in the handling of emergencies resulting from fire and
explosion on acarrier isthe personal equipment available for use in combating
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the situation and in individual survival in a smoke/fire environment. Not much
improvement has been made in these equipments since World War 1. Mgjor
improvements are required and, with the advanced technology now available,
these improvements should not be too difficult.

Perhaps the most important personal protective equipment recommendation
submitted by PRSACO members was the need for a more effective escape-breathing
device. At the time of the Forrestal’s fire, crew members often wore gas masks as they
attempted to escape smoke-filled compartments during shipboard fires. These gas masks,
primarily intended to protect crew members against attacks from chemical weapons, also
provided some protection against hot smoky environments--they filtered solid particulate
matter from the air, reduced the temperature of the air dightly, and served as a heat shield
for the wearer’ s face. However, they provided no protection against toxic gases such as
carbon monoxide, and were worthless to the wearer if a compartment’s oxygen level was
depleted by fire. The Navy’s World War 11 Damage Reports found that the gas masks
were often useful to personnel evacuating smoke-filled interior compartments: “On the
basis of the service experience it is apparent that Navy Service Gas Masks are reasonably
effective against smoke. Personnel must be thoroughly acquainted with their limitations,
however.”®

Admiral Russell concurred with this assessment, and recommended that the Naval
Material Command distribute information throughout the Navy explaining the
capabilities and limitations of the gas mask when used as an escape breathing device. He
also stated that gas masks had been issued to the crew of only one of the carriers he

observed off the coast of Vietnam. The gas masks of the remaining three carriers were

stowed in storerooms, inaccessible to their crews in the event of sudden emergencies.”
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Although he agreed with the twenty year old World War |1 Damage Reports that
gas masks provided useful protection to personnel evacuating smoke-filled
compartments, Admiral Russell felt that a more effective device was needed. He noted
that personal emergency air masks were available to US Navy submarine sailors, and
proposed that the Naval Material Command modify gas masks by adding small portable
air cylinders. These cylinders would supply gas mask wearers with clean air for several
minutes and increase their chances of escaping from compartments filled with toxic
gases.

Admiral Russell also proposed that the Naval Material Command establish a
program to improve the OBAs used by shipboard firefighters. His report stated that the
OBAs were excellent tools, but noted that several deficiencies had been discovered
during fires on naval vessels. Rear Admiral Massey’s investigators discovered that many
of the OBA canisters used to combat Forrestal’s fire did not last the rated thirty minutes.
Forrestal fire investigators also believed that many parts of the OBA were susceptible to
deterioration over time, and were subject to breakage as aresult of rough handling. The
investigation team that studied a major fire on the carrier USS Oriskany had reached
similar conclusionsin 1966. PRSACO members suggested that research could result in
OBA canisters with longer lives, and that design improvements could produce smaller,
simpler, and more rugged OBAs.”

Finally, Admiral Russell proposed improving the clothing worn by personnel
responding to fires on flight decks. He recommended upgrading the proximity suit used
by sailors to rescue personnel from burning aircraft by improving its resistance to wear
and tear, making it more flexible, and increasing its ability to reflect heat. He noted that
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severa research reports confirmed that vastly improved aluminized fabrics were available
and could be used to inprove proximity suits.? He also noted that the jerseys worn by
personnel working on the flight deck were not flame retardant, and their shoes were soft-
toed and had poor treads on their soles. The Russell Report cited research demonstrating
that it was feasible to treat clothing to make it flame retardant, and proposed that the
Navy issue flame retardant clothing and improved footwear to shipboard sailors.

The Forrestal fire investigation team originally proposed many of the
improvements to shipboard damage control equipment Admiral Russell recommended.
For example, building on a recommendation made by Rear Admiral Massey, the Russell
Report proposed improving shipboard fire hoses. The Forrestal investigators discovered
that the cottonjacketed hoses used throughout the ship were very susceptible to
becoming tangled. PRSACO members confirmed this during their visits to four
operational carriers, and aso noted that the cotton-jacketed hoses were quickly worn out
by being dragged across abrasive decks during training drills. The Russell Report
described a project where improved hoses were being tested aboard another carrier, USS
America. America had tested 235 lengths of neoprene-wrapped hose, and found that these
new hoses did not tangle up and were significantly more wear-resistant than the cotton
jacketed hoses. Admiral Russell recommended that all aircraft carriers be equipped with
neoprene-wrapped hoses in their hangar and flight decks. He also recommended that the
Naval Material Command devel op quick-disconnect couplings for these hoses to
facilitate rapidly adding sections of hoses when needed.”

In asimilar vein to his recommendation that repairs to damage control equipment
be given ahigh priority in the competition for limited resources, Admiral Russell
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proposed that a portion of each ship’s operating funds be allocated solely for the purchase
of damage control and firefighting equipment. His supporting rationale clearly illustrated
the many items that competed for funding priority and provided strong justification for
why he considered this recommendation important:

Operating funds are alocated to individual shipsin the form of and
Operating Target (OPTAR) by the type commander. Normal practice isfor the
shipsto further sub-allocate amounts to each department. Out of each OPTAR
must be obligated funds for such things as spare parts, consumables such as paper
and soap, maintenance items such as wire and sheet metal, habitability items such
as paint and deck tile, and replacement of equipage such as worn out fire hose and
lost battle lanterns. The amount of the OPTAR is never enough to cover al of a
ship’s operating needs. Normal practice is to establish a priority list and fund
down the list to the point where money runs out. In this system, the completeness
of the inventory and the good material condition of damage control equipment
must compete with all other consumables, spares, and equipage replacement, for
funds. The tendency has been in the recent past, to place damage control gear low
on the priority list. This has meant that inventories and material condition of
damage control equipment were generally poor.®

In addition to establishing a separate pool of money for damage control
equipment, the Report of the Panel to Review Safety in Carrier Operations recommended
the Naval Material Command conduct further analysis of shipboard firesto determine a
more appropriate allowance of OBAs and their canisters, fire fighting foam, fire
extinguishers, and hoses. The report noted that both World War 11 Damage Reports and
more recent investigations following major shipboard fires recommended significantly
increasing the number of OBAs and OBA canisters.®

Recommendations to Increase Damage Control Awareness and Training

The remaining recommendations made by Admiral Russell’s panel emphasized
the urgent need to improve the level of damage control awareness and training
throughout the fleet. The foremost recommendation Admiral Russell proposed to

alleviate this situation was for the Chief of Naval Operations to ersure that air wing
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personnel received damage control training prior to deploying with an aircraft carrier. His
report noted that sailorsin the air wing comprised approximately 40 percent of the
personnel on deployed carriers, and that an even higher percentage of air wing sailors
wereinvolved in fire fighting efforts on the Forrestal because most of them worked in
the vicinity of the flight deck. However, his report was highly critical of the effectiveness
of these sailors during the conflagration:
Many of these air wing personnel, despite their courageous acts and strong desire
to help, were ineffective and in some cases a hindrance to the fire fighting effort.
These men had received no formal training in fire fighting or the principles of
damage control. During a carrier’ s refresher training period, which is primarily

devoted to ships damage control training, the air wing is not aboard, and no
substitute damage control training is provided.?

Admiral Russell observed that requirements did exist for these sailorsto receive
damage control training. However, he found that the requirements were not being met for
avariety of reasons, such asinsufficient school capacity, high personnel turnover rates,
lack of readlistic training aids, insufficient attention by commanding officers, and
insufficient requirements for ships to conduct periodic drills. His report included several
proposals designed to alleviate these shortfalls.

Based on briefings he received from the Commanders of the Atlantic and Pacific
Naval Air Forces and the Commanders of the Atlantic and Pacific Training Commands,
Admiral Russell recommended increasing the throughput capability of damage control
training schools by adding more instructor billets. He aso proposed sending damage
control training teams to assist deployed ships. The briefings presented to Admiral
Russdll indicated that vastly increased student throughput was required to meet existing
training requirements. Officials estimated that school capacity was only sufficient to meet

approxi mately 60 percent of the training requirements for the Pacific Fleet, and
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approximately 32 percent of the Atlantic Fleet’ s training requirements.® However, even
this meager capability was severely underutilized, as the Russell Report clearly shows:

COMNAVAIRPAC requires that the executive officer, and all repair party
personnel attend a five-day fire-fighting course and all other personnel, including
the Air Wing attend the two-day course...During FY *67 only 226 Air Wing
personnel were trained. COMNAVAIRLANT requires that all repair party and in-
port firefighting party members attend the five-day fire-fighting course, all air
department personnel attend a three-day course, and half the ship’s company
attend atwo-day fire-fighting course. In FY *67, no air-group personnel attended
basic or refresher fire-fighting courses.®

The impact of these depressing macrolevel statistics were evident in the
investigation reports of shipboard fires, which concurred that a dire need for increased
damage control training existed:

About 25 percent of the USS Oriskany crew and apparently none of the
Air Wing personnel had received fire-fighting training prior to the October 1966
fire. Only 150 personnel were trained in the use of the OBA. On USS Forrestal
about 50 percent of the crew and none of the Air Wing personnel had fire-fighting
training prior to the fire. Both reports of these incidents recommended full-crew
training in fire-fighting. ®

To increase the awareness of the importance of damage control training on
aircraft carriers, Admiral Russell’ s report recommended incorporating damage control
training into the precommand training pipeline given to aircraft carrier commanding
officers. His report noted that commanding officers of carriers were aviators with little or
no prior damage control training or experience, and speculated that this could result in
decreased command emphasis on the importance of damage control:

This lack of experience in damage control on the part of the commanding officer
ismost critically reflected in a generally low level of command interest in damage
control matters, and a failure to appreciate the importance of damage control
training. Regardless of the enthusiasm and ability of the DCA (Damage Control
Assistant), ship-controlling drillsin damage control are not going to be included
in an already-too-full schedule, unless the commanding officer recognizes the
importance of damage control and the necessity for continued damage control
training.
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Admiral Russell recommended that the training provided to future carrier
commanding officers should include instruction on the principles of damage control,
review of significant previous shipboard fires and battle damage, and participation in fire
fighting and damage control training exercises. His report also proposed that newly
enlisted personnel receive damage control training prior to reporting aboard, and
recommended that officer-commissioning programs increase their emphasis on damage
control training. His report stated that a decision had been recently made to eliminate the
sole course on damage control principlesincluded in the Naval Academy’s curriculum,
and he strongly advised reversing that decision.®

Finally, the Russell Report recommended that the Naval Material Command
create improved damage control training aids for shipboard personnel. He proposed
incorporating the PLAT camera footage into a training film to give shipboard firefighters
a sense of the magnitude of fires they could encounter. He also proposed devel oping
reusable training canisters for OBAS, so that ships could conduct OBA familiarization
training without decreasing the amount of canisters available during actual fires.

Asthe preceding chapter illustrated, Admiral Russell’s Report of the Panel to
Review Safety in Carrier Operations proposed a plethora of possible means to improve
damage control and firefighting capability on US Navy ships. Many of his suggestions
incorporated recommendations originally included in Rear Admiral Forsyth Massey’s
investigation into the Forrestal’ s fire. The next chapter examines how the Navy

implemented these important recommendations.

Department of the Navy, Manual of the Judge Advocate General Basic Final
Investigative Report Concerning the Fire on Board the USSForrestal (CVA-59) on July
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CHAPTER 5

IMPLEMENTATION OF REPORT RECOMMENDATIONS

As the previous chapter discussed, two significant investigation panels convened
shortly after the July 1967 fire aboard USS Forrestal. Both of the reports produced by
these panels included numerous proposals to improve the effectiveness of damage control
efforts on US Navy ships. However, Admiral Russell’ s broader investigation into the
safety of carrier operations throughout the Navy appears to have had greater impact on
damage control improvementsin the US Navy. This chapter examines how the Navy
implemented these recommendations included in the Basic Final Investigative Report
Concerning the Fire on Board the USSForrestal and the Report of the Panel to Review
Safety in Carrier Operations.

Implementation of Forrestal Fire | nvestigative Report’ s Recommendations

The first of these panels, headed by Rear Admiral Forsyth Massey, conducted an
investigation into the fire following the Navy’s Manual of the Judge Advocate General.
This type of investigation was commonly referred to asa“JAGMAN” investigation
within the Navy. The primary purpose of a JAGMAN investigation was to determine the
causes of an accident, and who should be held responsible for the resulting damage. Rear
Admiral Massey did this, but he also provided thirty-one recommendations aimed at
improving damage control deficiencies he observed during hisinvestigation. The
preceding chapter discussed fourteen of the most significant recommendations proposed
by thisinvestigation. Rear Admiral Massey completed his investigative report on 19
September 1967, and submitted it to Vice Admiral Charles T. Booth, Commander of the

US Atlantic Fleet Naval Air Force, for review. Vice Admiral Booth approved the vast
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magjority of recommendations proposed by Rear Admiral Massey, dissenting with only
two of the damage control related proposals. The first of these two not approved
recommendations had proposed minimizing the transfer of trained personnel prior to a
ship’s deployment. To justify their proposal, the investigation team noted that 37 percent
of Forrestal’ s trained firefighters transferred prior to her deployment, and opined that
these transfers had a significant negative impact on Forrestal’s overall damage control
readiness.' Vice Admiral Booth’s endorsement letter on the investigation stated that high
personnel turnover rates were common throughout the fleet because relatively few sailors
assigned to aircraft carrierswere re-enlisting after the expiration of their terms of
required service. He further emphasized his point by stating that:
These (fleet manpower) resources are not adequate to the task of stabilizing ship
and squadron personnel from commencement of refresher training to completion
of deployment. Indeed, when two or three aircraft carriers are scheduled to deploy

in atwo or three month time frame, fleet manpower resources are hard put to
provide even the minimum manpower requirements.?

In short, although he had no objection to the concept of stabilizing manning on
aircraft carriers, Vice Admiral Booth did not believe the Navy had sufficient manpower
available to make thisideafeasible.

Vice Admiral Booth also decided against immediately increasing the allowance of
OBAs, OBA canisters, and firefighting foam concentrate carried aboard aircraft carriers.
Rear Admiral Massey’ s team had proposed increasing the allowance of foam concentrate
from 1,220 five-gallon cans to 2,500; increasing the number of OBAs from550 to 620;
and increasing the number of OBA canisters from 3,300 to 8,000. His report noted that
Forrestal received substantial quantities of these items from other US Navy shipsin her
vicinity during her fire, and stated that he believed it would have taken significantly more
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time to extinguish the blaze without those supplements.® Admiral Booth did not
completely discount this proposal, but he decided that detailed analysis was required
prior to increasing allowance of these items. His letter stated that this analysis would
have to include the increased cost of constructing stowage facilities for these items.
Admiral Booth recommended delaying implementation of this recommendation even if
higher authority decided to increase the allowance of these items until additional
dedicated funds could be budgeted for these items.*

In his two-page long endorsing letter, Vice Admiral Booth praised the
thoroughness of the report and the worth of recommendations presented by the
investigating board. He noted that since the report contained so much important
information, he was forwarding compl ete copies to the Commander in Chief of the
Pacific Fleet, the Commander of Naval Air Forces in the Pacific, and the Seventh Fleet
commander (under whose control carriers operated while prosecuting the war in
Vietnam). He aso forwarded excerpts of the report containing the investigation board’s
findings of fact, opinions, and recommendations to all Carrier Division commanders in
the Atlantic Fleet. Vice Admiral Booth completed his review of the report on 26
September 1967 and forwarded it to his boss, Admiral Ephraim P. Holmes, Commander
in Chief of the US Atlantic Fleet.

In contrast to Vice Admira Booth’s quick review of the report, which only lasted
one week, Admiral Holmes took approximately two months to analyze the contents of
Rear Admiral Massey’ s report. Admiral Holmes did not complete his endorsing letter
until 1 December 1967. Admiral Holmes's eight-page endorsing letter was much more
critical of the investigative report than that of Vice Admiral Booth. Admiral Holmes
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disagreed with the investigation board’ s assessment that the fire and resulting deaths and
destruction were not the fault of any of Forrestal’s crew members:

The Commander in Chief U.S. Atlantic Fleet, therefore, specifically does
not concur in Opinion 115 of the Report of Investigation wherein it is stated “ That
the deaths and injuries resulting from the fire aboard the Forrestal on 29 July
1967 were not caused by the intent, fault, negligence or inefficiency of any person
or persons embarked in the Forrestal.” Further, the Commander in Chief U.S.
Atlantic Fleet specifically does not concur in Opinion 4 of the Report which states
“That no improper acts of commission or omission by personnel embarked in

Forrestal directly contributed to the inadvertent firing of the Zuni rocket from F-4
Number 110.”°

Admiral Holmes also questioned the accuracy of the Investigation Board' s finding
that the state of Forrestal’s material readiness and firefighting and damage control
training were acceptable at the time of the fire. He noted that the Inspector General of the
US Atlantic Fleet conducted a short-notice evaluation of Forrestal’s damage control
readiness on 10 May 1967. The purpose of this visit was to assess the carrier’ s ability to
maintain watertight integrity, fight fires, and repair damage. The Inspector General found
Forrestal’ s damage control readiness to be unsatisfactory, and noted that the damage
control parties were disorganized and were not knowledgeable. Admiral Holmes's
endorsing letter stated that this information was not included in Rear Admiral Massey’s
Investigation Report, although his board was provided with a copy. The admiral’ s |etter
further criticized the investigators for not stating whether the unsatisfactory conditions
found by the Inspector General were corrected prior to the conflagration in July.®

In his endorsing letter, Admiral Holmes stated that although he was concerned
with the high turnover rate of enlisted personnel in operational units, he concurred with
Admiral Booth that it would be difficult to stabilize manning. He wrote that the low
reenlistment rates cited by Admiral Booth were exacerbated by the Navy’s low overall
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manning of enlisted supervisory personnel (enlisted pay grades E5 to E9 were only
manned at 82 percent of allowance in August 1967).” Other factors that Admiral Holmes
assessed as negatively impacting manning stabilization on shipsincluded high
operational tempo to support the Navy’s heavy commitment in Southeast Asia, and the
need to man alarger fleet as the number of ships that were commissioned and reactivated
increased.®

Admiral Holmes approved al other damage control related recommendations
included in Rear Admiral Massey’s Investigation Report, and forwarded the report to the
Navy’s Judge Advocate General. The Judge Advocate Genera reviewed the investigation
report and endorsing letters, found that the investigation had been conducted in
accordance with naval regulations, and forwarded the entire package to the Chief of
Naval Operations. The Judge Advocate General aso sent copies of the report and
endorsing letters to the commanders of the Naval Air Systems Command, the Naval Ship
Systems Command, the Naval Ordnance Systems Command, and the Chief of Naval
Personnel for their information. After the Chief of Naval Operations reviewed the report,
it was returned to the Judge Advocate General’ s office.

When the Chief of Naval Operations returned the original copy of Rear Admiral
Massey’ s investigation into Forrestal’ s fire, the Judge Advocate General’ s office placed
it in their long-term storage facility.’ It appears that the Navy never tracked the status of
recommendations made in this report.’® Fortunately, all but one of the damage control
related recommendations first proposed by Rear Admiral Massey were also included in
Admiral Russell’ s report. The sole recommendation excluded by Admiral Russell was the
proposal to stabilize manning on Navy ships from the period of Refresher Training
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through deployment. Perhaps Admiral Russell omitted it since Vice Admiral Booth and
Admiral Holmes had aready rejected it asinfeasible. In any event, Admiral Russell’s
recommendations were targeted at improving damage control training without the benefit
of manning stabilization.

In contrast, the recommendations proposed by Admiral Russell were tracked very
closely for several years, as the remainder of this chapter will show.

Implementation of the Russell Report’ s Recommendations

The scope of Admiral Russell’s panel was much broader than the investigation
into Forrestal’s fire, as discussed earlier. The Chief of Naval Operations to appointed
Admiral Russdll:

Examine actual and potential causes of fires and explosionsin aircraft carriers

with object of minimizing their occurrence, limiting injuries and damage that

result when they occur, and greatly improving the effectiveness of firefighting
capability and the control of explosive damage particularly on the flight deck and
in the hangar bays.™*

Admiral Russell submitted his report to Admiral Moorer, the Chief of Naval
Operations, on 16 October 1967. Three days later, Admiral Moorer forwarded the report
to an extensive array of naval commanders, including the Atlantic and Pacific Fleet Naval
Air Force Commanders, all fleet commanders, all aircraft carrier division commanders,
all aircraft carrier commanding officers, the Chief of Naval Material, the Chief of Naval
Personnel, Naval Ship Systems Command, Naval Ordnance Systems Command, and the
Naval Air Systems Command. Admiral Moorer appointed one of the senior officers on
his staff, Rear Admiral Edward C. Outlaw, to coordinate implementation of the

recommendations submitted by Admiral Russell.”? Each of the recommendations

included in the Russell Report included a proposal for a designated naval command to
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assume cognizance for further study and implementation if feasible. Admiral Moorer
instructed these commands to provide him with their comments on each of these items by
25 November 1967.%

Only one of the seventeen significant damage control recommendations included
in Admiral Russell’ s report and discussed in the previous chapter was quickly rejected as
infeasible. The discarded recommendation proposed that the Navy allocate a portion of
each ship’s operating funds solely for the purchase of damage control items. The
prioritization of operating funds was traditionally decided by each ship’s commanding
officer. The commanding officer was in a better position to understand his ship’s
requirements than higher headquarters staff officers, and was also responsible for
everything aboard his ship--the condition of all equipment and the safety of the crew.
Additionally, the operating funds were distributed to ships on a quarter-annual basis. It
would be exceedingly difficult for outsiders to predict how much damage control
equipment would have to be replaced in a given quarter, since wear and tear varied
widely according to the ship’s operational tempo, how often the gear was used, and how
recently it had been replaced. The Navy’ s |leaders decided to leave responsibility for
allocation of damage control funding from operating funds with each ship’s commanding
officer.*

Feedback from the offices charged with studying the feasibility of implementing
the recommendations put forth in the Russell Report indicated that substantia time would
be required to perform the required analysis. As aresult, in July 1968 the Chief of Naval
Operations directed the Chief of Naval Material to provide quarterly reports updating the
status of the proposed recommendations. These quarterly status reports were submitted to
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the Chief of Naval Operations from 1968 until 1972 and detailed progress made in
analyzing and implementing the recommendations.

In August 1972, the Chief of Naval operations relaxed the reporting requirement,
directing that progress reports be submitted on a semi -annual basis. The Chief of Naval
Operations rescinded the reporting requirement entirely in November 1974, since
significant progress had been made in implementing the Russell Report
recommendations:

In view of the considerable progress to date implementing Russell

Panel/CASS recommendations, it is considered that the periodic status reports

have served their intended function and are no longer necessary on aregularly

scheduled basis. . . . Ongoing and open-ended recommendations will continue to
be monitored and coordinated as normal NAVMAT management actions.™

Although the Navy had made enormous progress in implementing Admiral
Russell’ s recommendations by late 1974, interim status updates to the Chief of Naval
Operations showed that financial costs proved to be an enormous obstacle to analyzing
and implementing the proposed improvements. To ensure that available funding was
applied in the most critical areas, the Chief of Naval Operations assigned arelative
priority to each recommendation. Three categories of priority were established. The
highest category was termed “urgent”; the second, “priority”; and the lowest, “desirable.”

Impact of the Enterprise Fire on Russell Panel Recommendations

Soon after the Navy began to serioudly study the Russell Panel’s
recommendations, another serious shipboard fire dramatically underscored the need to
improve shipboard damage control and firefighting capability. On 14 January 1969, in a
tragic parallel to the Forrestal fire, a Zuni rocket accidentally ignited on an F-4 Phantom

aircraft staged on the aircraft carrier USS Enterprise’ s flight deck. Twenty-seven sailors
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perished in the resulting blaze, and 344 others were injured (sixty-five serioudly).
Damage to the ship was estimated to be just below eleven million dollars and the cost of
replacing the fifteen destroyed aircraft and associated aviation equipment was estimated
to be approximately 45.5 million dollars.*® The following day, the Pacific Fleet Naval Air
Force Commander directed Rear Admiral Frederic A. Bardshar to investigate the fire.
Rear Admiral Bardshar’s panel also consisted of two Navy Captains, one Commander,
and a Lieutenant. Lieutenant Commander Thomas E. Flynn was assigned to provide legal
counsel for the investigating board.

Admira Bardshar completed his report on 11 February 1969. A brief examination
of hisreport is useful for three reasons —first, because the topic of investigation was a
similar fire on an aircraft carrier similar to Forrestal. Secondly, since the Enterprise fire
occurred approximately eighteen months after the conflagration on Forrestal, sufficient
time had elapsed to determine if any suggested improvements had been implemented.
Finally, a section of Admiral Bardshar’s report commented directly on his opinions of
specific Russell Report recommendations, based on his investigation of Enterprise’ sfire.

Admiral Bardshar’ s investigation revealed that although the magjority of
recommendations proposed to improve shipboard damage control equipment had not yet
been implemented, many of the training deficiencies noted by Admirals Massey and
Russell had been corrected. In fact, Admiral Bardshar’s report vividly illustrates that
Enterprise’ s crew exhibited high levels of damage control awareness and was well trained
in damage control and firefighting. In the abstract to his report, Admiral Bardshar stated
that although serious firefighting equipment deficiencies existed, “solid damage control
organization, training, and execution” minimized casualties and limited the fire’' s spread
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and resulting damage.'” Admiral Bardshar praised the performance of Enterprise’s
firefightersin hisreport:
The high state of training which existed aboard Enterprise produced the
individual leadership at all levels which is necessary to an effective damage
control organization. . . . After each maor explosion hose teams regrouped and
resumed their efforts. When men fell, trained backup men took their place. In any
event, the aggressive but controlled efforts of these fire fighting crews prevented

the explosions of more 500 pound bombs which aimost certainly would have
occurred had the fires been allowed to burn unopposed.®®

This description presented a stark contrast to firefighting efforts on Forrestal,
where menwith little or no formal training took the place of fire fighters who were killed
intheinitial explosions on that vessel. On Forrestal, approximately 50 percent of the
ship’s crew and none of the air wing sailors had attended firefighting school. When
Enterprise’ sfire erupted, 2,997 of the 3,123 sailorsin her ship’s company (96 percent)
had attended firefighting school, and 1,753 of 2,039 air wing personnel (86 percent) had
attended firefighting school. Enterprise had sent 1,091 officers and men to firefighting
school during August and September 1968. The carrier also had devel oped a damage
control training team to instruct and evaluate the performance of its damage control
organization during drills. Enterprise had also established a competitive program
between its repair parties to increase effectiveness, and conducted frequent training
drills® Clearly, on Enterprise at |east, the importance of an effective, highly trained
damage control organization was well recognized.

In the portion of his report commenting on the Russell Panel’ s recommendations,
Admiral Bardshar generally concurred with the proposed solutions. He concurred with
the first recommendation included in Admiral Russell’ s report, the need to develop an
advanced flight deck fire fighting system for carriers. Admiral Bardshar wrote that
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although Enterprise’ swell-trained crew quickly employed all available firefighting
equipment in accordance with sound, prescribed doctrine, the firefighting equipment was
simply insufficient. As aresult, the crew’s efforts failed to prevent ordnance cook-off and
the significant damage resulting from these explosions. These comments on the
Enterprise fire were an almost identical echo to those made seventeen months earlier by
Rear Admiral Massey. Admira Bardshar wrote that an advanced flight deck fire system,
originally proposed by Rear Admiral Massey, and further endorsed by Admiral Russell,
was badly needed. He made this his foremost recommendation, and defended his
rationale in the strongest terms:
A fresh concept of dealing with a massive flight deck fire (whether self or enemy
inflicted) involving exploding fuel and ordnance should be developed. The system
derived must include massive cooling as well as rapid extinguishment. It must
provide flexibility, selectivity, and redundancy. The system must not compete
with other systems for power, water, or extinguishing agents. Controls must
provide for remote activation and response must be immediate. . . . The
requirement for this system is documented by 161 lives, some 200 million dollars,
and the loss of 8 CVA months of operating time since 29 July 1967. The system
should be amilitary characteristic for all CVAs and rank in importance with the
armament and aircraft launch and recovery systems...Anything less will not be
satisfactory.®
Admira Bardshar also agreed that the Navy needed most of the improvements
proposed in the Russell Report. He opined that a standardized marking and lighting
system for escape routes would be desirable, as would the neoprene hoses described by
Admiral Russell. At thetime of Enterprise’s fire, the improved neoprene hoses were
approved for use on naval vessels. However, the Enterprise was not yet fitted with them.
Admiral Bardshar also wrote that although improvements to OBAs would be desirable,
he felt that improved training (and the resulting increased familiarity sailors had with the
equipment’ s capabilities and limitations) had alleviated many of the perceived
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shortcomings of OBAs. Admiral Bardshar’s panel wrote that the Enterprise’s crew
members were aware of the limitations of using the gas masks as escape breathing
devices, and effectively used the gas masks during the blaze. The Enterprisefire
investigators did agree that improved personnel protective equipment was needed. They
noted that two sailors wearing aluminized proximity suits were injured after the hoods
were blown off their suits by the concussion from explosions on the flight deck. They
also stated that more fire resistant clothing and use of gloves would have reduced the
severity and number of burns suffered by Enterprise’ s firefighters. They recommended
that the Navy issue and require all personnel working on flight decks to wear hard shell
helmets and gloves?

The only Russell Report recommendation Admiral Bardshar’ s investigators
disagreed with was the need to increase the allowance of OBA canisters and containers of
foam concentrate. Forrestal carried 3,300 OBA canisters and 1,220 five-gallon
containers of foam concentrate at the time of her fire. Enterprise’ s allowance was
virtually identical to this when her fire erupted. Enterprise’ s crew members expended 900
of their 3,300 OBA canisters and 811 of 1,080 foam concentrate containers while fighting
the conflagration.? In view of this, Admiral Bardshar wrote that the existing allowance
for these items was adequate.

The Enterprise investigation indicated that the Navy had made substantial
progress in improving personnel training. It also demonstrated that the existing
firefighting doctrine was adequate, when used by a highly proficient damage control
organization. However, the investigation report also reinforced the assertions contained in
the Forrestal Investigation Report and the Russell Report that existing firefighting and
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damage control equipment was inadequate. Training had improved human performance,
but the Navy’stechnical experts still had to improve the tools available to shipboard
firefighters.

In 1968, the Naval Air Systems Command, operating under authority of the Chief
of Naval Materia, established the Carrier Aircraft Support Study (CASS). The purpose of
the study was to assess aircraft carrier operations, and to recommend improvements to
increase effectiveness and safety. CASS was a mammoth study (comprising fourteen
volumes; the volume on safety alone contained over 500 pages), and examined nearly
every aspect of aircraft carrier operation. The Navy contracted Systems Associates,
Incorporated (SAl) to perform the study. SAI subcontracted several major defense-related
corporations to provide technical assistance and analysis. Some of the subcontractors who
contributed to CASS were FM C Corporation, Grumman Aerospace, Hughes Aircraft,
McDonnell Aircraft, and the Western Gear Corporation.?

In February 1969 the Chief of Material, acting with the concurrence of the Chief
of Naval Operations, directed that follow-up study of recommendations resulting from
the Enterprise fire be assigned to CASS:

The recent Enterprise incident indicates |essons |earned from Forrestal
contributed to minimizing damage. CASS has been reoriented with OPNAV
concurrence to give top priority to Enterprise. Coordinated follow-up of
Enterprise for both short and long term necessary actions are now assigned to

CASS. The CASS Steering Committee has been augmented by 2 Flag Officers
from OPNAV (OP-03V and OP-50) and the working group is being expanded.

Since several damage control recommendations included in the Enterprise
Investigation Report were originally included in the Russell Report, this action increased
the attention accorded to inportant recommendations that had not yet been implemented.

It also provided funding for those recommendations, such as the advanced flight deck
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firefighting system, that needed significant research and analysis prior to development.
The Chief of Naval Material also included the status of recommendations assigned to
CASS for further study in the periodic update of Russell Report recommendations to the
Chief of Naval Operations.®

A review of these periodic updates on the status of analysis and implementation
of Russell Report recommendations shows that steady progress was made. For instance,
by January 1971, fifty separate SHIPALTS (alterations designed to improve Navy ships)
based on improvements recommended by Admiral Russell had been approved.? Perhaps
the most important of these new SHIPALTS was a newly designed Advanced Flight
Deck Fire Fighting System for aircraft carriers. However, SHIPALTS had aso been
developed to improve shipboard “1IMC” general announcing systems and increase the
number of exits fromcarrier working and berthing spaces. Unfortunately, the cost of
altering the Navy’ s ships was high, and some SHIPALTS other than those devel oped
from Russell Report recommendeations were given higher priority.” The May 1971 status
update to the Chief of Naval Operations stated that the two aircraft carriers that were
being constructed (USS Nimitz and USS Eisenhower) would have the new damage
control improvements built into them, at an estimated additional cost to the Navy of five
million dollars per ship.” According to that document, approximately $21.5 million were
required to complete the fifty SHIPALTS generated by Russell Report recommendations
on the Navy’s existing ships. The Navy had budgeted approximately $13.2 million for
this over the next five fiscal years, leaving an unfunded shortfall of approximately $7.3
million.? The same report stated that a shortage of research and devel opment funds had
slowed implementation of several other important Russell Report recommendations. The
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most significant of these affected recommendations were standardized marking of escape
routes from shipboard compartments, development of an emergency escape breathing
device, and OBA improvement. The report stated that the Chief of Naval material had
requested $4.25 million for research and development of these itemsin fiscal years 1970
through 1972, but was only granted $2.8 million.*

The following year, on 29 October 1972, a machinery space fire in the aircraft
carrier USS Saratoga killed three sailors and injured twelve others. The deaths were
caused by smoke inhaation, and the injuries consisted of burns and smoke inhalation. On
1 November 1972, the Chief of Naval Operations directed his staff to provide him with a
status report on the development of Russell Report recommendations.

The November 1972 update revealed substantial additional progress on many
Russell Report recommendations, including the three that had been funded at lower levels
than requested the previous year. The Chief of Naval Material had completed evaluation
of a standardized marking and lighting system for shipboard escape routes, and was
preparing the specifications needed to create a SHIPALT. Research, development,
testing, and evaluation (RDT& E) had also been completed on an improved “Variable-
fog” nozzle for Navy firefighting hoses. Specifications for the new nozzle were complete,
and the Navy was preparing to purchase and equip its ships with them. An emergency
escape breathing device had aso been developed. This device provided shipboard
personnel with eight minutes of clean breathing air to allow them to escape smoke-filled
compartments. The Navy had awarded a contract for production of these devices, and
was expecting them to be delivered to its ships by late 1973. The report also noted that a
permanent flight deck personnel protective equipment program had been established by
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the Naval Air Systems Command, and that testing of Nomex fire retardant clothing was
in progress. Finally, the 1972 status report described an improved OBA that was being
evaluated and refined.®

The Chief of Naval Material published the final status report on Russell Report
recommendations in March 1974. This update showed that, although many research and
development efforts were still underway, the Navy had made enormous overall progress
in implementing the Russell Report recommendations. An advanced flight deck fire
fighting system had been installed in nine aircraft carriers, and installation was expected
to be completed on the seven remaining carriers by late 1974. A SHIPALT was
authorized to standardize shipboard escape route marking, and funding was allocated for
ten carriersto receive the alteration in fiscal year 1974. A SHIPALT to improve the
“IMC” general announcing system was funded for all Navy ships. SHIPALTS were
funded to improve exits from carrier working and berthing spaces. Four carriers were
equipped with newly developed emergency escape breathing devices, and funding was
allocated for further refinement of these devices. Funding was allocated to replace al of
the Navy’s OBAs with an improved model over athree-year period. Improved proximity
suits were being provided to carriers, although development of improved, fire retardant
clothing for sailors was still in progress. Finally, atraining film incorporating footage of
the Forrestal fire had been issued to al Navy fire fighting schools.®

This chapter has shown that the vast mgjority of damage control improvements
first proposed by Rear Admiral Massey were eventually implemented, particularly those
that called for more effective equipment. Dramatic improvements are difficult to quickly
accomplish in alarge bureaucratic organization, but several important factors fostered
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improved damage control throughout the US Navy. Admiral Russell endorsed Admiral
Massey’ s recommendations, and the high degree of interest exhibited by the Chief of
Naval Operations helped sustain the necessary resources required to evaluate and
implement the recommended improvements. Finally, fires on the carriers Enterprise and
Saratoga underscored the vital, continuing need for the proposed improvements.

The final chapter examines the lasting impact the Forrestal fire had on US Navy
shipboard damage control, and what implications this fire and its aftermath have for

damage control today.
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CHAPTER 6

CONCLUSION

Lasting Impact of the Forrestal Fire

This thesis examined what |essons the Navy learned in the area of damage control
from the July 1967 fire on USS Forrestal, and how the Navy applied these lessonsto
improve fleetwide damage control capability (doctrine, warship construction features,
and damage control equipment). The research has demonstrated that the damage control
capability of US Navy ships was significantly improved as a direct result of lessons
learned from the July 1967 fire on USS Forrestal. Significant changes in the area of
damage control resulted from analysis of this disaster, and these changes had lasting
positive impact on US Navy damage control capability.

The tremendous loss of life, high number of injured sailors, extensive property
damage to the ship and its complement of aircraft, and the loss of several months of
operating time for a capital ship captured the attention of the Navy’s top leaders. These
leaders ordered a thorough investigation into the Forrestal fire. Although the resulting
7,500-page report highlighted several serious deficienciesin Forrestal’s damage control
capabilities, the scope of Rear Admiral Massey’ s investigation was necessarily limited.
The Chief of Naval Operation’s appointment of retired Admiral James Russell to review
safety of aircraft carrier operations throughout the Navy had a much greater impact on
improving damage control throughout the fleet. Admiral Russell found that most of the
deficiencies found by the Forrestal fire investigators also existed aboard the Navy’ s other
aircraft carriers. Asaresult, Admiral Russell incorporated all but one of Admiral

Massey’ s thirty-one damage control improvement recommendations into his own report.
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Lasting Impact on Doctrine

The fire had arelatively minor impact on damage control doctrine, which was
fundamentally sound. The Navy’s damage control doctrine had evolved with its ships
over the years, and incorporated hard-learned lessons from earlier fires and battle damage
sustained by Navy vessels.

However, Rear Admiral Massey and Admiral Russell discovered that the damage
control proficiency of US Navy aircraft carrier crews was low because of inadequate
training. For example, only 50 percent of Forrestal’ s crew members, and none of the
embarked air wing personnel (who comprised approximately 40 percent of the sailors
aboard Forrestal) had completed fire fighting training courses.* Admiral Russell wrote
that the Navy’s existing damage control training requirements were not being met
because of insufficient damage control school capacity, high personnel turnover, and the
low priority given to damage control readiness by many aircraft carrier commanding
officers.? Poorly trained sailors were simply not able to competently fight serious firesin
accordance with established doctrine.

These training deficiencies were relatively easy to correct in a short period of
time. Damage control training facilities were expanded, and senior |eaders directed
Commanding Officers to ensure that their crews were properly trained. Rear Admiral
Massey’ s investigation report into the Forrestal fire was widely distributed throughout
the fleet. All of these measures increased damage control awareness throughout the fleet,
at least in the short term. The similar fire on USS Enterprise nearly eighteen months later
provided evidence that many training deficiencies had been corrected. The investigation
report into the Enterprise fire praised crew members for efficiently fighting the
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conflagration in accordance with prescribed doctrine to minimize damage.® However, this
report highlighted the Navy’ s dire need for the improvements in damage control and
personnel protective equipment proposed in Admiral Russell’s report.

Lasting Material |mpact

Much of the long-term impact of the Forrestal fire can be found by examining the
improved material items (warship construction features, damage control and personnel
protective gear) that were proposed and developed in response to lessons learned from
that event. These important developments were built into newly constructed vessels, and
many existing ships were altered to incorporate the new technology. Refined versions of
this equipment can be found on today’ s naval warships.

Successful material achievements included development of an advanced flight
deck firefighting system, improved personnel protective equipment (including fire
retardant uniforms, emergency escape breathing devices, and improved OBAS), improved
hoses and nozzles. Navy officials also approved a standardized marking and lighting
system for escape routes from interior compartments, and additional exits were
constructed for many of these interior compartments.

Like the proposed training improvements, these material improvements were al'so
relatively easy for the Navy to implement. Admiral Russell had access to the Navy’ stop
military and civilian experts while developing his recommendations and substantial
evidence indicated that they were necessary. The senior officer in the US Navy, Admira
Moorer, demanded frequent updates on the status of implementing Russell Report
recommendations. As aresult, there was little controversy over and broad support among
the Navy’s leadership for the vast majority of these proposed material improvements.
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These recommendations were also prioritized to meet funding limitations. The January
1969 fire aboard Enter prise provided additional evidence of the validity of the proposed
improvements. Although funding constraints, research, development, and testing al
slowed implementation of these recommendations, the most significant recommendations
were all incorporated into US Navy ships within afew years.*

Unsuccessful Damage Control Improvement |deas

The preceding paragraphs have shown that training deficiencies and material
deficiencies were rectified relatively easily. There was ample evidence that these
deficiencies existed, and clear-cut solutions were readily developed to mitigate them.
Most of the proposed solutions were noncontroversial, and enjoyed broad support from
senior Navy leaders. However, recommendations that did not have such clear-cut
technical solutions and challenged existing policies and organizational culture proved
much more difficult to successfully implement.

Three significant recommendations proposed to improve shipboard damage
control readiness in the wake of the Forrestal fire never materialized. Rear Admiral
Massey proposed that the Bureau of Naval Personnel should stabilize manning of trained
personnel on ships and air wings by minimizing personnel transfer from these units prior
to deployment.® However, the two senior admirals who endorsed his report prior to its
submission to the Chief of Naval Operations rejected this proposal, primarily because of
low manning levels at that time. Admiral Moorer did not insist that his subordinates find
away to stabilize manning. This recommendation was the one significant damage control
improvement recommendation first proposed by the Forrestal fire investigators that
Admiral Russell did not includein his report. Perhaps Admiral Russell sensed or was told

85



that manning stabilization was not feasible during his interviews with the senior officers
who rejected the concept after Admiral Massey first proposed it. Admiral Russell’ s report
did include several recommendations designed to ameliorate damage control training
proficiency without manning stabilization. These proposals included increasing the
emphasis on damage control training for officers and enlisted personnel prior to reporting
to their first ships, and increasing the capacity of the fleet damage control training
schools. Senior Navy leaders quickly accepted these alternative proposals. Still, Admiral
Russell’ s failure to recommend manning stabilization reduced the visibility of this
proposal.

Admiras Massey and Russell both recommended increasing the number of
OBAs, OBA canisters, and containers of firefighting foam concentrate carried aboard
Navy ships, citing shortages of these items during the Forrestal’sfire. Vice Admiral
Booth objected to immediately implementing this proposal, writing that additional
analysis was required before dedicating additional funding and limited shipboard storage
areas to these items.® In his investigation report on the Enterprise fire, Rear Admiral
Bardshar flatly rejected the need for additional quantities of these items, writing, “the
Enterprise alowance for OBAS, canisters, foam, fire extinguishers and hoses was
adequate.” ’ It appears likely that Enterprise’s crew used less of these itemsin afire very
similar to that on Forrestal due to their higher training proficiency. In any event, the
conflicting data on whether additional quantities of these items were actually required
appears to have shifted the focus of Navy leaders to other recommendations with broader

support.
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The final significant recommendation not implemented by Navy leaders,
dedicated funding for replacement of damage control items, was proposed solely by
Admiral Russell. The Russell Report noted that damage control funding competed with
all of the other requirements each ship had, and asserted that many Commanding Officers
failed to place a high priority on damage control equipment. Admiral Russell wrote that
this frequently resulted in poor material condition of damage control gear.?

Although Admiral Russell’ s logic was sound, this recommendation did not mesh
well with Navy culture and tradition. Navy commanding officers were traditionally given
complete authority to decide how to allocate limited operational funding for their ship.
Many valid reasons existed for this arrangement--commanding officers were held
completely responsible for the safety of the ship and its crew. Commanding officers also
were presumed to have a much more intimate picture of their ship’s condition and
requirements, and were thus in a better position to determine allocation of operational
funding than outsiders were. It appears likely that senior Navy officials were unwilling to
take this decision-making authority away from commanding officers, or allocate
additional dedicated funding for damage control items.®

Implications for Today’s Navy

In July 1967 many people in the Navy thought that a flight deck fire on the
magnitude of that on Forrestal was unlikely to occur. It was easy for them to believe that
technological innovations such as armored flight decks and replacement of highly
flammabl e aviation gasoline with less flammable jet fuel significantly reduced the risk of
serious fire. However, the Forrestal’ s fire demonstrated that fire at sea remains a serious
and enduring threat to the safety of ships and sailors.
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Forrestal’ s designers built a ship that carried more aircraft, fuel, and ordnance
then any earlier aircraft carriers. Unfortunately, the July 1967 fire on Forrestal provided
strong evidence that these designers failed to ensure that her damage control capability
was adequate for these increased hazards. The tragedy illustrated the vital, continuing
need to assess damage control capability in new ship designs.

The fires on the Forrestal and Enter prise also demonstrated the importance of a
well-trained and equipped damage control organization. The investigation reports into
those incidents provide strong evidence that many sailors died needlessly on Forrestal
because of poor training. Although it is true that their damage control equipment was
inadequate, the fact remains that most sailors aboard Forrestal were not trained to
effectively use the tools available to them. Conversely, Enterprise’ swell-trained crew
was able to effectively fight asimilar firein January 1969, when the events on Forrestal
were still very fresh in the minds of Navy personnel.

The events following the Forrestal fire also provide useful insight into one way to
successfully implement change in alarge, bureaucratic organization. The tremendous loss
of life and high property damage certainly provided a sharp warning that the status quo of
damage control on aircraft carriers was inadequate. Senior Navy leaders acted decisively
to improve this situation. The Navy’s senior officer appointed aretired four-star admiral
to head a panel tasked with examining the safety of aircraft carrier operations. This
officer, Admiral James Russell, was granted unfettered access to the Navy’ s top ship
construction and damage control experts and the most experienced naval officers while

developing proposals to improve damage control readiness. The Chief of Naval
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Operation’s strong personal commitment to the project sustained momentum throughout

the several years required to implement the proposed solutions.

'Admiral James S. Russell, Report of the Panel to Review Safety in Carrier
Operations (Washington, D.C.: Office of the Chief of Naval Operations, 1967), A-73--A-
74.

bid., A-74-A-76.

*Rear Admiral Frederick A. Bardshar, Record of Proceedings: Formal Board of
Investigation Convened by Order of Commander Naval Air Force United States Pacific
Fleet to Inquire into the Circumstances Surrounding a Fire Which Occurred on Board
USSEnterprise (CVAN 65) on 14 January 1969 Ordered on 15 January 1969 (San
Francisco, CA: Rear Admiral Bardshar, 11 February 1969), 1-2, 26.

“Chief of Naval Material, Milestone Schedule and Status Report for |mplementing
the Recommendations of the Russel| Panel Report and the Carrier Aircraft Support Sudy
(CASS) (Washington, D.C.: Chief of Naval Material, 20 March 1974), 1-8.

*Department of the Navy, Manual of the Judge Advocate General Basic Final
Investigative Report Concerning the Fire on Board the USS Forrestal (CVA-59) on July
29, 1967 (Washington, D.C.. US Navy Office of the Judge Advocate General, 1968),
125.

®ice Admiral Charles T. Booth, First Endorsement on RADM F. Massey, USN
letter of 19 September 1967 (Norfolk, VA: Commander Naval Air Force, US Atlantic
Fleet, 26 September 1967), 2.
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®Chief of Naval Material document of 20 March 1974, page 3, smply states that
this proposal was rejected as “not feasible.” A search of the Navy Operational Archives
and records at the Naval Sea Systems Command at the Washington Navy Y ard failed to
provide any further details on why this proposal was considered infeasible.
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APPENDIX A

TYPICAL NAVY FIREMAIN “LOOP” DIAGRAM

UPPER LOOP-SECOMND DECK

MISSILE -
SPRINKLEFR

INJECTION
DRAINAGE
EDUCTOR

ALL PUMPS AVAILABLE FOR OPERATION OF THE MK13 GUIDED MISSILE LAUNCHING
SYSTEM, SPRINKLER SYSTEM, BOOSTER SUPPRESSION & DRAINAGE EDUCTORS

LOWER LOOP - FP1-(E), FP2-(E), & FP5-(E)

UPPER LOOP - FP3-(E), & FP4-(E)

THE FIREMAIN LOOP IS SEGREGATED INTO TWO SECTIONS. IN CONDITION “ZEBRA” ASINDICATED ABOVE. TO ESTABLISH
CONDITION “ZEBRA” FROM CONDITION “X-RAY" OR"YOKE", THE FOLLOWING THREE “ZEBRA" VALVES ARE CLOSED.

VALVE NO. LOCATION REMOTE CONTROL

2-106-2 2-100-4-L 2-292-01-C
3-232-1 5-212-0-E 2-292-01-C
3-303-1 5-292-0-E 2-292-01-C
3-103-1 3-100-1-L

Cutaway View of Loop

(N

Source: These diagrams originally appeared in atraining presentation prepared by the US
Navy’s Surface Warfare Officer School at the Naval Education and Training Center,
Newport, Rhode Island.
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APPENDIX B

CHRONOLOGY OF EVENTS

This timeline was developed using the official Navy records in the Bibliography as
references.

October 1955 — USS Forrestal (CVA-59) was commissioned.

April 1966 — January 1967 — Forrestal docked in Norfolk Naval Shipyard for extended
maintenance and overhaul.

May 1966 — Captain John K. Beling assumed command of Forrestal.

January — May 1967 — Forrestal conducted predeployment training.

6 June 1967 — Forrestal departed Norfolk for deployment to Western Pacific.

24 July 1967 — Forrestal arrived on Y ankee Station, Gulf of Tonkin, off coast of North
Vietnam.

25 —28 July 1967 — Forrestal launched air strikes against targets in North Vietnam.

29 July 1967 — A Zuni rocket accidentally fired from an F-4 Phantom jet staged on
Forrestal’s flight deck struck a nearby A-4 Skyhawk aircraft and started alarge
conflagration aboard the ship at 1051 local time. 134 personnel died; 161 others were
injured.

30 July 1967 — The fires aboard Forrestal were extinguished by 0400 local time. Rear
Admira Lanham, commander of Carrier Division Two (Captain Beling's Immediate
Superior in Command), who was embarked in Forrestal during the fire, ordered his staff
to conduct a preliminary investigation into the fire. Vice Admiral Charles T. Booth,
commander of the US Atlantic Fleet Naval Air Force, appoints Rear Admiral Forsyth

Massey as senior member of the board of investigation into the Forrestal fire.
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31 July 1967 — Forrestal arrived at Naval Air Station Cubi Point, Republic of the
Philippines, for temporary repairs.

3 August 1967 — Rear Admiral Massey and his team of investigators arrived at Naval Air
Station Cubi Point and began work. Rear Admiral Lanham’s preliminary investigation
ended; al information gathered was turned over to Admiral Massey’ s team.

21 August 1967 — Admiral Thomas Moorer, Chief of Naval Operations, appointed retired
Admiral James S. Russell as director of a panel charged with reviewing safety in aircraft
carrier operations.

19 September 1967 — Rear Admiral Massey completed his investigation and forwarded
his report to Vice Admiral Booth.

26 September 1967 — Vice Admiral Booth completed his review of Rear Admiral
Massey’ s report and forwarded it to Admiral Ephraim P. Holmes, Commander in Chief
of the US Atlantic Fleet.

16 October 1967 — Admiral Russell completed his Final Report of Panel to Review
Safety in Carrier Operations and submitted it to the Chief of Naval Operations.

19 October 1967 — Chief of Naval Operations forwarded Admiral Russell’ s report to an
extensive list of naval commands, assigned Rear Admiral Edward C. Outlaw to
coordinate analysis and implementation of proposed recommendations, and directed
subordinate commands to provide comments on the proposed recommendations by 25
November 1967.

1 December 1967 — Admiral Holmes completed his review of Rear Admiral Massey’s

report.
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23 July 1968 — Chief of Naval Operations directed the Chief of Naval Material to
provide quarterly updates on the status of Russell Report recommendations.

November 1968 — The Naval Air Systems Command established a Carrier Aircraft
Support Study (CASS) group

14 January 1969 — Flight deck fire erupted on the aircraft carrier USS Enterprise after a
Zuni rocket exploded while attached to an 4 Phantom jet staged on deck. Twenty-seven
personnel perished; 344 others were injured (65 serioudly).

15 January 1969 — Commander of US Pacific Fleet Naval Air Force appointed Rear
Admiral Frederic A. Bardshar to investigate Enterprisefire.

February 1969 — Rear Admiral Bardshar completed his report. His report validated the
necessity of nearly all of the damage control improvements proposed by Rear Admiral
Massey and Admiral Russell. Chief of Naval Operations directed the CASS group to
focus on following up lessons learned from Enterprise fire. The status of these
recommendations were included in future quarterly progress reports to the Chief of Naval
Operations outlining progress on Russell Report recommendations.

21 August 1969 — The Chief of Naval Operations returned Rear Admiral Massey’s
report, with endorsing letters from Vice Admiral Booth and Admiral Holmes, to the
Navy’s Judge Advocate General for storage.

December 1971 — Carrier Aircraft Support Study (CASS) compl eted.

28 August 1972 — Chief of Naval Operations directed the Chief of Naval Material to
provide semiannual updates (instead of quarterly reports) on the status of Russell Report

recommendations.
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29 October 1972 — Machinery space fire in the aircraft carrier USS Saratoga killed three
sailors and injured twelve others. Three days later, the Chief of Naval Operations
requested a specia report updating hi m on the status of Russell Report recommendations.
18 November 1974 — Periodic status reports on Russell Report recommendations

discontinued.
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APPENDIX C

SUMMARY OF SELECTED RUSSELL REPORT RECOMMENDATIONS

Admiral Russell’ s report was used as the source document for this appendix, which
summarizes several of the most significant damage control improvement proposals
discussed in the body of the thesis.

Recommendation 1-1: Advanced Flight Deck Fire Fighting System. Proposed features
included “remote control, massive and quick response, cooling for ordnance, sufficient
redundancy to compensate for derangement of portions of the system...a means for quick
drainage or dispersal of large quantities of spilled fuel from the flight deck.”

Recommendation 1-6: Marking of Escape Routes. Proposed establishing a
“standardized system of marking and lighting emergency escape routes in aircraft
carriers’ to aid personnel attempting to escape smoke-filled interior compartments.

Recommendation 1-9: Improved Interior Communications. Recommended that all
aircraft carriers be surveyed to determine adequacy of the shipboard general announcing
system, the “1IMC.” It also recommended prompt correction of any deficiencies that were
discovered.

Recommendation 1-10: Improved Fire Hose. Recommended that the Navy require
neoprene wrapped hoses on flight and hangar decks to reduce kinking that commonly
occurred with standard cottonjacketed fire hoses used aboard Navy ships. It aso
proposed development of quick-disconnect couplings for these hoses,

Recommendation 1-11: Review of Ship Alterations Affecting Safety. Proposed that
the Navy review all pending ship alterations and ship repair requests, and that items
affecting damage control and firefighting be given high priority during maintenance
periods.

Recommendation 1-22: Damage Control Equipage Allowance. Recommended further
analysis of fires on the carriers Oriskany and Forrestal to determine an appropriate
allowance for OBAs and their canisters, firefighting foam, fire extinguishers, hoses, and
other damage control equipment.

Recommendation 1-23: Funding for Damage Control Equipment. Proposed that the
Navy provide ships with dedicated funding for damage control items, to “avoid having
safety equipment compete with all other ship upkeep items for the limited funds
available.”
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Recommendation 1-26: Escape Criteria. Proposed changing ship construction criteria
to require two exits from berthing compartments and working areas designed for ten or
more men. Recommended modifying existing ships to meet these criteria, where feasible.

Recommendation 2-1: Current Mk-V Gas Mask Capabilities. Recommended
distributing information to the fleet on the capabilities and limitations of using gas masks
as an escape breathing device. The gas mask could be used to filter out airborne particles
(protecting the wearer against some contaminants found in smoke), but provided the user
with no protection against high levels of carbon monoxide or low oxygen levels.

Recommendation 2-3: Emergency Breathing Appar atus. Proposed development of
masks with a small portable oxygen supply to eliminate one of the most serious
limitations of using the gas mask as an escape breathing device.

Recommendation 2-6: Flight Deck Personnel Equipment. Proposed development of
more effective personnel protective gear, such asfire retardant clothing.

Recommendation 2-7: OBA Improvement. Advocated further development of OBASs to
make them smaller, more robust, and smpler to use.

Recommendation 2-8: Improved Proximity Suit. Recommended development of a
more effective proximity suit. Also proposed including specialized boots as an integral
part of the new suit.

Recommendation 5-1: Air Wing Damage Control / Fire Fighting Training.
Recommended that all air wing personnel receive basic damage control and fire fighting
training prior to embarking on an aircraft carrier.

Recommendation 5-2: Fleet Damage Control Training Facilities. Recommended
expanding these facilities to meet fleet training requirements.

Recommendation 5-5: En Route Damage Control Training for Enlisted Personnel.
Proposed mitigating the effect of high personnel turnover by providing training for junior
enlisted personnel before they reported to their first ship.

Recommendation 5-7: Increased Emphasis on Damage Control. Recommended
stressing the importance of damage control at the Navy’s training commands, including
Officer Commissioning School, Naval Reserve Officer Training Corps (NROTC) units,
and the Naval Academy.

Recommendation 5-8: Training Aids. Advocated development of more effective and

realistic damage control training aids, including a film containing actual footage of the
Forrestal fire.
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GLOSSARY

1 MC. Shipwide genera announcing system.

Class Alpha Fire. Involved combustible materials such as bedding, books, and clothing.
Class Bravo Fire. Involved flammable liquids such as oils and paint.

Class Charlie Fire. Occurred in electrical equipment.

Class Delta Fire. Occurred when metals such as magnesium ignited.

Compartment Check-Off List. Posted list of all watertight fittings in a shipboard
compartment, or interior subdivision.

Fire Bill. Published list posted on US Navy shipsto assign specific duties to crew
members in the event of afire.

Firemain Loop. A continuous line of piping containing firefighting water aboard Navy
ships. A diagram of atypical loop isincluded in Appendix A.

Manual of the Judge Advocate General Investigation. Conducted to determine the cause
of an accident, and to identify who should be held responsible for resulting
damage.

Material Condition Circle X-Ray. A modification of Material Condition X-Ray.
Permitted crew members to open certain pre-designated watertight fittings.

Material Condition Circle Y oke. A modification of Material Condition Yoke. Permitted
crew members to open certain pre-designated watertight fittings.

Material Condition Circle Zebra. A modification of Material Condition Zebra. Permitted
crew members to open certain pre-designated watertight fittings.

Material Condition X-Ray. The lowest degree of watertight integrity on a US Navy ship.
Substantially eases crew access to interior compartments, but was rarely set.

Material Condition Y oke. The intermediate degree of watertight integrity on aUS Navy
ship. Provided a good balance between convenience for crew and ship safety, and
was typically set inport or while ships operated in friendly waters.

Material Condition Zebra. The highest degree of watertight integrity on aUS Navy ship.
Substantially disrupts crew comfort, and istypically set for training, during
emergencies, and prior to expected attack.

Operating Target. Funds allocated to individual shipsto purchase items such as paint,
damage control equipment, paper, and soap.
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Oxygen Breathing Apparatus. Portable oxygen-generating protective gear worn by
shipboard firefighters to protect them from toxic gases.

Pilot Landing Aid Television. Camera system that recorded events on aircraft carrier
flight decks.

PK P extinguishers. Portable dry chemical fire extinguishers used aboard Navy ships.
Ship Alteration. Approved modification of avessel to correct an identified deficiency.

William fittings. Shipboard fittings marked with a black letter “W”. These fittings were
vital to ship operation, and were normally kept open regardless of which material
condition was set.
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- SUPERSEDING
MIL-F-2305B(AS)
25 April 1967
MILITARY SPECIFICATION

PIRE EXTINGUISHING AGENT, AQUEOUS FILM FORMING
FOAM (AFFF) LIQUID CONCENTRATE, SIX PERCENT,
- FOR FRESH AND SEA WATER

This specification has been concurred in by interestad emnda ‘of the Navy Deperiment and the Marine Corps.
1. SCOFE

1.1 This specification covers the requirements for aqueous film forming foam {APFF) liquid concentrate
fire extdnguishing agent consisting of fluorocarbon surfactants and fosm,stabilizers. The liquid concentrate
will be diluted for use in concentrations of six parts concentrate to ninety-four parts fresh or sea water by
volums.

2. AFPPLICABLE DOCUMANTS

2.1 The following docwments, of the issue in effect on date of imvitation for bids or request for proposal,
form a part of the specification to the extent specified herein:

SPECIFICATIONS

FEDERAL
TT-B-489 - Enamel, Alkyd, Gloss (For Exterior and Interior Surfaces).
FPP-D-700 - Drums: Metal, 55-Gallon, (For Acid end Corrosive Liquids).
FPP-D-729 - Drums: Metal, 55-Gallon, (For Shipment of Noncorrosive mmsai)
PPP-D-1152 - Drum, Steel, 55-Gallon (u.cege) Reinforced.

PPP-P-04 - Pells, Metal: Shipping Steel, 1 through 12 Callon).

MILITARY
MII~P-116 - Preservation, Methods of,
MIL-G-5572 ~ Gasoline, Aviation, Grades 80/87, 100/130,115/145.

STANDARDS

FED-3TD-595 - Colors.

HILITAE!
MIL-STD-105 - Sampling Procedures and Tables for Inspesction by Attributes.
HMIL-5TD-129 ~ Marking for Shipment and Storage.
MIL~STD-130 ~ Identification Marking of U.S. Military Property.
MIL-STD-147 ~ Palle;;;:d and Containerized Unit Loada, 40" x 48" Pallets, Skids, Runners, or Pal-
let Base.

(Copies of specifications, standerds, drawings,snd publications required by supplisrs in comection with
.poomc)prommenant functions should be cbiained from the procuring activity or as directed bty thé contrecting
offiocer.

2.2 Qther publications. The following documents form & part of this specification to the extent apec:!ﬁ.eﬂ
herein, Unless otherwise indioated, the issue in effect on date of invitation for bids or request for proposal
shall apply.

AMERICAN SOCIETY FOR TESTING AND MATERIALS
ASTM A279-63 - Total Immsrsion Corrosion Test of Stainiess Steols.
ASTM D445-65 ~ Test for Viscosiiy of Trensperent and Opagus Ligquids (Kinematic Viscosities).
AST™M D1141-52 (1965) - Substitute Ocean Water, Spescification for.
ASTM D1298-67 - Test for Specific Gravity of Petroleum Liquids, Hydrameter Method.
ASTM D1331-56 - Tests for Surface and Interfacial Tension of Solutiona of Surface Active Agents.

FSG 4210
1
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(Application for copies should be addressed to the American Society for Testing and Materiels, 1916 Race
Street, Philadelphia, Pennsylvania 19103.)

(Technical society and technical- a33001at10n spec1f1cat10ns and standards are generally available for
reference from libraries. They are alsc dlstrlbuted among - technical groups and using Federal agencies.)

UNIFORM CLASSIFICATION COMMITTEE
Uniform Freight Classification Rules

(Application for copies should be addressed to the Uniform Classification Committee, 202 Union Station,
516 West Jackson Blvd., Chicago, Illinois 60606.)

NATIONAL CLASSIFICATION BOARD
National Motor Freight Classification Rules.

(Application for copies should be addressed to National Motor Freight Traffic Association, Ine., 1616 P
Street, N.W., Washington, D.C. 20036.)

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NFPA No. 412 - Suggested Standard Test Procedures for Aircraft Rescue and Fire Fighting Vehicles
Utilizing Foam (1969 Edition)

(Application for copies should be addressed to National Fire Protection Association, 60 Batterymarch
Street, Boston, Mass. 02110).

3. REQUIREMENTS

3.1 Qualification. Liquid concentrate fire extinguishing agents furnished under this specification shall
be products which are qualified for listing on the applicable Qualified Products List at the time set for open-
ing of bids (see 4.3 and 6.3).

3.2 Material. The concentrate shall consist of fluorocarbon surfactants plus other compounds as required
to conform to the requirements specified hereinafter. The material shall have no adverse effect on the health
of personnel when used for its intended purpose.

3.3 Compatibility. The concentrate of one manufacturer shall be compatible with the concentrate furnished
by the other manufacturers listed on the qualified products list for this specification. An admixture shall
conform to 3.10, 3.11, and 3.13, when tested as specified in 4.7.7, 4.7.8, and 4.7.12. The percentages of the
components in the admixture shall be determined by the testing activity.

3.4 Specific gravity. The specific gravity shall be determined as specified in 4.7.l. Semples tested
subsequent to qualification shall deviate not more than 0.01 from the specific gravity vaelue determined during
qualification testing.

3.5 Viscosity. The concentrate shall have a maximum kinematic viscosity of 300 centistokes (cs) at 40° &
0.1°F., when tested as specified in 4.7.2. .

3.6 'pH value. The concentrate shall have a pH value between 4.0 and 8.0 at 77° £ 1°F., when tested as
specified in 4.7.3. Samples tested subsequent to qualification shall deviate not more than 0.5 from the pH
value determined during qualification testing, but in no case shall be less than 4.0 or greater than 8.0 at
77° + 1°F.

3.7 Surface tension. The solution shall have a maximum surface tension of 18 dynes per centimeter at 77°
+ 1°F., when tested as specified in 4.7.4.

3.8 Interfacial tension. A 6-percent solution shall have a maximum interfacial ten31on of 5.0 dynes per
centimeter at 77° + 1°F., when tested as specified in 4.7.5.

3.9 Foamsbility. The solution of AFFF concentrate in water (six parts concentrate to ninety-four parts
water by volume) shall produce a foam possessing an expansion of 7.0 minimum and a 25-percent drainage time of
3 minutes minimum value, when tested as specified in 4.7.6 with both fresh (tap) water and synthetic sea water.

3.10 Film formation and sealability. When tested as specified in 4.7. 7, the £ilm produced by the sample
shall spread over the surface of the fuel, and shall result in a surface from which no sustained ignition of
fuel vapors can be detected.

3.11 Fire performance.
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3.11.1 Twenty-eight square-foot test. When tested for fire performance as specified in 4.7.8, the fire
shall be completely extinguished with an application density of 0.10 gal/ft 2 (84-second application time) or
less, and shall exhibit a 25-percent burnback time of at least 240 seconds.

3.11.2 Four-hundred sguare-foot test. When tested for fire performance as specified in 4.7.9, at least
85 percent of the fire shall be extinguished within 30 seconds and the total of the "percent of fire extin-
guighed" values recorded at 10, 20, 30, and 40 seconds shall be 285 or greater.

3.11.3 Iwelve-hundred sixty square-foot test. When tested for fire performance as specified in 4.7.10,
at least 85 percent of the fire shall be extinguished within 30 seconds, and the total of the "percent of fire
extinguished" values recorded at 10, 20, 30, and 40 seconds shall be 285 or greater.

3.12 (Corrosion. When tested as specified in 4.7.11, the corrosion rate of the concentrate shall not ex-
ceed 25 milligrams per square decimeter per day (mdd) for cold rolled steel, 0.5 mdd for 6061T6é aluminum alloy,
and corrosion-resistant steel (CRES 304). The corrosion rate of a 6-percent sea water solution shall not ex-
ceed 10 mdd for cupro-nickel (90 percent Cu-10 percent Ni).

3.13 Stability. The concentrate and solution in fresh water shall be tested as specified in 4.7.12. At
the end of the required storage period, the concentrate semples shall show no evidence of precipitation or
stratification. The diluted solution samples shall show no evidence of stratification, and precipitate forma-
tion shall not exceed 1 percent by volume., In addition, stored samples shall conform to the limits specified
herein, except that foam expansion shall be no less than 6.0 (after storage), when tested as specified in 4.7.1,
4e7.5, 4.7.6, and 4.7.7."

3.14 Marking.

3.14.1 Identification marking shall be in accordance with MIL-STD-130. In addition, the marking on the
containers (see 5.3) shall be in white characters against a blue background (see 5.1.1.3).

3.14.2 Two identical markings conforming to figure 1 shall be applied to containers so that the markings
are located diametrically opposite. The markings shall be applied on the containers in such a manner that
water immersion, contact with the contents of the containers, or normal handiing will not impair the legibility
of the marking. No paper labels shall be used.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the contract or purchase order, the
supplier is responsible for the performance of all inspection requirements as specified herein. Except as
otherwise specified in the contract or order, the supplier may use his own or any other facilities suitable
for the performance of the performance of the inspection requirements specified herein, unless disapproved by
the Government. The Government reserves the right to perform any of the inspections set forth in the specifi-
cation where such inspections are deemed necessary to assure supplies and services conform to prescribed re-
quirements.

4.2 Clagsification of tests. The inspection of the fire extinguishing agent shall be classified as follows:

(a) Qualification tests.

(b) Quality conformance inspection.
(1) Examination of filled containers.
(2) Quality conformance tests.
(3) Production check tests.

4.3 Qualification tests. l/Qualification tests shall be conducted at a laboratory satisfactory to the
Naval Ship Engineering Center. Qualification tests shall consist of examination and qualification tests shown
in table I.

4.3.1 Semplesg for qualification tests. Five filled 5-gallon containers are required for the qualification
tests. :

v Application for qualification tests shall be made in accordance with "Provisions Governing Qualification
SD-6" (see 6.3 and 6.3.1).
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THIS END UP
U.S.
AQUEOUS FIIM FORMING FOAM (AFFF) LIQUID CONCENTRATE
In accordance with

MILITARY SPECIFICATION MIL~F-24385

THIS FIRE EXTINGUISHING CONCENTRATE IS FOR USE BY DILUTION WITH WATER IN FIXED
OR MOBILE SYSTEMS. IT MAY BE USED ALONE OR IN COMBINATION WITH "IWINNED" DRY
CHEMICAL EQUIFMENT. THE CONCENTRATE MAY BE DILUTED FOR USE IN FLOW PROPORTION-
ING EQUIPMENT WITH SEA WATER OR FRESH WATER AT VOLUME PROPORTIONS OF SIX GALLONS|
CONGENTRATE TO 9/ GALLONS WATER., IT MAY ALSO BE DILUTED FOR READY-USE STORAGE
AS A SIX-PERCENT PREMIX SOLUTION WITH FRESH WATER ONLY.

FOR READY USE DO NOT STORE BELOW 32°F. AVOID PROLONGED STORAGE ABOVE 120°F.
DO NOT MIX WITH OTHER THAN LIQUID CONCENTRATE APPROVED UNDER SPECIFICATION

[MIL-F—24385 OR WATER.

MANUFACTURER'S NAME
ADDRESS

BATCH NO.

DATE OF MANUFACTURE.

Figure 1 - Container markings.
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4.4 The examination and tests applicable to each classification shall be as shown in table I:

Table 1 - Categories of inspection

Quality Production
Reference Title Qualification conformance check g/

4.5.2 Examination of

f£illed containers X X X
3.3, 4.7.7,
4.7.8, 4.7.12 | Compatibility X
3.4, 4.7 1 Specific gravity X X
3.5, 4.7.2 Viscosity X X
3.6, 4.7.3 pH value X X
3.7, 4.7.4 Surface tension X X
3.8, 4.7.5 Interfacial tension X X
3.9, 4.7.6 Foamability X X
3.10, 4.7. 7 Film formation X X
3.11.1, 4.7 Fire performance

(28 8q. ft.) X X X
3.11.2, 4.7.9. | Fire performance

(400 sq. ft.) X X
3.113, 4.7.10 Fire performance

(1260 sq. ft.) X 1y
3.12, 4.7.11 Corrosion X
3.14, 4.7.12 Stability X

;/Either the 400-square foot or 1260-foot fire test may be performed for quality con-
formance testing at the discretion of the supplier.

2

Tests of this specification, in addition to the fire performance test, will be per-
formed as necessary to insure that the sample is essentially identical to the product
upon which qualification approval has been granted.

4.5 Sempling for quality conformance inspection.

4.5.1 Ingpection lot. For purposes of sampling, a lot shall consist of all material menufactured as one
batch and transferred from one mixing tank to the shipping container.

4.5.2 Sampling for examination of filled containers. A random sample of filled containers shall be se-
lected in accordance with MIL-STD-105 at inspection level I. The acceptable quality level = 2.5 percent defec-
tive to verify compliance with all requirements regarding fill, closure, marking, and other requirements not
requiring tests, as specified in 4.6.1, 5.1.1.1, and 5.1.1.2.

4.5.3 Sampling for guality conformsnce tests. Three filled 5-gallon containers shall be selected at ran-
dom from each lot and used as one composite sample for the tests specified in 4.6.2, or three 5-gallon contain-
ers of the product shall be withdrawn from an agitated mixing tank prior to packaging. The results of the tests
required by 4.6.2 shall be submitted to the Naval Ship Engineering Center or the designated Laboratory.

4.5.4 Sampling for production check tests. In addition to the sample selected for quality conformance
tests, four additional 5-gallon containers from the first lot offered for delivery under a contract or order,
and thereafter from any one lot in each group of ten successive lots shall be selected and forwarded to a lab-
oratory designated by the Naval Ship FEngineering Center for the tests specified in 4.6.3.

4.6 Quality conformance inspection.

4.6.1 Examination of filled containers. Each sample filled container shall be examined for defects of
construction of the container and the closure, for evidence of leakage, and for unsatisfactory markings. Each
filled container shall also be weighed to determine the amount of contents. Any container in the sample having
one or more defects or less than required fill, shall not be offered for delivery, and if the number of defec-
tive containers in any sample exceeds the acceptance number for the appropriate sampling plan of MIL-STD-105,
this shall be cause for rejection of the lot represented by the sample.

4.6.2 Quality conformance tests. The samples selected in accordance with 4.5.3 shall be subjected to the
tests of table I, as applicable.

4.6.2.1 Action in case of failure. If the sample tested is found to be not in conformence with any re-
quirement of this specification, the lot represented by the sample shall be rejected.

5
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4.6.3 Production check tests. The samples selected as specified in 4.5.4 shall be composited by the des-
ignated testing laboratory, and the composite sample shall be subjected to the fire performance test specified
in 4.7.8. In addition, the sample shell be subjected to such other tests of this specification as are neces-
sary to determine that the sample is essentially identical to the product upon which qualification approval has
been granted.

4.6.3.1 Action in cage of failure. Acceptance of the first lot offered for delivery under a contract or
order shall be withheld until a satisfactory report is received on the composite production check test sample.
Thenceforth, except as hereinafter specified, acceptance and rejection of lots shall normally be on the basis
of the sampling, examination, and tests specified in 4.5, 4.6, and 4.7 and acceptance shall not be withheld
pending receipt of test reports on production check test samples. However, upon receipt of an unsatisfactory
test report on a production check test sample, additional samples shall be selected from every subsequent lot
offered for delivery. The samples so selected shall be submitted to a laboratory designated by the Naval Ship
Engineering Center and shall there be subjected to the examination and tests specified in 4.6 and 4.7. Lots
shall then be accepted only upon receipt of a satisfactory test report on the samples so selected. Additional
testing shall be discontinued and lot acceptance returned to the normal basis when two successive lots have
been accepted. The contractor shall not be permitted to submit more than three separate samples for production
check tests (see 4.6.3) in the event of failure.

4.7 Test procedures.

(NOTE: Where sea water is required for tests, synthetic sea water in accordance with ASTM D1141-52
shall be used.)

4.7.1 Specific gravity. The specific gravity of the liquid concentrate shall be determined in accordance
with ASTM Method D1298-67.

4.7.2 UViscosity. The viscosity of the liquid concentrate shall be determined in accordance with ASTM
Method D445-65 using a capillary viscometer of appropriate size number at 40° + 0.1°F.

4.7.3 pH value. The pH value of the liquid concentrate shall be determined potentiometrically, using a
pH meter equipped with a glass electrode and a reference electrode.

4.7.4 Surface tension. The surface tension of a solution of 1 cc of the liquid concentrate in 370 cc of
distilled water shall be determined in a Cenco DuNuoy tensiometer, or equal, in accordance with ASTM D1331-56
and until the readings come to an equilibrium (approximately 30 minutes).

4.7.5 Interfacial tension. The interfacial tension between reagent grade cyclohexane and a é-percent by
volume solution of the liquid concentrate in distilled water shall be determined in a Cenco DuNuoy tensiometer,
or equal, in accordance with ASTM D1331-56, and until the readings come to an equilibrium.

4.7.6 Foamability. Foam samples for analyses shall be taken from the same equipment as used in the fire
performance test specified in 4.7.8 which shall be operated in the same manner. A 6-percent solution shall be
700 + 2°F. Foam shall be discharged from the nozzle held at hip height and directed onto the collection back-
board from a distance of approximately 10 feet. The methods and procedures used shall be as specified in Na-
tional Fire Protection Association Publication NFPA No. 412.

4.7.7 Film formation and sealability. The test shall determine the ability of a fire-extinguishing agent
of the foam-forming type to develop a vapor-sealing film on a hydrocarbon fuel surface. As the foam drains,
a small percentage of the liquid drop-out remains surface-borne and spreads to provide protection against re-
ignition of exposed fuel.

4.7.7.1 A corrosion-resisting steel Graduated Measure of 1000 ml capacity (4-1/2 inches in diasmeter, 5
inches deep) (Cole-Parmer Co., Chicago, Illinois, or similar) shall be fitted at the top edge with two small
metal clips protruding 1/8 inch into the opening. They shall serve to restrain an 80-mesh conical screen of
corrosion-resisting steel (5 inches in height by 4-3/4 inches in diameter) from floating out of the container
during the test. A Waring Automatic Blender, or similar, shall be used as the test foam maker (at 70° & 5°F.).

4.7.7.2 TFirst, 600 nl of 98-percent cyclohexane shall be placed into the Graduated Measure. One hundred
ml of the é-percent solution to be tested shall be fosmed for 10 seconds at low speed in the blender. Two hun-
dred ml of this foam shall be poured onto the fuel surface. The screen shall then be inserted into the measure
and clipped firmly into place, and a stopwatch shall be started.

4.7.7.2.1 After 1 minute of elapsed time, a small flame shall be passed six times around the fuel surface
at a height of 1/2 inch (% 1/8 inch). A small flash may occur but no sustained ignition shall result if an
effective vapor-seal is present. This flame can be readily provided using a hand-held propane tank fitted with
a capillary tubing outlet and adjusted with the valve to give about a l-inch long pilot flame.

4.7.8 Fire performance (28-square-foot test).
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4.7.8.1 Tesgt site. The 28-square-foot fire performance test shall be conducted in a level circular pan
6 feet in dismeter (28 square feet), fabricated from 1//-inch thick steel and having sides 5 inches high, re-
sulting in a freeboard of approximately 2-1/2 inches during tests. The pan shall be without leaks so as to
contain gasoline on a substrate of water. The water depth shall be held to a minimum, and shall be used only
to ensure complete coverage of the pen with fuel.

4.7.8.2 Test equipment. The nozzle used for applying agent shall be of a type available from National
Foam System, Inc., West Chester, Pa., or equal, as & laboratory testing item with a flow rate of 2.0 gallonsper
minute (g.p.m.) &t 100 pounds per square inch (p.s.i.) pressure. The outlet shall be modified by a "wing tip"
spreader having a 1/8-inch wide circular arc orifice 1-7/8 inches long. (Bernz-o-matic flame spreader TX-1527,
slightly pinched down.)

4.7.8.3 Test materialg. The 6-percent solution in fresh water and sea water shall be 70° + 10°F., The
charge shall consist of 6-percent + 0.1 percent concentrate in fresh water and sea water. The fuel shall be
10 gallons of gasoline conforming to MIL-G-5572.

4.7.8.4 Tegt procedure. No tests shall be conducted with wind speeds in excess of 10 miles per hour. The
complete fuel charge shall be dumped into the diked ares within a 60-second time period.

4.7.8.4.1 The fuel shall be ignited within 60 seconds after completion of fueling and shall be permitted
to burn freely for 15 seconds before the application of the extinguishing agent.

4.7.8.4.2 The fire shall be extinguished as rapidly as possible and in the most effective and expeditious
manner. This shall be achjeved by maintaining the nozzle 3-1/2 to 4 feet above the ground and angled upward
at a distance that permits the closest edge of the foem pattern to fall on the nearest edge of the fire. The
nozzle shall be moved slowly from side to side to permit the foam pattern to fall from edge to edge of the fire.
The operator shall move forward and around the area as the fire front recedes and shall always maintain the
nozzle in the same attitude. When the fire is extinguished, the time-for-extinguishment shall be recorded con-
tinuing distribution of the agent over the test area until exactly 3 gallons of premix has been applied. (90-
gsecond application time.)

4.7.8.4.3 Burnback. The burnback test shall start within 30 seconds after the 90-second solution applica-
tion. A weighted 1-foot diemeter pan having 2-inch side walls and charged with 1 quart of gasoline shall be
placed in the center of the area. (An eyebolt with an 8-inch shaft attached to the center of the pan and a 10-
foot pole with a hook on the end will facilitate the placement of the pan.) The fuel in the pan shall be ig-
nited just prior to placement. Burnback time shall commence at the time of this placement and terminate when
25 percent of the fuel area (7 square feet), (36-inch diameter), originally covered with foam is aflsme. After
the large test pan area will sustein burning, the small pan shall be removed.

4.7.8.4.4 A minimum of three runs each in fresh water and sea water of the 28-square foot test, including
burnback, will be required for qualification. One run each in fresh water and sea water will be required for
quality conformance and production check tests.

4.7.8.5 Results: The following shall be recorded:

(a) Time for extinguishment (seconds).
(b) Time for 25 percent area burnback (seconds).

The following shall be calculated and reported:
{(a) Application density for extinguishment (gals/ft.2) =

2gal. x _1 x Extinguighment time (seconds)

min, 28 £t.? 60
(b) Burnback time (seconds).

The results for each test run shall be reported.
4.7.9 Fire performence (400-square-foot test).

4.7.9.1 Iest site. The fire test shall be conducted in a level circular area 22.6 fest in diameter (400
square feet). The base and surrounding dike shall be of material suitable for the containment of fuel on a
substrate of water. The water depth shall be the minimum required to ensure complete coverage of the diked
area with fuel. :

4.7.9.2 Test equipment. The nozzle used for applying the agent shall be a Rockwood FFF nozzle with
stream shaper designed to discharge 16 g.p.m. at 100 pounds per square inch (p.s.i.) or equal (available
from Bliss~-Portlend, South Portland, Maine 04106). The test shall be run with the nozzle discharging
16 g.p.m. at 100 p.s.i. pressure at the nozzle (application rate 0.04 g.p.m. per square foot).
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4.7.9.3 Test materials. The solutions in fresh water and sea water shall be 70° + 10°F, and shall contain
6.0 + 0.1 percent AFFF concentrate. The fuel shall be 150 gallons of gasoline conforming to MIL-G-5572.

4.7.9.4 Test procedure. No tests shall be conducted with wind speeds in excess of 10 miles per hour. - The
complete fuel charge shall be dumped into the diked area as rapidly as possible. Before fueling for any test
run, all extinguishing agent from the previous test runs shall be removed from the diked area.

4.7.9.4.1 The fuel shall be ignited within 60 seconds after completion of fueling, and shall be permitted
to burn freely for 15 seconds before the application of the extinguishing agent.

4.7.9.4.2 The fire shall be extinguished as rapidly as possible, and in the most effective and expeditious
menner. This shall be achieved by maintaining the nozzle 3-1/2 to 4 feet above the ground and angled upward
at a distance that permits the closest edge of the foam pattern to fall on the nearest edge of the fire. The
nozzle shall be moved slowly from side to side to permit the foam pattern to fall from edge to edge of the fire.
The operator shall move forward and around the area as the fire front recedes, and shall always maintain the
nozzle in the same attitude.

4.7.9.4.3 A minimum of three runs esch in fresh water and sea water of the 400-square foot fire perform-
ance test shall be required for qualification. One run each in fresh water and sea water will be required for
quality conformance and production check tests.

4.7.9.5 Results. The "percentage of fire extinguished" at 10-second intervals after beginning application
of the extinguishing agent shall be recorded. The values recorded at 10, 20, 30, and 40 seconds shall be summed
and reported for each test rum.

4.7.10 Fire performance 1260-square—foot test).

4.7.10.1 Test site. The fire test shall be conducted in a level circular area 40 feet in diameter (1260
square feet). The base and surrounding dike shall be of nonporous material for the containment of fuel on a
substrate of water. The wateér depth shall be the minimum required to ensure complete coverage of the diked
area with fuel.

4.7.10.2 Test equipment. The nozzle used for applying agent shall be a Rockwood FFF nozzle with double
screen designed to discharge 50 g.p.m. at 100 p.s.i. (available from Bliss-Portland, South Portland, Maine
04106) or equal. The test shall be run with the nozzle discharging 50 g.p.m. at 100 p.s.i. pressure at the
nozzle.

4.7.10.3 Test materials. The solution in fresh water and sea water shall be 70° % 10°F., and shall con-
tain 6.0 + 0.1 percent AFFF concentrate. The fuel shall be 250 gallons of gasoline conforming to MIL-G-5572.

4.7.10.4 Test procedure. No tests shall be conducted with wind speeds in excess of 10 miles per hour.
The complete fuel charge shall be dumped into the diked area as rapidly as possible. Before fueling for any
test run, all extinguishing agent from the previous test runs shall be removed from the diked area.

4.7.10.4.1 The fuel shall be ignited within 60 seconds after completion of fueling, and shall be permit-
ted to burn freely for 15 seconds before the application of the extinguishing agent.

4.7.10.4.2 The fire shall be extinguished as rapidly as possible, and in the most effective and expedi-
tious marmer. This shall be achieved by maintaining the nozzle 3-1/2 to 4 feet above the ground and angled
upward at, a distance that permits the closest edge of the foam pattern to fall on the nearest edge of the fire.
The nozzle shall be moved slowly from side to side to permit the foam pattern to fall from edge to edge of the
fire. The operator shall move forward and around the area as the fire front recedes, and shall always maintain
the nozzle in the same attitude.

4.7.10.4.3 A minimum of three runs each, in fresh water and sea water, of the 1260-square foot fire per-
formance test shall be required for qualification. One run each in fresh water and sea water will be required
for quality conformance and production check tests.

4.7.10.5 BResults. The "percentage of fire extinguished" at 10-second intervals after beginning applica-
tion of the extinguishing agent shall be recorded. The values recorded at 10, 20,30, and 40 seconds shall be
summed and reported for each test rum.

4.7.11 Corrosion. The corrosion tests shall be conducted with the AFFF concentrate on cold rolled steel,
corrosion-resistant steel (CRES 304), 6061T6 aluminum alloy, and with 6-percent solution prepared with syn-
thetic sea water on cupro-nickel alloy consisting of 90 percent copper and 10 percent nickel as specified in
ASTM A279-63. The metal coupons shall be approximately 1/16-inch thick and milled to a finished dimension of
1/2 inch by 3 inches. The metal coupons shall be two thirds immersed in the appropriate liquids and held for
38 days at a temperature of 9g° + 29F.. The container shall be capped to prevent evaporation. At the end of
the exposure period, the weight loss shall be determined and calculated out on an mdd basis.
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4.7.12 Stability. Three samples each of the concentrate and 6-percent solution in fresh water shall be
placed in eylindrical glass containers of 1000 ml. capacity (approximately 2 inches in diameter and 19 inches
high). The containers shall be stoppered to prevent evaporation and stored in an oven maintained at 135° &
50F, for 10 days. Additional samples of both concentrate and dilute solution stored shall be of sufficient
quantity to perform the test specified in 4.7.6 after storage. )

4.7.12.1 At the end of the exposure period, the concentrate samples shall show no evidence of precipita-
tion or Stratification. The diluted solution samples shall show no evidence of stratification, and precipitate
formation shall not exceed 1 percent by volume. Precipitation shall be determined visually in the glass stor- -
age containers. Stratification shall be determined by visual examination and by subjecting specimens drawn
from the top and bottom of the glass storage containers to the tests specified in 4.7.1, 4.7.5, and 4.7.7.

4.8 Inspection for preparation for delivery. Samples items and packages shall be selected in accordance
with MIL-P-116 and inspected to verify conformance with the requirements of section 5.

5. PREPARATICN FOR DELIVERY

(The preparation for delivery requirements specified herein apply only for direct Government procurements.
For the extent of applicability of the preparation for delivery requirements of referenced documents listed in
Section 2, see 6.4.).

5.1 Preservation and packaging. Preservation and packaging for levels 4 and C shall be as specified here-
inafter. :

5.1.1 The foam-forming liquid shall be furnished in 5-gallon pails or 55-gallon drums as specified (see
6.2).

5.1.1.1 Five-gallon pails. The five-gallon pails shall conform to type I, class 3 of PPP-P-704 and as
follows:

(2) The interior of the pails shall have a coating system approved by Naval Ship Engineering Center
which has demonstrated satisfactory resistance to the liquid concentrate. The supplier shall
furnish appropriate data prior to qualification. Application of the coating shall ensure the
packaged product from making contact with any metal part of the container.

(b) Pour openings shall have & minimm diameter of 1-1/4 inches.

(¢} Wire handles shall be galvanized or protectively coated to resist corrosion.

5.1.1.2 Fifty-five gallon drms. Fifty-five gallon drums shall conform to type I of PPP-D-729, type I or,
III of PPP-D-700, or PPP-D-1152 at the option of the supplier. o

5,1.1.2.1 Lining. Fifty-five-~gallon drums shall be lined on all interior surfaces as specified for pails.

5.1.1.3 Exterior coating. Pails and drums shall have a bright blue exterior coating conforming to TT-E-
489, color number 15123 of Federal Standard No. 595.

5.2 Packing. For levels A, B, and C, no further packing required.

5,2,1 Method of shipment shall comply with Uniform Freight or National Motor Freight Classification Rules
or Regulations or other carrier rules as applicable to the mode of transportation.

5.2.2 Pallets. When specified (see 6.2), five-gallon pails shall be palletized in accordance with load
type III of MIL-STD-147. .

5.3 Marking. In addition to the marking specified in 3.14 and any special marking required in the con-
tract or order, containers and palletized unit loads shall be marked in accordance with MIL-STD-129.

6. NOTES a

6.1 Intended use. The concentrate is intended for use in mechanical foam generating equipment such as
fire-fighting trucks or foam sprinkler systems for extinguishing fires in flammable liquids such as gasoline
or fuel oils.

6.2 Ordering data. Procurement documents should specify the following:

(a) Title, number, and date of this specification.

(b} Level of packaging and packing required (5.1 and 5.2).
(¢) Size of container required (5.1.1).

(d) Whether palletizing is required (5.2.2).
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6.3 With respect to products requiring qualification, awards will be made only for such products as bave,
prior to the time set for cpeming of bide, besn tested and approved for inclusicn in Qualified Froducts List
QPE~24385 whether or not snuch products have actually been so listed by that date. The attention of the suppli-
ers 1s called to this requirement, and wanufasturers are urged to srrange to have the products that they propose

contrects or orders for the products by this specification. The activiiy responaibls for the qualified
1ist is the Naval Ship , Department of the Navy, Omnter Building, ”m:d
tar, HEmttsville, and inforwstion pertaining to qualifiostion of produsts may

Marylend, be
Irom that activity, Appumﬂm for Mﬁatun teste shall be mads in aooordanoce with 'Prcviml
Qualifisation SD-6% (;oa 6.3.1).

6.3.1 Gsp:luot'l’roﬂdmsﬁmmingwjﬁmm ‘e obtainsd upmn applieation to Commanding Offi-
oer, Maval Publiostions end Forms Center, 5801 Tabor Avemus, m.hdulpbu, Pamqlvunu 19120,

6.4 Mnmmmmm. The preparation for dslivery requirements of referenced aomt-
> 1iated-4n-sootion 2.40. not apply vheo.material snd parts are procursd by the mmplier for incorporsticn inte
ﬁa equipment and loso their separate identily wheri the aquimthlhippsd”"

Bcgew activitina: } : : . ) &eparing :mﬁty:
s ) ‘ ‘ (pm:m szm-lon)
Taser activities: X .
(B, !D, e N
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SPECIFICATION ANALYSIS SHEET Budget rmapRroved | oo

... . This sheet is to be filled out by personn-1i extEer gverhment or cgncr ctor, invoived in -the use of the spec-
ification in procurement of products for ultimate use by the Department o De?enae. This sheet is provided ?or ob-
taining 1nformlt}on on the use of this specification which wiil insure that aui;nb}e products can be procared with al
pinimum amount of delay nnf at the least cqst. Comments and the return of this form uTl be appreciated. Fold on}
ines on reverse side, staple - preparing activity (as indicatec “a reverse hereof).
SPECIFICATION

in corner, and send t

[GRGANTZATION (0f subnitter) CITY AND STATE

[CONTRACT NO. GUANTTTY OF TTEMS PROCURED DOLLAR AMOUNT
s .
MATERVAL PROCURED UNDER A
D DIRECT GOVERNMENT CONTRACT D SUBCONTRACT
1. HAS ANY PART OF THE SPECIFICATION CREATED PROBLEMS OR REQUIRED INTERPRETATION (N PROCUREMENT USE?
A. GIVE PARAGRAPH NUMBER AND WORDING,

B. RECOMMENDATIONS FOR CORRECTING THE DEFICIENCIES.

2. COMMENTS ON ANY SPECIFICATION REQUIREMENT CONSIDERED TOO RIGID

3. IS THE SPECIFICATION RESTRICTIVE?

3 ves 1 vo 1F "YES", IN WHAT waY?

4. REMARKS (Attach ¢ny£

ertinent datashich may be of use in.improving this :peéificction. If there are addi-
tional papers, attac

to form and place both in an envelope addressed to preparingactivity)

‘.

SUBK TTED BY (Printed or typed name and activity) DATE

PD! :2:"““‘26 REPLACES NAVSHIPS FORM 4863, WHICH 1S OBSOLETE 0101.807.2000
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ABSTRACT

(Distribution Limitation Statement A)

The biodegradabiiity of aqueous film-forming foams (AFFF) used for fire fight-
ing was evaluated in laboratory-scale activated sludge and trickling filter
reactors at the Air Force Weapons Laboratory (AFWL). Three AFFFs were evalu-
ated: "Light Water" FC-200 from 3M Company; Aerowater 3 percent from Mational
Foam Company; and Aerowater 6 percent, also from National Foam Company. Con-
centrations not to exceed 100 mg/1 of AFFF influent to the biological treatment
process could be satisfactorily treated without affecting the performance of
the process and with apparent detoxification of the AFFF. More detailed bic-
assay tests are reguived. Adsorption of AFFFs onto activated carbon is practi-
cal with removals varying from 75 to 100 percent, depending on the AFFF,
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SECTION I
INTRODUCTION

1.  BACKGROUND

Aqueous film-forming foams (AFFF), MIL-F-24385, are fire-fighting agents
for use on fuel and oi]Qtype fires., Aqueous film-forming foams are concentrates
and are, therefore, diluted prior to use. The specified ¢ilution is 6 percent
AFFF andI94 percent fresh or sea water. Aqueous film-forming fcams have or are
currently replacing the proteiﬁ-type foams as the primary fire-fighting agent
at most Air Force inéta]]ations.

The Military Specification for AFFFs, MIL-F-24385, is & performance speci-
fication and, therefore, the composition of the products will vary to some
extent, Basically, the AFFFs are fluorocarbon surfactants with foam stabilizers
(Ref. 1). The fluorocarbon surfactant is 1ikely to be a sulfonale compound
such as sodium fluorocarbon sulfonate where the suifonate group is soluble in
water and the flucrocarbon group soluble in the fué] or 0il. The fluorocarbon
gkoup is generally in the 8- to 10-carbon chain 1ength. The foam stahilizer
is likely to be a polyethylene glycol or glycol ether derivative (Ref. 2).

Three specitic AFFFs were investigated by the Air Force Weapons Laboratery
(AFWL) to determine the trcatability and hazards of disposing of AFFFs. These
were Light Water FC-200 manufactured by 3M Company, St Paul, Minnesota, and
Aerowater 6 percent and Aerowater 3 percent manufactured by National Foam
Company, West Chester, Pennsylvania. FC-200 is on the Qualified Products List
(QPL) of the Military Specification, and Aerowater 6 percent is being considered
at the time of this report. Aevowater 3 percent cannot satisfy the require-
ments of the Military Specification; however, hangar deluge systems may use a
J percent AFFF instead of the 6 percent. FC-200 concentrate has & chemical
oxygen demand (COD) ¢f 710,000 mg/1 and a pH of 7.4. Aerowater 6 percent
concentrate has a COD of 456,000 mg/1 and a pH of 7.6. Aerowater 3 percent
concentrate has a COD of 495,000 mg/1 and a pH of 8.Q.
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2. PURPOSE OF STUDY

The original. purpose of this effort was to solve the specific problem of
disposing of AFFFs from the "Crash Rescue Fire-Fighting Training Smoke-Abatement
System" at Hill AFB, Utah. Basically, the smoke-abatement system consists of
water-spray injection just above the burning fuel. For the system at Hi1l AFD
the water injected into the fire would be collected, retained, and recirculated,
Retention would be accomplished in an earthen reservoir. There was concern
that the AFFFs used in the fire-fighting %raining would be solubilized in the
spray injection water and through recirculation of this water, the AFFF concen-
tration would increase to the point where the spray injection water would have
a detrimental effect on the fire. Therefore, to prevent the AFFF concentration
from "building up" in the recirculated water, an attempt was made to determine
if microbial growth could be achieved in the reservoir when AFFFs represented
the only scurce of organic matter for the micragryanisms (the required nutrients
added). If the microorganisms could use the AFFFs as a source of organic
matter, the AFFF concentratien might be tept low enough to pfevent build-up
problems.

During the Second Annual Environmental Workshop hosted by the Air Force
Weapons Laboratory (AFVL), numerous major Air Command environmental coordinators
expressed concern for dispo;ing of AFFFs after use, whether in a real fire or
in a training situation, This, coupled with concern voiced by Hq USAF/PRE-about
the disposal of large volumes of AFFF from proposed warehouse and hangar deluge
systems, led AFWL to expand the effort to investigate the disposal of AFFFs in
a more general situation., OF prime importance was the determination of the
feasibility and the Timitations of using existing biclogical waste treatment
processes for achieving biodegradation and detoxification of the AFFFs., Also
investigated was the use of activated carban adscrptian with the intent to
employ a simple adsorption column at fﬁre—training sites which are remotely
Tocated and unable to tie into a sanitary sewer. This would become an integral
part of a smoke-abatement system. After {reatment with!activated carbon, woter
could then be directly discharged onto the land, into a water course, or
possibTy recyclec into the water source of the smoke-abatement system.
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SECTION 11
LITERATURE REVIEW

The Environmental Health Laboratory at ke11y AFB, Texas; conducted an
investigation on the biodegradability and taxicity of Light Water FC-139
(Ref. 3). On a macroscopic'basis FC-199 is different from FC-200 in that the
pH of FC-199 concentrate is in the range of 4.5. FC-200 was developed to -
eliminate the corrosive properties of FC-199.

Lefebre (Ref. 3) demonstrated a toxic effect to microorganisms, as measured
by oxygen uptake rates, at an FC-199 concentration of 2500 ppm. Laboratery-
scele cantinuous-flow activated-sludge reactors were operated on a mixture of -
synthetic sewage and varying concentrations of FC-199, At 250 ppm of FC-199
in the influents and a 12-hour detention time, COD and BODs removals were 91
and 96 percent, respectively. At 500 ppm FC-199, detention time 6 hours, COD
and BOD; removals were 90 and 96 percent, respectively. At 500 ppm there was
significant inhibition of nitrification (Ref. 3}.

Systematic bioassays were conducted on untreated FC-199 using Tathead
minnows. It was determined that the 96-hour LCsq (concentration at which 50
percent of the test fish are killed in 96 hours of exposure) was 398 ppm.
Further, it was demonstrated that fathead minnows were able to survive during
8 days of testing in the clarified activated sludge reactor effluent when the
FC-199 concentration was 250 ppm (Ref. 3).

The 3M Company has conducted some investigations into the disposal of Light
Water FC-200, the AFFF product that they now manufacture. They have operated
laboratory-scale continuous-flow activated-sludge reactors in which FC-200 was
the only source of organic matter available to the microcorganisms, At an
FC-200 concentration of 250 ppm {COD - 175 mg/1), COD removal averaaed 85
percent. At concentrations above 250 ppm, COD remaval efficiency decreased.
The source of micrecorganisms for the 3M Company laboratory-scaie experiments
was from their industrial wastewater-treatment plant activated-sludge reactor
which has been receiving wastewater for years from the manufacturing of Light
Water and other halogenated hydrocarbons (Ref. 4).
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The 3M Company has also evaluated nonbiological methods of disposal. Oxi-
dation with ozone, adsorption with activated carbon, foam fractionation, and
incineration were investigated. Ozone oxidation and foam fractionation did not
prove to be feasible. Incineration would be applicable only if the AFFF con-
centration were maintained fairly High, i.e., in the riange of 1 to 6 percent.
Activated carbon adsorpticon proved to be quite effective for dilute solutions
of AFFF (Ref. 4).

Static bioassays have been conducted by the 3M Company on FC-200 using
fathead minnows., It was demonstrated that both before and after biological
wastewater treatment, the 96-hour LCge was 80 ppm of FC-200 (Ref. 4).
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SECTIGN III
MATERIALS AND METHODS

1. SCREENING EXPERIMENTS

The initial tests conducted on the three AFFFs consisted of 15-day
biochemical oxygen demand (BOD) experiments using the static dilution technique.
Biochemical oxygen demand tests for FC-200 were accomplished with both unaccli-
mated and acclimated seed at an FC-200 dilutien of 2/100,000. Aerowater 3
percent and Aerowater 6 percent concentrations were evaluated with unacclimated
seed at a dilution of 1/100,000.

2. OXIDATICN POND EXPERIMENTS

Four 1aboratofy—sca1e oxidation ponds were operated at different organic
Toadings using Light Water FC-199 as the only source of organic matter available
to the microorganisms. FC-199 was used because FC-200 had not yet been intro-
duced at the time of the oxidation pond experiments. The oxidation ponds
consistad of stainless steel water baths 18 inches (0.456 m) wide, 36 inches
(0.912 m) long, and operated at a water depth of 10 inches {0.254 m}. This
yielded a 1iquid volume aof 105 liters. The oxidation ponds were operated
outdoors in direct sunlight during the months of May and June 1972. Originally,
the oxidation ponds were filled with 103 liters of tap water and 2 Titers of
seed taken from the oxidation ponds on Kirtland AFB, New Mexico.

The primary purpose of the oxidation pond experiments was to simulate the
Toadings on the recirculation reservoir of the "Crash kescue Fire-Fighting
Training Smoke-Abatement System" at Hill AFB, Utah. To simulate the training
operation which would be 3 to 5 days per month and several fires per day, Light
Water was added tc the four oxidation ponds in different amounts and at differ-
ent time frequencies. Oxidation pond 1 (OP1) received 44 ml of Light Water
concentrate initially to yield a 0.042 percent solution and a COD of 294 mg/1.
For OP1 this was repeated every fifth day to simulate a fixed level of training
every 5 days. The 44 ml was added in 4- to 11-m1 aliquota every 2 hours for an
8-hour period. 0OP2 received 44 ml, repeated every tenth day. OP3 and OP4.
received three times the amount of Light Water (132 ml) as did OP1 and OP2,
This yielded an initial COD of 8862 mg/1. Light water was added to OP3 every
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fifth day and to OP4 every tenth day. Ammonium hitrate and a phosphorous
solution was added each time to maintain a COD:N:P ratio of 100:5:2. Evapora-
tiorn losses were made up daily, and samples were then taken for COD and sus-
pended solids determinations.

3. ACTIVATED SLUDGE EXPERIMENTS

Activated slurdge experiments were conducted for each AFFF, usinqv1aborat0ry-
scalte continuous-flow completely mixed reactors with separate upflow clarifica-
tion (figure 1}. The reactor volume was 8 liters, and the clarifier volume was
3 Titers. Retention time in the reactor was 4 hours, taking inio account a
25 percent return sludge flow rate. Reactor 1 wes the control and received
only synthetic wastewater, simulating domestic sewage. The synthetic waste-
water consisted of a protein source, nonfat dry milk, and a carbohydrate
source (common sugar). The nconfat dry milk represented 220 mg/1 of COD, as did
the sugar. Ammonium chloride, NHsCT, or ammonium sulfate, (NH,)2504, was
added to yield 40 mg/1 of NH;N. A mixture of monobasic and dibasic potassium
phosphate, KH,PQO., and K,HPO., was added to yield 20 mg/1 of P, Reactor 2

Figure 1. Activated Sludge Systems
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received the synthetic wastewater and varying concentrations of FC-200,

Reactor 3 received synthetic wastewater and Aerowater 3 percent. Reactor 4
received synthetic wastewater and Aerowater 6 percent. The last three reactors
were brought to a steady-state condition with the synthetic wastewater before
dosing with the AFFF.

Three separate activated studge tests were conducted. Test 1 consisted of
operating the four reactors until significant degradation in effluent quality
occurred. Test 2 was conducted only on FC-200 and Aerowater 3 percent because
the concentrations of each that yieided poor effluent quality in test 1 appeared
too low. Therefore, fhé purpose of test 2 was to verify the results of test 1.
It should be noted that near the end of test 2 reactor 4 was restarted on the
synthetic wastewater and Aerowater 6 percent solely to provide an effluent for
the toxicity experiments. Test 3 consisted of "slug loading" reactor 2 with
200 mg/1 of FC-200 and reactor &4 with 200 mg/1 of Aerowater 6 percent to
determine the adverse effects, if any, on unacclimated microgrganisms. This
was done after the reactors were drained, reseeded, and brought to steady state
on just the synthetic wastewater.

The AFFF concentration was increased in steps in each reactor for tests 1
and 2 {table I). It was originally intended to increase the AFFF concentration
every 3 days; however, after cbserving the performance of the units, the
frequency of increasing the AFFF concentration became variable, depending on
the effluent quality. It should be noted that the influent wastewater was
made during the late afterncon. Therefore increases in AFFF concentration were

first reflected in the next morning's samples,

The performance of each reactor and the effluent guality was judged by
analysis for mixed liquor suspended solids (MLSS), sludge volume index (SVI),
total effluent COD, filtrate effluent COD, and effluent suspended sclids (see
analytical procedure for methods of analysis). Mixed liquor suspended solids
(MLSS) and SVI were determined once a day in the morning. An attempt was made
to maintain the MLSS concentration between 2000 to 3000 mg/1. Effluent samples
were taken from a reservoir which contained 24 hours of flow and, therefore,

represented composited semples.
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Table I
AFFF CONCENTRATIONS IN ACTIVATED SLUDGE EXPERIMENTS

AFFF concentration (mg/1)

Rerowater Aerowater
Jay FC-200 3 percent 6 percent
Test 1
1- 4 g 0 0
5- 17 10 10 10
8-1 d) 25 25
12-13 50 50 50
14-23 80 80! an
24-26 802 120
27-32 150
33-37 210
33-53 250
Test 2
1- 4 0 0
5- 8 10 10
2-11 20 20
12-19 50 50
20-25 30 80
26-32 120 120
33-39 160 160
40-44 200 200
45-52 250 250
53-59 320 320 o*
60-66 3202 400 75,°% 125°
67-70 600 2007
Test 2
1- 8 200 200
g-11 0 200
'Day 18 reactor shutdown. *Reactor begins 75 ppm AFFF on day 63.
ZDay 26 reactor shutdown. SReactor begins 125 ppm AFFF on day 66.

5Day 62 reactor shutdown. ’Reactor begins 200 ppm AFFF on day 69.
“Reactor started; being brought , ~ '
to steady state.

8
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4., TRICKLING FILTER EXPERIMENTS

A laboratory-scale trickling filter {figure 2) was operated to determire
the adverse effects that FC-200 and Aerowater 6 percent would have on the
performance of the trickling filter process. The trickling filters consisted
of two columns operated independently (in parallel). Both contained 5.5 feet
(1.680 m) of polypropylene plastic media (Kock Flexirings* 5/8 inch (0.0175 m)
105 ft2/ft? (348 m?*/m3)). As illustrated in figure 2, samples could be taken
at depths of 15 inches (0.456 m), 36 inches (0.912 m), and 66 inches (1.815 m,
full depth}. This final discharge entered a small clarification and recircula-
tion basin which was flushed with tap water every 2 to 1 days to remove sloughed
bialogical solids.

Both columns were brought to steady state on the synthetic wastewater as
described in the activated sludge experiments. Then column & {(the column on
the jeft) received Varying concentrations of FC-200, and column B received
Aerowater 6 percent. The concentrations received versus time are shown in
table II.

Two tests were conducted for the FC-200 and the Aerowater & percent. Test
1 was without recycle at a hydraulic loading of 200 gpd/ft? (8150 1/day/m?),
“and test 2 was with a one-to-one recycle at a hydraulic loading of 200 gpd/ft?,
i.e., 100 gpd/ft® of intluent and 100 gpd/ft® of recycled effluent. BRetween
tests 1 and 2 the trickling filters received only synthetic wastewater for a
periad of 2 days.

Samples were taken from the two sampling ports of each column and from the
final discharge. These samples were grab samples taken in the morning, with
COD being the only parameter analyzed. BRecause the samples contained varying
amounts of settleable solids, the samples were allowed o settle, and the
supernatent was used for CGD analysis.

5. ADSORPTION EXPERIMENTS

Both batch and continuous-flow activated-carbon adsorption experiments were
conducted using Calgon Filtersorb 400 granular activated carbon. Only Aerc-
water €& percent and FC-200 were evaluated. Solutions were made up to contain
approximately 2000 mg/1 of each AFFF, It was believed that this would represent

*Registered trademark.
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Figure 2. Trickling Filter System
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Table II
AFFF CONCENTRATIONS IN TRICKLING FILTER EXPERIMENTS

AFFF concentration

{mg/1)
Aerowater
Day fo-200 6 _percent

Test 1, No recycle

1- 2 0 0
3- 6 25 25
7-11 50 50
12-16 80 80
17-20 120 120
21-35 160 160

Test 2, One-ta-one recycle

1 0 0
2- 8 25 25
9-14 50 50

15-21 80 80
22-29 120 120
30-37 160 160
38-45 200 200
46-50 256 250
5154 300 300

1
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an expected discharge of AFFF from a fire-training facility employing a water
spray injection system for smoke abatement. For the batch tests, 4 liters of
each AFFF solution were made. To 2 liters of each AFFF scolution, 20 mls of
JP-4 jet fuel were added, shaken, and allowed to separate. The purpose of
adding JP-4 was to determine if certain compounds in the AFFF were preferen-
tially soluble in JP-4 and would thereby be extracted from the agueous phase.
The effect of this extraction, if any, on the adsorption of the AFFF was deter-
mined by conducting batch adsorption tests on both the unireated (no JP-4)
splutions and the agueous phase of the JP-4-treated solutions. Five hundred ml
erlenmeyer flasks were used, each containing 200 mls of solution and varying
amounts of pulverized (-200 mesh) activated carbon., Five flasks were used for
each solution, containing 0.1, 0.4, 0.8, 1.2, and 2.0 grams of activated
carbon, weighed to four decimal places. The flasks were agitated for 1 hour

on a gyratery shaker at 22°C, after which the activated carbon was removed by
vacuum filtration, using GFC filter paper.

Continuous-flow experiments were conducted for the 2000-mg/1 sotutions
(not treated with JP-4) of Aerowater 6 percent and FC-200., Small columns were
used to achieve breakthrouch in a reascnable time frawme. The columns used
were 1.25 inches (0.318 m) inside diameter and contained 24 inches {0.61 m)
of activated carbon. The flow of 23.8 mt/min was set to yield an empty-bed
contact time of 20 minutes. The flow was downflow with the discharge restricted
to maintain a 2- to 3-inch liquid level above the activated carbon. Sampling
ports were provided at 6 and 15 inches of activated carbon depth. Samples were
taken periodically for analysis of COD.

6. TOXICITY EXPERIMENTS

To ascertain the detoxification, 1f any, that the biological wastewater
treatment processes were achieving on the AFFFs, rainbow trout (4 to 6 inches
in Tength (0.703 to 0.153 m)) were exposed to the activated sludge effiuents
(clarified effluent) from each reactor that, at the time, was receiving 200
mg/1 of each AFFF. The trout were also exposed to the secondary effluent from
the control. In addition, trout were exposed to each of the infiuents, i.e.,
synthetic wastewater and 200 mg/1 AFFF, and to distilled water plus 200 mg/1
AFFF. Four trout were added to each cantainer having approximately 4 liters
of liquid. The Tliquid was maintained at 10°C in an dincubator and was aerated
to maintain a dissolved oxygen concentration of 6 to 7 mg/1. During the test
period (4 days), the Tiouid was changed once every 24 hours.

12
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7. ANALYTICAL PROCEDURE

Chemical ana1yses were conducted con collected samples for determination of
the desired compound {contaminant), thereby permitting evaluation of the treat-
ment process performance. Chemical oxygen demands were determined in accordance
with Standard Methods for the Examination of Water and Hastewater (Ref. 5).

Both the standard and dilute technique were used as appropriate. Filtrate CCD
was determined on samples after filtering through GFC filter paper in accordance
with Standard Methods.... For the activated sludge effluents, the effluent
suspended solids and filtrate COD were determined from filtering of the same
sample. For MLSS and SVI, 100 mls were drawn from the reactor, placed in a

100-m1 graduated cylinder, and alTowed to settle for 30 minutes, at which time
the volume of settled solids was read. The 100 mls were then filtered through
GFC filter paper for determineation of the MLSS. The SVI was then calculated

from equation (1)
SVI = mls of settled solids x 10,000/MLSS (1)

Free fluoride was analyzed for in the activated sludge effluents to deter-
mine if the fluorocarban compound was being biclogically metabolized, yielding
free fluoride. This analysis was conducted using both the SPABNS method and
the free ion electrode method described in reference 5.

Several attempts were made to develop a method of analysis for determining
the fate of the fluorocarbon fraction of the AFFF. The first attempt was to
measure the absorbance of infrared 1ight energy for the fluorocarbon bond in
the infrared region of 7.5- to 10-micron wavelength. Several concentraticns
of pure AFFF in distilled water were scanned in this wavelength region.

IR-Tran calls of various celi thicknesses were used. In the concentration range
of interest for the AFFFs, 1 to 300 mg/1, the strong absorb .nce of the water
in the 7.5- to 10-micron wavelength made this technique impractical.

Since extraction of the fluorocarbon fraction from the aguecus phase into
a solvent could not be guantified without having the pure flucrocarbon compound
by itself, i.e., no methed to determine extraction efficiency, an attempt was
made to evaporate the sample, then take it up in a polar or nonpolar solvent,
The solvents used were benzene, chloroform, carbon tetrachloride, icpropyl
ether, hexane, and methanol. Fifty mls of sample were evaporated at 103°C in
100-m1 test tubes, then 50 ml of solvent was added and agitated on a vorfex

13
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mixer. The degree of resolubiiization was determined visually. Aerawater 3
percent was the only AFFF that could be completely resolubilized, and this was
in benzene. ' This was true even after 48 hours. However, the background
adsorbance from benzene was too strong in the 7.5- to 10-micron wavelength.
Thus, this technique was alsc ineffective for pure solutions.

The 3M Company developed a gas chromatographic technique for analysis of
FC-200. However, "ghosting*" was a serious problem and made this method of
analysis impractical. Further, it was learned from the 3M Company that the
gas chromatographic methed was for determination of the foam stabilizer
fraction and not the fluorocarhon frraction.

*Ghosting is subsequent elution of the organic compound when the next sample
is injected. ,

14
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SECTION 1V
RESULTS

1. SCREENING EXPERIMENTS

The screening experiments consisted of determining the bfo]ogica] oxygen
demand {BOD) uptake over a 15-day period.  FC-200 was evaluated using both
acclimated and unacclimated séed. The acciimated seed was obtained from the
activated sludge reactor receiving FC-200. The two Aerowater AFFFs were only
evaluated using unacclimated seed. The results of these experiments are
detailed in figures 2 through 5, For FC-200 it is seen that the acclimated
seed demonstrated a slightly increased rate of oxygen uptake but not a higher
overall total uptake. The 5-day BOD for the concentrated FC-200 is approxi-
mately 70,000 mg/1 with the u1t1maté BOD ({assuming this to occur at the 15-day
point} of approximately 360,G00 mg/1. The BODs of Aerowater 3 percent concen-
trate was approximately 75,000 mg(] with a BODuIt of 315,000 mg/1. Aerowater
6 percent concentrate had a BODs of 40,000 mg/1 with the ultimate BOD in
excess of 280,000 mg/1.

Because of the tremendous dilution vrequired {2/100,000 and 1/100,000) to
determine BODs by the static dilution technique, the "typical" first order
curve did not result. This is not to say that the data are invalidated but
rather points out the Timitation of BOD analysis. The significance to be
drawn from the BOD tests performed 1s that at least some of the compounds in
the AFFFs are available for biclogical metabolism, and further untreated
AFFFs discharged into a watercourse would exert a very high oxygen demand.

2. OXIDATION POND EXPERIMENTS

As described in section III, four oxidation ponds were operated to simulate
the AFFF 1cadings on the recirculation reservoir of the "Crash Rescue Fire-
Fighting Training Smoke-Abatement System" at Hill AFG, Utah. In a more general
sense, the results of the oxidation pond experiments could be related to any
oxidation or holding pond where AFFFs rgpresented the only source of organic
matter available to the microorganisms. The COD reductions achieved in oxida-
tion ponds (OP} 1 and 2 are shown in figure 6. Reductions from OP3 and OP4
are shown in figure 7. Reiterating, OP1 was loaded with 0,042 percent FC-199

15



AFWL-TR-73~-279

002-24 ‘8A4n) qog ‘¢ dunbl4

(SAvE) ML
A4} 4 01 B8 L

[7=]
1
~3

o3
(]

¥ 1 L 4 L I 0 L L L T

0338 03LVRINIIY == r == -
1335 QLYWW —————

o

08

021

091

002

(1] 14

08¢

08¢

hoy

(1/9%) oootX go§

16



" AFWL-TR-73-279

JUSDUDH £ ADIeMOADY “BAUN) gDg ' B4nbiry

(SAYD) 3K1L

409

=081
-100¢
0v2

1082

~0z¢

-1 08¢

00y

(1/9N) 0001X 408

17



3UBDUBY 9 AIIBMOUBY “DAUNY Q0T G 2unBi

(SAYD) MLl

AFWL-TR-73-279

0¥

doz1
Hos1

00z

o
-r
o™

-08¢

-j02¢

08¢

—d

L

1}

18

(71/9K) oooix aod



AFWL-TR-73-279

&

/

-

A

® (F|

Aol (P2

\\\ . \\A
_ . o
.\\ \
® I
\.\
4
L
’
o,
\\
’
Q\\\.
4
kﬁ
L. A 1 A 1 1 1
= [ =] = = [=~=J =] (=]
[—] (=] [~—J (=] = =1 —J
— = I - o ~ —

/98 003

5 B 7 B 18 12 14 18 18 20 22 24
TIME {DAYS)

4

Figure 6.

Oxidation Ponds 1 and 2, FC-199

18 -



AFWL-TR-73-279

1400

—1

[ ]
|
\
'
1200 t
\
1
1
i
\
1o !
'
t
)
ﬂ‘ ]
' 1
1
sgoc b @ aA-A,
< e~
Ay ....’,w’
a
o3
600 ¥
500 b 1
1
I, /’—/’§ ,‘-‘—-.
430 [~ .“"‘" ‘\\ ,ll
\‘,
300 -
. e OP3
208 -  E—— A P4
180 =
1 1 1 1 ) - 1 i . R L 1 J i
1 2 3 4 §5 8§ g 10 12 14 1B 18 20
time (DAYS)
Figure 7.

Oxidation Ponds 3 and 4, FC-199

20



AFWL-TR-73-279 -

every fifth day (initial COD - 294 mg/1) and OP2 every 10th day. Oxidation
pond 3 was Toaded with 0.136 percent FC-199 every fifth day (initial COD - 882
mg/1) and OP4 was loaded every 10th day. The results demonstrated a COD reduc-
tion occurring after dosing with FC-199 with most of the reduction occurring in
the first 2 days after dosing. However, it is seen that there is a general
build-up of some substance that is chemically but not biclogically oxidizable.
This COD reduction is not consistent with the concentration of suspended solids
(taken to be biological solids) in the oxidation pond which did net increase
with the decreasing COD, but rather followed no ascertainable pattern, varying
in concentration between 10 and 70 mg/1 for each of the oxidation ponds. If
one assumes cell yields of 0.5 mg/1 of biological oxidation of domestic waste-
water to apply for the oxidation ponds, then biological solids concentrations
in excess of 150 mg/1 should have been observed.

The COD reduction achieved. coupled with the Tack of appreciable biolegical
growth led to the assumption that some of the compounds fn FC-192 were under-
going photochemical oxidation. Therefore, a fifth oxidation pond was set up
but not seeded. The initial COD in this oxidation pond was 296 mg/1. Within
the experimental error of the analysis, the COD concentration did not change
over a 10-day period. Thus, it was concluded that photochemical oxidation was
not the cause of the COD reduction. This leaves unanswered the reason for the
observed COD reduction without appreciable biological growth.

3. ACTIVATED SLUDGE EXPERIMENTS
a. Test 1

The data collected for test 1 are listed in table III and are graphi-
cally represented in figures 8 through 11. The data show that none of the
reactors were achieving proper settling characteristics as measured by studge
volume index and/or effluent suspended solids. This Ted to occasional use of
alum {aluminum sulfate) and/or a cationic polyelectrolyte. Control of MLSS
between 2000 to 3000 mg/1 was attempted, but much of the time the reactors
were outside of this concentration range. The control performance was more
erratic than that desired. However, in general, COD removal was in the range
of B85 to 90 percent for total effluent COD and consistently in excess of 90
percent removal for filtrate COD.

21
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Table 111
ACTIVATED SLUDGE AMALYSES, TEST 1

pay 0wy OO0y COD  SSgpewss sur Remarks
Control
1 500 24 24 <10 758 800
2 44 48 <10 1086
3 133 7 <10 1294 470
4 440 55 16 48 1645 480
5 445 . 95 103 26 2325 400
6 ' 82 33 34 2640 363
7 466 62 25 14 2274 370
8 24 25 16 2420 334
9 457 150 34 18 2536
10 474 68 47 18 2240 313
11 53 37 25 2693 215
12 73 49 21 2569 237
13 434 57 41 15 2384 252
14 43 3i <10 2262 252
15 42 28 12 2652 294
16 64 60 23 1079 639
17 150 35 70 909 1023 Adding 20 mg/1 alum
18 43 20 14 1217 559
19 46 23 12 1146 785 Discontinue alum
20 58 35 12 1290 450
21 16 20 15 1343 707
22 8g 24 37 2383 411
23 351 101 a0 11 2860 339
24 15 16 10 3625 270
25 25 23 12 3375 190
26 34 25 <10 2056 160
27 17 22 <10 3364 214
28 24 7 <10 2356 293
29 8 1 <10 1958 . 480
30 74 18 17 2114 426
3 51 22 38 2319 328

22
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Day
32
33
34
35
36
37
38
39
40
)
42
43
44

45
46
47
48
49
50
51
52

(S B L

Table IIT {cont'd)

CDpye €00 0D SSpee iss
66 31 23 2208
35 26 <10 2490
40 36 LA 2675
32 53 43 2686
72 14 50 2420
357 58 15 44 2396
40 27 10 2571
454 33 33 20 2430
50 21 34 1189
74 33 14 1083
No sample
53 15 14 1464
19 17 13 1453
182 36 123 1823
124 23 114 1444
75 18 27 1478
89 32 23 1295
345 73 38 14 1602
59 19 13 1945
92 80
87 67 45 2146
FC-200
81 40 40 774
59 24 10 609
67 86 12 1232
59 31 15 1123
445 82 40 <10 2240
90 M <10 2599
404 88 33 13 2516
60 38 27 1742
468 120 73 25 1430

23

svt

290
246
202
279
289
221
307
407
580
553

410
475

521
270
420
386
393
396

261

450
490
402

380
378
419

Remarks

Begin 1 mg/1 polyelct.
10 mgl alum

First sample 10 mg/1
FC-200

First sample 25 mg/1
FC-200
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N
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

[&) T~ T UL I N R

~ o

11
12

Table ITI {cent'd)

CODpye  CODp  CODp  SSepp g
474 155 51 91 914
122 65 71 795
219 93 105 403
426 n7 73 23 734
83 59 16 690
171 60 77 565
100 72 49 661
77 73 <10 979
83 58 18 526
- 56 <10 939
69 65 <10 1108
48 52 <10 1015
121 65 44 925
186 61 40 1394
149 46 35 1477
70 35 26 1288
33 32 17 1565
Aerowater 3 Percent
57 32 16 766
48 28 15 421
223 102 <10 1277
55 35 18 1199
450 198 155 61 2198
91 6 <10 2020
428 62 25 16 3298
a8 57 26 2772
453 85 54 19 2856
4:8 131 31 25 2591
91 44 33 2687
93 53 35 2836

24

492

755
695
926
1377
1664
1362
981
760
958
560
887
1081
710
670
776
633

920

220
233
237

356
258
238

208

261
310

Remarks

First sample 50 mg/1
FC-200
Adding 10 mg/1 alum

Adding 20 mg/1 alum

First sample 80 mg/1

First sample 10 mg/1
3 percent

First sample 25 mg/]
3 percent

First sample 50 mg/1
3 percent
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Table III (cont'd)

pay O CODp  CODp o SSper wss syl Remarks
13 481 105 93 37 3680 226
14 39 31 10 3371 267  First sample 80 mg/1
15 _ 187 44 90 3500 274 ‘
16 300 68 108 2153 246
17 340 62 393 1889 529
18 130 38 65 326 552
Aerowater & Percent
1 73 49 22 501 860
2 63 55 14 848
3 180 43 11 1166 450
4 47 27 12 1184 439
5 450 77 64 15 2063 339 First sample 10 mg/1
6 percent
5% 37 31 1300 434
436 59 30 <10 2010 393
44 44 <10 1277 297 First sample 25 mg/1
* b percent
485 73 51 15 687
10 440 55 31 <10 1420 317 First sample 50 mg/1
6 percent
11 67 44 19 1055 351
12 73 53 19 1998 385 -
13 473 65 45 10 1823 521 First sample 80 mg/1
6 percent’
14 71 47 <10 2400 417
15 108 52 40 2434 403
H3 72 56 19 1610 602
17 88 85 19 2494 401
18 110 54 43 1469 640
19 b4 50 54 1448 663
20 69 54 <10 3172 246
21 40 40 12 2730 231
22 49 28 <10 3684 166
23 424 57 50 <10 2776 180 First sample 120 mg/1
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CoD

Table III (cont'd)

pay  COPInF T P90 SSppr miss  svr
24 45 48 16 3184 305
25 N7 26 32 3365 285
26 9 65 27 2848 337
27 73 40 26 3007 326
28| 56 25 ;9 2854 347
29 - a8 28 2055 332
30 68 33 24 2112 459
3 146 38 82 1914 38
32 98 42 48 1988 342
33 43 49 13 1226 285
34 75 24 50 1600 150
35 66 33 98 1554 129
36 59 40 12 1498 207
37 48 37 10 1962 398
38 529 89 54 33 2462 223
39 546 72 57 17 3052 193
40 .70 48 21 2877 247
a1 127 101 -—- 1636 410
42 262 211 -e- - e
43 172 114 33 2380 315
44 105 80 76 2670 13§
45 162 94 31 1675 567
46 367 1346 147 938 507
47 277 169 64 755 464
48 230 153 47 728 1278
49 456 278 110 95 g1 1021
50 182 112 61 1157 424
51 158 118 - ce— e
52 95 g9 118 756 529

26 -

Remarks

First sample 150 mg/1

6 percent

First sample 210 mg/1

6 percent

First sample 250 mg/1
" 6 percent
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For reactor 2 table IIT and figure 9 show that at the time the FC-200
concentration was increased to 50 mg/1, day 10, the MLSS decreased drastically,
and the SVI increased roughly twofold. The use of alum to control this condi-
tion was only marginally successful. EffJuent COD concentrations increased
to unacceptable values. Although the FC-200 concentration was increaséd to
80 wmg/1, it was clear that the activated sludge reactor performance had been
upset at 50 mg/1 of FC-200. '

The performance of reactor 3, in which Aerowater 3 percenﬁ was used,
yielded higher effluent CODs than either the control or the other two reactors
up to the time (day 14) the concentration was increased to 80 mg/1. The total
effluent COD increased drastically then, primarily because of effluent sus-
pended solids. At day 16 the MLSS began to decrease rapidly, and the reactor
was shut down on day 18.

Reactor 4 (herowater 6 percent) performance was reasonably consistent
and acceptable (see table ITI and figure 11), although effluent CODs were
somewhat higher than that of the control, until the concentration reached
250 mg/1. Shortly after the Aerowater 6 percent concentration was increased
to 250 mg/1 {day 38), the effluent COD, total and filtrate, increased-signifi-
cantly, the MELSS decreased, and the SYI increased appreciably at this time. It
thus appeared that the activated sludge process could not tolerate 250 mg/1
of Aerowatar 6 percent.

b, Test 2

The results for test 2 are presented in table IV and figures 12 through
15. The primary purpose of test 2 {as stated in section II1) was to determine
if, in fact, the limiting concentrations of FC-200 and Aerowater 3 percent were
velid. It is noted that during test 2, the performance of the reactors with
respect to settlability and acceptable MLSS concentrations, effluent CODs,
total and to some-extent filtrate, were sporadic for the control. There were
some mechanical difficulties encountered--the sludge recycle would stop during
the night because of the geometry of the sludge hopper causing a clear zone
witr no sludge. This was corrected for the most part by keeping the volume of
siudge in the bottom of the clarifier to a minimum.

The performance of reactor 2 (FC-200, table IV and figure 13) was
unsteady during the initial dosing of C-200, days 4 through 13, but was
relatively satisfactory thereafter until day 37 when effluent quality began to

31
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Table IV
ACTIVATED SLUDGE ANALYSES, TEST 2

pay  Pmr %0p OO0 SSere wiss  svi . Remarks

1 69 Contral

1 69 30 26 2123 57

2 54 38 21 2366 42

3 52 32 22 20849 18

4 41 25 <10 453 45

5 53 45 16 2557 43

6 429 6 52 <10 2349 84

7 71 49 <10 2009 50

8 44 39 31 1840 54

9 417 128 107 <10 1834 55 Solids concentration

in clarifier

10 386 61 44 18 2353 a7 No recycle or siudge
11 402 43 30 <10 18456 54

12 70 33 38 28656 63
13 394 218 162 61 3432 he Mo sludge recycle
14 63 31 <10 3476 40

15 o data

16 46 - 44 13 3269 JE)

17 24 35 42 2945 63

18 | 184 39 36 2808 bd Mo siudqge recycte
19 44 41 52 2999 63 '

20 402 185 32 45 2866 59 Mo sludge recycle
21 86 24 15 2764 b1

22 .3 35 87 - 2073 58

23 62 35 30 2575 43

24 422 145 40 35 2398 67
25 14 72 52 17 2148 61

26 38 34 14 2677 60
27 36 34 <10 2972 47
28 409 94 64 16 3710 43

29 /3 63 24 2658 56
30 13 13 3 2237 63

32
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3]
32
33
34
35
36
37
38
39
40
41
4z
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

Table IV {(cont'd)

CODpye  CODy  CODp SSprp s
26 21 29 3306

382 30 28 53 3034
27 20 <10 3217

22 19 <10 342

25 25 12 4017

24 21 17 3682

28 27 3% 4189

42 30 13 2010

417 39 26 17 1968
35 31 25 2148

42 35 12 2105

62 32 23 239%

38 26 15 1819

361 31 36 <10 2491
37 33 21 1850

87 - 23 2021

168 42 27 1840

50 27 1 1680

47 35 23 1673

45 37 <16 2451

46 30 19 2271

404 50 30 386 2204
456 16 12 <10 2209
30 30 12 2607

29 37 <10 2213

32 30 12 2015

34 i8 <10 2256

64 70 <i0 2216

445 57 56 <10 3121
44 58 10 3547

41 27 <10 3580

56 30 12 3733

54 49 16 3997

33

53

50
42
43
41
55
61
56
57
71
71
80
76
89
109
101
90
78
88
109
100
4
90
84
80
81
61
56
50
54
50

Remarks

Upset; brcoker Tine
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Day

64
65
66
&7
68
&9

oW~

O M ~ v N

11
12

13
14
15
16
17
18
19
20

21
22

Table IV {cont'd)

CODpye  CODp 0Dz SSppp g cg
454 N2 17 18 3820
65 37 22 3916
161 52 47 26 3795
1 3897
414 44 3 14 4319
26 3042

FC-200
34 32 13 1491
50 32 39 1770
51 33 19 1814
345 62 32 32 2083
24 32 29 2351
444 52- 39 <10 2698
184 65 122 2038
153 17 27 2279
474 oR 91 <10 2260
339 68 45 24 2100
402 43 30 <10 1846
104 53 31 18e)
215 162 3/ 1700
375 53 43 20 21

No data

79 45 55 2584
71 47 36 2146
24 2 4 1756
19 44 54 1560
480 54 50 92 1231
56 45 22 1618
14 36 81 1354

34

67
51
50
67

57
41
54
57
62

65
62

58
65
68
64
73

68
66

Remarks

First sample 10 mg/1
FC-200

First sample 20 mg/1
FC-200

First sampie 50 mg/1
FC-200

F{rst sample 80 mg/1
FC-200
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23
24
25
26

27
28
29
30
31
32

33
34
35
36
37
38
39

40
4
42
43
44

45
46
47
48
49
50
51
52
53

CODpyF

CoD

Table IV (cont'd)

SSEFF

C00; F MLSS
40 38 51 1635
484 35 27 14 2500
471 78 61 20 2430
89 36 28 3139
45 45 11 3100
504 61 53 22 3625
98 56 24 3266
13 13 35 4150
61 45 31 4414
546 44 39 30 4654
59 42 10 4175
90 41 53 3520
58 54 18 3374
49 45 19 3386
4] 35 32 3612
48 39 25 3982
551 76 67 15 3406
98 24 33 3808
108 108 13 3758
139 118 117 3674
134 63 63 3209
615 72 67 <10 3749
- — 44 3470
60 50 20 2555
139 139 17 2549
40 39 <10 2211
43 13 23 1872
No data: reactor overflowed
No data; reactor overflowed
645 .98 71 10 835
537 170 95 25 1414

35

sit

27
60
62
54

45
50
- 55
48
41
39

50
55
50
53
53
50
59

32
67

2
v

65
53

52
63
59
58
69

96
78

Remarks

First sample 120 mg/1
FC-200

First sample 160 mg/1
FC-200

First sample 200 mg/1
FC-200

First sample 260 mg/1
FC-200

First sample 320 mg/]
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54
55
56
57
58
59
60
61

=W =

o ~N Oy n

10
1
12

13
14
15
16
17

19
20
21
22

CoD

iy

CoL

Table IV {cont'd)

58

INF T F EFF MLSS SVI
173 97 39 902 499
180 78 538 962 343
165 77 46 1257 684
86 34 60 2227 292
19 66 46 1433 188
. 671 176 109 70 1559 603
158 86 83 1473 468
158 110 39 1149 305
Aerowater 3 Percent

84 55 37 1509 60
53 37 3 143 49
33 27 10 1522 " 53
418 30 25 <10 1825 49
52 41 14 2098 43
421 52 48 <10 2305 52
m 71 32 2013 50
84 57 21 2412 54
472 182 29 <10 2062 49
449 77 41 33 1706 a
425 46 43 <10 1649 67
75 43 24 1904 74
394 261 152 65 1258 70
46 41 86 1614 124

No datz
47 47 10 1575 70
54 43 12 1592 85
68 43 16 1761 85
44 44 23 1810 a8
457 77 46 36 1522 . 72
140 47 112 1662 90
37 30 57 1434 77

36

Remarks

First sample 10 mg/1
3 percent

First samplie 20 mg/1
3 percent

First sample 50 mg/1
3 percent

First sample 80 mg/]
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Day
23
24
25
25
27
28
29
30
31
32

33
34
35
36
37
38
39

40
41
47
43
44

45
46
47
48
49
50
51
52

63

Co

DrnF

Coo

CODF

Table IV (cont'd)

SSEFF

T MLSS

46 29 32 1792

465 69 32 43 2310
457 7 58 22 2540
60 40 33 3330

47 42 <10 3166

465 91 63 22 3720
78 56 23 2847

38 33 39 3682

51 43 37 3232

515 41 35 - 3736
44 27 13 3441

37 37 <10 3779

36 37 13 3880

49 41 28 3609

45 46 19 3867

66 43 15 3626

528 57 47 24 3770
66 50 35 3974

71 56 22 3637

77 49 40 3940

47 36 13 4048

486 54 57 10 4519
54 66 15 3896

62 22 27 4374

101 56 31 4272

43 39 <10 4474

61 a6 14 4556

63 55 <10 4948

62 45 <10 5418

562 63 63 <10 5230
458 .65 62 <10 6027

37

1

51
71
71
60
58
48
60
52
56
51

55
53
46
53
52
50
53

58
52
53
52

51

54
50
56
51
55
b1
a2
52

50

Remarks

First sample 120 mg/1
3 percent

First sample 160 mg/1
3 percent

First sample 200 mg/1
3 percant

First sample 260 mg/]
3 percent

First sample 320D mg/1
3 percent
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Day
54
55
56
57
58
59

60
61
62
63
64
65

66

67
68
69

~ Oy oW N -

w

10

Table IV (cont'd)

CODyye  CODp  CODp  SSppp g
58 67 18 5857

12 65 1 5830

106 73 13 4709

75 74 <10 5172

103 93 N 5152

636 152 105 23 2490
120 100 45 2858

121 82 36 2067

122 79 37 3374

90 92 152 2977

530 110 o8 21 3456
93 90 20 406

722 102 69 35 4026
e e 38 3664

659 304 77 100 2654
212 98 147 -

510

69
48
BT
ag
1565
69

41

53

49
19
30

51
€9
50

3

58

Aerowater 6 Percent

*Fpaming causing bacteria to wash out of reactor

35

15
<10
13

38

3051
3565
3508
3451

1048
4227
4485

4094
3992
4636

SVL

51
45
a2
43
37
40

35
35
36
34
32
30
35

27
30

197
19
(1))
72

62
65

b6
€0
58

Remarks

First sample* 400 mg/1
3 percent

First sample 600 mg/1
3 percent

First sample 75 mg/3
6 percent

First sample 125 mg/1
6 percent

First sample 200 mg/1
6 percent
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Day

Table IV (cont'd)

sv1

e 08y GO0 SSppp Migs
1 ——— _— 29 4590
12 61 58 <10 3190
13 39 40 17 2712

39

Remarks

61
72
9z
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degrade. This is several days after the reactor had been receiving 160 mg/1
of FC~200. On days 50 and 51 the overflow line from the reactor to the clari-
fier plugged during the night. The reactor spilled over and washed out much
of the MLSS. From that point on the reactor was unable to recover, and the
effluent quality degraded seriously.

The effect of Aerowater 3 percent on the activated sludge process for
test 2 is shown in figure 14. Again, unsteady performance was observed during
the dosing of Tow concentrations of Aerowater 3 percent on days 4 through 14.
After day 14 performance evened out, with the exception of day 21 when the
effluent contained a high concentration of eff]dent'suspended solids. This
appears to have been caused by the increase of the Aerowater 3 percent concen-
tration to 80 mg/1. At about day 35 the total and filtrate effluent COD began
to rise gradually, apparently in response to increaéing concentrations of
Acrowater 3 percent. On day 53 effluent quality degraded rapidly in response
to the increase of Aerowater 3 percent concertration to 320 mg/1. This
degradation in effluent quality would have occurred sooner except that the
MLSS was allowed to rise to over 5000 mg/l.

As stated earlier, reactor 4 was restarted on Aerowater & percent
primarily to obtain an effluent for the toxicity experiments which were con-
ducted at 200 mg/1 of AFFF. Even though the Aerowater 6 percent concentration
was increased relatively faster than for the cther AFFFs, effluent quality
(with the exception of day 6) was consistent and acceptable when measured
against thdé control.

c. Test 3

Reﬁognizing that slug loads of AFFis would ocrur at domestic wastewater
treatment blants, an attempt was made to determine what impact would result
from suci, : adesirable occurrences, Unacclimated activated sludge reactors
were slug Toaded with 200 mg/1 of FC-200 and Aerowater € percent, then increased
in the case of Aerowater & percent to 400 mg/1. The results of these slug
loadings are listed in table V and figure 16 fcr FC-200 and in figure 17 for
~ Aevowater 6 percent.

For FC-200 it was observed that 200 mg/1 led to large volumes of foam
which encapsulated much of the MLSS, carrying them ocut of the reactor. Effiuent
(0D increased dramatically on day 7 (FC-200 was added the evening of day 6)
and though the effluent COD decreased sharpiy on dayv 8, the upset for day 7
was ciearly unacceptable.

44
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Table V
ACTIVATED SLUDGE ANALYSES, TEST 3, SLUG LOADING
CODINF' CODT CODF SSEFF

Day MLSS  SVI Remarks
FC-200
1 112 22 33 1562 €4
2 139 42 77 1692 236
3 a6 95 59 49 1892 476
4 .79 47 34 3120 212
5 445 85 31 36 3604 72
6 O 37 3526 65
7 556 420 96 274 2478 77 First sample 200 mg/!
FC-200
8 110 110 257 --- —e- Uncontrollable foaming
Aerowater 6 Percent
1 61 - 58 <10 3190 72 At 200 mg/1 € percent
2 29 40 17 2712 82
3 535 31 31 <10 3481 126
4 64 55 - P -
5 646 175 71 51 3093 259 First sample 400 ma/]
6 percent
6 374 133 120 2755 334
7 435 135 121 3204 179
g 628 183 125 47 3779 233
g 208 134 59 3724 207
10 194 112 83 4093 230
11 217 104 69 3995 235
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The slug toad of 200 mg/1 of Aerowater 6 percent did not appear to
cause any drastic effects on the reactor performance, as shown in figure 17.
Therefore, on day 4 the concentration was doubled, after which the total and
filtrate effluent COD climbed rapidly, coupled with decreasing settlability.
Thus, it appeared that the unaccliimated reactor could tolerate a slug load of
200 mg/1 but not 400 mg/1.

d. Summary of Activated Siudge Results

Summarizing the results of the activated sludgée experiments, average
percent COD removal and average effluent COD is plotted against influent AFFF
concentration in figures 18 through 20. These figures weré constructed by
averaging the effluent COD values for a given influent AFFF and then connecting
the lines hetween each point, thus permitiing determination of where the
effluent quality begins to decrease. Percent COD removal was plotted for both
total and filtrate. ECffluent COD was plotted for just the total. It must be
remembered that increasing the AFFF concentration causes an increase in the:
influent £00 (10 mg/1 FC-200 = 7 mg/1 COD, 10 mg/1 Aerowater 3 percent ¥ 5 mg/1
COD, and 10 mg/1 Aercwater 6 percent = 4.5 mg/1 COD). Therefore, even if the
same percent COD removal was obtained after increasing the AFFFAconcentrétion,
the effluent COD would be higher. For this reason a‘more'pratficaT value is
placed on the effluent COD curves.

For FC-200 (figure 18) it is seen that percent COD removal tends to
increase and effluent COD tends to decrease up %to 160 mg/1. The percent
removal increase can be explained by the increasing influent COD attributed to
the FC-200. The effluent COD decrease can be attributed to either unsteady
performance initially or possibly to an inhibiting effect of the FC-200 on the
unacclimated microoréanisms. Effluent COD takes a sharp rise between 160 to
200 mg/1; however, at 260 mg/71 the effluent COD decreases significantly. Since
these are averaged values, these phenomena are not readily explainable.

In figure 19 it is seen that for Aerowater 3 percent the percent COD
removal, total and filtrate, shows a gradual decline above an influent concen-
tration of 160 mg/1. However, between 400 and GO0 mg/1 the percent filtrate
€00 removal remained constant, while the percent total COD removal dropped
significantly. This is explained by the increased effluent suspended solids
concentration. For the effiuent COD there is a decrease-1n -concentration up to
120 mg/1 infiuent Aerowatar 3 percent which, like FC—éOO, is attributed to -
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either unsteady performance initially or an initial inhibiting effect. Above
250 mg/1 the effiuent COD increases to clearly unacceptable levels.

Summarizing the effects of Aerowater 6 percent on ‘the activated sludge
process, it is seen from fiqure 20 that total effluent COD increased gquite
gradually up to 210 mg/1, above which there was a sharp increase. This is
reflected by the percent COD remova1.curves. Effluent CODs of 60 to 70 mg/1
are as expected from a reasonably well-operated activated sludge plant.

4, TRICKLING FILTER EXPERIMENTS
a. Test ]

The data coliected for test 1 are demonstrated in table VI and in
figures 21 and 22. As stated in section III, test 1 was conducted with no
recycle of the effluent. The hydraulic loading was 200 gpd/ft®. Since both
columns were receiving AFFFs and there were no additional columns available, a
control was not run concurrently. However, just before the dosing of the AFFF,
both columns A and B were achieving 75 to 85 percent COD removal when receiving
synthetic wastewater. Samples were taken from the two sampling ports and the
final discharge. These data are presented in table VI. 0Only the final dis-
charge is presenied in the figures to avoid cluttering of the illustrations.
During Test 1, sloughing of the microorganisms was moderate and observed to be
at a relatively constant rate. It is seen from table VI that, in general, for’
both FC-~-200 and Aerowater 6 percent, most of the COD removal occurred between
sample port 2 and the final discharge. This is contrary to expected perform-
ance for standard trickling filters recciving domestic wastewater. This,
coupled with the fact that the COD concentrations at sample ports T and 2 were
frequently the same value with sample port 2 sometimes having higher COD than
sample port 1, Teads to the assumption that the SampTEs taken at sample ports
1 and 2 were unrepresentative.

From figure 21 for FC-200 it is seen that the effluent CODs from the
final discharge were quite erratic but do demonstrate an increasing effluent
concentration with time (increasing FC-200 concentration). Essentially, the
same observation is made for Aerowater 6 percent in that the effluent CODs were
clearly unacceptable by the time 160 mg/1 of AFFF was reached; the columns
were converted back to receiving enly synthetic 'wastewater on 'day 75.
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Table VI

" TRICKLING FILTER ANALYSES, TEST 1, MO RECYCLE
[cop (mg/1)]

s
Day Influent Port 1 Port 2 disé%gi;e Remarks
FC-200
1 331 331 60
2 411 359 103 First sample 25 mg/1
FC-200
3 350 293 98
14 208 216 74
5 296 264 86
6 373 271 240 95 First sample 50 mg/1
FC-200
? 279 256 85
8 238 234 83
9 197 205 65
i0 165 213 88
11 163 202 120
12 368 182 253 96 First sample 80 ma/1
FC-200
13 245 285 m
14 310 278 Q4
15 278 242 88
16 248 240 106 ‘First sample 120 mg/1
FC-2G0
17 326 7294 110
18 397 4313 113
19 an 340 158
20 550 387 308 133 First sample 160 mg/1
FC-200
21 368 225 186
22 400 354 300
23 377 . 362 285
24 226 365 201
25 414 367 176
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Table VI {cont'd)

: - Final
Day. Influent Port 1 Port 2 discharge Remarks

Aerowater & Pevcent

1 317 314 - 67 First sample 25 mg/1
6 percent
2 296 348 89
3 386 337 a1
4 220 2h2 70
5 216 304 62
6 357 136 209 74 First sample 50 mg/1
6 percent
7 120 213 74
8 155 202 100
9 110 173 61
10 189 193 54
11 83 163 94
12 364 150 174 152 First sample 80 mg/)
6 percent
13 91 202 146
14 246 214 146
15 111 206 122
16 : 205 181 80 First sampTe 120 mg/1
6 percent
17 290 278 115
18 294 270 95
19 ' 372 304 126
20 484 332 324 117 First sample 160 mg/]
6 percent
21 298 306 134
22 377 - 300 192
23 338 269 177
24 - 274 89
25 348 270 109
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b. Test 2

Test 2 consisted of dosing the columns with equal volumes of infiuent
and recycled effluent, i.e., one-to-one recycle. The recycle was taken from
the collection basin to which the final discharge entered. As stated in
section III, the hydrautic loading was 200 gpd/ft* (8150 1/day/m?) of which
100 gpd/ft? was synthetic wastewater plus AFFF and 100 gpd/ft? was recycled
effluent. After test 1, the columns were dosed with synthetic wastewater for
9 days, at which time it was considered acceptable to begin adding the FC-260
and Aerowater 6 percent. Table VIT and figures 23 and 24 represent the results
for test 2. It should be noted that the influent listed in table VII dis that
which was in the feed tank and not that which entered the top of the column.
The COD concentration entering the top of the column at any time would equal
the feed tank COD plus the recycled effiuent COD divided by 2.

From figure 23 it is seen that for the trickling filler column receivirng
FC-200, no change in performance at the final discharge is observed up to about
day 36, at which time the FC-200 concentration was increased to 200 mg/1.
However, even up to this point the effluent COD was higher than expected and
quite variable., Above 200 mg/1 FC-200 effluent quality started to degrade
beyond the already less than acceptable quality.

Recycling of effluent is a common practice in the operation of trickling
filters to improve effluent qualiity. For the trickling filter loaded with
FC-200, recycling the effluent did not improve performance but rather had some
deleterious effects when the data is compared against test 1. However, there
is insufficient data to determine if this occurrence is caused by the FC-?00.

Figure 24 illustrates the performance of the tvickling filter receiving
Aercwater 6 percent during test 2. It can be seen that up to 300 mg/1 of
Aerowater 6 percent, influent to tne trickling filter, there was no observed .
degradation of effluent gquality. When compared ageainst the data of test 1
(figure 22}, it is seen that recycle cf the effiuent, which in turn lowers the
organic loading, permitied the achievement of higher AFFF loadings than without
recycle, while still yielding acceptable effluent quality.

¢. Summary of Trickling Filter Results
Summarizing the results of the two trickling filter tests, influent
AFFF concentration is plotted against averaged percent COD removal and efflyent
COD concentration for hoth no recycle and one-to-one recycle. This is plotted
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TabTe VII

TRICKLING FILTER ANALYSES, TEST 2, ONE-TO-ONF RECYCLE
[COD (mg/1)]

Day Influent Port 1 Port 2 diglﬂglge Remarks

Fc-200 |
1 234 191 127
Z 184 160 112
3 244 220 124
4 192 200 128
5 288 264 144
) 212 248 64
7 236 216 78
8 273 M 98
9 30 294 123
Aerowater 6 Percent
1 -— 139 87
2 96 76 52
3 100 80 36
4 80 72 36
5 164 96 24
6 156 64 _—
7 100 40 29
8 203 210 78
9 231 203 95

FC-200
1 488 321 294 106 First sampie 25 mg/1

FC-200° '
2 369 282 121
3 35] 311 164
4 319 295 129
5 315 287 126
6 344 328 147
7 246 354 210

8 434 329 298 - First sample 50 mg/1
F£-200
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16
17
19
20

-

22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37

38
39

Table VII {(cont'd)

Final
Influent Port 1 Port 2 discharge
347 333 236
333 318 274
372 348 288
335 314 218
242 222 165
256 232 140
320 304 240
203 203 147
271 283 195
232 232 192
292 240 224
160 144 128
524 240 176 192
320 312 240
202 165 133
No data
218 198 117
292 276 196
140 124 112
176 152 116
584 304 280 192
384 360 256
352 304 224
372 368 272
264 220 196
240 232 200
200 152 112
559 269 281 225
618 285 277 245
457 394 378
449 201 386

59

Remarks

First sample 80 mg/1
FC-200

First sample 120 mg/1
FC-200

First sample 160 mg/1
FC-200

First sample 200 mg/1
FC-200
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Table VII (cont'd)

Day Influent Port 1 Port 2 diglﬂglge Remarks
40 465 457 433
41 394 386 337
42 24 424 384
43 592 424 116 380
44 432 408 368
45 587 272 224 132 First sample 250 mg/1
: FC-200
46 280 216 224
47 237 213 213
48 153 145 153
49 269 277 237
50 640 308 286 271 First sample 300 mg/1
FC-200
51 401 318 303
52 320 288 768
§3 336 272 216
54 337 305 265
Aerowater b Percent
1 464 194 194 119 First sample 25 mg/1
6 percent
2 -— 143 113
3 223 179 83
4 147 128 61
5 150 134 36
6 214 176 58
7 103 56 52
8 468 198 135 75 First sampie 50 mg/1
) 6 percent
g 22z 123 87
10 ‘ 230 171 75
1M 233 170 83
12 210 125 133
13 210 97 113
14 132 g8 32
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Table VII (cont'd)

Day Influent Port ] Port 2 digggglge Remarks

15 -480 256 176 88 First sample 80 mg/]
6 percent

16 139 84 52

17 187 120 84

18 192 84 84

19 ' 180 120 He

20 120 88 60

21 504 272 148 63 First sample 120 mg/1
6 percent

22 120 112 €4

23 — 85 36

24 No data

25 80 61 -

26 244 160 104

27 200 104 52

28 156 72 56

29 528 200 128 96 First sampie 160 mg/1
6 percent

30 : 162 144 104

3 &8 80 64

32 - 136 56

33 96 64 32

34 208 120 40

35 136 . 88 64

36 474 132 48 40

37 545 185 B8 28 First sampte 200 mg/1
& percent

38 ' 236 142 79

39 485 134 118

40 442 94 79

47 187 122 57

42 240 176 72

43 5¢0 240 160 96

44 244 160 96

45 540 104 136 72 First sample 250 mg/1
6 percent
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46
47
a8
49
50

51
52
53

TabTe VII {cont'd)

Final
Influent Port 1 Port 2 discharge

240 160 72

253 173 108

100 64 48

153 76 48

584 211 218 143
303 198 131

240 136 96

225 169 80

273 213 -—-

bz

Remarks

First sample 300 mg/1
6 percent
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in figure 25 for FC-200 and in figure 26 for Aerowater 6 percent? [t must be
remembered that increasing AFFF concentrations results in increasing influent
C0D concentrations and thus affects percent COD removal. For FC-200, as was
stated earlier, performance was better with no recycle than with the one-to-cne
recycle. Percent COD removals and effluent COD concentrations were less than
acceptabie for all concentrations of FC-200 in both tests. The FC-200 concen-
tration above which the effluent quality starts to degrade beyond a baseline
effluent quality {baseline not necessarily taken to be acceptable) appears to
be 120 mg/1 for both no recycle and one-to-one recycle. i

The impact of Aeraowater 6 percent on effluent quality is seen in
figure 26. It was observed that above 50 mg/1 of Aerowater 6 percent, with no
recycle, there was a significant increase of effluent COB. On the other hand,
for one-to-one recycle, the effluent COD remained nearly constant and of
acceptable quality up to 250 mg/1 of Aerowater 6 percent.

Why, in the case of FC-200, effluent quality would suffer from recycling
of a portion of the effluent and improve in the casé‘of Rerowater 6 percent is
not readily exptainable. This is a sfgnificant observation, but unfortunately,
ther are insufficient data to say that this occurrence is a result of the AFFF.
It would be difficult to reason that recycling of the eff1uent containing
treated or partially treated FC-200 would cause a decrease in effluent quality
from that of no recycle. This is especially true since the overall mass of
FC-200 entering the trickling filter from the feed solution during one-to-one
recycle is one half of that during no recycle.

5. TOXICITY EXPERIMENTS

The results of the toxicity experiments. are given in table VIII. From this
table it is seen that for Aerowater 3 percent and Aerowater & percent all the
rainbow trout were able to survive for 96 hours in the aciivoted sludge effluent.
However, for the FC-200 on the first test, all four trout had died within 24
hours. Vlihen the test was repeated, two trout died within 48 hours and the
remaining two in the next 24 hovrs. Further, all the trout exposed to the
influents and the distilled water containing untreated AFFFs died within 96
hours. That the trout would die in distilled water is not immediately explain-
able. Potential exb]anation fdr tﬁis pccurrence is the sensitivity'of the
trout to the change in mineral content of water to which they were acclimated.
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Table VIII
TOXICITY OF AFFF TO RATNBOY TROUT*

Time
Conditicn 24 hr 48 hr—__-72 hr 96 hr

Effluent control 0 o 0 g
Effluent Aerowater 3 percent 0 0 0 0
Effluent Aerowater € percent 0 0 0 0
Effluent FC-200 4 - —— ——-
Effluent FC-200 {repeat) 1 2 2 ———
Influent control (synthetic

wastewater) 2 ' 2 4 -
Influent Aerowater 3 percent 1 4 -—- -
Intluent Aerowater & percent 1 4 - -
Influent FC-200 1 4 - _—
Distilled water 1 2 2 4
Distilled water and Aerowater

3 percent 1 1 2 4
Distilled water and Aerowater

& percent 1 2 . 4 —
Distilled water and FC-200 2 2 4 -

*Starting with four trout per tank, number given is the cumulative number dead.
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The data show that there is definite detoxification occurring by biological
treatment for ARerowater 3 percent and Aerowater & percent. For FC-200 biolog-
ical treatment does not appear to offer significant detoxification. However,
one must be cautioned not to accept this as conclusive data since it represents
only one test at one AFFF concentration. Further, the concentration of AFFF
used is higher than that recommended (see Conclusions, section VI} for discharge
into a sanitary sewer.

6. ADSORPTION EXPERIMENTS

The 2000-mg/1 solutions of FC-200 and Aerowater 6 percent yielded CODs as
indicated below (the average of triplicate analysis):

FC-200 1500 mg/1
FC-200 after

JP-4 1433 mg/1
Aerowater

6 percent 944 mg/1
Aerowater

6 percent

after JP-4 992 mg/1

JP-4 added to distilled water (20 ml in 2 liters), then separated, yielded a
COD of approximately 100 mg/1 in the aqueous phase., This indicates that some
of the compounds in JP-4 are at Teast slightly soluble in water. Coupling this
fact with the COR data for the four solutions reveals that there was a decrease
in COD of the FC-200 solution that was contacted with JP-4, although approxi-
mately 100 mg/1 of COD was added from the JP-4. This indicates that a signifi-
cant fraction of FC-200 is extracted into the JP-4 phase. This fraction is
estimated to be approximately

1500 + 100 - 1433
1500 + 100

= 10 percent

Conversely for Aerowater 6 percent there is a 48-mg/l1 increase in COD after
contact with JP-4. This indicates that a much smaller fraction of Aerowater
6 percent is taken up in the JP-4 phase.

The results of the batch adsorption experiments are given in figures 27
through 30. The notation used is X = wt of COD adsorbed = initial COD comcen-
traticn CO - final COD concentration CF X volume, ¥ = wt of activated carbon
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used, and CF = final COC concentration = COD remaining in solution. X/M then
becomes the carbon loading, also taken tc be a good approximation of the
adsorptive capacity.

Comparing figures 27 and 28, it is seen that the carbon loading is slightly
lower for the FC-200 solution that was contacted with JP-4, ¥/M at Cp of 1500
mg/1 = 0.6 for the FC-200 solution and equals 0.5 for the FC-200 solution
contacted with JP-4. This difference is attributed to the presence of different

organic compounds in the solution after JP-4 contact.

For Aerowater 6 percent one cannot make any comparisons because the batch
adsorption data did not obey the Freundlich isotherm properties. A straight
1ine is constructed through the data points in figures 29 and 30 using a least-
squares fit. However, no vaiidity is placed on this 1ine. The data points do
indicate the presence of a nonadsorbable component in the Aerowater € percent,
comprising approximately 300 mg/1 of COD. This is further substantiated in the
continuous-7iow experiments.

Assuming that some JP-4/water separator would be provided in a fire-training
facility and therefore no JP-4 would contact the activated carbon, one can
conclude from the batch data (at least for FC-200) that a somewhat reduced
carbon loading (adsorptive capacity) will result from the interaction of the
AFFF and the Jp-4,

The results of the continuous-flow experiments are given in figure 31 for
FC-200 and in figure 32 for Aerowater & percent. Only the pure solutions were
used for the continuous~flow experiments. The breakthrough curves in figure 31
for the two sampling ports and the final discharge are very good with the slope
of the breakthrough portion being relatively moderate. With respect to contact
time until breakthrough, essentially all the FC-200 has been adsorbed by the
time the water reaches the first sampling port (5 minutes contact time).

Being conservative and saying that the activated carbon 1s compietely
exhausted at the bottom of the breakthrough curve (approximately 360 minutes
for port 1 and 1200 minutes for port 2), the adsorptive capacity for FC-200 is
calculated to be 0.34 gm COU removed/gm of activated carbon. In terms of the
FC-200, this is equivalent to 0.49 gm FC-200 removed/ym of activated carbon; or
in terms of liquid volume, 0.48 m1 FC-200 removed/gm of acuivated carbon (0.088
gal/1b). Expressed another way, for every gallon of FC-200 concentrate used,
approximately 17 pounds of activated carbon would be reqﬁired.
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Recall that this is based on a conservative =stimate of the adsorbed capac-
ity and is for a 2000-mg/1 solution of FC-200. 1If a more concentrated suviuton
is processed, generally one can eyxpect a higher adsorptive capacity since
higher organic concentrations usuaity result in the activated carbon being
relatively more saturated at exhausticn.

For Aerowater 6 percent it is seen in figure 32 that the breakthrough
curves are not typical, and therefcie it is not possible to calculate a realis-
tic adsorptive capacity. This is due to a nonadsorbable fraction which accounts
for 200 to 300 mg/1 of COD., Therefore, virgin activated carbon is capable only
of removing approximately 75 percent of the COD. A much longer contact time
would further reduce the COD in the discharge, but not significantly, as
evidenced by the difference in COD between the sampling ports at any given
time. It is assumed that the nonadsorbable fraction is the foam stabilizer
since this is5 likely to be a glycol compound which would be relatively polar
and possibly of low molecular weight. Both properties would result in Tow
affinity for being adsorbed or activated carbon, If this assumption is correct,
the discharge of the water after activated carbon adsorption would likely be
acceptable since glycol-type compounds are generally of low toxicity to aquatic
Jife. On the other hand, the discharge at 200 to 300 mg/1 of COD representing
glycol compounds would pose a high oxygen demand since the glycol compounds
are largely biodegradable,

77



AFWL-TR-73-279

SECTION V
DISCUSSION

1, BIODEGRADATIONM AND TOXICITY EXPERIMENTS

The results of the biodegradability experiments yielded much informaticn as
summarized below. First, 1t appears that it would be very difficult to accli-
mate a biological culture to degrade AFfFs when‘they represented the only
source of organic matter. Second, the three AFFFs tested yielded for practical
purpcses the same degree of treatability when blended with a synthetic waste-
water. Although the data tended to demonstrate that the biological waste
treatment processes could assimilate higher concentrations of Aerowater 3 and
€ percent than FC-200, one would have to retest to verify this conclusively.
Third, while AFFF dosages as high as 250 mg/1 were capable of being treated,
this was under laboratory conditions with a constant composition of influent
wastewater; therefore a conservative maximum concentration of 80 to 100 mg/1
is recommended. Since slug Toading to unacclimated bacteria caused excessive
foaming and impaired reactor performance, it appears obvious that bleeding in
the AFFF at a controlled rate (not to exceed 50 mg/1 initially and building up
to 100 mg/1 maximum) is a necessity. This would obvicusly require holding
capahilities and some means of controlling the release to the sanitary sewer.
Knowing the wastewater flow at the sewage treatment plant, one can easily
calculate a release rate once the quantity of AFFF used is known.

Concerning the detoxification provided by biological waste treatment, the
rddimentary experiments performed tend to indicate detoxification of Aerowater
3 percent and 6 percent, but not for FC-200. Hawever, these cxperiments were
too brief to draw a definite conclusion. It should be remembered that these
toxicity experiments were conducted at infiuent AFFF concentrations of 200 mg/1;
whereas it is recommended that the AFFF caoncentration nnt exceed 100 mg/1 in
the influent wastewater.

Since 2 good analytical method was not developed to follow the biodegrada-
tion, if any, of the AFFFs, one can only surmise what is happening to the major
camponents, the flucrocarbon surfactant, and the foam stabilizer. The foam
stabilizer, which is assumed to be some type of polyethylene glycol or gliycol
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ether, should be fairly biodegradable and should not pose any problems to either
the treatment piant or the receiving stream. The flucrocarbon surfactant, on
the other hand, is at best only partially biodegradable. The microorganisms
can probably break down the fluorocarbon surfactant into smaller chain-length
compounds and potentially oxidize the surfactant portion completely. The
fraction of compound containing the fluorocarbon bonds will almost undoubtedly
not oxidize. This was substantiated in the beginning of the activated sludge
experiments where it was observed that no increase in free fluoride concentra-
tion was occurring in the treated effluent. It is possible that if the micro-
organisms were able to break the original compound to a compound cantaining
onty F, C, and H that the solubility in water would be significantly reduced
so that it would tend to separate or be readily adsorbed onto a solid surface
such as the microorganisms. How these assumptions and hypotheses fit in with
detoxification of the AFFFs cannot be answered since the exact composition of
each AFFF is not known. ]

2. ACTIVATED CARBON EXPERIMENTS

The results of the activated carbon adsorption experiments demonstrate a
definite affinity of the AFFFs (particulariy FC-200) for being adsorbed on
activated carbon. Essentially, complete removal of the FC-200, as measured by
COD, was achieved within 5 minutes of contact time. For the Aerowater & percent
only partiai removal {70 to 75 percent) of the COD was achieved. Increasing
the contact time beyond 20 minutes wou'ld not yield appreciable increase in the
COD removal. Why FC-200 was completely removed by activated carbon and the
Aerowater 6 percent only partially removed is easily explained by the fact that
they are different formulations and, although likely to be similar in composi-
tion, the differences in the compounds used readily account for adsorption of
FC-200 and partial adsorption of Aerowater 6 percent.

The use of activated carbon for treating AFFFs would be preferrad for the
small-proficiency fire-training facilities where it is not feasible to tie into
a. sanitary sewer. Assuming a smoke-abatement system would be in use, dl] that
would be required is a small holding facility to allow the JP-4 carryover to
separate and a pump to 1ift the water to the top of an activated carbon column.
The column can be constructed of any convenient plastic pipe. Plastic, PVC,
polyethylene, etc., 15 necessary because granular activated carbon is very
corrosive. It is envisioned that the column would be about 15 inches in
diameter and about 10 feet in height. The actual size would have to be
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determined for each fire-training facility. The top could be opened to the
atmosphere for easy filling and withdrawal of the activated carbon. The bottom
should be closed with the discharge regulated to keep the column flooded during
operation. Since it is not expected to use more than a few hundred pounds of
activated carbon per month, the exhausted activated carbon should be thrown
away, accumulated in Remarketing and Distribution for potential resale, or
mized with coal (assuming coal is used on base for heating). By keeping a log
cn the number of gallons of FC-200 used, one can calculate the frequency of
replacing the activated carbon by using the adsorptive capacity which conserva-
tively, for FC-200, is 1 gallon FC-200 adsorbed per 17 pounds of activated
carbon.
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SECTION VI
CONCLUSIONS AND RECOMMENDAT IONS

1. Biodegradation of AFFFs when they represent the only source of organic
matter is not practical..

2. Discharge of AFFFs into sanitary sewers where physically practical should

be done, but at a controlled rate so as net to exceed 100 mg/1 of AFFF influent
to the biological treatment plant. It does not appear that either activated
sludge or tricking fi]ter’prdbesses offer an advance over the ogther. The
discharge rate should be set initially so as not to exceed, say, 50 mg/1 of

AFFF influent te the biological treatment plant to permit time for acclimation
of the microorganisms. Slug loading should definitely be avoided, If practical,
it is recommended that the AFFF be continuously discharged, which would result

in the lowest concentration in the domestic wastewater.

3. From the aspect of binlogical treatability one cannot conciude decisively
that any of the three AFFFs tested is more amenable to bioTogical treatment
than the others. Rather it is concluded that all three can be satisfactorily
discharged into a sanitary sewer when the AFFF concentration does not exceed
100 mg/1 (see conclusion 4).

4, petoxification (lack of acute toxicity) of the AFFFs by biclogical treat-
ment at 200 mg/1 of AFFF appears to be achieved for the Aerowater products but
not for FC-200. However, because of the rudimentary techniques employad, this
cannot be taken as a firm conclusion. long-term and precise bioassay tests
should be conducted on each AFFE.

5. For small fire-training facilities using water spray-injection smoke-
abatement systems wnere it 1s impractical to tie into a sanitary sewer, acti-
vated carbon adsorption shauld be employed before discharging the water con-
taining AFFF. !
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I. SUMMARY

Light Water ®, FC206, is an aqueous film forming foam (AFFF) used for
fire fighting. Biodegradability studies show that it can be biologically
treated in controllad concentrations up to 200 ul/1 in synthetic sewage on
a continuous basis. Higher concentration appear amenabie to treatment in
oxidation ponds over long time periods. Toxicity studies with fathead minnow
Juveniles and fry indicate that FC206 is less toxic than AFFF's previously
tested. The 96-hour LC 0 for fathead minnow juveniles and fry were 1080 ul/1
and 170 ul/} respective?y. Using a 0.05 application factor, a concentration
unit of 54 ul/1 is recommended for discharge to any waters containing aquatic

1ife.
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I1.  INTRODUCTION .
This {s the fourth report on the biodegradability and toxicity of
a commercial aqueous film forming foam used to fight fires by the Air Force.
The results of studies of Light Water® (FC20€) a product of Minnesota Mining l
and Manufacturing Co., St Paul, Minn, are presented here. The FC206 is used

to make a six percent solution for the fire fighting operations. This study
was conducted at the request of Hq USAF/SGPA and Hq USAF/PREE.

II1. DISCUSSION . . 1
A. Composition j

Results of analysis at this laboratory are shown in Table 1.
The specific gravity of the concentrate is 1.020 with a pH of 7.8.

Table 1. Composition of FC206.

PARAMETER QUANTITY
Water ' ~70% )
Diethylene Glycol Monobutyl Ether ~27%

»~~ Flurocarbon (Structure not Determined) - 2% :
Sodium Sulfate R ;
Chemical Oxygen Demand 500,000 mg/1
Total Organic Carbon 96,000 mg/1
Surfactants (MBAS as LAS) - 41,000 mg/)

Fluorine 14,000 mg/1 j

B. Respiration Studies .

1. Biochemical Oxygen Demand

The need for measurement of biochemical oxygen demand (BOD)
over incubation periods in excess of the standard five days has been pointed
out by several investigators and reported previously (5). Additionally, I
incubation at 25°C rather than the standard 20°C allows determination of the :
Ultimate BOD in a shorter time period without adverse affects on the micro-
organism composition although temperatures in excess of 300C would alter
composition (2). Figure 1 is a curve showing the BOD over a 20-day period
as measured with the E/BOD Respirometer as previously reported (12). Table 2
is a summary of these E/BOD measurements.

E~14
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Table 2. Summary of Data From Measurgment of
- : Extended BOD of FC206 at 25°C with
the E/BOD Respirometer

mg/1 . Percent of
E/BOD2¢p
E/BODg t 12.68X10° 65.2
E/BODyq [ [3.95x105 96.1
E/BODy5 + [4.10%105 99.7
E/BOD,, 4.11X10°

2. Warburg Respirometer Studies

Figure 2 shows the variation in oxygen uptake with respect
to concentration of the FC206. Acclimation of the microorganisnis can be
seen by the increase in oxygen uptake rates at the higher concentrations
with respect to time. Since the dilution of FC206 from normal usage is
_to a six percent solution, oxygen up take was not measured beyond the 10
percent solution.

C. Pilot Plant Studies

~ . . . o

1. Two bench-scale activated sludge pilot plants were fed in-
creasing concentrations of FC206 in synthetic sewage of composition shown
in Table 3. The plants began to show solids loss at an FC206 concentration
of 200 to 225 ul/1. Most of the solids loss appeared to be physical in
nature from the foaming action forcing the solids over the side of the
reactor. Tables 4 and 5 are summaries of the measured parameters for each
plant. Table 6 shows the recovery of solids in the first plant when the
FC206 concentration was lowered from 500 ul/1 to 200 ul/1l.

Table 3. Composition of Synthetic Sewage Used
in Biodegradability Studies

) Glucose 160 mg/1
Peptone 160 mg/1
Urea 28.6 mg/1
Na HCO5 : 102 mg/1
KH2 PO, 32.5 mgN
Tap Water

r\
E-l6
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Figure 2. Oxygen Uptake of Varying Concentrations of
. FC 206 Using the Warburg Respirometer
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2. Five Fathead minnows (Pimephales promelas) were placed in
=ach container receiving effluent from each of the plants at the beginning
f the study. One fish succumbed in the first plant effluent after 27 days
and one in the second plant effluent after 43 days indicating that the
effluents vere relatively non-toxic. Five giant water fleas (Daphnia magna)
were placed in each effluent container on the 36th day and survived to the
termination of the study (51 days). ‘

E-18

Table 4. Summary of Analysis of Samples From Activated
Sludge Pilot Plant No. 1 Receiving FC206 and
Synthetic Sewage.

No. off wul/7 | mg/1 Avg. pH D.O. Percent Percent
Days FC206] MLSS Range Eque BODs Removal | TOD Removal
5 50 3045 - 7.2-7.3] 4.0-6.2 97.8 >95.8
3 75 3315 7.1-7.2| 4.2-4.4 No Data >95.4
5 100 3363 7.2-7.3] 4.8-5.6 98.9 »95.6
3 200 3587 7.1-7.2| 4.0-5.6 98.8 >99
8 300 3016 7.2-7.4] 4.0-6.0 92.1 >99
5 400 2685 7.3-7.8] 5.8-6.2 97.6 _ 91.5
14 500 1763 7.4-7.8] 5.0-7.4 94.8 54.5
] 300 1000 7.7 6.€ 17.7 >99

3 200 1513 7.7-8.1} 6.0-7.2 85.7 No Data
f'\
Table 5. Surmary of Analysis of Samples from Activated
Sludge Pilot Plant Ho. 2 Receiving FC206 and
Synthetic Sewage.

No. off ul/1 | mg/1 Avg. pH D.O. Percent Percent
Days FC206] MLSS Range ggyge BOD5 Removal | TOD Removal
5 50 2397 7.2-7.5} 2.0-6.0 98.0 >96.1
8 75 2648 7.2-7.3] 4.8-5.8 98.8 >95.4

3 125 2863 7.3-7.3] 4.6-5.6 98.7 >99
-8 225 3052 7.2-7.4] 4.6-5.4 98.3 >99
5 250 2985 7.0-7.2] 4.6-6.0 98.2 >97.9
22 300 2414 7.1-7.4] 4.4-7.0 96.5 >98.2
P‘
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Table 6. Daily Measurement of MLSS in Plant No. 1
From 30th to 51st Days.

Day ul/1 FC206 - mg/1 MLSS
30 500 - 2810
31 . 500 2650
32 . ' 500 2820
36 500 840
38 . 500 1020
39 -~ 500 1100
43 _ 500 1100
44 300 1000
45 200 1280
46 200 1460
51 200 1800

D. Toxicity Studies
1. METHODS AND MATERIALS

a. Experimental Animals

.- Toxicity studies used the fathead minnow (Pimephales
Eromelas) to determine the relative toxicity of FC206 solutions -- (Con-
centrate and pilot plant effluents). Sexually-immature fathead minnows
were supplied by the National Fish Hatchery at Uvalde, Texas. The fish
were acclimatized to the laboratory conditions and local water for a
minimum of 30 days before use. Mean fish weight was 0.913 gm (o = 0.370).
The fish were fed a commercial fish food*. Immature fathead minnow fry
used in static bioassays were reared at EHL/K. Age of fry at time of use

was 21 days.

b. Exposure Procedure

(1) Continual flow type bioassays used proportional dilu-
ting equipment as developed by Mount and Brungs (7) (8). These diluters
supplied logarithmic scaled dilutions of the compound being tested to a flow-
through chamber for each concentration in which the experimental animals were
held. Studies with fry were static bioassays with three fry per each one-
liter test concentration.

*Tetramin®, Distributor, Tetra Sales Corp. Heyward, CA 94545.
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(2) Bioassays were performed in accordance with principles
”described in Standard Methods (12) and Sprague (9). Test animals were not
fasted prior to testing. They were not fed during the actual assay period.
Ten fish were used for each concentration and the control. Exposure chambers !
were plastic rat cages modified to contain 4 liters of diluted toxicant.

(3) Response of the test animals was recorded throughout a |
96-hour test period. Probit analysis was performed on the data recorded at '
24, 48, 72 and 96 hours of exposure to evaluate quantal response to graded
doses. After the first bioassay, a true 96 hour replicate was performed )
using the same procedures and concentrations as used in the first run. In all !
these bioassays the test animals were placed into the exposure chambers in a
random order by using a table of random numbers. The chambers themselves were
positioned in random order. The control chamber contained water from the same !
water tank as the water that was used as the diluent in the other test chambers.

The flow of diluted toxicant into the chamber was adjusted to a retention time

of 2 hours. This is equal to a 6 hour, 95% rcplacement time and insures ade-

quate maintenance of the dissolved oxygen concentration. The quantal response
measured was death. A fish was counted as dead when all gill movement ceased.
Dissolved oxygen and pH were monitored to insure that the cause of death was

not lack of oxygen or changes in pH. |

¢. Dilution Water

Unchlorinated well water from a deep well was used as

the dilution water in these studies. The water was collected in 400 gallon
/~fiberglas trailer-tanks at an on-base well site. The water trailers were

hauled to the Laboratory and allowed to sit at least 24 hours before the

water was used. Air was bubbled through the water. The water was adjusted

by heating or cooling to 24°C before it was run into the proportional diluter.

The pH was 7.2 Hardness (EDTA as mg/1 CaCO3) was 194. Total alkalinity

(as CaC03) was 160 mg/1.

d. Treatment use of Data

LCgps* or TLgps were determined by the probit analysis
method of Litchfield and Wilcoxon. (6) Other statistical treatments such
as the (CHI)C test for "Goodness of Fit" were by standard formulas. (3)

To be used in this report and the previous reports on Fire-Fighting foam
chemicals, toxicity study results had to fulfill two important criteria.
1) Graded quanted responses had to definitively relate to the logarithms
of serial dilutions in each test chamber. 2) the results had to be repli-

*Lcso, or Lethal Concentration 50%, is a concentration value statistically
derived from the establishment of a dose-related response of experimental
organisms to a toxicant. The LCgg represents the best estimation of the
dose required to produce death in 50% of the organisms. Note that a more
toxic chemical has a smaller LCgg. The time period for which the 50%
response was derived must also be indicated.

7~
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cable. The establishment of dose-effect and time-effect relationships allowed
scientifically based predictions of the ecological effects of the tested
chemicals on a body of water during use, accidental spillage or disposal.

Also the relative toxicity of one material could be compared with another;
perhaps with the goal of selecting one that would have the least effect on
aquatic biota. Finally, the results could be used to set "allowable" or
minimal effect concentrations in bodies of water that may receive these
materials as waste.

2. Results of Toxicity Studies

a. The sexually immature minnows were exposed to concentrations
of FC206 ranging from 800 ul/1 to 2500 ul/1 (see Figure 3). At 48, 72 and
96 hours of exposure there was 100 percent death at the 2500 ul/1 concentra-
tion and no deaths at the 800 ul/1 concentration. At 24 hours of exposure
there were no deaths in the 1050 ul/1 concentration and 75 percent deaths
in the 2500 ul/1 concentration..

b. Figure 4 illustrates the change in LCgg with increasing time
of exposure. As the percent of deaths increase with time of exposure (lower
LCgps), there is a reduction in the slope of the curve between 72 and 96
hours. The reduction in the slope indicates that the 96 hour value may be
approaching the incipient LCggy (lethal threshold concentration). Therefore,
for FC206, the 96 hour L(gg is considered to be an adaquate estimation of
the incipient LCgy and can be used to set acceptable concentration limits
of FC206 for short periods of time.

c. The 96 hour LCgp for 3 week ol1d fry was 170 ul/1. "The LCsp

value for fry compared with the 1080 ul/1 value for the juvenile fish indicates
that the FC206 concentrate is approximately 6 times more toxic to the fry than
more mature forms. Thus the increased sensitivity of immature forms indicates
that the 1imits of safety using a 1/10 application factor for short term
exposure would provide just adequate protection and that a 1/20 value would

be more desirable.

E-21
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E. Comparison with AFFF's Previously Studies

1. Table 7 is a summary of the various parameters measured for

each of the AFTF products studied thus far. (4,5,13).

The greater percentage

of the ultimate BOD being measured in the first five days on the newer products
indicates a more rapid degree of biodegradability.

Table 7. Comparison of Various Parameters of AFFF's
3M - LIGHT WATER NAT'L FOAM SYSTEMS
PARAMETER FC199 FC200 FC206 AOW 3 AOW 6
pH 4.6 7.6 7.8 7.8 7:9
Specific Gravity 1.02 0.989 1.020 1.062 1.031
Hater 59% 70% 72% 72%
Diethylene Glycol )

Monobutyl Ether 39% 27% 10% 10%
coD §x1o3 550 mg/1 730 mg/} 500 mg/l 500 mg/1 350 mg/1
ToC (X103 235 mg/1 96 mg/1 130 mg/1 100 mg/1
BODy (X103) 18 mg/1 450 mg/1 411 mg/l 354 mg/1 300 mg/1
BOD5 (% BODy) . 37 2 65 45 45

— 2.

bioassays for each of the AFFF concentrates previously studied.

Table 8.

Table 8 summarizes the daily changes in LCgg's during 96-hour.

Changes in Toxicity of AFFF's to Fathead Minnows
with increase in time of exposure. '

LCgp (Concentrations in ul/1)

3M - LIGHT WATER

NAT'L FOAM SYSTEMS

FC199 FC200 F;fos AOW 3 AOW 6
24-Hour 650 * 2100 1030 635
48-Hour 588 135 1810 820 255
72-Hour 450 97 1300 630 245
96-Hour | 398 - 97 1080 600 225

~——y

*No mortality in 24 hours in one bioassay but 50% in highest

concentration (150 ul1/1) in duplicate bioassay.

E-24
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IV. CONCLUSIONS

A. No acute toxicity to activated sludge microorganims was exhibited
by FC206 up to 100,000 ul/1 of the concentrate in synthetic sewage/activated
sludge. Dilution of the concentrate for fire fighting operations s six percent
(60,000 ul/1).

B. Respiration studies indicate that acclimation of microorganisms
to concentrations up to 100,000 ul/1 could occur and would allow successful
waste treatment in oxidation ponds.

C. Bench scale - activated sludge treatment plants effectively treated
concentrations of 200 ul/1 on a continuous feed basis. Above this concentra-
tions, sludge microorganisms were not able to build rapidly. This was probably
due primarily to the physical removal of solids through foaming rather than
direct toxicity to the microorganisms. Fathead minnows and daphnia lived in
effluent from the plant being fed 500 ul/1.

D. In acute toxicity studies in which the test fish (Pimaphales
promelas) were exposed to continously replenished concentrations of FC205,

the 96 hour LCgy was 1080 ul/1 (0.11%). The 96 hour value was considered

to be an-adequage estimation of the incipient LC50 (1ethal threshold concen-
tration) and suitable for use with application factors to predict "safe levels”
for short-term exposure periods.

E. In comparing toxicities, FC206 concentrate was approximately six times
more toxic to fry than the larger juvenile Fathead minnows. Also, FC206 con-
gentrate was less toxic to Fathead minnows than previously tested fire fighting

oams, .
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V.  RECOMMENDATIONS

A. Wastewater from fire-fighting training operations should be
passed through a gravity oil separator. The waste shou'd then be held
in a pond for natural oxidation and decomposition or pumped to a secondary
sewage treatment facility at a controlled flow rate. Secondary treatment
could be provided with the domestic sewage such that the influent to the
sewage treatment plant will not contain in excess of 20 ul/1 of the FC206.
This recomnendation is based on training exercises and is not necessarily
intended for operational use.

B. Using the 96 hour LCgo of 1080 ul/1 and an application factor of
0.05, the calculated "safe level" of FC206 concentrate is 54 ul/1 for short
term exposure. For situations in which the aquatic animals will be exposed
more than 4 days, concentration of FC206 should not exceed 20 ul/1 in the

affected body of water.

E-26 {
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Biodegradability and Toxicity of Light Water, FC206 Aqueous Film Forming Foam l
Biodegradability Studies:
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APPENDIX F

SMALL SCALE AFFF/DYE DISPERSION TEST
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1. A small scale test was conducted in Dungan Basin at the
David W. Taylor Naval Ship Research and Development Center,
Annapolis Laboratory, on 3 September 1975. Released into the
basin was a mixture of 1.2 gal (4.5 &) of AFFF (3M Co. FC-206)
and 18.8 gal (71.2 &) of water drawn from the basin. The
AFFF/water mixture was dyed to a concentration of 100 ppm

(by weight) with rhodamine WT dye. The mixture was poured
overboard at 1412 hours from a small boat in the center of
the basin. Samples were pumped into collection bottles from

depths of one foot (called surface samples, S), six feet,

‘and nine feet from areas within the visible dye patch visually

estimated to be those of highest dye concentration. Samples
were analyzed for dye concentration, TC, and COD. Results of
analyses are contained in table F-1l. It was assumed that the
increase in TC above background levels was due to the presence
of AFFF.

2. Rhodamine dye concentration and TC data for samples col-
lected at the one foot (0.3 m) depth are plotted in figure
F-1l. The relationship between dye and TC demonstrates that
dye can be used to simulate the dispersion of AFFF. Although
the rate of change in AFFF and dye was different, the dilution
factors remained the same. Therefore, dilution data from an
in situ dye dispersion study can be used to develop dilution
factors applicable for predicting the decrease in AFFF con-
centration after release of a known quantity of AFFF under

similar conditions in the study area.

F-1
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Table F-1

Results of Laboratory Analyses of Water
Samples from Dungan Basin Before and

After the Addition of AFFF and Rhodamine Dye

. Depth Dye Concentration COD
Time [ (1t} (ppb) (mg/%)
Bkgd 1 <2 128
Bkad 1 <2 125
Bhod 3 <32 13
BKkgc. € <2 70
1412 - Release dye, N
1.0x10°% ’épb 2.6x10
1415 171 0.3 B.9 96
1415 6 | 1.8 B.3 80
1417 1 10.3 40.6 150
417 6 1.8 49.5 144
413 1 0.3 25,7 160
1419 6 1.8 <2 B4
1420 1 0.3 21.8 184
1420 6 1.8 <2 104
1422 1 0.3 17.8 100
1422 6 | 1.8 <2 80
1423 1 0.3 10.9 68
1423 6 1.8 <2 . 148
1424 1 | 0.3 8.5 76
424 6- 1 1.8 <2 64
1425 1 0.3 3.7 88
1425 6 1.8 <2 132
1425 ° 2.7 <2 152
1427 1 | 0.3 11.9 100
1427 6 1.8 <2 68
1427 9 | 2.7 <2 188
1430 1 0.3 2.1 64
1430} & 1.8 <2 48
1430 S 2.7 <2 96
F-2
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APPENDIX G
TENTATIVE ALLOCATION PLANS AND CONSTRUCTION
SCHEDULES FOR SHIP CHT SYSTEMS, SWOBS,

AND PIFP. SEWERS
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TABLE G-1

ACTIVITIES WHICH HAVE/PLAN TO HAVE PIERSIDE FACILITIES FOR
SHIP-TO-SHORE SEWAGE TRANSFER TOGETHER WITH FACILITY DESCRIPTION AND STATUS*

15 October 1976

- e mm w @ e W wm @ e m e wm W e W W@ e T e W M M o e W Em o @ W W Em @ w e w e e w e w e

PCR
LOCATION MCON NO. NO. DESCRIPTION STATUS
NORFOLK COMPLEX :
NAVSTA P~-807 w289D PIERS 7,12,20,21,22,23 CONST.COMPL. FACILITY OPERATING
PIER 24 UNDER CONST. UNTIL 6/78
PIER 25 : UNDER CONST. UNTIL 7/77
NAB LITTLE CREEK P-206 w1313 PIERS 56,57,58,59 CONST.COMPL. FACILITY OPERATING
NAVSTA P-911 W289%E PIERS 2,3,4,5,10 UNDER CONST. UNTIL 1/77
NSY PORTSMOUTH pP-177 W164G WHARFS 1-12,15,23-27,29-33 UNDER CONST. UNTIL 4/77
35,36,38,39,41-45
NAB LITTLE CREEK P-207 W131X PIERS 1-8,11-15,16-19 UNDER CONST. UNTIL 3/77
NSY PORTSMOUTH P-~999 W164A PIER C UNDER CONS'T. UNTIL 4/77
SAN DIEGO COMPLEX
NAVSTA P-176 W027D PIER 4 CONST.COMPL. FACILITY OPERATING
NSSF P-036 W304A PIERS 5000,5002, DEPERMING CONST.COMPL. FACILITY OPERATING
PIER
NAS NORIA P-313 WO18L WHARFS I,J,K CONST.COMPL. (MUNICIPAL CONN.
COMPL.) Lift Station Pump Prob.
NAVSTA P-179 WO027F PIERS 5,6,8 UNDER CONST. UNTIL 5/77; PIER 5
CONST.COMPL.
SMALL CRAFT BASIN CONST.COMPL.
MOLE PIER CONST.COMPL.,
PIERS 1,2,3 UNDER CONST. UNTIL 1/78
PIER 9 PLANNED EST.COMPLETION 12/78
P-191 w0323 PIER 10 PLANNED EST.COMPLETION 12/79
P-198 - - PIERS 11,12,13 PLANNED EST.COMPLETION 12/80
NSC P-022 W209K BROADWAY PIER UNDER CONST. UNTIL 12/76
P-023 W2093 FUEL PIER PT.LOMA UNDEPF CONST., UNTIL 12/77
NUC P~059 W028D PIERS 1,2 PT. LOMA PLANNED EST. COMPLETION 6/78
P-057 W028C SAN CLEMENTE ISLAND PLANNED EST. COMPLETION 7/79
MAB CORONADO P-093 w220C PIERS 3,8,13 UNDER CONST. UNTIL 12/77

*NCBC letter to CNO, 25A1:WLR:hla, Control No. 610-23, Seria 5054 of 16 November 1976, enclosure (1).
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TABLE )1 (cont.)

PCR
LOCATION MCON NO. NO. DESCRIPTION STATUS
CHARLESTON
NSC P-903 W305A PIER A UNDER CONST. UNTIL 6/77 N
NSY PIERS C,D,F,G,H,J,K,L,M UNDER CONST. UNTIL 6/77
NAVSTA PIERS N,P,Q,R,S,T,U UNDER CONST. UNTIL 6/77
NWS P-901 W119H WHARF A, PIERS B,C, UNDER CONST. UNTIL 11/76
MAYPORT
NAVSTA P~964 WO049K WHARFS B,C,D,A CONST.COMPL. FACILITY OPERATING
PEARL HARBOR COMPLEX ;
NSB P-119 W057G PIERS S1-S5,S8,S9 CONST.COMPL. (awaiting sewage
transfer hose)
NAVSTA P-991 W165G PiERS Bl1-B26, UNDER CONST. UNTIL 2/77
NSY B1-B21,GD1~GD5, UNDER CONST. UNTIL 2/77
02, MR NO. 2 UNDER CONST. UNTIL 2/77
NAVSTA P-991A W165H PIERS M1-M4, UNDER CONST. UNTIL 2/77
NSC H1-H4, UNDER CONST. UNTIL 2/77
NSB $10-S14,520,521 UNDER CONST. UNTIL 2/77
NAVSTA P-179 W165I Al-A7,S15-S19,F1-F5 UNDER CONST. UNTIL 10/77
NSC v1-v4,K3-K11 UNDER CONST. UNTIL 10/77
"NAVSTA P-179A W165J F12,Fl13 UNDER DESIGN, EST.COMPL. 7/78
NAVMAG P-1798B W165J W1-WS UNDER DESIGN, EST.COMPL. 3/79
SAN FRANCISCC
NAS ALAMEDA P-100 WOO7M PIER 3 CONST.COMPL. FACILITY OPERATING
p-133 WOO7N PIERS 1,2 CONST.COMPL. FACILITY OPERATING
NWS CONCORD pP~153 WOOBF PIER 2 PLANNED, EST.COMPLETION 6/80
NSY VALLEJO P-203 WO31lF WHARFS 2-20,24 PLANNED, EST.COMPLETION 5/78
PIERS 21-23 PLANNED, EST.COMPLETION 5/78
NSC OAKLAND P-002,3,4 WOl9F - - - - - PLANNED, EST.COMPLETION 12/79
PUGET SOUND
NTS KEYPORT P-190 W146§ WHARF UNDER CONST. UNTIL 1/77
NSY BREMERTON P-166 W144K PIERS 3-8 PLANNED, EST. COMPLETION 1/80
NSC BREMERTON pP-038 W147N FUEL PIER PLANNED, EST. COMPLETION 5/77

Il R R e e T T R R R e T U
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TABLE G-1 (cont.) *
PCR
LOCATION MCON NO. NO. DESCRIPTION STATUS

LONG BEACH

NAVSTA P-131 WO1l4F PIERS 9,11,15 CONST.COMPL.

NSY P-172 WOl51 PIERS 1,2,3,6,E CONST .COMPL.

NAVSTA P-133 W014G PIER 7 UNDER CONST. UNTIL 1/77

NWS SEAL BEACH pP-096 WO35C WHARF PLANNED, EST. COMPLETION 7/78
GROTON/NEW LONDON

NSB NEW LONDON P-157 WO040D PIEBPS 1-4,6,8-10,12,13,15,17,31 CONST.COMPL,. (awaiting sewage

transfer hose)

NUSC p-116 W332A PIER 7 PLANNED EST. COMPLETION 9/79
PENSACOLA

NAS P-999 WOS51K PIERS 302,302 CONST.COMPL. (awaiting sewage

transfer hose)

WASHINGTON D.C.

NAVSTA P~-194 w0423 PIERS 1,4 CONST.COMPL. FACILITY OPERATING
PORTSMOUTH N.H.

NSY - - - - - - PIERS 1,2,3 CONST.COMPL. FACILITY OPERATING
ADAK

NAVSTA P-834 W002I PIER 3 PLANNED, EST. COMPLETION 12/79
EARLE

NWS P-771 W190A PIERS 2,3 PLANNED, EST. COMPLETION 6/77
NEW ORLEANS

NSA P-047 W063C PIER 1 PLANNED, EST. COMPLETION 8/79
PANAMA CITY

NSCL P-999 W266B SOUTH DOCK, EAST DOCK CONST.COMPL (awaiting sewage

transfer hose)

__—-——————-—----——----—_--———--—----——-—-—-—------_—
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PCR
LOCATION MCON NO. NO. DESCRIPTION STATUS
PORT HUENEME
CBC P-332 WO23K WHARFS 2-6,A PLANNED, EST. COMPLETION 9/79
YORKTOWN
NWS P-336 W136C PIER 2 UNDER CONST. UNTIL 1/77
PHILADELPHIA
NSY P-451 w1l06D PIERS 1,2,4 UNDER CONST. UNTIL 11/76
P-443 W106B PIERS 5,6 CONST.COMPL. (awaiting sewage
transfer hose)
ROOSEVELT ROADS
NAVSTA P-997 W1llH PIERS 1,2,3 UNDER CONST. UNTIL 4/77
GUAM
NAVSTA P-094 WO64K A,B & V UNDER CONST. UNTIL 11/76
NAVSHIPREPFAC L,MN,& O UNDER CONST. UNTIL 11/76
NSD R,S5,T, & U UNDER CONST. UNTIL 11/76
NAVMAG H UNDER CONST. UNTIL 11/76
NAVSTA P-107 WO64R X PLANNED, EST. COMPLETION 12/79
PORTLAND, OR
NAVRESCTR O&MN W258C PIERSEWER AWAITING AWARD OF CONST.CONTRACT
(EST.COMPL. OF CONST. 4/77)
TACOMA, WA
NAVRESCTR O&MN W151C PIERSEWER AWAITING AWARD OF CONST.CONTRACT
(EST.COMPL. OF CONST. 4/77)
EVERETT, WA
NAVRESCTR O&MN PIERSEWER UNDER CONST. UNTIL 1/77
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TABLE G-1 (cont.)

PCR
LOCATION MCON NO. NO. DESCRIPTION STATUS
GALVESTON, TX
NAVRESCTR MCNR
P-032 W322A PIERSEWER STRUCT. #11 PLANNED, EST. COMPLETION 7/77
ST. PETERSBURG, FL
NAVRESCTR MCNR
P-241 W3294 PIERSEWER STRUCT. #6 PLANNED, EST. COMPLETION 7/77
BRONX, NY (Fort
Schyler)
NAVRESCTR MCNR
P-315 W324A PIERSEWER PLANNED, EST. COMPLETION 1/78
PERTH AMBOY
NAVRESCTR MCNR
P-346 W338A PIERSEWER PLANNED, EST. COMPLETION 12/78
PORTLAND, ME
NAVRESCTR MCNR
P-343 W340A PIERSEWER PLANNED, EST. COMPLETION 10/78
BALTIMORE, MD
NAVRESCTR MCNR
P-243 WO72A PIERSEWER PLANNED, EST. COMPLETION 10/77
JACKSONVILLE, FL
NO PIERSEWER PLANNED
BOSTON, MA
NO PIERSEWER PLANNED
NEWPORT, RI (NETC)
NAVSTA p-208 W116N PIERSEWER PLANNED

--.—-—----—---—--——----—_-——---——--—-———--.
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TABLE G-1 (cont.)

PCR
LOCATION MCON NO. NO. DESCRIPTION STATUS »
GREAT LAKES, IL
NO PIERSEWER PLANNED
YOKOSUKA, JAPAN

LA MADDALENA, IT

HOLY LOCH, SC

ROTA, SPAIN

e E wm am am o e -

BAHRAIN

BROOKLYN, NY (Floyd
Bennett Field)
NAVRESCTR
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TABLE G-2
SHIPS WASTE OFFLOAD BARGE (SWOB) ALLOCATION PLAN AND DELIVERY SCHEDULE* !
FY74 PROCUREMENT FY75 PROCUREMENT FY76 PROCUREMENT TOTAL
(OIL) (OIL) (OIL & SEWAGE) ALLOCATED
TO BE ALLOCATED} ALLOCATED]
ALLOCATED| DELIVERED| ALLOCATED| DELIVERED{ DELIVERED (OIL) {(SEWAGE) | OIL| SEWAGE

NAVSHIPYD Portsmouth 0 0 0 0 1 0 0 1 0
WPNSTA Earle 0 0 2 0 1 (Note 1) 1 0 2 0
NAVSHIPYD Phildadelphia 0 0 0 0 0 2 0 2 0
WPNSTA Yorktown 1 1 0 0 0 0 0 1 0
NAVSTA Norfolk 3 3 3 3 0 0 2 6 2
NAVPHIBASE Little Creek 1 1 1 1 0 0 1 2 1
NAVSHIPYD Norfolk 1 1 ) 0 0 1 0 2 0
NAVSTA Charleston 2 2 0 0 0 1 0 3 0
NAVSHIPYD Charleston 0 0 0 0 0 0 1 0 1
NAVSHIPYD Puget Sound 2 2 3 3 0 0 0 5 0
NAVSHIPYD Mare Island 1 1 0 0 0 0 0 1 0
NAVFUELDEP Point Molate 0 0 1 0 1-Jan '77 0 1 1 1
NSC Oakland 1 1 0 0 0 0 0 1 0
NAVSHIPYD long Beach 2 2 0 0 0 0 1 2 1
NAVSTA San Diego 3 3 0 0 0 0 2 3 2
NAS North Island 2 2 0 0 0 0 0 2 0
NAVSHIPYD Pearl Harbor 1 1 0 0 0 0 0 1 0
NAVSTA Pearl Harbor 2 2 1 0 1(Note 2) 0 3 3 3
NAVSTA Guam 0 0 1 0 1 (Note 2) 0 1 1 1
NAVSTA Subic Bay 0 0 1 0 1 (Note 2) 0 0 1 0
FLEACT Yokosuka 0 0 2 0 2 (Note 3) 0 0 2 0
NAVSTA Rota 0 0 1 0 1 (Note 4) 0 1 1 1
NAVSUPPO La Maddalena 0 0 1 0 1 (Note 4) 0 0 1 0
NAVSTA Roosevelt Roads 0 0 2 0 2=-Jan '77 0 0 2 0
NAVSTA Guantanamo Bay 0 0 1 0 1-Jan '77 0 0 1 0
TOTALS 22 22 20 7 13 5 13 47 13

*Information provided by Naval Facilities Engineering Command (NAVFAC 104), 10 January 1977.

Notes: 1.

to final destination.

of opportunity to final destinations.

tow of opportunity to final destinations.

tow of opportunity to final destinations.

One barge delivered by contractor stored at NAVSHIPYD Puget Sound to be delivered by contracton
Three barges delivered by contractor in July 1976 to NAVSHIPYD Long Beach to await a Navy tow
Two barges delivered by contractor in September 1976 to NAVSHIPYD Long Beach to await a Navy

Three barges delivered by contractor in July 1976 to INACTSHIPPAC Portsmouth to await a Navy
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NAVAL RESEARCH LABORATORY
WASHINGTON, D.C. 20375 IN REPLY REFER TO:

S
AN el
% \}; I/ w7
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I, ‘,\, z,

Tw t %\;\\Xn‘l(r? H

%\"-\ﬁé}%i\j‘??'f 6180"525:HBP:913
R RIS Prob. No. 61C05-19D

V9 et

From: Commanding Officer, Naval Research Laboratory
Washington, D. C. 20375

To : Commander, Aeronautical Systems Division (ASD/AEG)
Wright Patterson Air Force Base, Ohio 45433
Subj: R&D Final Report on DOD-AGFSRS-76-10 (MIRP FY 7615-76- )

05064) Improved Environmental Impact Properties for
AFFF Materials; forwarding of

Encl: (1) Two copies of subject report

1. Enclosure (1) is forwarded herewith for your information
and retention.

Distribution Authorized to US Government Agencies and their Confractors Only;
All other requests shall be forwarded to: Commanding Officer Naval Research Laboratory, Wash. DC.
THIS INFORMATION HAS NOT BEEN APPROVED FOR PUBLIC RELEASE.
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6180-525A:HBP:pi]
21 October 1976

Subj: R&D Final Report on DOD-AGFSRS-76-~10 (MIPR FY 7615-76-05063)
Improved Environmental Impact Properties for AFFF Materials

Encl: (1) Work Statement from NRL Contract N00173-76-C-0295
{2) NSRDC/A ltr 2853:AMM 3160 dated 16 July 1976

1. A contract was signed, effective 29 June 1976, with the Ansul
Co. to perform experimental work pertaining to the environmental
characteristics of AFFF formulations and components thereof. A
detailed statement covering the program is given in enclosure (1).
A copy of Ansul's final report will be forwarded upon receipt at
NRL. This is scheduled for Decemper 1976.

2. Under separate contract with DTNSRDC/Annapolis, studies were
completed on the recently gqualified AFFF concentrate made by -the
Ansul Co. These results are given in enclosure (2).

3. This is a final report on the subject corntiact. The remaining
work to be done at NRL after completion of the Ansul contract will

be carried out under the sponsorship of the Air Force Civil Engineering
Center.

o

o1

‘\-‘{-’/,/“«.

L

[}
Henry B. Peterson

Head - Fire Suppression Section
Chemical Dynamics Branch

Code 6180 - Chemistry Division

Encl (1) to NRL ltr
6180~525:HBP:pi]j
NRL Prob C05~19D

Distribution Authorized to US Government Agencies and their Confractors Only;
All other requests shall be forwarded to: Commanding Officer Naval Research Laboratory, Wash. DC.
THIS INFORMATION HAS NOT BEEN APPROVED FOR PUBLIC RELEASE.
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Enclosure (1)

NOOL73~-76-C-0235
Page 7 of 19

SECTION F — DESCRIPTION/SPECIFICITIONS

F-1.
a)
b)
c)
1.2
a)

CONTRACTOR'S PROPOSAL

PROPOSAL OBJECTIVE

O
il

The purpose of this work is to explore the development
exper imental AFFF formulations that would exhibit reducs
impact on the environment while retaining certin fire sur
pression characteristics. In particular it is proposed to
examine the effect of the AFFF formulation components on the
biological oxygen demand of thé concentrate. 1In light of
results previously obtained with available concentrates, fish
toxicity is not considered to be a problem and thersfore will
not be investigated.

.,

(]1(

It is furthermore proposed that the requirements of the MIL—F-
24385 Amerdment 8 and the proposed revision thereto will not
apply to the present investigation. 'There will in all
probability be a trade off between biological impact and
physiochemical characteristics. Fire performance and corrosion
characteristics are of primary importance whereas refractive
index, pH, viscosity, foam expansion ratio, and surface
interfacial tension are of lesser imgortance. '

The generally accepted method for determinirg proportionsd or
premixed solution composition is to measure the refractive
irdex of the solution., In order to get acceptable accuracy ard
precision with field type refractometers, solvent lsvels of
15-20% are currently used in cammercial products. It is
assured that these levels are deleterious from a biological
aspect. Some effort will be experded in evaluating alternate
analytical techniques for the measurement of AFFF solution
concentration,

PROGRAM STEPS

Raw Material BODQO .

Twenty day BOD studies will be corducted on typical
fluorocarbon surfactants, hydrocarbon surfactants ang solvents.
The purpose will be to determine the effect of chemical
composition on BODyg.

Encl (1) to NRL LTR RPT
bw]

6180~525A: KB :pi
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SECTION F — (Cont'd)

b} BODocDesign Experiment

Investigate the effect of carponent concentration ard type on
BODp. Candidate formulations will be selected based con this
investigation.

c) Formulation Design Experiment

Formulations will be selected based on the BODyg investigation
and screened for fire perforrance and physiochemical
properties. This will incluée corrosion characteristics,
concentrate stability in addition to fire performance.

d) Analytical Methods Evaluation

An investigation of alternats analytical methods for
determining solution conceéntration will be conducted to
determine if a simple methcd for use in the field is feasible,

STATEMENT OF WOZX (NRL's)

ENVIRONMENTALLY IMPROVED

AQUEQUS FILM FOXMING FOAM
(AFEF)

F-2. INTRODUCTION

The present formulations with respect to fire suppression are
highly effective. However,| improvements are desired in th
environmental area; i.e., development of campositicns that have

a reduced impact on the environment without loss of Zire
suppression effectiveness.

2.1 TECHNICAL TASKS
a) The Contractor shall explore the development of expsrimental

AFFF formulations that would exhibit a reduced impact on the
environment while retaining Zire effectiveness.

b) The proposed study will examine the effect of AFFF formulation
components on the biological oxygen demand (BOD), chemical
oxygen demand (OOD), biodegradability, toxicity towszd sewage
bacteria; fish toxicity, effzct of compcnent concentration on
selected environmental/biolozical parameters, formulation
design experiments, and analytical methods evaluaticn.

US00000125
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SECTION F —~ (Cont'd)

2.1.1 ~  TASK I - Raw Material BODy and COD

Twenty—-day BOD studies shall be conducted on typical
fluorocarbon surfactants, hydrocarbon surfactants and solvents.
The purpose will be to determine the effect of chemical
composition on BODyg. Chemical oxygen demard (COD)
measurements, toxicity toward sewage bacteria, and fish
toxicity (kill fish) will also be made on the above materials.

2.1.2 TASK II — Biodegradability and BODoq Design Experiment

Investigate the effect of camponent concentration on
biodegradability and BOD)p. Candidate formulations will be
selected based on this investigation.

2.1.3 TASK III ~ Formulation Design Experiment

Formulations shall be selected based on the BODyqg
biodegradability investigation and screened for fire
performance and physiochemical properties. This will include
corrosion characteristics, concentrate stability in addition to
fire performance.

In the event that a more highly concentrated material'(to be
used in less than a 6% solution) is desired, all environmental
properties shall be adjusted to a 6% datum base.

2.1.4 TASK IV ~- Analytical Methods Evaluation

An investigation of alternate analytical methods for
ztermining solution concentration shall be conducted to
determine if a simple method for use in the field is feasible,

3. PCREFORMANCE FIRE MEASUREN’:J\*I’S
3.1 Compare fire performance of the new formulation with that of

formalation currently manufactured and employed in the field -
by the same test methods. Fire performance test procedures
shall conform to Paragraph 4.7, Mil-F-24385 (NAVY) Amendment 8,
as applicable.
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SECTION F — (Cont'd)
4, RECORDS

4.1 Processing, formulatloﬁs, method of preparation, acging,
stabilization, and other pertinent parameters shall be
maintained so that your process and materials can be later
accurately duplicated, so that future programs may be
coordinated or compared to the results and conclusions of your
current study. These records shall be available for perusal by
NRL Scientific Officer for a period of 1 year following
completion of the work.

5. . DELIVERABLES

5.1 - 1. The contractor shall provide NRL a final summary report on
all tasks and sub-tasks of this study. It shall consist of
summar ies of all studies and experiments along with theoretical
or experimental based conclusions or recomrendations. ;

2. 100 gallons of experimental concentrate of the final
selected formulation. ,

SECTION G - PRESERVATION/PACKAGING AND PACKING

1  Material shall be crated in accordance with best domestic commercial
practices to assure safe delivery to the Naval Research Laboratory.

2 Marking: Receilving Officer, Naval Reaearch Laboratory, Washington,
D. C., 20375, Contract Number NOO173-76-C-0295.

3 The Contractor shall mark all shipments under this contract in
accordance with tne edition of MIL-STD-129 'Marking for Shipments
and Storage", in effect on the date of the contract,

4 The Contractor shall comply with FED STD 313 (Symbols for Packages
and Contalners for Hazardous Industrial Chemical and Materials) to
the extent applicable. : .
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DEPARTMENT OF THE NAVY ANNEPGLIS LABORATORY

NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER ARHAPCLIS, MD 21402
CARDZROCK LABORATORY
HEADQUARTERS BETHZSDA, MD 20034
BETHESDA, MARYLAND 23034 IN 2ZPLY REFER TO:
2833:AMM
3159

18 JUL 1878
From: Commander, David ¥. Taylor Naval Ship R&D Center
To: Director, Naval Research Laboratory, Code 6180

Subj: Ansul, AFFF, Ansul Co., Marinette, Yisconsin 54143, 6% concantrate,
DOT Formulation No. A-71108, Bioassay of

Ref: (a) Work Request No. NOO173-76-4R-60166

Enci: (1) Report TM-23-76-29, "DTNSROC Standard Static Marines Bic2ssay
Procedure for Shipboard Chemicais”

1. In compliance with reference (a), 1istad below are the results of the
bioassay tests of Ansul:

A. Fundulus sp. LC5g = 4,287 ppm in 96 hrs
Kiliifish
B. Artemia salina LCs0 = 3,937 ppm in 72 hrs

Brine Shrimp

C. Pseydomenas nigrifaciens Bactericidal = 50,000 ppm in 85 hrs

Bacterial Species Bacteriostatic = 40,000 ppm in €5 nrs

D. Thelassiorira pseudonana LC = <4000 ppm in 96 hrs

2. The results of the Biochemical Oxidation Demand (BOD) and the Chemical
Oxidation Demand (COD) tests along with a comparison of the BOD test in
saline and non-saline waters are listed on page 2. These tests were

performed by Code 2850 according to the 13th Edition, 1971 of "Standard

Methods for tha Examination of Water and Waste-Water.”

Encl (2) to NRL LTR RPT
6180-525A:HBP:pi‘i
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2853 : 0%
3160

Subj: Ansul, AFFF, Ansul Co., Marinette, YWisconsin 54143, 6% concentrate,
DOT Formulation No. A-71108, Biocassay of

RESULTS OF BIOCHEMICAL OXYGEM DEMAND (BOD)
AND
CHEMICAL OXIDATION DEMAND (COZ) STUDY OF ANSUL

TEST BOD (mg./1.)
DURATION
(DAYS) DILUTION With NaCl Without NaCl
5 . 1:30,000 1.8 5.4 X 104 1.4 4.2 ¥ 10%
1:100,000 1.2 1.2 X 10° 0.9 0.9 % 104
10 1:30,000 1.4 4.2 X 10 oxygen depleted
1:100,000 1.9 1.9 ¥ 10° 1.3 4.3 % 105

COD = 4.09 X 10% mg./1.

3. The results of the "In Vivo" tests indicate that Ansul has a relatively
Tow level of toxicity and the BOD and COD test results indicate 2 reason-
ably high Tevel of biodegradability. A

Copy to:
NAVSEC (SEC 6101)
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CANDIDATE ENVIRONMENTAL

IMPACT STATEMENT

DISCHARGING AQUEOUS FILM FORMING FOAM (AFFF)

TO }LARBOR WATERS DURING TESIS OF

MACHINERY SPACE FIRE-FIGHTING FOAM SYSTEMS

ABOARD U.S. BAVY SHIPS

JANUARY 197@
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. DEPARTMENT OF THE NAVY ,‘ """" ‘ ANNAPOLIS LABORATORY
NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER - ANNAPOLIS, MD 21402 :
- . CARDEROCK LABORATORY
HEADQUARTERS BETHESDA, MD 20034
BETHESDA, MARYLAND 20034 IN REPLY REFER TO:
‘ : 286:CSA
9593

2863-515
150CT 1a7¢

From: Commander, David W. Taylor Naval Ship R&D Center
To: Commander, Naval Ship Engineering Center (SEC 6159)

Subj: Candidate Environmental Impact Statement (Draft) on Dis~-
charging Firefighting System Aquecus Film Forming Foam
(AFFF) into Harbors; Status and Synopsis of

Ref: (a) DTNSRDC RDT&E Work Unlt Summary 2863-514, AFFF Harbor i
Dispersion Study, of 1 June 1975 :

1. Preparation of a draft Candidate Environmental Impact State- [:]
ment (CEIS) on the discharge of AFFF from naval ships testlng «
their machinery space firefighting foam generating systems in
port (the proposed action) will be completed by 30 October 1976.
Difficulties obtaining adequate information for the preparation
of the CEIS have been encountered. These include the lack of
information on components of 3M Company FC206 AFFF concentrate
(which is proprietary), the unavailability of data on the quan-
tities of AFFF generated both aboard ships:during system testing
and in each port facility and the frequency of such generation,
the wide variation in the environmental conditions at naval port
facilities which makes generalization of existing site character-
istics very difficult, and the limited data available for pre-
dicting the rates of dispersion and assimilation of AFFF dis-
charges into the harbors. :

2. The azbove problems have been solved on the basis of 1nforma~

tion obtained fromihe sources listed below, and of the stated
assumptlons.

a. As stated, the 3M Company has not provided any useful
information about the components of FC206. However, estimates
of compos1tlon have been made by the U. S. Air Force,and results
of various tests indicate that FC206 is nearly 100% blodegradable.
Waste streams containing FC206 have also been successfully treated
by conventional activated sludge techniques in concentrations of
200 to 1000 mg/l with sewage although foamlng problems were not
considered.

b. The guantities of AFFF that could be generated in Navy
ports were estimated on the basis of operatlonal experience of
the Fire: Flghtlng Assistance Team (FFAT), known equipment charac-
terlstlcs, and ship location information. The numbers and types
of ships in each Navy homeport were listed. <Using the number of
AFFF machinery. space systems aboard each shlb and the conclu51on
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that one-sixth of all system tests are conducted in port, the
quantity of AFFF that could be generated per year for each port
"was calculated. Twelve Navy ports discharge 90% of the potential
yearly total (the remaining ports discharge less than 30 gallons
of AFFF concentrate per year) .

c. The U. S. Navy Hydrographic Office  (now NAVOCEANO) from
1959 through 1963 conducted studies of the relative flushing capa-
- bilities of eighteen harbors. Nine of these harbors are included
in the 12 Navy ports with the highest potential AFFF discharge
volume. It was possible to construct hypothetical examples of
the worst case AFFF discharge for 9 poxis and predict the rate of
decrease of AFFF concentrationin the discharge area based upon
existing data. (Use of these data reduced the estlmated project
cost from $125K to $60K.)

3. Alternatives to the proposed action were investigated. These
included utilization of an alternative nontoxic concentrate for
tests; revising or refining test procedures to reduce the volume
of discharge; rescheduling tests for- discharge to pierside sewers,
collection barges or open sea; performing tests with AFFF discharge
contained as part of a closed system; redesigning shipboard main-
tenance plars to eliminate flow test; and enhancement of system
component reliability to eliminate requirements for flow test.

The alternatives as well as the proposed action were evaluated to
determine the operatlonally and environmentally most acceptable
alternatives.

4, A CEIS does not give specific conclusions or recommendations
concerning a proposed action. It details the effects on the
human environment of an action and of its alternatives. 1In a
draft statement, an alternative may be favored. Also discussed
are considerations that offset the adverse env1ronmental effects
of the proposed action.

wor

-

5. The content of the CEIS can be summarized as follows. The
preferred approach in the statement in preparation is continuation
of current practice: discharging minimum quantities of AFFF into
the waters of those harbors where collection and treatment or dis-
posal of test effluent is not now practiced. Procedures are now
available and are often used that both minimize the quantity of
effluent generated and eliminate foaming of the discharge. Some
Navy port facilities, on their own initiative, are evaluating pro-
cedures for collecting AFFF discharges in shipboard wastewater
collection, holding and transfer (CHT) systems for transfer to
pierside sanitary sewers or waste collection barges. A recommended
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minor modification of test procedures and effluent collection
equipment, if coinciding with the Ship-to-Shore Sewage Transfer
'Program, could potentially eliminate AFFF discharges to harbor
waters in major ports by calendar year 1981.

H H g’ﬁ”f?ﬂmm“mW ' :
.EE}’ _ﬁ?:w@?@iﬁ@w

. Copy to:
NAVSEA (SEA 0492P)

e
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s FOR OFFICIAL USE ONLY
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CANDIDATE ENVIRONMENTAL

IMPACT STATEMENT
DISCHARGING AQUEOUS FILM FORMING FOAM (AFFF)
' TO HARBOR WATERS DURING TESTS Or

MACHINERY SPACE FIRE-FIGHTING FOAM SYSTEMS

ABOARD U.S. NAVY SHIPS

January 1979

-

Prepared by the David W. Taylor Naval Ship Research and

Development Center for the Naval Sea Systems Command in
accordance with OPNAVINST 6240.3D in compliance with Section

102(2) (c) of the National Environmental Policy Act of 1969

FOR OFFICIAL USE ONLY
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LIST OF APPENDICES

NAVSEA message 1915238 Feb 1975, AFFF Testing

(unclassified)

Comparisons of the Various Parameters of AFFF's

FP-180 Water Motor Proportioner

AFFF System Test and Waste Disposal Procedures

Biodegradability and Toxicity of FC-206
Small Scale AFFF/Dye Dispersion Test
Tentative Allocation Plans and Construction

Schedules for Ship CHT Systems, SWOB's, and

Pier Sewers

ii
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AFFF

ASAP

Av@Bas
BOD
BODS

BOD

DO
FC-200
FC-206
FFAT

Fpr-180

ft
FWPCA
g

gal

gpm
HCFF

LIST OF ABBREVIATIONS AND SYMBOLS:
aqueous film forming foam
as soon as possible
aviation gagoline
biochemical oxygen demand
five-day biochemi§a1 oxygeh demand
ultimate biochemical oxygen demand
degree Celsius
candidate environmentél impacﬁ statement
collection, holding and transfer (tanks aboard ship)
cubic centimetre
Chief of !Maval Material
chemical oxvgen deménd
dissolved oxygen
tyvpe of "Light water" AFFF, 3M Company
type of "Light water" AFFF, 3M Company
fire-fighting assistance team
water motor proportioner for mixing fire fighting
foam concentrate with sea water
foot
Federal Water Pollution Control Act
gram

gallon

- gallon per ninute

high capacity fog foam

iii
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Jp-4 - Navy aircraft fuel

JP=-5 - Navy aircraft fuel
2 - litre
LCsgy - concentration of a toxic substance that will

kill 50 percent of test organisms within a

specified time period

/s - litre per second

m - metre

m? - cubic metre

mg - milligram

mg/% - milligram per litre

NAVFAC - Naval Facilities Engineering Command

NAVFACWESTDIV Naval Facilities Engineering Command, Western

Division
NAVOCHEANO - Naval Oceanographic Office
NAVSTA - Naval Sea Systems Command
NAVSFEC - Naval Ship Engineering Center
NCBC - Naval Constructiog Battalion Center
NFPA - National fire Protection Association
NPDES - National Pollution Discharge Elimination System
NRL - Naval Research Laboratory
NSC - Naval Safety Center, Norfolk, Virginia
PH . - negative logarithm of the hydrogen ion concent;ation
PKP . - potassium bicarbonate powder
PMS - preventive maintenance schedule

iv
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ppb
ppm
SHIPALT
SWOB

TC

TDS

TSS

M

uL/L

part per billion (1 x 1079)

part per million (1 x 1076)

ship alteration

ship waste off-load barge

total carbon

total dissolved solids

total suspended solids

Minnesota Mining and Manufacturing Company

microlitres per litre
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CEIS PREPARATION COST. ESTIMATES

The following estimate of preparation costs for this

‘.dOCument'against.the-catagories«identified below are listed

iﬂ.aécardanép with OPNAVINST 6240.3D, paragraph 4302b.

1. Salaries of military and civilian personnel.

$30K.
S 2.
3.‘

4.
$22.3K
5.

6.’
7.v

-~

Associated travel costs. None.

‘Directly associated research costs. $4.4K.

Contract and consultant costs directly related.

Indirect but related costs. $1.3K.
Administrative costs. S2K.

Costs of public hearings. None.

vi
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SECTION 1
SUMMARY
1. This is a Candidate Environmental Impact Statement (CEIS).

Y2, Title: Discharging Aqueous Film Forming Foam (2AFFF) to

Harbor Waters During Tests of Machinery Space
Fire-Tighting Foam Systems Aboard U.S. Navy Ships.
Action: Administrative.

3. Action Description: Regular in situ testing of AFFF fire-

fighting systems aboard ship is imperative in the interest of
personnel safety and material protection. Each test of a
machinery space system generates approximately 90 gal (0.34 m?)
of AFFF at a concentration of 3.5 to 6 percent in sea water.
Confainment and disposal of AFFF test mixtures is difficult
due to design configuration, foaming, or the unavailability of
containment vessels. Therefore, AFFF is discharged overboard
as it is produced.

a. All AFFF fire-fichting eguipment that is newly installed,
repaired, altered or converted from protein foam by an industrial
activity is tested to insure proper operation and required output.

b, All AFFF fire-fighting equipment is tested on a six-

month PMS.

Location: AFFF fire-fighting equipment is tested aboard

naval ships located in 33 ports in the continental United States
and Hawaii and in 6 naval shipyards servicing surface ships.
Approximately 90 percent of the AFFF discharged is produced at

naval installations in the following 10 locations. .

1-1
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San Diego, California

Norfolk (Naval Base), Virginia

Charleston, South Carolina Q-
Honolulu (Pearl Harbor), Hawaii - ‘
Philadelphia, Pennsylvania i
Mayport, Florida : ‘ .
Norfolk (Little Creek Amphibious Base), Virginia |

Long Beach, California

Bremerton (Puget Sound), Washington

Alameda, California

4., Environmental Impact:

a. Air - no impact.
P b. Navigable waters.
| (1) Physical, chemical, biological.

(a) Discharge into harbors with inadequate natural
mixing may result in localized areas of chemicals concentration -
initial diiution and dispersion rapidly reduce chemicals concen-
tration.

(b) Chemicals interaction with other contaminants
already in the harbor is unknown -~ the possible effects of
AFFF are reduced by discharging limited quantities and by rapid

dilution.

(c) Certain concentrations of AFFF are toxic to
marine organisms - the toxicity of AFFF has been determined,

and the concentration of AFFF in harbor waters after discharge

ﬂn&is well below acute toxic levels.

1-2
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COD of AFFF are nearly‘équal} indicating that the substance

is nearly lOd%Vbiodegradable.

(d) The BODTof AFFF is very highquihe BOD andg

-c. Sociceconomic - Port areas are no;ﬁélly associated with
indusfrial'aétivity‘and‘are not used for commercialffiéhihg or
recreation. The diquarge of limited quantiﬁies of‘AFfF;will
have no socioeconomic afféct'oﬁ the port area. | o

d. Aesthetic - Testing with the recommended non-foaming
nozzles will eliminate unsightiy foam on the Qater»surface
preViously associated with AFFF discharges.

5. Alternatives:

a. Test with substitute concentraté material.

b. Redefine test procedures to reduce discharge volume.

c. Adjugt’test schedulés for diScharée only-when collection,
treatment, and dispésai facilities are,available.‘

d. Perform tests with discharge contained asipart of a

closed system.

e. Eliminate shipboard flow test by redésigning maintenance

plan.
- £. Eliminate shipboard flow test by enhancing system com-
ponent performance reliability. |

g. Preferred Approach - Discharge minimum quantities of AFFF

into harbors where collection and treatment or alternate disposal

of test effluent is not now practiced. Graddally eliminate dis-

charge by utilizing collection, tfeatment, and disposal facilities

now being constructg@gaé@they become available for service.

S 1=3
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6. Environmental Significance

a. This statement concludes that the impact of the

R proposed action on the environment will not be environmentally'

- significant. Given the low volumes of AFFF discharged, the

infrequency of the discharge, and the rapid dilution that
takes place in the receiving‘wate:,'thé,proposéd action
should not be environmentally éontr6Versial when considered

with the cri}icality of the fire protection function aboard

A
?

ship. The e Vironmental impact will be further reduced as

adequate fadilities for collection, treatment, and disposal

df,AFFF testi effluents become available'forAservice;

S
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SECTION 2
INTRODUCTION

1. Project Description

Proposed Action: Discharge Agqueocus Film Forming Foam

(AFFF) to Harbor Waters During Tests of Machinery Space Fire-
Fighting Foam Generation Systems Abcard v.s. Navy Ships.

a. Each surface ship of the Navy is gquipped with a fire-
fighting system with a capacity and state-of-readiness to
combat and extinguish fires within the range of severity which
could occur as a result of normal day-to-day operations or
offensive or defensive combat incidents.

b. Criticality of the fire protection functior dictates
that equipment and fire-fighting crews be exercised on a regular
basis as part of the maintenance program. A naval message from
Commander, NAVSEA 0945D, appendix A, requires, "All AFFF fire-
fighting ecuipment that is newly installed, repaired, altered
or converted from protein foam by an industrial activity shall
be tested to insure proper operation and required output.”

The message states that the following procedures be observed
when testing AFFF hoses.

(1) The minimum acceptable concentration of AFFF in
the output mixture of the system is 3.5 percent.

(2) The foam should be generated for éae minute before
sampling. After the sample has been taken, the system should

be secured ASAP to avoid excessive use of AFFF concentrate.

2-1
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(3) If the only work done on a system was on the foam
generator (proportioner or pump), then only one hose shall be
tested with AFFF to verify foam generator performance. One
and one-half inch variable flow nozzles shall be tested at
95 gpm (6 %/s) in machinery spaces and 125 gpm (7.9 £/s8) in
hangar bays or flight decks. Two and one-half inch variable
flow nozzles should be tested at 250 gpm (15.8 &/s).

(4) The above requirements apply, and the systems
shall be tested and certified in port prior to ship trial runs,
for testing of the machinery space AFFF fire-fighting system
aboard active ships and new construction.

¢. Critical areas of greatest fire potential (such as
f:;chinery spaces, hangar and flight decks, weapons elevators,
and helicopter landing areas) are protected by fire-fighting
foam generation equipment that employ AFFF as the extinguishing
agent.

2. Background

a. Many fire-fighting formulatiphs have been evaluated

for efficiency and safety. Because oil floats on water, the
application of water on an o0il fire could spread the flaming
oil, but by generating and applying a foam, an oil fire could
be extinguished by smothering the flames. A protein-based
"mechanical foa&" was developed that, when mixed with water and
air, would spread over the surface of an o0il fire and prevent
the vapors from escaping, mixing with air and burning. However,

protein foam has the disadvantage of being fragile. If the foam

2-2
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blanket is disturbed and broken, volatile vapors could escape
and a flashback could occur. 1In a congested machinery space,
it is likely that with the movement of firefighters and their
equipment, this could occur.'®

b. AFFF was developed in the mid-1960's. It has the
advantage of producing a more rugged vapor sealing blanket
than protein foam. It can be vigorously.sprayed on a fire and
a vapor barrier would remain intéct in foof traffic. The
active ingredient in AFFF is fluorocarbon surfactant. Fluoro-
carbon surfactants function as effective vépor securing agents
based upon their outstanding effect in reducing the surface
tension of water and of their controllable oleophobic and
hydrophilic properties, and on their chemical stability. Thus,
the physical properties of water can be controlled so that it
can foam, float, spread across and remain on the surface of
a hydrocarbon fuel evén though water itself is denser than
the fuel. The term "light water" was based upon those proper-
ties. "Light water" appeared in several early military speci-
fications defining the properties of this class of agents. The
NFPA later adopted the term "agueous film forming foam" to
refer to fluorocarbon surfactant-based fire-fighting agents.

The term "light water" has become associated with the fire-

fighting products of the 3M Company.!

lsuperscripts refer to similarly numbered entries in Section 10,

References.
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- c. - To improve shipboard protection against fires, the
Navy is converting all protein foam generating fire-fighting
equipment aboard ship to AFFF.? The AFFF concentrate speci- |
fied for use in testing fire~fighting systems must conform
to MIL-F-24385 (Military Specification Fire Extinguishing
Aéent, Agueous Film Forming Foam (AFFF) Liquid Concentrate,
Six Percent, for Fresh and Sea Water, Amendment 2, 25 June
1970) . Approved AFFF concentrate (Light Watefg)FC~206, manu-
factured by 3M Company) is obtained from the Federal Supply
under NSN-9C-4210-~00-087-4742 for 5 gal (19 &) containers
and NSN-9C-4210-00-087-4750 for 50 gal (190 &) drums.

d. A common type of AFFF currently used aboard naval

(,\ships is Light Water FC-200 manufactured by 3M Company. The
stocks of FC-200 are gradually being replaced by FC-206.
A comparison of various parameters of AFFF's are contained
in appendix B. The constituents of the AFFF formulas are
trade secrets and have not been disclosed to the Navy.

e. By design, the fire~fighting mixture should consist
of 94% firemain water and 6% AFFF concentrate. However,
acceptance test criteria allow for a mixture to contain, as
a minimum, 3 1/2% AFFF concentrate. Considering the test
use of a 1 1/2 inch nozzle at 90 gpm (5.7 2/s), an output of
from 3.15 gal (11.9 &) to 5.4 gal (20.4 2) of the AFFF concen-
trate could be discharged overboard during each minute of the

test. Since the ship would not be moving at the time of

P
- G§Light Water - Registered Trademark, 3M Company.

2-4
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- further.

.'effluent discharge, its dispefsion(weuld be totally'dependeht
©  upon the*initiel dilution of the discharge and diffusion due

';to local tldal movements, current flow, etc.

'f. The foam proportioning equipment lnstalled aboard

"Navy ships for machinery space fire control in most cases is

the Fé—lSO.foam proportioner. A description of the FP-180
and a diagram of a éypical permenent'installetioﬁ\in eontained
in appehdix C.

. g. . The FP-1000 foam proportioner and the AFFF Two Speed

Injection Pump are often installed in ship hanger bays and

on flight decks. These highflow systems are not installed

'~ in machinery spaces and will not be tested in port (see

- section 3.a.(2)). Therefore, they will not be discussed

-

3. 8Site Characteristics

a. Obligatory in-port testing of AFFF fire-fighting systems

" is required after work on the system and during regular PMS

-testing:

(1) The message in appendlx A states, "All AFFF fire-
flghtlng equipment that is newly installed, repaired, altered
or converted from protein foam by an industrial activity shall
be tested to insure proper operation and required output.“

For the purpose of this statement un "industrial activity" is

~defined as avfacility at which-the_construction;fcenversion;

or repair of ships is accomplished-v Most industrial act1v1ty
aboard Navy surface ships is done at the six naval shlpyards

listed be}ow.‘ 2_5'
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City State

_ B Ac£ivi£x

‘Naval Shipyard: Philadélphia"  Philadelphia, PA
. Naval Shipyard: Norfolk B Portsmouth, VA
'_N?vai Shipyard: Charleston = . Charleston; SC
VNavaliShipyard: Long Beach _ Long Beach, CA
' Naval éhipyafd: Puget Sound Bremerton, WA |
;Navai_Shipyard: \bearliﬂatbor Honolulu;lﬁi_

| (2) All AFFF fire-fighting equipment is alsd\tested"
on a six-month PMS. For the purposevof this,CEIS, it is
assumed tha£ regular PMS testing of non-machinery room
AFFF system can be delayed until the earliest opportunity

when a ship is underway in unrestricted waters. AFFF generated

by these system tests can then be discharged difectly o?er—
“board. However, the criticality of machinery room AFFF systems.

for personnel safety and material protection makes it imper- -

ative that these systems be tested at regular intervals'

- (according to ship PMS) even though a ship may be in port.

AFFF generatéd during in-port PMS testing is discharged over-

board. Generation rates are based upon unclassified informa-

tion about U.S. Navy commissioned surface ship inventories on

3 .
a homport basis. The relative locations of U.S. Navy home-
ports are shown in figure 2-1. Estimates of the guantity of
AFFF discharged overboard in each lvavy port are given in

table 4-4. The ports are ranked based upon the estimated v

;quantity of AFFF discharged during in-port testing;_ Estimates

of‘newly installed, repaired, éltered or converted~AFEF systems

-
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are added onto port totals for PMS testing only'when‘alterna-

tives to direct discharge disposal procedures are not practiced -

(see table 4-2). Apprdximately’gbvpercent of the AFFF dis- -
'charged is generatedvinrthe ten ports listed in table_2-1.

The annual discharges in each of the remalnlng ports are estl-
mated at less than 32 gal (0.12 m ) of AFFF concentrate per
year. These quantities can be considered negllglble,'

N Table 2-1

Summary of Estimated Volumes of AFFF

Dlgcharged Overboard in Navy Ports Per Year
Durlng Telsting of Machinery Space Fire-Fighting Systems

. Concentrate
: o , 6% AFFF v AFFF, -
Port Location - ' gal.(mS) |} gal (m’)

San Diego, G | 9480  (35.88) | 568.8 (2.12)

Norfolk (Naval Station), VA(ET' 7770  (29.41) | 466.2 (1.76)

Charleston, $C(&) 3690 (13.84) ] 221.4 (0..84)

Honolulu (Pearl Harbor), HI(D)}! 3360 (12.72) | 201.6 (0.76)

Philadelphig, PA (D) , 2760 - (10.45) ]| 165.6 (0.63)

Mayport, FL ) . 2640 (9.90) | 158.4 (0.60)

Little Creek;, Norfolk, VA 1950 (7.31) | 117 (0.44)

Long Beach, cala). 1560 (5.85) | 93.6 (0.35)

Bremerton (Puget Sound), WA(D) 940 (3.56) 56.4 (0.21)

Alameda, CA : 660  (2.47) 40 . . (0.15)

Other Navy Hpmeports 4163.3 (15.77) | 249.8 (0.95)

(a) Excluding shipyard tests.
(b)  Including shipyard tests.

b. The information contained in table 2-2 was supplied by

the Navy Enbironmental Support Office, NCBC, Port Hueneme, Cal=

ifornia. ﬁt tabulates the water gquality cla551f1catlons and

parameters’for which water quallty standards have been adopted .

for each hqrbor area listed 1n takle 2-1.
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' (Ceatinved)

e )

E
! Table 2—2
' ‘ Mater QuaLrTy Rerzrences FOR SELECTED Mavy Poms ' )
N . Soncficiel or Interstace/State/
. . : Protectad lsa Froticebie Leesl
) Harbor Area Cizsgivicativg S:arf-'w z3laiectives Yater Quality References Rater Cuality
) Toge | __Leseripticl@) ] (ide ParInatar — Yanasezert Avonclies
San Diego Bay CoastallInd N/A COLCR o "Comprinensive Gaten Q.nl.u.y 8 Califernia Water
San Diego, CA el TASTE & 8203 Concrnol Plan fon Lie Sz Cuality Ceazrol B84,
. #zC-1 FLCATING SOLIGS Diego 3asin (A5s2ract ) -] Szn Dugz Regian (303
. REC-2 TSS$ CJuly 19757 plaaningle)
: R o SITTLEASLE SOLIDS. | Source: San Ciego Regional |e Comprehensive Planning
Lo SAL OIL & GREASE Water Quality Control Bd. Organization of the
RARE TUREIDITY 6154 Missior. Gorga Rd. - San Giego Re,za:)
_ | 7 S pi! Saa Diego, CA {208 phminc
T A nIGR £3) .
BE - | SHELL 8ACTERIA o s .
’ g TEVD
: . TCKICITY
E . Cereral rone . . .
) . . quantified
’ _ , Yimitations on
. . v wasta freo ‘
' vessels —
- Long geach Harbor CoastaljnaY N/A ceLee ¢ “Lakan Q:::iM 4 Coitrod Pian |e CaliTornia wWater
l.ong Beach. Ck - azC-2 TASTE & COOR for tre Los Angales Riven Quality Coatrel 3oard,
*" B . ey FLCOATING MATERIAL | Eaxsdn, M 975" ’ Los A ¢{~eh.s Ragfoa
- . RARE - T3S Source: Los Angeles Re- {303 planaing)
e e . AR . SITTLENELE SOLIGS gioral ¥ater Quality Con-
ot s Shell. - O'L & GREASE trdl Board
- RIGSTLIILANT 107 S. 2roadway,
v . TL""ID TY Suite 4027
' : r; Los Angeles, CA 90012
L
. RACTERIA
. TENP
. TOXICITY
. : PISTICIDES
- e £TY rrcncis\.o Bay 1 4EC-1 N/A coLGr i3 "ladan OQualidy .or.r/az Plan |s C2litoraia Water
e Ma::ed D\ . : 218-2 TASTE & 0o0R gar tihe Sar rr.:z.~u..s.,o Bay Q...'hty Contral Board
. Nivl FLOATING :'.An‘RXAL Sesdn, July 1975 Bay Area Rogien
. R 788 Source: Bay Arze Regioral {333 plana mg)
R EARE SETTLEASLE SOLIDS Vater Quality Control Bd, [e Asscciatica of Say
B WilD CIL & GREASE : 111 Jacksen S¢. Are2 Govarerernts
€C:M GIOSTIMULANTS Qakland, CA 95807 202 pl..r'ﬂ* ) :
. , IND ‘"“ICITY ¢ Bay Censarvation Dis-
H . SHELL B trict Cemmissicn
. . 0 (cozstal zcre manage-
c— LACTERIA ment)
’ TN .
TOXICITY
] PESTICIDES
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WATER QUALITY REFERENCES

Table 2-2 .
For SeLzcTen Mavy Ports (Continued)

geraficial or

rel

Intersiate/Staze/ -

acied Use Apnticadle Local .
Clscsificetion Standercs/Cyjeceives water Quatity Raferences water Quelizy -
Cese cescrictionl@) 1 (oce reremeter D) Masaozment Alzrcias
wilisughty Bay il1%a | ESTUARINE I 56 ® "Soall Consial Suded Lals Jo Viegiaie bater Coactra)
torfolk, VA i pH Quality Oata Aezont, Ot 76" 202rd (363 plarairg)
: PeC-1 TEAP Source: Virginie Instituta '
: MAR ‘arine Science ‘o 1o hamplon Foads Water
Little Creck 11 0d Atin: Or. Sruce Keilson Quality Azeacy (208
Virgiata Beach, YA * . 1118 | FazZ FLOW STR. pil Gloucaster Psint, VA ° plarairz)
: ¥ON ' TER J|o Virginda tiater Guzlity .
REC-1 . . Staindnds, amanded Kov 74 e Burezu of Shellfish a
. FAR 8 BACTERIA o “Vaten Quality Inveitony Sanfraticn
. ' 305(5) Repont, Avx 1976% .
. A1) Class| G2nzra) non- 9 "Locan Jamad Rivia Baedn . .
: quantificd 363ic) Resond (Planeing Bul- )
. Haitazions Letin 2173}, July 1973
on floating,, | Source: Virginia Water Con-
toxic, and trsl 2oard
¢eleterious P.0. Sox 11143 | s -
\ substances. 2111 K..HamiTeon St.
. Richnond, YA 2323)
Y e .Co02er River SC JICAL SC FLOAT. SOLICS (o Sircem Classificaticss foa |e Scuth Carolina Cept. Haalth
" Charleston, SC RZC-2 ) Sicie o5 Scuin Canalina 2n¢ Ervirsnmental Coatrol
N oo, I S BACTERIA emazdad 971772 (303 planniag) .
VAR - e Water Slassdiications * Rart warleston-fores
. sreral none o et e ad ¢ Serkely-Char esion-forchester
: - _%h:z:ﬂ e:" m“'“"d‘ Syedes, amanded Plasning Counci} {203 plasnfag)
' imiteticns # "Santes~Coopan Rivas Basin " 1 Y4140,

v .. on_ soxic ard Wator Q:slily Maczgoment ¢ 3:??::2:&:::'&1:;: ad
deleterious Plan, 19757 . (ccastal zora manaceszent)
substences Scurca: SC Capt of Ezelth '

: 2rd Eavirormzatal Coatrol
St. John's River 1 RcC-) st e "S2. Jona's Rivex 3asin o Flcrida {2st. of fa-
Vayport, FL . - REC-2 cd Pz virermertz) Ragulation ;
. MAR E2CTERIA Source: Floride Dept. of 30T ang 208 planning) -
U WiLD TURCISITY Environmental Regulatfons e Buraau of Ceastal 2ora
T TCs Tallakassee, FL ¥arzgemeat, Capartzent
<. E‘Lygé}gég _ ‘ of hatural Rssources )
RS, - i .,
CRaSs SETA - (tfogsu) zone m3nagemant)
C'{,‘J-ZXCE N i
. w
General none .
gaantified .
iimitations .
. . on toxic end .
cclaterious
. substincas (Continued)
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) .Tabl.e 2-2

PR ' . Hater QuaLiTy Rererznces For SeLzctep Mavy Poxts (Continuep) : '
. . Berceficial or Interstate/State/
: Protocted Use Epplicadbie ‘ auatity def " Losall‘ -
Harbor Area Classification , Standards/(tinctives | Water Quality References ater Quality
Tede | Giscriotich®) | Tede | Pifazezer(B) | ‘ varacinant hgencles |
Sinclair Inlet ) A MIGR A BACTERIA Nene available o State Tererinent of
Bremerton, WA WILD . 4 €O - « | Ecology {333 and 203 .
REC-1 1] TENP plarnirg, coastal
. i . .. REC-2 TOTAL DISSOLVED y z0ne meragamant) .
) . .o It GAS :
' Kav pH
coN TUR3I0ITY \
Y. SHELL Gareral non-
quentificd ., . )
' Tinitations
. on toxic and
. Coicterious
' et subntances _
Delawzre estuary 1.2 WARY 22 sit ¢ 25 PA Cade Lhanten 93, Wazan)e PA Sept of Eavircnoen-
... (lone 01.020) 1.3 v ] KGR b £2 Quatity Lritenda, emonded tal fescurces (333
~ 2hiladaliphia, PA 2.2 .o é; Tan? 6/23]74. slenning) .
. . 2.4 | KiL . dg TLAP ¢ USGS Reporl "Latea Re- » Celaware River 2asin
* 3. REC-2 boating ey TS5 scutced bata fox Perrsylva- Cormission (302 caor-
3.2,7 | REC-2 fishing - fy EFCTERIA i - Pt 1T Ueter Qualily | cinator, co:stal zone
. 5.1 PO - 03 TUR3IoITY Recerds" ranagenent),
N . §.2 | NAY 12 ALVALINITY Scurez: District Chief, e Teldwire Valiay
:, . 4.3 HASTE Ja K;TQ watar Rescgfcgs Divisien fegiosel Plannirg Come
1 G2 PHIhol Federsl Euiiding rissicn {222 plan-
. L 3 wi RO} CACTIVITY - P.0. Sox 107 nir;)
. - n| o Tote) Haerisburg, PA 17108

(a) The ebdreviated descriptions ﬁ'e rodeled after tha designaticas used by

dascription for each abbreviated designation is intended to nrovs
Tocale., '

fire protection, and oil weli repressurizaticn.
BAV < Ircludes cormmercial and naval shipping. =

.

POW - Uses for hycropower generation.

" REC-1 ~ Includes all recreational uses_fnvolving actual body contact with water, such as suirsing,

IR0 - Includes uses which do not depend pr}mariiy on water quality such as

-

‘the Aegicnal Water Quality Control Eoards of Californis.
de a generalized concept ratner than the specific definizion offered by ezch

.

sport fishing, uses in therapeutic spas, and other uses wacre ingostion of water i3 reason2dbly possible.

.« REC-2 « Recreational uses which involve the presence of water but do not
. beachcoving, camping, pleasure boating, tidepodi and mariae life

- : activities as well as sightseeing.

v CG¥M - The cormercial collection of varicus types of fish and shellfish, ircluding these

bays, estudries and similar non-froshwater arecs.

reduire contact with wat
study, runting, and acs

P
-
"

ar,
thet

wzding, waterskiing, skin diving, surfing,

The fbllou*ng. '

mining, cooling water supply, hydraulic conveyance, gravel washing,

.

uch as pienicking, sunbithing, hiking
c enjoyment in conjunction with the atcve

taken for bait purposes, and spé}t fishfﬁg in ocean,

~
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) (Continued) ' . 3

.
.

FARM - Provides a warmeater habitat to sustain aquatic roscurces associated with a warrwater environment.

. SAL - Provides an inland saline water habitat for aquatic and wildiifa rescurcas.

WILD - Provides a water supply ard vegetative habitat foi the maintenance of wild)ife.

.
.

MAR - Provides for the preservation of the marine ecosystem including the projagation and sustenance of fish, ‘shellfish, carine mannals,
‘. waterfowl, and vegetation such as kelp. .

. MIGR - Provides a migraticn route and temporary aquatic environmant for anadromous and other fish species.

RARE - Provides an aquatic nabitat mecessary, at least in part, for the survival of certain species established as being rars and
endengered sgpecies.

SHELL - The collection of shellfish such as clams, oysters, abalone, shrimp, crab, ar.& lobster for either comrercial or sgort purposes.
N - lncludes usual uses in comunity or military water systems and domestic uses fron individual water supply systeas.

HASTE A receh’nrg bcdy for treated waste water effluent reﬂecting levels of trut:nent necessary to praserve al) dasignated beraficial use
) categorfes. .

(")Specific quantified or nos-quentified linftatioas are 1d¢n.iﬁed for each parazeter in the aoprogriste area water quaH:.y documants.,
. {€)Planning pursuant to Section 322, PLS2-500. ‘ .

; (d)P1anntng pursuant to Section 208, PL92-500,

.. (®)resnord Odor Mumder., .
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SECTION 3
RELATIONSHIP OF PROPOSED ACTION TO LAND USE
PLANS, POLICIES AND CONTROLS FOR THE AFFECTED AREAS
l. The proposed action relates to the marine environment.
There is no direct impingement upon land use plans, policies
or controls. A possible indirect effect caused by the imple-
mentation of the proposed action would be increased levels of
BOD in a localized portion of the harbor water immediately
after receiving an AFFF discharge. When considered in com-
bination with the existing (or projected) levels of contamina-
tion in the water, the action, if it occurs frequently enough,
might prohibit # new land use which would generate a pollution
level in excess of allowable limits established for the site
by local or federal standards and regulations. However, the
limited quantity of AFFF and the infrequency of testing causes
an insignificant contribution to water quality degradation in
comparison to the highly developed industrizlized land uses
already associated with surrounding shorelines.
2. The Navy has committed itself to assure that the operation
of naval complexes has been reconciled with local land/water
use plans, policies and controls. Navy-wide programs to
improve ship-to-shore waste collection, handling and.diSposal
will continue to reduce the environmental impact on areas

surrounding naval bases and shipyards. The eventual disposal

3-1
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of shipboard generated AFFF test solution will be incorporated
into current environmental enhancement programs for which (
their relationship to land use plans, policies, and controls 1

has been assessed.
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SECTION 4

PROBABLE IMPACT OF THE PROPOSED ACTION
ON THE ENVIRONMENT

1. Introduction

a. It is essential that newly installed and modified AFFF
fire-fighting systems be tested prior to ship departure for

sea trials. U.S. Navy ships are presently having their pro-

tein foam generating fire-fighting equipment aboard surface
ships converted to AFFF. The first systems converted were
aircraft carrier hangar deck and flight deck equipment.
SHIPALT's have been issued to convert aircraft carrier pro-
tein foam equipment to AFFF in the HCFF stations, hangar
sprinkling systems, machinery spaces, fixed flight deck fire-
fighting washdown systems, and hard hoses for hangar space
and flight deck. Machinery space protein foam equipment for
all other types of surface ships is also being converted by
SHIPALT to AFFF use and combined ("twinned") with PKP. PKP
is an effective fire-fighting agent for oil fires when the
oil is in spray form and burning in space.® Figure 4-1 is a
diagram of a twin agent (AFFF and PKP) fire extinguishing
system. The AFFF system can be operated independently of the

PKP units for testing or fire fighting.

b. There are two circumstances when'machinery space AFFF

systems need to be operated to test the FP-180 foam proportioner:

4-1

US00006863



~ AFFF ALL AND FIRE ‘
f CONCENTRATE CLEANING MAIN —{ , '
SERVICE TANK CONNECTION -
LIQuID _~ PRESSURE *
SINGLE LEVEL ~ 7 L] VACUUM [P
T AGENT DEVICE Hi BREAK ER
“
HOSE REEL .
o
. Ao, &
TO ADJACENT
MACH, SPACE ® o —c
/ IF REQUIRED o > f —> |
‘ - L~ FP 180
L FOAM
RISING ?ﬁﬁﬁr
T~MANUAL 4IN BALL
CONTROL w . L -
— _|VALVE COAMING S:fs: v PETCOCK
) _— X NORMALLY
€ fe— : ! (4 "n OPEN
OVERHEAD OF
L L DAMAGE DRAIN TO l L L
—V\,.J £ CONTROL ~ MACHIRERY SPACE BLGE 1 <9
=~ DECK " OR OVERBOARD 1
INTERLOCK
ESCAPE
/
TRUNK
~
BRANCHES TO
TWIN INTERLOCK OTHER FIRE STATIONS !
AGENT VALVE AS REQUIRED /
HOSE REEL  TWIN AGENT
HOSE REEL
E.O.5, LEVEL
PULL f T
PULL
HANDLE REGULATOR | 't
REGULATOR
N, LOWER LEVEL OF
MACHINERY SPACE
—a— GLOBE VALVE
—- GLOBE VALVE LOCKED OPEN I
—— GLOBE VALVE LOCKED CLOSED PRESSURE ACTUATED VALVE, FAIL OPEN
~oo— GATE OR BUTTERFLY VALVE A QUICK ACTING STRAINER
—f— GATE OR BUTTERFLY VALVE LOCKED OPEN em FLEXIBLE CONNECTION
—b— GATE OR BUTTERFLY VALVE LOCKED CLOSED omeme  SALT WATER (90-10 CU. NI.)
~5%— BALL VALVE 1/4 TURN coeem AFFF CONCENTRATE (90-10 CU. NI. OR
S CHECK VALVE CRES. 304, 310, 316)
T3 VALVE NORMALLY OPEN exces  AFFF/SALT WATER SOLUTION (90-10 CU. NI.)
VALVE NORMALLY CLOSED —= DRY CHEMICAL (STEEL)
—~— 3 WAY 2 PORT COCK vz ACTUATING GAS CONTROL (90-10 CU. NI.)
-E PRESSURE ACTUATED VALVE, FAIL CLOSED —— HYDRAULIC CONTROL (90-10 CU. NI.)
&+ SOFT SEAT SPRING LOADED CHECK VALVE

Figqure 4-1
Twin Agent (AFFF and PKP) Fire Extinguishing System?®
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the first is after equipment is newly installed, repaired,
altered or converted by an industrial activity; the second
is scheduled preventive maintenance. NAVSEA 0993-LP-023-6010
technical manual requires preventive maintenance semiannually
or more frequently if conditions warrant it.*® Appendix D
contains a copy of the Long Beach Naval Shipyard procedures
for testing AFFF/PKP fire-fighting systems. These procedures
are representative of those used in other shipyards.

c. The environmental assessment parameters which relate
to the propcsed action and the appraisals of the magnitude
of the resulting impacts are given in table 4-1. There are
no apparent air quality impacts of the proposed action.

2. Navigable Waters Impact. The ecological effect of any

chemical introduced into a given environment for the first
time is a function of many factors. 1Its physical and chemi-
cal structure will determine what physiological influences

it could exert on life forms with which it may come into con-
tact. However, its concentration at any point in time is a
measure of the probability of such effects occurring. There-
fcre, an assessment of maximum concentration expected and the
speed with which the chemical is purged from the environment
are essential elements in the formulation of impact estimates.
Since these evaluations must precede a proposed action, direct
measurements are not possible. Therefore, the best indirect

evidence available has to be applied to the construction of a
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Table 2—-1 )

Appraisal of the Proposed MAction's Impact Upon
the Environmental Assessment Parameters

Assessment
Parameter

Effect of the Proposed Action

Data or Observations for
Evaluation of Parameter Impact

Physical/
Chemical/
Biological
Flow Variations,
(concentration -
time factors)

Associated
Chemical
Contaminants

Toxicological
Properties of
AFFF

The discharge of a quantity of AFFF
into harbor waters with inadequate
natural mixing capability may result
in localized areas of chemical con-
centration.

The physical-chemical interaction of
AFFF with other major chemical contam-
inants normally found in a particular
harbor could result in altered disper-
sion, degradatiion, and toxicological
properties of some of the reactants.
This could influence the "“self purifi-
cation" capability of the harbor.

It is possible that finite concentra-
tions of any chemical will have a
detrimental effect on some biological
entity in a particular environment.
Therefore, the nature of this influ-
ence, the spectrum of biological

life affected, and the concentration
constraints imposed within a partic-
ular environment will determine if
AFFF and its anticipatejusage will
constitute an ecological hazard.

Information with regard to tidal, current and wind
movements has been acquixed in order to calculate
the flushing capability of the receiving waters.

!

Qualitative and quantitative data regarding the
major types of contaminamts normally found in a
particular harbor would determine the degree of
chemical interaction with AFFF. Natural mixing in
receiving waters and the extremely low concentra-
tion of chemicals and AFFF will minimize environ-
mental effects.

The influence of AFFF on marine life in a harbor
and contiguous waters must be determined. These
effects should be evaluated within the practical
range of chemical concentrations anticipated if
the proposed action is implemented and should
include short-range (acute and sub-acute) and
long-range (chronic) toxicity testing. Data cur-
rently available (appendix E) supplies the req-
uisite information.
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Table 4-1 (cont'd) !

Assessment Data or Obserwations for

Parameter Effect of the Proposed Action Evaluation of Paxrameter Impact
pH of AFFF The pH of the AFFF product in ques- Thee applicable procurement specification, MIL-F~- -
Effluents tion, FC-206, is identified at 24385, for the AFFF allows as acceptable a range

AFFF Pollution
lLoading Poten-

approximately the meutral point,
7.8, in appendix B; therefore, there
should be minimal impact on the pH
of the harbor waters.

The BOD and COD of FC-206 are very
high (appendices B and E). This

of pH from 4 to 8. The specification should be
changed to conform more closely to the reported
control value of pH 7 to 8.

The fact that BOD and COD walues for FC-206 are
relatively the same is indicative that this

tial means that high chemical concen- material is highly biodegradable. The fact that
trations could temporarily depilete the BODg is 65% of the BOD,, indicates the mater-
the DO content of the receiving ial is rapidly biodegradable.
waters if discharged in large quan-
tities.

Socioeconomic

Fishing (com-
mercial and
recreational)

Water Skiing
and Swimming

The discharge of AFFF is not ex-
pected to affect commercial fishing
or recreational use. Harbor areas
associated with shipyards are cen-
ters of industrial activity and

are not used for recreation.

Rapid dilution and biochemical degradation of AFFF
within the industrial harbor areas should reduce
concentrations to within acceptable limits while
within the harbor whereby mormal fish feeding or
recreational water uses outside harbor areas are
not affected.

Aesthetic

Water Surface

The surfactant and film forming
characteristics of the AFFF mix-
ture could result in an unsightly
film on the harbor surface.

AFFF testing can be conducted with nonfoaming
nozzles. When discharged overboard the AFFF dis-
pexrses beneath the surface (appendix F).
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hypothetical case. Refore constructing such a case, the

following information must be obtained: (a) the quantity and ,

frequency of potential AFFF discharges; (b) the dilution of
a discharge and natural mixing within the harbor; and (¢) the
rate of removal of the discharge from the receiving waters by
natural flushing and by decomposition.

a. While specific data on the generation rates of AFFF
from machinery space system testing are not available, it is

possible to estimate the quantity of AFFF solution generated

per system test and the frequency of those tests using data
and information obtained from naval shipyards and experience
»~<ained by the FFAT.

(1) OQuantities of AFFF generated at naval shipyards
as a result of machinery room FP-180 testing are contained in
table 4-2. These have been provided by the shipyards cited.
They were derived by multiplying the number of ships having
their fire-fighting foam systems converted from protein to
AFFF by the quantity of foam generated while testing each
system. No data are available on the generation rates of
AFFF from semiannual PMS maintenance aboard ships in port;
however, experience of the FFAT has shown that approximately
90 gal (0.34 m®) of 6% AFFF solution are generated per test
and that ships' operating schedules usually obligate in-port
PMS testing at a frequency of about once every three years.

~Other PMS testing is conducted at sea. The above estimates

4-6
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are reasonable compared with data in a report on handling

ship industrial wastes in San Diego, California. The report

is being prepared Ly contract for NAVFACWESTDIV. The monthly
generation rate of AFFF was compiled based on NAVSEC (SEC 6159)
survey data from 1972 and on contacts with cognizant commands
in the area. Typical AFFF waste generation rates were reported
at 530 gal (2.0 m’) for 40 ships at the Naval Station, 660 gal
(2.5 m®) for 5 ships at North Island, and 30 gal (0.1 m®) for

4 ships at the Submarine Support Facility.® The report estimates
include some non-machinery space AFFF equipment testing.

Table 4-2

Quantity of AFFF Generated During
In-Port Fire-Fighting Foam System

Testing at Naval Shipvards (NSY)*
Number AFFF Period Disposal
Activity of Ships gal) | (m?) | (yvears) | Procedure
Portsmouth NSY ¥ * ¥
Philadelphia NSY 1T 1500 5.7 1 None
Norfolk NSY - 8000 ] 30.3 1.5 Yes
Charleston NSY 3 2251 0.9 1 Yes
Long Beach NSY 9 1100 4,2 1 Yes
Mare Island NSY ol * %
Puget Sound NSY 1 400 ] 1.5 1 None
Pearl Harbor NSY *EE il
*Calendar year 1975 estimates.
**No surface ships serviced during CY75.
***Data not available.

(2)

aboard ships with fire-fighting foam systems are given in table

4-30

The numbers of machinery spaces and proportioners

The guantity of 6% AFFF that could be generated zboard

ship per year is estimated for each significant Navy port in

table 4-4,

Estimates were obtained by multiplying the output
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per proportioner by the total number of FP-180 proportioners
aboard the'ships in the group. The experiences of the FFAT l
indicate that approximately 90 gal (0.34 m?) of AFFF are gen- {
erated during a single test. For in-port PMS testing once
every three years, the total quantity of AFFF concentrate
generated per port per year is also estimated in table 4-4
assuming maximum generating conditions of 90 gal (0.34 m?)
AFFF solution at 6%,
Table 4-3
FP-180 Proportioners in Machinery Room Spaces

Aboard U.S. Navy Ships by Class Grouping
Number FP-180

Group | Proportioners|  Ship Classes in Group
— 1 1 AE, ASR, ARS ~ _
2 2 AD, AFS, AG, AO, AOE, AOG, ACR,

AR, AS, ATF, FFG, LCC, LKA, LbD,
LPH, LPA, LSD, ATS, MSC, MSO, LHA,
AF

1 CG_(DLG), DD, DDG, FF, LST, CGN

3 CV, CVN

o

(3) The AFFF generation estimates from the shipyards
given in table 4-2 are included in table 4-4. when a shipyard
is in the same harbor area as a homeport (i.e., Norfolk, Va),
the shipyard generation rates were combined with those esti-
mates of PMS testing. Shipyards not associated with home-
ports (i.e., Long Beach, CA) are listed and ranked with those

ports in table 4-4.
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Table 4-4

i?i)

Estimated Yearly Quantity of AFFF Generated Aboard Ships In Port Based Upon 90 Gal (0.34 m3)
of 6% Mixture Per Test Once Every Three Years and CY75 Shipyard Generation Estimates

Number of Ships Estimated Total
in Group Total Number Estimated Gal (m?) Gal (m3) of AFFF
U.S. Navy Rank Group of Proportion-| of 6% AFFF Generated Concentrate Dis-
Port Listing(a) (b) 1 2 3] 4 | ers In Port Port Shipyard | charged Per Year
Alameda, CA 10 2 3 22 660 (2.47) - 40 (0.15)
Baltimore, MD T 4 120 (0.45) 7.2 (0.03)
Bayonne, NJ 1 4 120 (0.45) 7.2 (0.03)
Bronx, NY ) 1 4 120" (0.45) 7.2 (0.03)
Bremerton, WA 9 2 | 211 18 540 (2.02)| 400 (1.51)]  56.4 (0.21)'C
Brooklyn, NY 1 4 120 (0.45) 7.2 (0.03)
Charleston, SC 3 | 3{10 | 25 123 3690 (13.84)] 225 (0.85)] 221.4 (0.84)'d)
Concord, CA 8 8 240 (0.90) 14 (0.05)
Groton, CT 1 1 30 (0.11) 1.8 (0.01)
Fall River, MA 1 2 60 (0.22) 3.6 (0.02)
Galveston, TX 1 4 120 (0.45) 7.2 (0.03)
Pensacola, FL 1 6 180 (0.67) 11 (0.04)
Portland, ME 2 ] 120 (0.45) 7.2 (0.03)
Little Creek, VA 7 | 3] 11 | 1o 65 1950 (7.31) 117.0 (0.44)
Long Beach, CA 8 3 | 10]1 52 1560 (5.85)]1100 (4.16) 93.6 (0.35) @)
Mayport, FL 6 | 2| 7 | 15| 2 88 2640 (9.90) 156.4 (0.60)
New London, CT 1 1 6 180 (0.67) 10.8 (0.04)
New Orleans, LA 1 4 120 (0.45) 7.2 (0.03)
New York, NY P 8 240 (0.91) 14 (0.05)
Newport, RI 1 4 18 540 (2.04) 32 (0.12)
Norfolk, VA 2 | 3]29 { 42{ 5 259 7770 (29.41)] 8000 (30.28)] 466.2 (1.76) 'S’
Panama City, FL 1 2 60 (0.23) 3.6 (0.01)
pearl Harbor, HI 4 {8]13 |20 112 3360 (12.72) 201.6 (0.76) 'd)
Perth Amboy, NJ 2 4 120 (0.45) ~ 7.2 (0.03)
Philadelphia, PA 5 1 ] 10 42 1260 (4.77)| 1500 (5.68)] 165.6 (0.63) \C)
Portland, OR 1 2 10 300 (1.14) ' 18 (0.07)
Portsmouth, NH 1 2 60 (0.23) 3.6 (0.02)
Tampa, FL 1 4 120 . (0.45) 7.2 (0.03)
San Diego, CA 1 | 241 | 65| 2 316 9480 (35.88) 568.8 (2.12)
San Francisco, CA 7 2 18 540 (2.04) 32 (0.12)
Seattle, WA 3 12 360  (1.36) 22 (0.0C8)
St. Petersburg, FL -2 4 120 (0.45) 7.2 (0,03)
Tacoma, WA 1 1 6 180 (0.68) 11 - (0.04)

(a) U.S. homeports for naval surface ships.3
(b) Ranked by estimated quantity of AFFF generated per year during testing.

(c) Includes AFFF generated by shipyard tests; no alternate disposal procedure.
(d}) Excludes AFFF generated by shipyard tests; alternate disposal procedure practiced.
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b. The long-range effect of a contaminant on the harbor
environment is dependent on the contaminant's rate of removal. i
Theoretical analyses of the dilution and flushing capabilities |
for each of 18 harbors were made by the U.S. Navy Hydrographic o
Office (now NAVOCEANO) from 1959 through 1963. The analyses
were based on available measurements of the physical and dynamic
characteristics of the site. The results of each theoretical
analysis were reported separately for each port, and the dilu-
tion and flushing capabilities of each port were compared in
a summary report.’ The summary report states: "...The major
factors, not necessarily in order of importance, which deter--

“ine the reduction of concentration of an introduced contaminant
are: (1) volume of water available for dilution, (2) rate at
which the contaminant is dispersed throughout this volume,
and (3) rate of advection (i.e., movement by currents)."’

The methods of investigation and the conclusions of the report
are summarized in the following paragraphs.

(1) The Hydrographic Office report states that the
volume of water available for dilution is not actually a
criterion of flushing capability, although it is of obvious
impcrtance since a harbor with poor flushing characteristics
still might be safe from contamination if great dilution
takes place; a harbor with a small dilution volume and a
relatively high rate of flushing might retain a high amount

”“of contamination for a relatively long period of time.

4-10
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Examples are Long Beach, California which has a large dilution
volume and Mare Island Strait, San Francisco, California which
has a high flushing rate as shown in figure 4-2.

(2) The amount of turbulence within a water area will
determine the rate at which a contaminant is dispersed through-
out the dilution volume. For the most part, tidal currents
are the source of turbulence. However, horizontal or vertical
motion induced through seiches, waves, winds, etc. may serve
as a mixing agent. The distribution of conservative physical
properties indicates the relative cegrees of mixing.

(3) Figure 4-2, Comparison of Dilution Volumes and
Flushing Capability of 18 Harbors, faken from this report, was
based upon the followinag assumptions and conclusions.’

(a) The initial dilution volume was taken to be
the volume of water defined by the length of a flood tidal
excursion and the width and depth of the body of water through
which the tidal excursion is measured. Where possible this
volume was calculated, however where current speed data were
not available and the embayment was considered sufficiently

small, the volume of the embayment was taken as the dilution

volume.

(b) Flushing also affects the concentration of
contaminant within a harbor. A contaminant will be removed
from an area either by net flow from it or by mixing of the
harbor water and the currents passing the entrance of the

harbor. These faotors were reflected in the exchange ratio

4-11
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for each of these harbors, and this ratio was adjusted to
account for the fraction of the tidal prism that is lost

during each tidal cycle. It was further assumed that a

volume of new uncontaminated water replaces the lost fraction
of the tidal prism. These considerations were applied to
nonestuarine embayments and to harbors in estuarine embayments
in which the point source of contamination was not more than
one flood tidal excursion from the entrance. (Flood excursion
is defined in the study as the distance traveled by a "particle"
of water or of contaminant between one slack before flood and
the succeeding slack before ebb.) If the point source was
located more than one flood tidal excursion from the harbor
entrance, and the harbor was estuarine, the distribution of

the contaminant between the point source and the harbor entrance
was calculated. It was assumed that the contaminant contained
in a segment at a given time was uniformly distributed through-
out the high tide volume of that segment. The concentration
within the segment was calculated, and the highest concentration
found within the estuary at a given time was plotted in figure
4-2. The curves show the rate of decrease of peak concentration
within a harbor over 14 tidal cycles. Their relative slopes
afford a comparison of the rates of contaminant decrease among
the harbors. The position of the curve at time = 0 reflects.
the amount of dilution that the contaminant would undergo within

the first tidal cycle after introduction (assuming that 100

4-13
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units of contaminant are introduced and the dilution volume

is the volume of water defined by the length of a flood tidal l
excursion and the width and depth of the body of water through ’
which the tidal excursion is measured).

(4) Advection is the true flushing agent as other
processes mentioned tend only to reduce the concentration of
a contaminant; they do not remove it from the area. Currents
immediately offshore from the harbor serve as a mode of trans-
port to oceanic areas where dilution volumes are virtually
unlimited.

(5) For analyzing the relative flushing capabilities
of the harbors, the data available were inadequate-for examining
many of the probabilities involved in the event of contamination.
In some locations stratification of water resvlts from density
differences, and the net inflow in the bottom layer of this
type of estuary would be upstream rather than seaward. ¢£hould
the bottom layer of this type, of estuary become contaminated,
the flushing time would be prolonged greatly.

(6) The Hydrographic Office summary report cautioned
that in light of their information, the flushing analysis for
each harbor is believed to be valid insofar as the data avail-
able at the time would allow. The limitations imposed by data
deficiencies are pointed out in each of the 18 reports for the

individual harbors.

4-14
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c. To verify the results of the theoretical flushing
analyses, the Hydrographic Office conducted actual dye tracer
field tests for a group of harbors representing the types of
harbors studied for their relative flushing capabilities (dye
being a conservative substance during the periods observed).
The dilution factors measured during five field tests conducted
at large Navy ports are summarized in table 4-5. The peak
concentration of any conservative contaminant at a time after
release can be predicted by multiplying the total amount of
contaminant released (concentration x volume) by the dilution
factors in the table for that time.

(1) The field test procedures consisted of releasing
a quantity of dissolved tracer dye (rhodamine-B, or fluorescein)
and monitoring its dilution and dispersion until dye concentra-
tions had decreased below the detection limit of the analytical
equipment (two parts of dye per hundred billion parts of water)
or until the dye had been transported out of the harbor. Field
measurements of the test areas included collection of water
samples for analysis of dye concentration and salinity, current
and temperature measurements and aerial photographs.

(2) A comparison of the results of the flushing analyses
and field tests indicates the usefulness and the limitaticns of
the tidal prism method. One of the basic assumptions of the
tidal prism theory is that the contaminating material must be

distributed uniformly both horizontally and vertically throughout
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Table 4-5
Dilution Factors for Five Navy Harbors Determined from Field .
Measurements of Dye Dilution and Dispersion
Time After Dilution Factor (per litre)
Release Mayport | Pearl Harbor ? San DiegoTb san Franciscol! Norfolk!?
Hrs. | Min. | Basin® (Southeast Loch) | (Ballast Point) | (Mare Island Strait) | (Hampton Roads)
0 10 6.6E~-7% 2.2E-7
0 30 6.6E-9 1.8E-7 7.1E-8
1 0 2,2E-9 9, 2E-10 1.2E-7 1.1E-8
2 0 1.2E-9 9,5E-8
3 0 5.5E-10 1.0E-10 5.7E-8 1.3E-10
4 0 1.2E-7 3.3E-8
5 0 4,9E-10 1.0E-7 1.6E-8
6 0 8.0E-8 2.6E-11 2.4E-11
8 0 6.2E-8
10 0 3.3E-10 4.8E~-8
12 0 4,.4E-8 1.3E-11 7.7E-12
15 0 2.2E-10
24 0 1.1E-10 2.6E-8 2.6E-12
48 0 1.1E-11 9.7E-9 1.5E-12
72 0 3.3E-12 6.6E-9
96 0 4.4E-9
120 0 3.2E-9
240 0 2.9E-9
Superscripts 8-12 refer to references, Section 10.
*FORTRAN exponent form: 6.6E-7 = 6.6 x 10~/
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the harbor. Thus, valid comparison of the predicted decreasing
peak concentration curve and the observed curve cannot be made
until the dye is uniformly distributed throughout the basin.
For the Mayport Basin field test this occurred within six
hours.® Application of the tidal prism method to the entire
volume of Pearl Harbor failed to give realistic estimates of
the decreasing concentration of a cohtaminant released within
the harbor; however, concentration decreases within the South-
east Loch where the shipyard and naval station are located can

be estimated fairly accurately after mixing of the dye within

the loch is complete at 48 hours after release. A comparison

\ of the other field tests with the theoretical analyses indi-
cated that the predicted reductions in peak contaminant concen-
trations as shown in figure 4-2 are valid for predicting the
flushing rate of a contaminant from a harbor.

(3) In all cases field tested by the Hydrographic
Office, the initial dilution rate as seen from peak concen-
tration curves is very rapid. This fact has also been borne
out by other dye dispersion studies.'’

(4) To confirm that a 6% AFFF solution will disperse
in a manner similar to that of a dye release, a small scale
test was conducted in Dungan Basin at the David W. Taylor
Naval Ship Research and Development Center, Annapolis Laboratory.
The experiment involved the release of 20 gal (75.7 2) of 6%

AFFF mixture composed of 1.2 gal (4.5 &) of AFFF concentrate
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mixed with 18.8 gal (71.2 &) of dilution water and dyed with
rhodamine WT dye to an initial concentration of 100 ppm by
weight., The experiment proved the applicability of using
dye to obtain dilution factors applicable for AFFF. (The
experimental procedure and results are contained in appendix F.)
d. The dilution factors contained in the Hydrographic
Office field reports can be used to estimate the maximum con-
centration of AFFF within a harbor after a discharge and to
estimate the rates of removal from the harbor by flushing.
(1) Based upon the Hydrographic Office dilution
factors and the estimated quantity and frequency of potential
’Q?FF discharges, hypothetical cases for an AFFF release can
pe developed. Each case is hypothetical in the sense that
the discharge from a single ship (point source) is used in
the calculations whereas it is possible that discharges from
additional ships could enter the harbor at the same time.
Furthermore, it is assumed that the ship will discharge its
AFFF in a harbor location where there is good mixing; it is
possible that AFFF would sometimes be discharged in less
desirable areas such as those sheltered from the diluting
effects of tidal flows. To offset these possibilities, the
worst case conditions are assumed: the maximum quantity of
AFFF would be discharged per ship and biological decomposition

of the AFFF would not occur.

7~
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(2) Theoretical peak AFFF concentrations have been
calculated in table 4-6 based upon the dilution factors given
in table 4-5. Sample calculations for five ports are based
on the hypothetical discharge of AFFF from the largest ship
likely to be berthed at those locations since itrwould emit
the largest volume of AFFF and would thus provide a more
- rigorous test. It is recognized that all systems would not
be checked simultaneously but would probably be exercised
over a period of a few hours. Each test could involve the
generation of about 90 gal (0.34 m’) of maximum 6% concen-
tration AFFF. The system will be secured as soon as possible
after sample collection. 1In order to evaluate the worst
possible case, calculations are based on the unlikely assump-
tion that all machinery space FP-180 proportioners are tested
simultaneousiy and the ship represents a single point source.

(3) A sample calculation for determining peak AFFF
concentration following testing aboard an AS-type ship berthed

at the Submarine Support Facility, Ballast Point, San Diego,

follows.

(a) AFFF generated during testing of two FP-180
machinery space proportioners aboard an AS-type ship is 180

gal (0.68 m®) of 6% solution containing 10.8 gal (40.9 &) of

concentrate.

(b) The dilution factor (DF) in San Diego ten

minutes after release is 6.6 x 10 7/litre.!°

4-19
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Table 4-6

Peak AFFF Concentrations in Four Navy Harbors
at Intervals After Discharge of 6M AFFF Test Mixture

Time After Peak AFFF Concentration in mg/%
Discharge | Mayport | Pearl Harbor* San Diego** San Francisco* Norfolk*
Hrs. | Min. | Basin* (Southeast lLoch) | (Ballast Point) | (Mare Island Strait) | (Hampton Roads)
0 10 28.0 27.0
0 30 0.28 23.0 8.8
1 0 0.27 0.04 15.0 1.4
2 0 0.15 12.0
3 0 0.07 <0.01 7.1 0.02
4 0 15.0 ' 4.1
5 0 12.0 2,0
6 0 10.0 <0.01
8 0 7.8
10 0 0.06 6.0
12 0 5.5
15 0 0.03
24 0 0.02 3.3
48 0 <0.01 1.2
72 0 0.8
*CV-type ship, six FP-180's tested, 540 gal 6% AFFF (32.4 gal concentrate).

ship, two FP-180's tested, 180 gal 6% AFFF (10.8 gal concentrate).
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(c) Therefore, the AFFF concentration at that

time can be calculated.

3 3
(40.9 litre AFFF)32-CT ”1'°2cﬁ,“”) = 4.2 x 10“g AFFF

(4.2 x 10*g AFFF) (6.6 x 1077DF) (10°mg) . 28 mg AFFF per litre
litre g

Using the same procedure, the predicted AFFF concentration
after one hour is further reduced to 0.04 mg/%.

e. Based upon the results of the Hydrographic Office
studies as shown in figure 4-2, it is apparent that there is
considerable variability between harbors with regard to the
dispersion of substances within harbors and the rate substances
will be flushed from harbors. This is due to differences in
harbor volumes, tidal flow volumes, eddies, currents, etc.
Therefore, it was impractical to experimentally measure actual
peak AFFF concentrations in Navy harbors after shipboard AFFF
system test effluent discharges. However, from the information
presented thusfar on the limited quantity and frequency of
AFFF discharges, on the rapid dilution of a discharge, and on
the rate of removal of AFFF from a harbor by natural flushing,
it is possible to predict concentrations of AFFF after discharge,
and the following conclusions can be drawn.

(1) Immediate Effect of an AFFF Discharge. The initial

.dilution (determined by measuring peak dye concentration imme-

diately after completion of the release) of the dye released

during the Hydrographic Office dye dispersal field test for
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Key West was approximately 1000 times.'!" Key West had the

lowest dilution predicted for the 18 harbors studied, as shown
in figure 4-2. During coastal dye dispersion studies using
5000 gal (18.9 m’) of a seawater-sewage-dye mixture, initial

dilutions of 1000 to 2000 times were measured at the point

of discharge.!® The small scale AFFF/dye discharge into
Dungan Basin discussed in appendix F indicated initial dilu-

tions of 3200 times. Thus, the initial concentration of AFFF

(60,000 ppm maximum) can be expected to be reduced to no more
than 60 ppm very soon after impact with the receiving waters.
This concentration is only 5% of the 40-hour LCgqo concentration
found toxic to brine shrimp during bicassay tests conducted at

Je David W. Taylor Naval Ship Research and Development Center.
Therefecre, the immediate effect of the proposed action, dis-
charging AFFF to harbor waters during in-port testing of machinery
space fire~fighting systems, on the environment is considered
negligible based upon the dilutions expected during the discharge.
Appendix E contains toxicity data on six other representative
saltwater organisms tested by the Center as well as tests on
additional fresh and saltwater organisms conducted by other

laboratories.

(2) Long-Term Effect of AFFF Discharges. The chronic

effects of AFFF have not been evaluated and total quantities
of chemical discharged during the simultanecus testing of fire-

fighting equipment from several ships have not been measured
~
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(althsugh based upon the assumed in-port testing fregquency
and the relatively small number of machinery space propor-
tioners, the likelihood of multiple tests being conducted at
the same time and location is remote). However, it can be
concluded from the concentration data in table 4-6 and the
toxicity data in appendix E that the dosage of AFFF required
to kill 50% of the organisms after 96 hours of exposure (LCSO)
was' considerably higher than the residual AFFF concentration
calculated to persist in any of the five selected harbors at
the end of that period of time. 1In fact, for even the largest
theoretical AFFF dischafg?‘givén in table 4-6, the concentra-
tion of AFFF in the marinéﬁéhGironment will be reduced in
minutes to levels well below those acutely toxic to marine
organisms. Furthermore, biodegradation data for FC-206
(appeﬁdices B and E) indicate that within the accuracy of

the BOD and COD tests, AFFF FC-206 is virtually wholly bio-

degradable.
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SECTION 5

ALTERNATIVES TO PROPOSED ACTION

1. The U. 8. Nawy is committad to providing adequate fire
protection for the prevention, containment, and extinguish-
ment of fires. Testing is necessary to verify the readiness
of fire-fighting equipment to effectively respond, as called
upon, to combat fires. Confidence in both equipment and .
persoﬁnel is achieved by exercising the fire-fighting stations

on a reqular basis and verifying system performance after

alterations or repairs.

a. The need for maintaining a fast, effective system
for shipboard fire fighting has been repeatedly demonstrated.
Since 1969 alone, over 1100 shipboard fires have been reported
to the Naval Safety Center. Major losses in that period of

time include the USS KENNEDY/USS BELKNAP collision and fire

in 1975 (now estimated at $213M, 8 deaths), USS NEWPORT NEWS
jn 1972 ($6.5M, 21 deaths), USS FORCE in 1973 (total loss),
USS KITTYHAWK in 1973 ($1M, 6 deaths), USS FORRESTAL in 1972
($20M) and in 1967 ($20M, 133 deaths), USS ENTERPRISE in 1969
($5M, 27 deaths) and USS ORISKANY ($10M, 43 deaths). NSC
reports 106 property damage accidents involving fires in machinery
spaces aboard surface ships from July 1974 to January 1977,
totalling $5.8M in material damage and 36 casualties.

b. As ships and ships' systems become more sophisticated
and the use of aluminum and composite structural materials in-

creases, the vulnerability to fire also increases. ToO keep pace
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~#ith the need for more sophisticated fire-fighting strategy,

methods for the prevention, containment, and extinguishment
of fires have been improving. One such improvement was the
development of AFFF in. the mid-1960's to replace protein foam.?!*
c. Tests by NRL demonstrated that "light water" was two

to three times as effective as protein foam in extinguishing

bilge fires and recommended that a dual discharge system of

"light water" and PKP be adopted for rapid, improved extin-

guishment of fuel fires in shipboard engine room spaces.'®
Further testing by NRL, NAVSEC, and NAVSEA continued to demon-
strate the superiority of AFFF over protein foam for extin-
guishing fires involving AvGas, JP-4, and Jp-5.17

~~ d. The objective of Navy fire protection strategy is to
markedly reduce the vulnerability of ships, aircraft, facili-
ties, and personnel to the hazards and damages of fire from

15 AFFF systems are an

both hostile and peacetime action.
integral part of a ship's fire-fighting capability. The
following proposed action and alterratives are analyzed with
that objective in mind as well as the environmental impact

of AFFF system testing.

2. Proposed Action: Overboard Discharge of Foam. The ob-

jective of the proposed action is to dispose of effluent
produced by machinery space AFFF fire-fighting foam system
testing. The current approach to testing AFFF systems is to
generate foam through one nozzle on each proportioner, to

7~ quickly sample the discharge for determination of AFFF
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concentration in the mixture, and to secure the system as
soon as possible to prevent excessive use of AFFF concentrate.
The foam is usually discharged directly overboard due to the

unavailability of collection and/or treatment facilities.
3. There are six basically different alternative approaches

to the proposed action. They are summarized as follows.

a. Alternative (A). Test with Substitute Concentrate

Material. Direct research and development efforts toward
obtaining a substitute material for fire equipment test use
which is more acceptable environmentaliy and which is func-
tional as AFFF.

b. Alternative (B). Refine Procedures to Reduce Discharge

Volume. Refine the test procedures to reduce the volume of

the AFFF mixture produced.

c. Alternative (C). Adjust Test Schedules for Discharge

Only When Collection, Treatment and Disposal Facilities are

Available. Establish that tests only be conducted when the
AFFF discharge can be handled in an environmentally acceptable
manner. This includes discharge to pier sewers, collection
barges or on the open sea while underway.

d. Alternative (D). Perform Tests with Discharge

Contained as Part of a Closed System. Provide, as ancillary

shipboard@ equipment, a dedicated holding tank capability to
support the AFFF flow test and cause minimal scheduling
interference. The AFFF mixture test effluent could be dis-

posed of in accordance with the plan of alternative (C).
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The implementation of alternative (B) would improve the
feasibility of the portable tankage alternative by reducing l
the volume to be handled. . l

e. Alternative (E). Eliminate Shipboard Flow Test by

Redesigning Maintenance Plan. Redesign the plan of maintenance

for the fire-fighting equipment to eliminate the shipboard
flow test requirements.

f. Alternative (F). Eliminate Shipboard Flow Test by

Enhancing System Component Performance Reliability. Enhance

system reliability by modifying equipment to increase confi-
dence of system performance to an acceptable level without
’\égular flow testing using AFFF.

4. Figures 5-1 through 5-6 summarize the adverse and bene-
ficial effects (including those with cost and risk elements)
in flow chart form, and develop the follow-on technical and
administrative actions necessary for the conclusive acceptance
or rejection of each alternative.

5. When the objective of alternative (A), test with a sub-
stitute concentrate material, is considered with regard to

the environmental assessment parameters in table 4-1, it is
concluded that by the nature of the change to a less harmful
material, the potential for harmful impact is measurably E

reduced.

5-4

US00006889



S-S

Adverse Conditions

Requires modification to
fire-fighting system to
provide valving for in-
put of the alternate
material during test.

Follow-On Activity

Perform design study to
define the system modi-

P9 fication and hardware

needed to insert the
alternate material.

Requires post-test flush-
ing and clean-up to re-
store the system to the
prime mode (AFFF) readi-
ness to perform.

-9

PMS procedural
document is
required for
control and
confidence.

Verify, by test if re-
quired, that the environ-
H mental affect of the al-
ternate material is at an
acceptable level.

The hardware added to the
system for the test op-
tion introduces an element
of risk regarding the
fire~-fighting system's
readiness to perform.

1

The alternate (non-toxic)
material adds one more
item to the ships' stores.

_Beneficial Conditions

Allows for test/check of
the fire~fighting equip-
ment, personnel and pro-
cedures with a non-toxic
and possibly less expen~
sive material.

Provides for checks and
test with possibly a min-
imal design and equipment

change.

Develop and implement
procedures to control the
use of the alternate
material.

o— technical, time

Verify the similitude of
the alternate material's
flow characteristics with
those of the prime AFFF.

Accomplish the design,
procurement and issue

L steps preliminary to

effecting alterations to

the ship system.

Figure 5-1

Alternative (A)

Summarize and
evaluate the

and cost para-
meters.

o

acceptable,
implement

not acceptable,
turn to an

alternative

Test with a Substitute Concentrate Material

Flow Chart
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)

Adverse Conditions

Involves a reduced volume
of AFFF discharged over-
board.

“Ppllow-On Activity
F

Requires a post-test
clean-up and restoration
of prime equipment for a
reliable readiness for
performance.

Requires highly effective
fire-fighting crew per-
formance to achieve
responses involved in

the test periods of
shorter duration.

Review PMS
procedures to
verify ade-
quacy. FFAT
could provide
training.

Develop/refine procedures
to: introduce rigorous
pre-flow checks, improve
communication between
stations for ready re-
sponse, expedite sam-
pling action to minimize
flow volume.

Beneficial Conditions

Provides a direct check
of prime equipment on-
line.

Allows crew the oppor-
tunity to use the equip-
ment.

Exercises equipment
maintenance procedures.

Involves no design change
or equipment modification.

Determine the acceptabil-
ity of the reduced affect
on the marine environment
by test or review of
existing data.

Figure 5-2
Alternative (B)

Refine Procedures to Reduce Discharge Volume

Flow Chart

Review and evaluate
results and equate

or relate them to the
conditions and site
characteristic data
pertinent to the harbor]
in question. The cumu-
lative range of usage
and effects then allow
a revised assessment.

acceptable, not acceptable,
implement turn to an
alternative
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L-S

Adverse Conditions

Imposes scheduling con-
straints upon the ship's
work bill which may im-
pact other order-of-the-
day requirements aboard

ship._

N

Follow-On Activity

Requires post-test clean-

For open sea discharge,
schedule holding tank
capacity availability;
for pierside discharge,
secure support from
shore facility.

Develop procedural gquid-

Review and evaluate
for acceptability of

these options.

up and restoration of Review PMS ance to accomplish the
prime equipment for a | | procedures to open sea discharge as
reliable readiness for verify ade- planned.
performance. quacy. acceptable, not acceptable,
Develop procedural guid- implement turn to an
Pier sewers may not be ance for regulating the alternative
available for receiving discharge of AFFF mix- b
discharge. tures to sewage treatment
plants.
Ship's mission or sailing
schedule may deny either Obtain barge support for
open sea or plerside receiving the AFFF mix- -

discharge.

Beneficial Conditions

Avoids AFFF mixture ef-
fluent discharge in the
port waters.

Provides direct check of
prime equipment on-line.

Allows the crew the oppor-
tunity to use the equip-
ment.

Exercises the equipment
maintenance procedures.

ture discharge.

Figure 5-3

Alternative (C)
Adjust Test Schedules for Discharge
Only When Collection, Treatment and
Disposal Facilities are Available

Flow Chart
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Adverse Conditions

Requires the development
of a dedicated holding
tank system capability.

Fu:low-On Activities

e

Perform design study to
define the tankage hard-
ware required to hold the
AFFF mixture.

Requires preparatory time
and manpower to set up
tankage.

Requires post-test clean-
up to restore the system
to the prime readiness to
perform.

PMS procedural
document is
required for
control and
confidence.

Verify the design objec-
tives by test.

The tankage requires
space and maintenance to
remain effective.

Involves development, pro-
curement, check-out time
and cost.

Beneficial Conditions

Avoids AFFF mixture
effluent discharge in the
port waters.

Provides direct check of
prime equipment on-line.

Allows crew the opportun-
ity to use the equipment.

Exercises the equipment
maintenance procedures.

Accomplish the design,
procurement and issue
steps to equip the Fleet.

Figure 5-4
Alternative (D)

Summarize and evaluate
the technical, time
and cost parameters.

acceptable,
implement

not acceptable,
turn to an
alternative

Perform Tests with Discharge
Contained as Part of a Closed System

Flow Chart
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6-9

Adverse Conditions

Requires development of
a maintenance concept to
eliminate AFFF system
flow tests aboard ship.

Follow-On Activity

Requires post-assembly,
system pressurization
with sea water to check
inteqgrity of joints.

PMS procedural
document is
required for
control and
confidence.

Perform maintenance engi-

neering analysis of all
fire-fighting equipment
using AFFF to identify
the design changes nec-

essary for quick connect/

disconnect of components.

Involves development,
procurement, check-out
time and cost.

Eliminates the opportun-
ity for the crew to use
the system for shipboard
training.

Beneficial Conditions

Eliminates generation of
AFFF mixtures aboard ship
from testing.

Allows for calibration
testing of fire-fighting
system components under
controlled, laboratory-
type environment while
eliminating shipboard
handling of effluent.

Can lead to source of

available, replacement
components similar to a
rotatable pool concept.

The design and modifica-
tions for quick connect/
disconnect enhances cap-
ability for component re-
placement under fire-
fighting conditions.

Develop plans and proce-

dures for installation and
use of shoreside flow test

facility at each port.

Verify concept by confi-
dence testing of compo-

nents by means of a bench

test program.

Implement the design,

hardware modification and

system alterations to
effect the maintenance
plan.

Train crews to achieve
confidence in system per-
formance.

Figure 5-5

Alternative (E)

Summarize the

\ technical, time

and cost para-
meters.

acceptable,
implement

not acceptable,
turn to an

alternative

Eliminate Shipboard Flow Test by
Redesigning Maintenance Plan

Flow Chart

US00006894



0T-S

Adverse Conditions

Requires design review of
all AFFF fire-fighting

®ollow-On Activity

¥-

systems to upgrade the
reliability of perfor-
mance to eliminate flow
tests.

Perform design review and
failure mode and effects
analysis with an objective
of the modification of
systems and components to
enhance performance.

May involve system modifi-

cation to add: sensing
elements; redundancy;
parallel circuits; a con-
stant, low velocity flow
loop; derated perfor-
mance levels; built-in
test equipment, etc.

Develop plans and proce-
dures for installation
and check-out of modified
systems and components.

— meters.

Verify concept by confi-
dence testing program.

Development, procurement
and check-out time and
costs are required.

Implement the design,
hardware modifications
and system alterations
aboard ship.

Eliminates the opportunit-
for the crew to use the
equipment for shipboard

Train crews to achieve
confidence in system
performance.

training.

Beneficial Conditionsl

Avoids AFFF mixture ef-
fluent discharge in the
port waters,

Reduces volume of AFFF
used by all ships.

Eliminates the extra man-
handling of the fire-
fighting equipment for the
flow test checks and the
need for clean-up after
test to assure readiness

to support emergencies.

Figure 5-6

Alternative (F)

Summarize the
> technical, time
and cost para-

acceptable, not acceptable,
implement turn to an
alternative

Eliminate Shipboard Flow Test by

Flow Chart

Enhancing System Component Performance Reliability
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a. This alternative has already been investigated by
NRL.!* The NRL report considered several test materials
which duplicated AFFF concentrate in viscosity and had a
suitable refractive index for analysis using the hand-held
refractometer presently used. Glycerin was one of the
materials found to give the desired performance, was readily
available and was low in cost, and it was therefore evaluated.
The NRL study concluded, "It is feasible to simulate AFFF
concentrates for proportioner testing by adding appropriate
agents to water to give it the proper viscosity and refrac-

"1®8  pHowever, the use of a substitute material

tive index.
was not recommended. The report further stated, "It is
believed that the logistical problem of having a simulated
concentrate in the supply system, the operation of change-
over from real concentrate to simulant and then back to
real concentrate for each test, and the increased potential
for introducing errors and confusion would hot be justified
on the basis of the differential costs per gallon of the
simulated and real concentrates."!'®
b. NAVSEC considered glycerin as an AFFF substitute for
testing but found it unacceptable from an operational stand-

point although glycerin has a lower toxicity than FC-206

(appendix E). They stated the following.
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"Because glycerin might react with AFFF
substances and make AFFF substances ineffective,
use of glycerin for testing of foaming statlons
would require that the tanks be washed out fol- !
lowing use of glycerin and refilled with AFFF, |
The chance of contamination of AFFF tanks by
glycerin, which might make AFFF tanks inoperable
or reduce the AFFF concentration to unacceptable
limits, makes the use of glycerin for testing
proportioning pumps less advisable.
In addition, the use of glycerin for test-
ing could allow operational mistakes that affect
— foam unit performance to occur. If a foam sta-
tion was accidently left filled with glycerin,
the foam unit could be totally ineffective.
If a second tank and valving were added, valves
could be left set in the wrong position after
testing. Any of these occurrences could turn
a small fire into a major casualty if the foam
unit malfunctioned. The subsequent possible
loss of lives therefore makes this alternative
unacceptable."!? _ i;
c. AFFF is a highly developed fire-fighting substance.
It is unlikely th;t a substitute substance could be found that
is compatible with AFFF such that operational effectiveness
~
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is not degraded and a substance that is also environmentally
more acceptable for discharge.

d. Therefore, alternative (A), test with substitute con-
centrate material, has been rejected.
6. When the objective of alternative (B), refine procedures
to reduce discharge volume, is considered with regard to the
environmental assessment parameters of table 4-1, it is con-
cluded that, by the nature of the change to reduce the volume
of the discharge, the potential for harmful impact is reduced.

a. Current testing time is now approximately one minute.
Shorter times may be acceptable providing foamvis being deliv-
ered from the nozzle in a uniform spray pattern and the hose
has been previously flushed with salt water to verify that the
hose is not clogged. However, if new in-line test devices
(as described in section 9) are adopted, observation of nozzle
spray pattern Qill be impossible. Also, even though the test
operating time could theoretically be reduced, there is no
assurance that the test team could or would minimize generation
times. An AFFF discharge would still result.

b. Alternative (B), refine procedures to reduce discharge
volume, is rejected.
7. Alternatives (C) and (D) have as an objective, the elimina-~
tion of untreated AFFF discharges in port while still permitting
system testing as currently practiced; therefore, the potentlaf
for damaging the environment is eliminated if adequate treatment

is provided.
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a. Alternative (C), adjust test schedules for discharge

»~~only when collection, treatment and disposal facilities are

available, relies on direct discharge to waste collection
systems other than those specifically for AFFF containment.
These waste collection systems include shipboard wastewater
CHT systems, SWOB's, donuts and tank trucks. Also included
in alternative (C) is discharge to open sea in unrestricted
waters directly ftom AFFF systems undergoing tests or in-
directly through CHT systems. ©Such an alternative is not considered
viable, however, as ship safety requires that machinery space AFFF fire

fighting systems be tested prior to getting underway.

(1) CHET systems are being installed on ships as part

of the Navy program to eliminate the discharge of shipboard

sanitary wastes into navigable waters.

P

P

(a) CHT systems provide for the collection and
transfer of sewgge from waste drains as well as soil drains.
Waste drains collect wastewater from hotel services such as
showers, lavatories, laundries, galleys, sculleries, sinks,
etc. Soil drains collect sanitary sewage from water closets
and urinals. Separate soil and waste drains transport waste
to collection hcaders for diversion overboard or to the
hoiding tank. The holding tank contains sensing elements
to control sewage pumps, a flushing system, and may contain

an aeration system. Waste ic transferred from the holding

tank by sewage pumps, through discharge piping overboard eithér'

to the sea or through deck discharge fittings and hose to

shore. ?°
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(b) The major advantage of utilizing CHT systems
for collection of shipboard generated AFFF is that the waste
handling system is already aboard, and therefore extensive
installation and alteration of a specific AFFF waste handling
system is avoided. A lesser advantage from an AFFF waste
handling standpoint is the initial dilution with other waste
streams that the AFFF will have in the tank prior to pump-out.
The degree of dilution will vary from ship class to class
based upon the normal working capacity of the tank. Any
dilution of AFFF waste prior to handling or treatment will
lessen the possible waste handling problems due to foaming
and lessen the possible waste treatment problems due to high
BOD loading. A tentative installation schedule for CHT's
is provided in appendix G.

(2) SWOB's were originally conceived for the collec-
tion of oily waste from aircraft carriers, ships at anchor,
and ships berthed at remote locations. The SWOB's procured
in FY74 and FY75 were outfitted to handle only oily waste.
Eighteen will be constructed with FY76 funds; thirteen will
handle sewage, five oily waste. A sewage retrofit package
developed in FY76 can be used at the discretion of the user
activity to convert an oily waste barge to a sewage barge.

(a) SWOB's scheduled for procurement in FY76
are 75,000 gal (284 m®) barges intended for the collection of

sewage from ships at anchor, or berthed at locations where
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pier sewers are not planned because of high‘construction

costs. The barges would transport the waste collected to 1
available pier sewers or some other discharge location for f
adequate treatment and disposal. A tentative allocation

plan for SWOB's is provided in appendix G.

(b) The advantages of utilizing SWOB's for
collection and transport of AFFF wastes are the same as those
for CHT systems.

(3) WwWaste o0il rafts, or "donuts" as they are called,
are for the collection and transport of oily waste from ships
berthed at piers without oily waste collection facilities

»and from ships at anchor.

(a) A donut is a circular or elliptical cylinder
with a flotation collar at the upper open-end. The lower end
of the cylinder ektends several feet beneath the harbor water
surface. The bottom is usually closed by baffles (older sys-
tems have open bottoms). Waste oil or waste oil-water mixture
is discharged from a ship into the top of the donut displacing
water within the donut. The water and oil separate gravi-
metrically within the donut. The floating oil is confined
within the donut and any water added flows out of the donut
and mixes with the harbor water. A donut can be towed from
ship to ship until full, and then it is pumped out to an oil

disposal or reclamation facility.

7~
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_ (b) A donut is an unsatisfactory means of col-
lection and transportation for AFFF discharges. The specific

gravity of cea water (1.02 - 1.03 at 4°C) and the speaifie
gravity of AFFF (FC-206, 1.020 at 4°C) are nearly identical.
Furthermore, they are fully miscible. Therefore, AFFF and
sea water will not separate gravimetrically and a donut will
have no separation or confining effect.

(4) Liquid wastes are often removed from naval instal-~
lations by contractors utilizing tank trucks. Wastes can be
collected in shoreside tanks which are emptied by a contractor
or discharged directly into waiting trucks.

(a) Disposal of AFFF waste discharges by con-
tractor is an acceptable alternative that is practiced in some
locations (i.e., Long Beach Naval Shipyard, appendix D). How-
ever, disposal by contractor involves additional coordination
between ship, shore facility, and contractor, and therefore it
involves additional expense and possibly delays.

(b) Collection of AFFF in tanks could be an
acceptable alternative until other more efficient alternatives
become available.

b. Alternative (D), perform tests with discharge contained
as part of a closed system, relies on a designated shipboard
holding tank for containing AFFF wastes. Alternative (D)
differs from alternative (C) in that specific ancillary ship-

board equipmenf would have to be provided for alternative (D).
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o~ ,
(1) Allocating additional space and equipment aboard

ship for handling only wastes from AFFF testing is not attrac-

tive. A closed test system would only be used during infre-

quent in-port testing (estimated as once every three years).

It would have to be fabricated of materials compatible with

AFFF and cleaned and serviced after use., The added benefit

derived from dilution with other shipboard waste streams

(in CHT system collection alternative (C)) prior to disposal

would also be lost. Strict shipboard size and weight limita-

tions would make location of an AFFF collection system difficult.

Therefore, the operational and physical disadvantages of pro-

viding a separate, closed AFFF test system makes alternative
,.7D) much less attractive than utilizing existing waste handling

systems, alternative (C).

(2) Alternative (D), perform tests with AFFF discharge

contained as part of a closed system, is rejected.

8. Alternative (E), eliminate shipboard flow test by rede~

signing maintenance plan, has as an objective the elimination

of shipboard flow testing with AFFF and thus the generation

of the waste aboard ship.

a. This option recognizes that the fire-fighting systems
are comprised of electro/mechanical/hydraulic components con-
nected electrically and/or hydraulically aboard ship. System
evaluation could identify tbe key components reduiring AFFF
flow test for operational confidence. With some design change,

~
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the critical components could be given quick connect/disconnect
capability to allow the scene of confidence checks of the éom—
ponents to shift from the ship to shore side where the AFFF
discharge could be more easily disposed of without-contamination
of harbor waters. An overall shipboard fire-~-fighting system
pressure/flow confidence check could be performed using sea
water. A program of design, procurement, training and instal-
lation is involved. The implementation of this alternative
accrues a dividend by increasing the effectiveness of main-
tenance capabilities.

b. Although alternative (E) eliminates shipboard testing,
implementation of a maintenance plan would require time. Ship-
board testing would have to continue in the interim period.
Alternative (E) is rejected.

9. Alternative (F), eliminate shipboard flow test by enhancing
system ccmponent performance reliability, has as an objective
the elimination of shipboard flow testing with AFFF.

a. A systems analysis could be performed with the objective
of chaﬁging equipment design to maximize the operational reli-
ability andvthereby, by.performance, assure confidence in the
system without regular