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SECTION I

INTRODUCTION

A. OBJECTIVES

The objectives of this research effort were (1) to develop documentation

that may be used for Air Force certification of the presently developed

hypergolic propellant vapor control foams for use as fire suppressants, and

(2) to identify the chemicals released into the environment when foams are used

to control hydrazine fires, or when foam-covered hydrazine is later disposed of

by burning.

Appendices A through H contain additional data arid information.

B. BACKGROUND

Large quantities of hypergolics, specifically hwi-raine and nitrogen

tetroxide (N2O0), are stored and used as rocket propellants in space and

defense prograns, such as the Space Shuttle and the Titan. Accidental spills

of sizable quantities of these hazardous materials can occur dirin'j transport

on the nation's highways, as well as during propel lant handiing operations at

the storage and use facilities. Vapors in parts per million (ppm) (see Table I

for conversion factors) concentrations constitute significant risk- t.) hiajri

health (see Appendix A, Safety Data Sheets). Hydrizine fjels are also

considered as suspect hunan carcinogens by the Am nerican Conference of 3ov.Žrn-

mental Industrial Hygienists (ACGIH). Spills involving these substancos pose,

the imimediate threat of hmnan exposure from propellant vapor and liquid, and

the less itinediate, but equally significant, threat of secondary co'itanirit-''

of water supplies and sewers froii the escaping liquid propellant or fro.n con-

taminated water used in spill response. An Air Force study to develop a foam

systen that could effectively reduce the volatilization of hy}Irazines and N 20 4

spills has been completed recently (Reference 1). roams with additivw.s were

developed and tested with positive results for hypergolic vapor suppression

even under adverse weather and stream flowing conditions. Field demonstrations

i1



TASLE 1. CONVERSION FACTORS FOR U.S. CUSTOMARY
TO METRIC (SI) UNITS OF MEASUREMENT.

To convert from To Multiply by

British thermal

unit/second (Btu/s) watt (W) 1.054 350 x E +03

degree Fahrenheit (OF) degree Celsius ('C) toc= (to°F 32)/1.8

foot (ft) meter (W) 3.048 000 x E -01

ft2  m2  9.290 304 x E -02

ft 3/min liter/min (L/min) 2.831 684 x E +01

ft 3 /min/ft 2  L/min/m 2  3.047 999 x E 102

gal /min L/min 3.785 412 x E 00

gal/min/ft 2  L/min/m2  4.074 584 x E +01

inch (in.) m 2.540 000 x E -02

miles/hour (mph) km/h 1.609 344 x E 00

parts/million (ppm) 'I 1.000 000 x E 00

pound (lb) k9 4.535 924 x E -01

lb/in.1 atmospheres (atn) 4.725 000 x E -04

yard (yd) m 9.144 000 x E -01

included scenarios of a propellant spill contained in a simulated diked

enclosure, a running spill on a concrete surface, and a spill occurring inside

a missile silo. The flame-extinguishing capabilities of both low- and high-

-xpanson foams were demonstrated for propellant fuel fires. A major concern

durinq u hydrazine spill is the spontaneous ignition of the fuel. An effective

fire suppressant is needed for Emergency response. Therefore, this program of

fire suppression testing of hypergolic vapor control foams was conducted to

provide the Air Force with valid and certified fire suppression agents for

hypergolic propellants. Hydrazines are hygroscopic, water-soluble propellants

which would be expected to remain toxic for a long time, be absorbed by the

ground, and require environmentally acceptable processing. Four hydrazines

(anhydrous, monometnyl, unsymmetrical dimethyl, and Aerozine 50) and possibly

N.A4 fall in this category. If water is used to control the vapors or to

Control a fire, the volume of the resulting aqueous solution could be

2



substantial. If contained as a pool, the solution would contamninate a greater

quantity of soil than the hazardous materials themselves. When faced with a

vast quantity of aqueous solution or contaminated ground which nust be treated

or disposed of, the effort to develop a foam was undertaken to reduce the

quantity of water used and to reduce the containment volume. The spent foam

and waste hydrazine must be disposed of once the spill has been controlled and

contained. Rather than collect the material and bury it in a hazardous waste

landfill, a controlled burning or incineration is proposed. Depending upon

circuntances, it may be environmentally most practical to effect a controlled

burn in place. The bulk of previous research has been directed toward the

development of the foans as solutions to controlling the spill hazards. Very

little research has been done to assess the reaction products formed when

controlling a hydrazine fuel fire or when incineration of the used foam is a

,means for its disposal.

S . SCOPE

The scope of this effort encompassed a complete series of 38 fire tests
cocdri ted at t.c Nevada Test Site in November 1985 and April 1986. The test;

wvere fully documented and the conditions and results compl-tely described. The

performnance of the various foans and types of fires were recorded and

coqcliusions were drawn fron the variety of fire and foan interactions.

Recoimnendations regarding types of foxns and application rates for various

propeiHants and spill conditions were drawn. Several of the fire tests were

envirotinentally sanpled throuqh innovative and unique sampling techniques.

Samples were analyzed for propellant and foam combustion products and a

cmonlete analytical conpilation was derived.



SECTION II

HISTORY/PREVIOUS TESTS

Historically, propellant spills have been diluted with water for vapor

suppression. This procedure creates an increased volume of material which

must ultimately be disposed of, together with the attendant increases in cost

and schedule. In the case of N20 4, the addition of water will cause a dramatic

increase in the vapor evolution rate before reaching a more nonvolatile,

diluted state. To perform more optimal vapor suppression, water-based foam

formulations were developed through the efforts of the Chemical Systems Branch

of the Plans and Project Directorate of Air Force Space Division (HQ-SD/CFPE)

located at '.os Angeles Air Force Station, California, and the Engineering/

Reliability Branch of the Material Management Directorate of Ogden Air

Logistics Center (O0-ALC/MMGRI) located at Hill Air Force Base, Utah. These

efforts investigated the possibilities of vapor suppression and fire extin-

guishment while minimizing the volume of material which must be added to a
propellant spill for hazard mitigation (Reference 2).

The results of this initial work indicated that aqueous foam systems

could provide effective mitigation of the vapor hazard from spills of

hypergolic propellants (Reference 3). The program was continued (Reference 1)

with the subsequent development of acrylic-modified surfactant foam systems.
Tests showed that these foams could significantly reduce vapor concentrations

from hydrazine and N204 spills for extended time periods. This technology led
to the developinent of a trailer-mounted foam response unit, a Portable Foam

Vapor Suppression System (PFVSS) (Reference 4). Four of these units are

actively deployed with the Titan Missile Wings of the Strategic Air Command

while a fifth unit is in service at Vandenberg AFB.

Unrier a supplemental Air Force contract (Reference 5), field tests of

the ýFVSS were conducted to ascertair its capability in controlling large

propellanL spills. The technology was also used to design and install a demon-

stration fixed-foam s•,tem at the oxidizer storage area at the Vandenberg Air

[-orce Base Titan Propellant Tank Farm. A foam system is also included in the

tew fuel storage facility at the Cape Canaveral Air Force Station.

4



The results of the investigations conducted in the Air Force-funded pro-

grams indicated conclusively that foam ran be used to contrG. the vapor hazard

from spills of the hypergolic propellants, i.e., hydraz~nes and nitrogen

tetroxide. The acrylic-modified foams tested were able to restrict hydrazine

vapor levels to less than I ppm and N204 vapor levels to less than 100 ppm. In

all cases, it was found that the foam blankets could be continuously or inter-

mittently replenished to allow long-term spill control if necessary.

Best results were obtained with contained spills. A significant degree

of control can be exercisec in running spills if the foam can be applied to

cover and follow the spi'i. Continuous liquid discharges were difficult but

could be controlled if the discharge could be submerged in foam. Some limited

tests were conducted which tentatively indicated that the acryl ic-modified

foams are effective in controlling and extirguishing hydrazine fires and

nitrogen tetroxide supported fires involvin.g nonpropellant flammable :naterials.

Resulting foam technology has beern successfully employed in both portable and

fixed installations

The initial progran to define vapor control procedures for spilled hyper-

golic propellants assessed the ability of the two techniques to mitigate the

vapor hazard of hydrazine and N204. Each technique was pursued independently

for both of the propellant materials. The program used a series of laboratory

tests to evaluate the various methods and materials for vapor suppression.

Vapor concentrations above the two propellant materials were neasured usinq

detector tubes. Tests in which the concentrations exceeded the maxi,'nlun limit

of detector tubes (about 35 ppn) were considered failures.

The evaluatioi of foan systens initially considered the comiiercially

available foan agents as used by the fire services. When these did not prove

effective, an experimental type of foan was also considered. This was an

acrylic-modified agent.

Five basic foan agent types are current!y in use for fire control. These

are proteinaceous materials derived fron natural protein, Aqueous Film-F-,-ming

Foams (AFFF) which employ a fluorocarbon surfactant, fluoroproteins which are

-ombinations of AFFF and protein, synthetic materials which are hydrocarbon-

surfactant base, and "alcohol" or "polar solvent" agents which are generally

proprietary materials.

5



Two expansion ranges are used in foam technology. Expansion is the ratio

of air to water in the foam miss. There are theoretical design limits, but in
practice the limits are 5 to 20:1 for low-expansion and 250 to 750:1 for high-

expansion foams. For fire control, the synthetic foaming materials are
effective in both expansion ranges. The other foams are generally restricted
to the low range, even though high-expansion foam can be generated with some of
them.

AFFF materials perform quite poorly with water-reactive materials but were
included because they are widely used by the Air Force. Each of the selected

commercial agents was carried through screening tests to assess compatibility
wi t both hyrirazin.. and N20 .

The tests with N204 were easy to evaluate; all foams collapsed rapidly
with on!y minimal control of the vaporization rate. Of the five agents tested,
the best results were obtained using MSA Type V, AFFF, and 3M ACT polar so'eant

agents (see Appendix H for definiticns), but all control times were less than 5

minutes.

The tests conducted with hydrazine had more encouraging results. Except

for AFFF and one dicohol foam type, the other foams survived between 30 and 60
minutes when generated at low-expansion. Vapor concentrations were reduced to
5 ppn or less.

Tests run with foans qenerated at high-expdnsion ratios were poor in all

cases. The s.nall laboratory tests provide data which are significantly better
than those derived from the large-scale field tests conducted later in the
progran.

Prior work had indicated that polner-modified foan agents might be effec-

tive against the propellant materials. Two acrylic polymier-modified foan
agents were evaluated against hydrazine in the sane fashion as the commercial
agents. Both materials were compatible wiith hyirazine, The gelation provided
a staule foan mass with little collapse. Each gel eventually broke down bot
the effective life of a 3-inch layer app:oach 4 hours. The carboxyvinyl

polymer gave very viscous solutions, Although it could be handled in the
dilute state, it did not appear to be practical in a concentrate form.

6



Both acrylic-gelling foams were tested with N204 for compatibility.

Neither material could survive against the N2 04 for more than 15 minutes, but

they were superior to all other agents tested. One of the acrylic polymers

furmed an intermediate skin between the foam and the N204, whereas the other

fo.ýmn ;-eacted slowly with N204. In general, the latter behaved similarly but

did not provide the same degree of control as evidenced by the formation of a

discontinuous film.

Fhe conclusion reached was that the acrylic polymer-modified foam systems

possessed the best potential for evolving a successful vapor control system for

the hypergolic propellants.

At the end of the initial laboratory studies of these foams, a short

series of tests of a scaled-up size were run in a remote area of the Nevada

Test Site (NTS) of the Deparmnent of Energy (DOE) in Mercury, Nevada. These

tests were conducted to evaluate and verify laboratory results. The derived

iatd provided the basis to decide on the continuation of the foam develooment

progran. It was r'-t Lhe principa, purpose to develop absolute data but to

evaluate trie viability of the acrylic-modified foam approach for the control of

hypergolic propellent spill vapor hazards. Tests were conducted with both

hydrazine and NZO 4. All tests usd a 25 ft 2 pan, 12 inches deep, and a foan

expansion of 20:1 generated with a foan ou.ap. The acrylic modifier to the foan

was Pohr. & Haas AC33 in all tests. This dcrylic was chosen because it had

exhibited benefits in confact with both fu-1 and jxidizer. The foam composi-

tion was 10 percent surfactant, 10 percent acrylic, and 80 percent water.

Variations were made in depth ,of tne spilled oropellant, between 1/4 inch and

6 inches. Foan depths were essenLially constant for eac& propellant, 3 inches

for hydrazine and 6 inches for N201,.

Further extensive laboratury and field *eittng revealed that a volumetri..

foan fonnulation consisting of approximi*ely 10 percent Roh~n and Haas poly-

acrylic ASE-95 (fuel foam), 10 percent Mine Safety Appliance Research

Corporation (MSAR) surfactant, and the remaining CJ percent water was rost

effective on hypergolic fuel spills. Best result, on N204 oxidier spills were

obtained with a volumetric foan formulation consisting of approximately 10 per-

cent Rohim & Haas polyacrylic ASE-60 (oxidizer foam), 10 percent MSAR surfactant

containing a small amount of pectin, And 3U percent water. Best results for

7



the fuel formulation were obtained when the foam was applied in a low-expansion

ratio mode of 5 to 10:1. Oxidizer foam produced the best results when applied

in a high-expansion mode of 150 to 300:1.

Under normal application conditions of light winds and no precipitation,

reapplication is required approximately every 20 minutes for oxidizer spills

and every hour for fuel spills. In higher wind conditions the foam collapses

at a higher rate due to the increased amount of water draining through it,

therefore requiring more frequent applications.

As the oxidizer high-expansion foam collapses, there is a tendency for

gel-layer islands to form on the oxidizer surface. As successive applications

of foam are made, the gel-layer tends to become continuous. At that point, if

foam supplies are limited, it may be practical to allow the foam to collapse

completely before the next layer is applied. Otherwise, with adequate foam

supplies available, it is advisable from the hazard mitigation and safety

points of view to apply foam in whatever manner will minimize vapor release,

including spot patching when vapor breakthrough has taken place.

Low-expansion fuel foam exhibits a persistence time of from I to 2 hours

as opposed to about 20 minutes for high-expansion foam. The low-expansion foam

is the obvious choice for longevity of foan cover. Since the high-expansion

foam allows a coverage rate about seven times faster than low-expansion foamn

using the same rate of commodity application, it may be desirable in circLum-

stances requiring immediate vapor suppression to make an initial application of

high-expansion foam followed by subsequent applications of low-expansion foam.

It may also be desirable to apply high-expansion foam at transport spills where

the ability to replenish the foan commnodities may be limited. Although high-

expansion foam must be replenished about three times more often, it consumes

only about 60 percent of the foam commodities in the same length of time due to

the much greater volune of foam generted per unit of foam concentrate and water

used.

This testing program defined foam systems effective in controlling the

vapor hazard of spilled hypergolic propellants. The technology has been trans-

lated from the laboratory to large-sized portable units and fixed-foam instal-

lations, with both types now in Air Force service.

8



The fire control testing also had positive results, but the data were not

sufficient to fully define fire suppression capabilities or detailed applica-

tion requirements. The use of the foans in either fire or spill control will

leave an acrylic-resin residue. The handling and disposal of this material was

not a part of this test series; however, it was this test series which dranat-

ically illustrated the potential of the acrylic-modified foams and which led to

the further work described in this report. Appendix C contains minutes of the

more significant meetings leading to the development of this testing program,

and Table 2 is the test matrix derived from those meetings.

9
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SECTION III

TESTING

A. TEST AUTHORIZATION

Test authorization was requested via the HQ AFESC/RDCF letters and granted

by the Department of Energy/Nevada Operations Office (DOE/NOO) letters con-

tained in Appendix B. Because of the speed with which this program moved, test
authorization requests did not always precede the requested test windows with

sufficient lead time. However, DOE/NOO officials took exceptional expediting
actions to permit approvals to be received in time for the testing to take

place on schedule. The major drawback was that the Reynolds Electrical and
Engineering Company (REECo) could not be authorized to perform work until the

DOE/NOO approval was granted. This resulted in problems with the construction
of the pans and excessive cost to set up the foam pen for the wood crib tests.

A few additional comments on the NTS testing costs and conditions are
appropriate here. DOE/NOO personnel typically estimate $15,000 to $20,000 per

week for NTS testing support costs. This is fairly accurate in that NMERI

testing periods spanned 4 1/2 weeks and cost about $72,000. The costs are

applied toward REECo support, fire, security, weather, environmental, and photo

(optional). Every aspect of NTS support was timely and effective. REECo was

particularly supportive but extremely expensive. The estimate of $47,000 was

exceeded by $14,000. The high cost of REECo is mainly due to Mercury support

operations such as food, transportation, and billeting being heavily subsidized
with the cost factored into the hourly rates charged for REECo support work.

From a test scheduling standpoint at NTS, there are several factors to

consider. Where the need for light winds and stable wind direction is a major

factor, as it was in this test series, testing should be conducted between

April and October. This project's April series of tests had generally favor-
able winds while the tests of November were hampered by marginal winds. The

period of April through October is also the time during which NTS conducts most

of their underground tests. These tests can present major schedule disruptions

because of their priority and the need to clear all of NTS prior to, during,
and after such tests. Tests which are necessarily continuous for longer than a

day and which cannot be segmented would be impacted by the underground testing.

Other weather factors to be considered are the extremes in temperature. The
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nights during November subjected the equipment to freeze damage, while the heat

(even as early as April) was extremely fatiguing and began to heat the fuel and

apparatus to a hazardous level.

B. TEST SETUP

1. Site Preparation of Initial Test Series

The initial series of testing commenced at NTS on 13 November 1985.

Prior to the initial test on this date, 5 working days were required to prepare

the site. This involved (a) moving fuel, foam, dispensing apparatus and sampl-

ing apparatus to test site; (b) laying out test site; (c) assembling and test-

ing all apparatus; (d) making contacts with appropriate NTS support officials;

and (e) posting a safety board detailing safety procedures.

a. Movement of Materials

The movement of materials to the test site presented no

problems. REECo was well-equipped and extremely cooperative in getting the

materials moved in a safe and timely manner to the test site. The foan and

apparatus and the N2 04 cylinder were stored near the Cave Spring Test Range and

the hydrazines (21 druns) were stored in Mercury.

b. Test Site Layout

The test site was conveniently located about 15 miles north of

Mercury. The surface at the site was a relatively clean, debris-free weathered

asphalt. Since the prevailing winds were out of the south-southwest upon

arrival, the four pans were set up in a square pattern, 75 feet apart, with the

intention of burning in the sequence of northeast, northwest, southeast,

southwest. This arrangement would permit four tests to be conducted in one

day, with the foam and sampling equipnent requiring only one move. The pan

area was located approximately 200 yards east of the operations trailer.

c. Assenbly and Testing of Apparatus

On 8 November, the MSA foan tanks were filled with water,

pressurized and used to check out the 2-, 3-, and 6-gallon-per-minute (gal/min)
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nozzles. All systems ran well. The MSA system employed for all tests in this

series was a field-adapted system consisting of two 70-gallon tanks pressurized

to 110 lb/in. 2 by a REECo-supplied air compressor. Pressures on the outlet

side of the tanks were regulated to produce 90 lb/in. 2 for low-expansion foam

and 35 lb/in. 2 for high-expansion foam at the nozzle. The acrylate was con-

tained in one tank--mixed 1:4 with water; wnile the surfactant was in the

second tank, also mixed 1:4 with water. The acrylate and surfactant solutions

ran in separate lines of approximately 200 feet of 1-inch hose to a union where

they were joined immediately prior to 10 feet of 1-inch piping leading to the

nozzle. This system is shown in Figure 1. Between 9 and 11 November, the

Thermal Gas Device (TGD) sampling apparatus (described in detail in Volume II)

was assembled. Low temperatures, high winds, and snow made the setup lengthy

and difficult. It was decided to orient the TGD on the SE side of the NE pan

and run all tests to be sampled from that pan. The bulk of the TGD, number of

connections, and number of support assemblies made this "permanent" setup

necessary.

d. Contracts

All preliminary support arrangements were made with Mr. Lon

Kilmner of the DOE Nevada Operation Office (702) 295-0968 in Las Vegas. At

Mercury the primary support contracts were Mr. Wilson, DOE, (702) 295-4001; Mr.

Dennis Finney, REECo, (702) 295-6540; Chief Ray Gudeman, Fire Protection (702)

295-6404; and Mr. Frank Tyner, PanAm Photo (702) 295-6771.

e. Safety Procedures

A safety board was assembled immediately inside the operation's

trailer with the following information: copies of all pertinent material

safety data sheets with instructions to all personnel to read and sign, emer-

gency phone nuanbers, the safety portion of the test plan, and the test organiz-

ational chart (Appendix E).

13



Figure 1. MSA-D'isperisiny Apparatus.
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2. Site Preparation of Second Test Series

The second series of tests was begun at NTS on 15 April 1986. Prior

to the initial tests on this date, two working days were required to prepare

the site for testing. This involved (a) laying out test sites, and (b) assem-

bling fuel/oxidizer dispensing apparatus.

a. Test Site Layout

The west side of the test site was selected as the most advanta-

geous location for all tests in this series. This placed the support trailer

250 yards to the east and the fuel storage area 300 yards to the east. In the

fuel storage area were the monomethyihydrazine (MMH), Aerozine 50 A-50), hep-

tane, and diesel fuels. The two cylinders of N204 were kept immediately adja-

cent to the western edge of the test area. The foam pen for the wood crib

tests was sited at the western edge of the test area.

b. Apparatus Assembly

REECo provided polyvinyl chloride (PVC) pipe and fittings tj fit

20- and 10-foot extensions to the N204 cylinder and diesel drum. A nitrogen

bottle and connections were obtained to further pressurize the N204 cylinder

during pouring operations.

C. TEST CONDITIONS, EQUIPMENT, AND PROCEDURES

1. November 1985 Test Series

a. Weather

Before deciding to proceed with a test series during the month

of November, it was understood that the weather would range between marginahl

and unacceptable, and that the Lest schedule would probably not be completed in

its entirety. This was largely the case; and while the weather was more on the

marginal side, it did not appear prudent to move into the N204 portion of the

test series. Initial setup weather was deceptively good--60 to 70 *F with 6 to

12 mph winds. After 3 days, the temperature dropped, winds picked Jp, and snow
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fell for 3 days. When the precipitation stopped, the low temperatures and high

winds continued for about another week and were followed by a warming trend
with light and variable winds for the remainder of the test period. The high

winds severely affected some tests, particularly on 18 November when they
gusted to 46 mph and threatened to ignite the desert brush south of the test

area. The high winds also increased the fatigue factor of the personnel
handling the hydrazine and extinguishing apparatus while the extremely cold

nights (15 to 20 'F) froLe the foaa apparatus, occasionally breaking valves and
fi tt ings. The light and variable winds presented a contrasting problem, the

extent and direction of flow of the hazardous hydrazine vapors could not be

ascertained. Pernaps the moct crucial decision of the test series was made at

this point, and that was to continue the tests with all personnel outside the

operations trailer wearing either a pressure deMand self-contained breathing

llpparatus (SCP,,) or an industrial gas :iask with the appropriatc' canister. Fro,!!
this ,lt, the tests oontin:ued withi no weather difficulties.

h Equ i nent

!r,, *Ieneral, the equipiient transported t,, e i ;it-, by New Mexic•.

Eq§1m ..o... inmg Rosear-ch institute PN "I0 ) and MSA perto'-,qd well. minfr- -,a func-

t.) , no shortcningis due to unavali ilityv of parts were hand in, in tno field

ri, ,Yere more than amply suppor tea by N•EFS in a tinely manner. Dry ice for

M.hc cryogenic traps (see Appendix 4) was not available in site as anticipated,

and three trips to Las Vegas were made to procure an adequate anount for the

tests. Thc diesel generators provided by REM~n were marginal at beqt. Three

generators were required, and a total of six generators were rotated through

the site to provide minimal power. Generators had problems starting, maintain-

ing the load requirements, and operating continuously on required phases and
voltages. While REEMo's response to these problems was usually timely, correc-

tive actions were not lasting. The generator situation caused no delays in the

testing schedule; however, it necessitated nunerous last minute "work-arounds"

and the extensive use of NMERI's 4-kilowatt (KW) portabie generator, without

which the test schedule definitely would have been impacted. Full portable

power provided by NMERI was considered for future testS. Because of the late
adjustments in the test dates and DOE/NOO pernit processing lead times, the

pans were not constructed in accordance with NMERI specifications. The four
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50 ft 2 square pans were to be constructed of 3/16-inch steel with a ribbed,

reinforced bottom. This steel could not be procured in time, nor was there
lead time for reinforcing, so testing was begun with four pans of 3/32-inch

steel, unreinforced. Furthermore, the pans were 52.5 ft 2 instead of the
requested 50 ft 2 . As expected, the pans warped badly and considerable

hammering was applied between tests to achieve marginal releveling. Beginning
with the AH low-expansion test on 19 November, two new pans were p-ovided by

REECo, with good bottom reinforcement; these two pans were 50 ft 2 and were used
for the remainder of the tests. During the MMH pour for the low-expansion

obstruction and rusty metal test on 22 November, one of the reinforced pans
developed a leak along the seam on the middle of one side. The pan began to

visibly drip, and heavy vapors were seen forininq beneath the par. No ignition
outside the pan occurred, and the test was continued to a successful conclu-

slon. If future pans are constructed as specified, no problems should occur.

c. Procedures

The NMERI and MSA teams worked very well together, And fie!d

procedures were easily resolved to the satisfaction .f both parties. The

schedule matrix of the test plan was followed fairly closely, and the test pldn

safety procedure proved adequate. Prior to the first MMH pour, it was de;cidod

to place an aluninrii foil cap over the end of the TGO to prevent vapor

accumulation and possible ignition. The foil was remotely removed at the start

of the burn. During the first MKH pour, an air sample was taken approximately

1.6 miles downwind with no indication of hvjrazine. All outside participants

wore hydrazine indicator badges during the first day of testing; no badges

indicated exposure to hydrazine at the I ppin level or greater. Essentially on

all tests MSA personnel handled the fuels, fomn, physical sanples, and burnoff

(Figures 2 through 5). NMERI personnel recorded test times and descriptions,

operated the TGD srnpling apparatus, and directed the PanAm photography. Site

security and fire department support for all tests was excellent. Prior to

each test, the fire department set up and charged d hand line, and renained on

the test si'le until the final burnoff of the day was completed. Established

areas for protective breathing apparatus were maintained until 20 November,

from which time-pressure demand self-contained breathing apparatus (SCBA) or an

industrial gas mask with appropriate canister were Eoployed by all outside

17



Figure 2. Manual Pour of MYr{ Di- ctl-v into Burn Pan.



Figure 3. Manual Ignition of MMH.
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Figure 4. Application of Low-Expansion Foam to Burning MMH-.
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Figure 5. Postextinguishment Removal of Foam from Burn Pan Before
Final Burnoff.
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personnel. All test start and completion times and safety matters were coordi-

nated with the DOE onsite coordinators, Mr. Jim Baxter and Mr. Vince lori, who
also provided exceptional support. Fortunately, no schedule impacts resulted

from conflicts with other ongoing tests at NTS. In addition to the weather
constraints discussed above, a significant schedule factor was the fatigue on

the part of the fuel and foam handlers. Particularly difficult was the move-
inent and pouring of the 500-pound fuel drums while in full firefighting and

protective breathing apparatus. It appeared that this amount of work levied on
personnel under potentially explosive and toxic conditions would limit the

number of tests to three tests per day. As expected, the efficiency of the
testing team increased significantly as the test series progressed. This was

clearly shown in the last 2 days of testing during which 6 tests were
completed. As the comfort factor with the hazardous materials increased, it

was extremely important to ensure that attention to safety details was main-

tained through the entire test series and that no safety incidents occurred.

2. April 1986 Test Series

a. Weather

Wind conditions and temperatures were generally as expected.

Winds were usually from the south and southwest as predicted, averaging 6 to

12 mph on most days. However, winds as high as 21 mph with gusts to 37 mph
were experienced. Testing under these conditions was minimized, but the wind

was a factor in extending extinguishment times and adversely affecting the foam

movement during the wood crib tests in the foam pen. The consistency of the

wind direction greatly benefited the ease and safety of the N 20 handling
operations. Toward the end of the test period, higher temperatures produced

earlier fatigue for personnel wearing protective suits and caused concern about

the heat buildup of the fuel and in the metal pans. After a spontaneous igni-

tion occurred on 28 April with Test C-15, (see Appendix F, Experimental Data,
Test C-15) the pans were thoroughly cooled with water before and during the

remaining tests with A-50. Overall, adverse weather only resulted in the loss

of I day of testing over the 2 1/2-week period.
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b. Equipment

Minor problems were encountered with the compressor and the

forklift, but they caused no major impact on the test schedule. REECo's

response to these problems was usually timely. It was determined to use the

same pans as were used during the test series in November 1985. Generally the

four unreinforced pans were used for the N204 tests while the two reinforced

pans were used for the A-50 tests. The reinforced pans were repaired by REECo

welders prior to use.

c. Procedures

The NMERI and MSA teams employed the same procedures as in the

November 1985 test series. Fortunately, only minor schedule impacts resulted

from conflicts with other ongoing tests at NTS.

0. FUEL AND OXIDIZER

The fuels used for this test series were anhydrous hydrazine (AH), mono-

methylhyirazine (MMH), unsynmetrical dimethylhydrazine (UDMH), and Aerozine 50

(A-50). The sole oxidizer used was N204 . For most of the tests in this

series, production fuels and oxidizers were used. Off-specification (off-spec)

fuels, A-50, were used for the April 1986 fuel series. Off-spec fuels can be

used for testing of this nature if fuel characteristics reasonably replicate

production fuels. In no case, however, should the H20 content be allowed to

exceed 5 percent by weight.

Since this was a Government-sponsored progran, NMERI was able to purchase

the fuels from the San Antonio Air Logistics Center. Ihe address is

SA-ALC/SFRL, Kelly AF8, TX 78241. Contacts are Mr. Jack Paddie, Ms. Bea

Hernandez, or Ms. Lucille Jordan at autovon 945-4877 or comnmercial (512)

925-4877. These people were extremely helpful in handling all fuel purchase

and delivery actions. Under their progran for production fuels, SA-ALC/SFRL

either purchases the materials from a supplier or draws them from an existing
Air Force stock pile and charges the customer a fixed price. Prices are

revised quarterly. SA-ALC/SFRL also arranges for the shipping of the contain-

ers to and from the test site at no cost to the customer. This can be a very

23
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convenient arrangement for the customer, although production materias are

expensive. A typical 55-gallon drum of fuel costs about $3000; whereas a 1-ton

cylinder of N2 04 costs about $5,500. SA-ALC/SFRL personnel normally require

that an order be placed 60 to 90 days before required delivery.

The use of off-spec materials presents problems of a different nature.

SA-ALC/SFRL can normally locate a source of off-spec materials; but from that

point forward, it is the customer's responsibility to negotiate and finance all

arrangements. This entails a myriad of contacts, scheduling details and

uncertainties. Attempts to obtain off-spec MMH for the November test series

were not successful due to problems negotiating costs and liability issues

within the tight time constraints placed on this first test series. Off-spec

A-50 was obtained for the April test series. This was made possible largely

because: (a) NMERI had acquired more knowledge of the fuel supplier community,

(b) SA-ALC/SFRL personnel provided exceptionally good directions and guidance,

and (c) the companies possessing the off-spec fuels were extremely cooperative.

Thus, the fuels were obtained for the costs of handling and transportation

only. This, by far, constitutes the best means of obtaining the material for

test purposes if the necessary lead time is available.
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SECTION IV

TEST RESULTS

A. NOVEMBER 1985 TEST SERIES

The series of fire tests conducted in November 1985 focused on the ability

of acrylate-modified vapor suppression foam to extinguish burning hydrazine.

Both high- and low-expansion foams were applied to 50.0 ft 2 and 52,5 ft 2 fires

in square pans. The hydrazine fuels used were MMW, AH, and UOMH. Hydrazine

fuels burn with very little visible flame. Flame visibility is lowest in AH

fires, followed by MMH and UDIMH, in that order. This generally made exact fire

extinguishment times difficult to ascertain. Since the pan corners were the

last portions of the flame to be extinguished, the continuity of the foam cover

within the corners was normally a reliable measure of extinguishment. An IR

camera, loaned to NMERI by the Naval Research Laboratory, was used during some

tests, but it was difficult to distinguish the flame from the heated pan in the

corner areas through the IR lens. The fire test procedures followed the

Underwriters Laboratories (UL) Standard 162 (Reference 6) procedure for low-

expansion foam and National Fire Protection Association (NFPA) 11A

(Reference 7) for high-expansion foam. MSAR officials contributed to the test

result data described belcw.

In addition to fire extinguishiment timing tests using the low-expansion

foam, wand and stovepipe tests were conducted. The wand test (Figure 6), as

described in UL 162, Section 18.18-18.19, is performed after 5 minutes of foam

application (provided extinguishment of the fire is achieved) by passing a

lighted torch approximately I inch above the entire foam blanket for a speci-

fied amount of time. This specified time is 9 minutes for AFFF and 15 minutes

for protein, fluoroprotein and synthetic concentrate foams. To pass the wand

test, the fuel must not ignite within the time allotted unless it is able to

self-extinguish in 30 seconds or less. The stovepipe test (Figure 7), which

was performed directly following the wand test, is also outlined in UL 162,

Section 18.20-18.21. This test involves placing a stovepipe of 12-inch

diameter into the foaim blanket. This pipe must be of sufficient height to

protrude above the foam blanket by approximately 4 inches. The stovepipe must

be placed about 2.5 feet from each of two adjacent sides of the test pan with

as little disturbance to the foam blanket as possible. The portion of foam
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Figure 7. Stovepipe Test.
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inside the stovepipe is removed, and the fuel within is ignited. Tne fuel is

allowed to burn for I minute and the stovepipe is then slowly removed. The
test is considered successful if (1) the foam blanket is able to restrict the

spread of fire to an area of 10 ft 2 for 5 minutes, or (2) the foam is able to
flow and cover the burning area. The wand and stovepipe tests are used for

low-expansion foam only. Individual test descriptions and results are

contained in Appendix F.

The basic fire sequences were conducted using MMH. The foam application

used, described in UL 162, Section 18.12-18.13, involves positioning the nozzle

so that the foam is directed across the pan, at an angle above the horizontal
so as to strike a backboard on the opposite side of the pan (Figure 4). This

method of application was used for all fire tests except the tests which used
the AFFF flared nozzle, and foam application in accordance with MIL-F-24385C.

Extinguishment times were obtained for different application rates. The data
were plotted with foam application rate versus extinguishment time, and a typ-

ical curve fov flammable liquid was fit to these points (Reference 2). Minimum
application rate and design rate are defined using this curve (Figure 8). This

is accomplished by drawing a tangent line to the vertical portion of the curve
and extending this line to the abscissa. The point of intersection with the

abscissa is defined as the minimum application rate. The design rate is then

determined by drawing a second tangent to the horizontal portion of the curve,

and extending a vertical line down to the abscissa from the tangent point.
This point of intersection with the abscissa is the design rate. The calcu-

lated design rate of application for MMH was then used for AH and UDMH fires.
These rates were also applied on MMH fires with obstructions and rusty metal

present in the burn pan. Additional MMH fires were extinguished with comuner-
cial Aqueous Film-Forming Foam (AFFF) and Alcohol-Resistant Concentrate (ARC)

foams. Finally, the acrylate-modified foam was tested using the calculated

design rate with heptane and leaded gasoline fires.

1. Monomethylh>drazine

a. High-Expansion Foam

The high-expansion foam was generated at a nominal 160:1

expansion ratio. MMH Fire Tests A-9, A-1O, and A-8 were conducted with
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application rates of 24 ft 3/min, 55 ft 3 /min, and 118 ft 3/min, respectively.

Tests A-9 and A-10 yielded no extinguishment, whereas Test A-8 produced

extinguishment in 1 minute I second. The data was plotted in Figure 9 and a

design rate of 79 ft 3/min for the 52.5 ft 2 fire, or 1.5 ft 3/min/ft 2 was

established. A minimum application rate of 70 ft 3/min was also determined from

the curve. At the design rate, the extinguishment time was 1 minute 15 seconds

(Test A-16).

Test E-16/F-16 (Figure 10) was conducted to assess the ability

of the foam to flow around obstacles and control fires where hot metal was

present as a reignition source. The obstruction used was a 30-gallon rusted

steel drum placed upright in the center of the fire pan. About 10 pounds of

rusted scrap steel was wired together and placed beside the drum. This fire

was extinguished in 39 seconds at the established design rate of 79 ft 3/min.

When the reduced fire surface (caused by the presence of the drum) is

considered, this time is consistent with data obtained for fires without

obstacles. There was no evidence that the obstacles or hot metal interfered

with the flow of the foam or the extinguishment of the fire. The data for the

high-expansion fire tests are presented in Table 3. The obstruction test data

are also plotted in Figure 9.

b. Low-Expansion Foam

Low-expansion foam had a nominal expansion or 8:1. Ihe iow-

expansion tests on MMH fires employed initial application rates of 2 gal/min,

3 gal/min, and 6 gal/min. No extinguishment resulted in Test A-2 with an

application rate of 2 gal/min. Test A-3, application rate of 3 gal/mim,

produced extinguishment in 2 minutes 13 seconds; and A-15, 6 gal/min

application rate, extinguished the fire in 1 minute 12 seconds. The design

rate for MMH fires using the low-expansion foam was estimated from the plotted

curve in Figure 11 to be 4 gal/ min, or 0.076 gal/min/ft 2 . Extinguishment time

at this rate was 1 minute 18 seconds (Test A-i), slightly greater than the

extinguishment time for the high-expansion foam using the calculated design

rate.

The obstruction test, using MMH as the fuel (Test E-15/F-15),

was conducted in the same manner as with the high-expansion foam obstruction

test. The application rate used was 4 gal/min; at this rate the fire was
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Figure 10. High-Expansion Foam with Obstruction and Rusty Metal.

31



TABLE 3. HIGH-EXPANSIrI ACRYLIC-MODiFIED FOAM TESTS.

Fuel

Application Extinguishment
Test Quantity Fire size rate time

no. Date Type (gal) (ft 2) (ft 3/min) (min-s)

A-8 11/17 MMH 55 52.5 118 1-01
A -9 11/18 MMH 30 52.5 24 Failed

A-IO 11/18 MMH 55 52.5 55 Failed
A-16 11/19 MMH 55 52.5 79 1-15
D-16 11/20 AH 55 50.0 79 0-45
B-16 11/20 UDMH 55 50.0 79 6-30

E-16/F-16 11/22 MMH 55 50.0 79 0-39
N-30 11/24 Heptane 55 50.0 79 1-35
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extinguished in 2 minutes 20 seconds. With low-expansion foam, the presence of

the drum slows the extinguishment process because it is more difficult for the
low-expansion foam to flow around the drum to reach the rear area of the pan.

In all low-expansion tests the wand test was passed. The stovepipe tests were
also passed, all in less than 10 seconds. The data for the low-expansion tests

is given in Table 4. The obstruction test is plotted in Figure 11.

c. MIL-F-24385-C Tests

The low-expansion test utilized in certifying foams for Depart-

ment of Defense (DOD) use, employs a round pan of 28 ft 2 , a foam discharge of

2 gal/ min, a flared-foam pattern and a plunging-type application. The

plunging-type application, described in UL standard 162, section 18.14,
involves striking the fuel surface near the opposite side of the test pan with

the nozzle at an angle slightly above horizontal. This test was conducted on a

MMH fire (Test A-1A) using the acrylic-modified foam. Neither fire extinguish-

ment nor control was achieved during the 5-minute time lim'it. This was

expected since the plunging-type application is generally not suitable for

water-miscible fuels. Data for this test are presented in Table 5.

d. Commercial Foam Agents, Low Expansion

Three fire tests were conducted using the commercial foam

agents, Ansi ite Alcohol-Resistant Concentrate (ARC), and Ansulite AFFF sup-
plied by the Air Force. All tests were conducted in the 50 ft 2 pan using

55 gallons of MMH and a 1-minute preburn.

The ARC (6 percent) was tested at application rates of 4 gal/min

for Test A-24-2 and 6 gal/min for Test A-24-1. These MMH fires were extin-

guished in 4 minutes 30 seconds and 1 minute 15 seconds, respectively. In both

cases, the foam passed the wand tests and the stovepipe tests. For Test

A-24-1, extinguishiient was immediate once the stovepipe was removed. For Test

A-24-2, the stovepipe test fire was not extinguished. The fire increased in
size slowly but met the UL 162, Section 18.21, criteria of less than 10 ft 2

increase in 5 minutes. The ARC foams broke down more rapidly than the acrylic-
modified foans once the fire was extinguished. These data are consistent with

prior data for spill control where coianercial ARC foamos were able to control

the vapor but exhibited much shorter control times.
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AFFF (6 percent) discharged at 6 gal/min, Test A-23,

extinguished the MMH fire in 2 minutes 51 seconds and passed the wand test.
In the stovepipe test, the fire increased in size but met the criteria of a

maximum of 10 ft 2 increase in 5 minutes. This foam exhibited less stability
over the MMH than the other agents tested. The data from the ARC and AFFF

tests are also presented in Table 5.

2. Other Fuels--AH, UDMH, Heptane, and Gasoline

a. High-Expansion Foam

This series of tests was conducted in the same manner as tests

using MMH fuel. The high-expansion foam was generated at a rate of 160:1.

Using the design rate of 79 ft 2 /min calculated for MMH, Al (Test D-16), and
heptane (Test N-30), fires were extinguished at 45 seconds and 1 minute

35 seconds, respectively. UDMH (Test B-16) could not be extinguished in the
5-minute time limit established in UL 162, Section 17.19, using the calculated

design rate. At the design rate, extinguishment required an application time
of 6 minutes 30 seconds. The higher vapor pressure of UY4H is considered to

be the reason for the more severe extinguishment requirements. This data is
presented in Table 3. Figure 12 shows the MN1H curve with extinguishment times

for AN, heptane, and UDMM also shown on this curve.

b. Low-Expansion Foam

The expansion rate used for these tests was 8:1, as was used

for the MMH fire tests. The calculated design rate of application for MMH,
4 gal/min, was employed for these tests. The AH fire (Test D-15) gave extin-

guishment in I minute 12 seconds, similar to the time for high-expansion foam.
The heptane fire (Test N-29) was extinguished in 2 minutes 57 seconds. This

extinguishment time was expected because the acrylic-modified foam does not
produce an effective gel when placed in contact with heptane. Therefore,

extinguishment of heptane fires takes longer than hydrazine fires where an
effective gel is formed.
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The low-expansion foam failed to extinguish the UDMH fire (Test

B-15) at the calculated design rate. After 5 minutes of discharge, less than
half of the fire was covered with foam, and flame was visibly burning Lhrough

the foam. This differed from the high-expansion foam application used with
UDMH fires (Test B-16), where the only effect was the extension of the extin-

guishment time. Given the results of Tests B-15 and B-16, it was decided that
a complete test series on A-50 should be run when testing resumes in April

1986. This will involve a three-test design set for both low- and high-
expansion foams. These tests are deemed necessary because A-50 is 50 percent

UDMH and is a widely used fuel. In all cases where the low-expansion foam
produced extinguishment, the stovepipe and wand tests were passed. In all

stovepipe tests, the fire was completely extinguished in 10 seconds or less
once the stovepipe was removed. The test data with low-expansion foam are

presented in Table 4. Figure 13 gives an overlay of the additional fire tests
on the MMH curve.

c. MIL-F-24385C Tests

A second test (Test A-1B) of this type was conducted with the

acrylic-modified foam using leaded gasoline as the fuel. The procedure used
for this test was the same as was used for the previous MMH MIL-F-24385C

tests. Control for this fire was achieved in 3 minutes, although there was no
extinguishment. At the end of 5 minutes, significant flame was still present

at the edge of the pan opposite the point of foam impact. Like the previous
heptane tests, no gel formed with the gasoline; therefore, efficiency of the

foam was impaired. The data from this test are presented in Table 5.

S. APRIL 1986 TEST SERIES

In April 1986, the program was resumed to complete the unfinished tests.
Five test sequences were conducted. Two of the sequences involved A-50, a

hydrazine-based propellant consisting of a 50-50 mixture of AH and UDMH. The
other three sequences involved N204 supported fires. Individual test descrip-
tions and results are contained In Appendix F. MSAR officials contributed to
the following test result data.
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1. Aerozine 50 Fire Tests

The A-50 tests were conducted in the same manner as the previous

hydrazine test fires. Before the tests, the question was raised as to whether

the UDMH would burn off preferentially. The data obtained from the A-50 fires
does not indicate any preferential burnoff of UDMH. It appears that because of

UDMH, which increases volatflity and reactivity, A-50 fires were more intense

than those of AH or MMH, but less intense than those of UDMH.

a. High-Expansion Foam

A-50 was tested with high-expansion foam at 3 different

application rates in a 50 ft 2 pan. Test A-18 with an application rate of 55

ft 3/min resulted in no extinguishment. Test C-16, using an application rate of

79 ft 3 /min, and Test C-16A using 118 ft 3/imin, resulted in extinguishment in
3 minutes 30 seconds and 2 minutes 15 seconds, respectively. One additional

test was conducted at 173 ft 3/min, Test C-16B, which gave extinguishment in

1 minute. This high-expansion test data is plotted in Figure 14. Interpreting

the high-expansion data gives a minimum foam application rate of 115 ft 3/min

and a design rate of 150 ft 3/min or 3 ft 3/min/ft 2 . Data from these tests are

presented in Table 6.

b. Low-Expansion Foam

Results of low-expansion foam tests were obtained for

application rates of 5, 6, and 9 gal/min in Tests C-15, C-15A, and C-158,

respectively. Test C-15 resulted in extinguishment in 3 minutes 55 seconds,

whereas Test C-15A was extinguished in 3 minutes and 30 seconds. The shortest

extinguishment time of 1 minute 8 seconds was obtained for Test C-158.

Plotting this data, control and extinguishment times yield the curve in

Figure 15. The analysis of the low-expansion extinguishment data gives an

estimated minimum application rate of 7.5 gal/min and an approximate design

rate of 9.0 gal/min, or 0.18 gal/mmn/ft 2 . The deviation of the UDMH data point

(obtained from Test 8-16) from the A-50 curve is not as pronounced for low-

expansion foam as it is for the high-expansion foam. In the analysis of the
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TABLE 6. HIGH-EXPANSION FOAM TESTS--A-50 IN 50 FT2 PAN.

Fuel Application Ext inquishment
Test quantity rate time

no. Date (gal) (ft 3/min) (min-s)

C-16 4/17 55 79 3-30

C-16A 4/17 55 118 2-15

C-16B '4/28 55 173 1-0

low-expansion tests, .it lower application rates the,'e is a large difference

between control and extinguishnent times. This time difference is due to an

a.)normally long time to extinguish the final vestige of burning in the corners.

If the UDMH data point is compared to this control time curve, knowing that no

cnntrol was achieved in 5 minutes at 4 gal/min, UDMH is seen to be signifi-

cantly more difficult to extinguish and control than A-50.

While additional data will define application rates more accu-

rately than those derived above, it is felt that the curves for control time

more nearly typify significant fire data in this case than do the curves

defined by the extinguishment times. The same method can be used to define

design rate and minimum rate for control time a, is used with the extinguish-

ment curve. Analysis of the control time curve gives mmnimtn rate of

5.5 gal/min and a design rate of 6.5 gal/min or 0.13 gal/min/ft. The data for

these tests is given in Table 7.

2. Nitrogen Tetroxide Supported Fire Tests

Nitrogen tetroxide (N.O) is not flanmiable of itself; but being a

strong oxidizer, it will intensiýy the burning of combustibles. The basic

objective of this 1est series was to evaiuate the ability of the acrylate-

modified foams to control and extinguish fires involving N,04 . In the course

of the tests, data were obtained on the effect of the high oxygen content of

the nitrogen tetroxide on the burning rate and fire intensity.
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TABLE 7. LOW-EXPANSION FOAM TESTS--A-50 IN 50 FT2 PAN.

Fuel Application Extinguislynent
Test quantity rate time

no. Date (gal) (ft 3 /min) (min-s) Comments

C-15 4/28 45 5 3-55 Fire out except for
corners in 1 minute
57 seconds.

C-15A 4/26 55 6 3-30 Fire out except for
corners in 1 minute
30 seconds.

C-15B 4/26 55 9 1-08

In addition to the concern for the influences of N204 on the fire

itself, questions also existed regarding the potential for spontaneous
ignition. Such ignition could be due to contact of the oxidizer with

combustibles, and long-tenr contact of organics with the oxidizer to form
compounds such as nitrates which could increase flammability or other hazard

potentials of the mixtures. A wide measure of these possibilities was
inherently included in the test program. Individual test descriptions are

contained in Appendix F.

a. Nitrogen Tetroxide and Flammable Liquids

Diesel fuel was selected as the flammable liquid to be used in

these tests. Like all of the hydrazine tests, the basic fire tests were

predicated on UL Standard 162. Prior testing has established that only high-

expansion foam effectively controls N204 vapors. This is mainly because high-

expansion foam has less water than low-expansion foam. The low-expansion foam

contains 20 times as much water per volumetric measure as does the high-

expansion foam. This &nount of water makes the N2O0 increasingly more volatile

ind prohibits an effective gelling of the foam blanket. For this reason only

hiqh-expansion foan was tested for fire control of N204 supported

combustibles.
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Tests were run with 30 gallons of diesel fuel charged directly

into the 50 ft 2 test nan. Normally hydrocarbons are floated on water for fire
testing, but this is not acceptable with N20l because it reacts violently with
water. An equal amount of N2 04 and diesel fuel was charged into the pan.

Nitrogen tetroxide is heavier than diesel fuel and sinks to the bottom of the
pan. As it boils through the fuel, it causes a bubbling and frothing which is
the same color as the diesel and N2 04 mixture. The frothing was fairly vigor-
ous early in the N204 discharge but slowed and localized with time. it was
discovered during these tests that the fuel could not be ignited by applying

flame to the froth areas. It appeared that the froth area was hiqh in N204 but
low in fuel vapor. Ignition was readily achieved in nonfrothing areas and the

fire rapidly propagated over the total fuel surface, including the froth areas.
Once fully developed, the diesel fuel/N 204 mixture burned with an abnormally
high intensity; flames were white rather than the normal yellow-orange. In all
tests, the high-expansion foam consistently extinguished the diesel/N 204

fires.

The diesel and N2 04 tests were run at throe application rates,

all of which were effective in extinguishing the fires. Test H-10, with a flow
of 118 ft 3 /min, achieved extinguishment in 1 minute 41 seconds. Tests H-8R and
H-8 used an application rate of 142 ft 3/min which achieved extinguishment times
of I minute 48 seconds ad 3 minutes 50 seconds, respectively. The difference
in these times directly rel-trs to wind conditions. See Appendix F for
detailed test conditions. At a flow rate of 236 ft 3/min, Test H-9 resulted in
an extinguishment time of 1 minute 5 seconds.

No !roblems were experienced in mixing the diesel fuel with the

N2 04 . All ignition, were intentional. In 1-16 the diesel fuel and N204
mixture was aged for 14 hours before the scheduled ignition. No spontaneous

ignition occurred during the 14 hours. At the time of scleduled ignition, most
of the N2 04 boiled off. A small portion remained dissolved in the diesel fuel
as evidenced by a deep brown color. When this fire test was conaucted, no
abnormalities in the ignition or the burn were observed. The fire intensity

did not appear to be as great as for those involving fresh fuel-nitrogen

tetroxide mixtures. The extinguishment time, 2 minutes 4 seconds,
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was longer for the aged material. This was most likely due to the longer

preburn time, 2 minutes versus 30 seconds for the unaqed material. A 2-minute

prtburn was required to permit full development of the fire.

The only difficulty experienced in this test was in

extinguishing the fire in the corners of the pan opposite the point of foam
discharge. This difficulty resulted due to the formation of an acrylic layer

where the foam contacted the N2 04 . The acrylic layer, formed at the edge of

the foam, was charred by the fire and formed floating islands of carbonized

acrylic which were pushed into the corners by the advancing foam front. This

carbonized acrylic absorbed the fuel and sustained the burning. The foam had

to establish sufficient depth to cover this carbonized material before complete

extinguismnent was achieved. During the fire, intense N2 04 vapors evolved, as

evidenced by a brownish-red cloud above the pan and a highly visible plume down

range. Once the fire was extinguished, vapor control achieved by thd foam was

equivalent to a spill-only situation.

Analysis of this data plotted in Figure 16 gives a design

application rate of 150 ft 3/min or 3 ft 3/min/ft 2 . The flat portion of the

curve is well-defined due to consistency of the data points. A minimum

application of 110 ft 3/min is shown, but this can only be considered an

approximation because the upper portion of the curve can cnly be estimates.

Table 8 gives the data for this series as well as the N204 /tire series.

TABLE 8. HIGH-EXPANSION FOAM TESTS--N 204 SUPPORTED FIRES.

Application Extinguishinent
Test Fuel/ rate time

no. Date N204 (ft 3/min) (min-s) Corments

I

H-10 4/16 Diesel 118 1-41 Frothing interfered
with ignition

H-8R 4/116 Diesel 142 1-48

H-9 4-15 Diesel 236 1-05

1-16 4/23 Diesel 142 2-04 14-hour soak
K-26 4/16 Tire 142 2-30

L-26 4/23 Tire 142 1-10 14-hour soak
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b. Nitrogen Tetroxide and Tires

Two fire tests were conducted with tires exposed to N204. In

each test, one-half of a commercial truck tire casing was placed in a 50 ft 2

pan and 30 gallons of N2 04 added. A small amount (2 gallons) of heptane was

placed inside the casing to assist in ignition. The first fire, Test K-26, was
ignited and allowed to burn long enough to consume the heptane and provide a

well-developed fire in the casing. Foam was then discharged into the pan at a
rate of 142 ft 3 /min. It was difficult to determine if the presence of the N204

contributed significantly to the fire intensity. Extinguishment time was
2 minutes 30 seconds, which was the time necessary to build sufficient foam

depth to cover the tire casing.

The second test, Test L-26, was identical to Test K-26, except

that the tire casing was left in contact with the N204 overnight. In the

14-hour period, the free N204 boiled off. The tire and the N204 reacted to
produce a gummy coating on the casing. This material produced wisps of red

vapor fron the N2 04 even after 14 hours of aging. When the tire was ignited,

the gummy material burned much more intensely than the tire itself. This
material was rapidly consumed, leaving the residual casing to burn in a typical

manner. The extinguish'nent time, 1 minute 10 seconds, was shorter for this

test than for Test K-26, This may be due to the absence of free N204 which

normally contributes to foam collapse. As with the diesel fuel, no spontaneous
ignitions occurred nor was there evidence of severe reactions in the fire

sequences. The data from these tests are plotted in Figure 16 and presented in

Table 8.

c. Nitrogen Tetroxide and Wood

For the fires involving wood, the fire test procedure for high-

expansion foam using Class A combustibles given in paragraph A-1-10.5(a) of
NFPA Standard 11A was chosen. In this test, the foam must flow for 12 minutes

within an appropriately sized enclosure before reaching the specified wood
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pallet fire. A 1,500 ft 3 /min foam generator was chosen to facilitate a large-

scale realistic test. The pen size, as shown in Figure 17, was set at 15 feet

wide, 120 feet long, and 10 feet high as dictated by NFPA 11A. The pen was

constructed of a frame of two-by-fours covered on the sides and back with heavy

clear plastic. The last 20 feet of the pen, where the fires took place, was

constructed of sheet metal (sides, floor, and rear wall). This procedure was

modified for two tests of this series by placing a pan charged with N204

beneath the stacked pallets (Figure 18).

Extremne difficulties were experienced in attempting to

extinguish these fires. The foam appeared to flow adequately during the

calibration test to determine flow and timing. In subsequent tests, however,

difficulty was experienced when foam reached the mark which was calibrated on

the pen at 9 minutes (usually between 80 and 90 feet from the foam maker).

Either through gelling, drainage, or both, the foam lost its fluidity and

stopped moving. In Test 0-27, even with a 10-foot head, the foam would not

move beyond the 9-minute mark. Fire control was achieved in Test 0-26 in

22 minutes; this test was hampered by winds disrupting the foam continuity

(Figure 19). In a third test (N-30), a following wind assisted in driving the

foam the full length of the containment (Figure 20). In this test, the wood

cribs were covered with foam and the visible evidence of the fire eliminated in

17 minutes. As is the usual case with the NFPA standard 11A test, the wood

continues to smolder beneath the foam blanket and fire control rather than

complete extinguishnent is the measured result.

The presence of the N204 vapor appeared to accelerate the

combustion of the wood. Visibility is restricted within the enclosure,

particularly in the fire zone; whether or not the N204 affected the foam

behavior could not be determined. Thermal currents and wind effects were the

predominant influences in determining the movement of the foam within the pen,

especially within the last 20 feet of the pen.

As with the diesel fuel and tires, one test (0-27) involved

aging the combustible wood pallets in contact with N204. Only the pallets on

the bottom of the stack were exposed directly to the N204 . A small amount of

heptane was used to assist in ignition. This test was one in which foam failed

to flow properly. No attenpt was made to extinguish the fire by other means,

and the pallet fire burned to completion. An investigation of the fire residue
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Figure 17. General Layout of Foam Pen.

Figure 18. Wood Crib Configuration and Placenent Within Pen.
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Figure 19. Effects of Wind on Foam Migration.

S

Figure 20. Movement of Foam Through Pen.
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showed that the N2 04-exposed wood had, in fact, not burned to the same degree

as the unexposed wood in the fire.

The data obtained in these tests show that the vapor sup-

pression foam is effective in controlling Class A fires if the foam can be

discharged to the fire. However, in these tests, the foam exhibited a stiff-
ness and a tendency to dry along the forward edge of the foam mass, generally

preventing it from reaching the fire. Wind, ambient temperature, and the
roughness of the pen floor may have also had varying effects on the foam

migration. Clearly, however, the foam characteristics are such that they are

not consistent with the NFPA ]1A-designed test requirements.

The last test conducted was Test A-18. A 50 ft 2 pan was

charged with 30 gallons of N2 04. Six feet above the pan, a spray nozzle was

suspended and attached via 1/4-inch stainless steel tubing to a 5-gallon

pressurized container of A-50 10 feet from the pan. A solenoid was placed in
this line next to the A-50 container and connected to a solenoid power box

80 feet away. Fifty feet further away was the generator powering the solenoid

power box. The solenoid control box was 200 feet further from the power box at

the trailer; thus, the closest personnel during this test were approximately

280 feet distant. Because of problems ancountered with equipment and apparatus

during preparation, the N204 was foamed four times in the hour before the A-50
release, the last time being 3 minutes before the first A-50 stream (spray

discarded due to plugged nozzle). The first release of the A-50 produced

immediate, violent ignition of the A-50 strean--a stream dropping into the N204

pan of the approximate size and velocity of a water pistol. A violent orange-
white flame 1 foot in diameter and 5 feet high was produced. After 20 seconds,

the A-50 stream was stopped and the fire imnediately ceased. Ten seconds

later, the stream was again activated with the same results. The procedure was

then repeated several times with identical results. Ignition and combustion

sounds were very loud, similar to those produced by a rocket engine.

Because of the violence of this reaction and the setup

difficulty, it was determined not to proceed with Test A-21 (N204 drip into
A-50 pan). This decision was based on safety factors and the violence of the

hypergolic reaction as evidenced in this test. If the foam had any suppressive
effect on the ignition and combustion resulting from this test, it appeared to

be minimal.
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

1. The acrylic-modified foams consistently extinguished 50 and 52.5 ft 2

fires of the complete hydrazine series and also fires of other combustibles

supported by nitrogen tetroxide. The foams appeared to give repeatable and

predictable results under a variety of different test parameters.

2. The performance of the AFFF and ARC foams was respectable. While

extinguishment times were generally longer than with the acrylic-modified
foams, burnback qualities were acceptable. Very visible vapor percolation

occurred with these foams leading one to believe that the absence of a sur-

factant additive prevented these foams from being effective vapor control

agents. The overall sealability of these foams was poor in comparison to the

sealability of the acrylic-modified foams.

3. Sufficient extinguishment data was derived from several scenarios

to establish desired foam performance parameters for the purpose of developing

a Military Specification.

4. While visible evidence more than amply indicated that the acrylic-

modified foams were effective against Class A combustibles, the foam did not

migrate sufficiently within the foam pen, as described in NFPA 11A, to pass

that particular test.

5. The hydrazines did not appear to be as difficult or hazardous to

handle as previous data had indicated. Of 24 druns burned, I spontaneous

ignition occurred. If additional or qualification testing of these or other

foams are to be conducted in the future, the facilities at NTS can accommodate

such testing. However, improvements in pan-filling procedures must be

considered. The application of these foams against hyIrazine/N2O, mixtures

should not be considered for testing at NTS, as adequate facilities for the

explosive nature of this testing do not exist.
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6. While the test series did not include comparisons of the acrylic-

modified foam extinguishment performance and disposal potential with that of
water, all visible notations would seem to indicate a vast superiority of the

foam. A cost analysis can be performed comparing extinguishment of hydradine
and N204/ diesel fuel fires using the acrylic-modified foams with extinguish-
ment of these materials using water. The scenario developed for the extin-
guishment of hydrazine assumes the following:

a. A 50 ft 2 fire in a contained pan with 55 gallons of MMH.

b. Water extinguishment occurs by the dilution of hydrazine below

its flammable limit.

c. The amount of water necessary to extinguish a MMH fire is 3 gal-
lons of water per gallon of MMH. This assunes that MMH requires a slightly

greater amount of water to extinguish than does UDMH (2 gallons of water per
gallon) (Reference 8).

The scenario developed for the extinguishment of a diesel fuel/N204 fire

assumes the following:

a. A 50 ft 2 fire in a contained pan with 30 gallons of N204 and

30 gallons of diesel fuel.

b. Water extinguishment of N204 occurs through the dilution of the
oxidizer to the extent that it no longer supports combustion. Then the
remaining air-supported fire is extinguished with AFFF. The amount of water

necessary to extinguish a N20O/diesel fuel fire is 10 gallons per gallon of

N2 04•

c. Before extinguishment is complete, 75 percent of the diesel fuel

is burned.

In both scenarios, the amounts of foam necessary for extinguishment are

based on actual test data contained in this report. Following extinguishment

of hydrazine with foam, the foam is removed and disposed of as a hazardous
waste and the remaining hydrazine burned off in a controlled burn, while the

entire volume of hydrazine and water is disposed of as a hazardous waste.
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Following extinguishment of N2 04 with foam, the entire volume of foam and

N2 04/diesel is disposed of as a hazardous waste, as is the entire volume of the

water-extinguished N2O,/diesel. For cost comparison purposes, disposal costs

are estimated at $6 per gallon of contaminant. This figure was given by

Captain Jim Betshart of the Chemical Systems Branch of the Air Force Space

Division (HQ SD/CFPE). Based on the above conditions and assumptions, a cost

analysis revealed the results contained in Table 9.

TABLE 9. RESULTS OF COST COMPARISON BETWEEN EXTINGUISHMENT OF HYPERGOLIC
FUELS OR OXIDIZERS WITH ACRYLIC-MODIFIED FOAM AND WITH WATER.

Fuel Method of Waste disposal Materials1 Manhour Total
extinguislhnent costs ($) costs ($) costs ($)a costs ($)

ly, 'ater 1320 --- Included 1320

MMH Low-expansion
foam 31 9 40 80

MMH High-expansion
foam 22 7 40 69

N2O4/Diesel Water 1980 --- Included 1980

N2 O/Diesel High-expansion
foam 284 17 Included 301

a Two men for 2 hours at $10 per hour for conducting controlled burn.

B. RECOMMENDATIONS

1. This report should be made available to all users of the hypergolic

propellants, hydrazine, and nitrogen tetroxide. The test results clearly indi-

cate the superiority and effectiveness of the acrylic-modified foams which were

tested, while the theoretical cost comparison developed in paragraph 6 of the

conclusions evidences the significant cost advantages of the foams.

2. The proposed military specification (Appendix G) should be processed

in an expeditious manner. The present need to field hypergolic vapor control

and fire suppression foals is considered urgent.

56



3. For future fire testing of the hypergolic propellants, either singly

or together, foremost consideration should be given to using the facilities at

the Kennedy Space Center. If these facilities cannot be made available and NTS

must be used, hydrazine testing should incorporate a safe, remote pan-filling

procedure, and combination testing should not be attempted.

4. Candidate foams which are tested and judged to meet the Military

Specification requirements should be further subjected to large-scale fires

with the intent of studying hardware, large-scale application techniques, and

logistical approaches.
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11O, POLY RES MON

P9ONM AN MARS COMPANY 'NAZASG" 0AI

COrPORATU I 'C.XT INTSOAITY O(PAATU5IN IMIAGIHCY TILIPVION1 . 0
MAv-ow . . 'WOS? IN52t-41jOO LR0H1 ANO HAASI _____ 'NJIG IFrCANT>

PMIL.AOM.tIIA. PA 111" 5OR.42 4 .00 ICHIEMTgECI Sti SICTION VIv lu.

ml MATERIAL SAFETY DATA SHEET NOT OSHA HAZARDus
L:ýST 8 _______

[MATIMAL CODE 4EV 007T VAZAI CLA53

SOL* ASS-60 Thickening Agent 61611 1904168-1 NONREGULATErD
AV SSUED

OAEI06/27/85

POAWAA NU4ICJ4. NAM4 OA $YNONYMS _ _

ot a~1,1icbla queous acrylic emulsion

CKS RREG. )NO. PIdi OSHA ACGIH

Ar-ylic copolymer NONHAZ 21-2 9 NE HE HE
Residual ~mocmerz (See S,.tion NOT REQ 0.1 Max. MR NN NR
Water NONHILZ 71-731 HE HE NE

- , J~~~~U---PHYSIC.AL PROPERTY INFORAION ______ ___

GAPPAJANU 00011 ' PKIT

Mik white liquid; mild acrylic odor; pH 2.1-4.- ___ 5000 cps MIU

btlutable '11-73 water 1.0-1.2 Less than 1, water

P~.AnEPOIIT -~I FIRE.0 TWAATA EX LOSION HAZARDIO INFOMII1, EIAT IXPON O IMT

Xon- ;f;ible A I______A

FO ~AM OT.SRY_________________

SP*CIAL PMIS 1Im.TINO Pe0C$Du.e$

None

VA&4WAL FIRS AND IXPj.OSION kAZAIIOS

Material can 'iplatter above 10OC,'212P. Polymer film can burn.

_________ TV- HEALTH HA7ZARD INFORMATIO

AMQ HAAS PAC0MMV40I WOPA PLACS SAPOSAM1 LIMITS

Inhalal.ion; Vapo~r or mist cAn cause headache, ilausea, and irritation of the nose, tý,oat and
lungs.
Skin Contact Irritating to skin upon repeated or proicenged contact.
*o ContAct: Slightly Irritating to eyes.

WM~C ~NS AIC Pe0CK~tW

Inhaatin' ~wesubj~t to fresh air.

Ee Skin Contact: Flush eyes with a lotge amori~ut of waLer for at 1e.ist 15 minutes. $se

pys!i'Lan it irritation persists. Wash affected skin areas with scap adwater.
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KAZAMVW 0gCOW0Q3TIOM PF40LICTS

HAZAROOW 04YiIZTO C0Q4TIOflS TO AVOIO

IHCOWA?14J T*A45ToAVI

IY- M ORLEAK PROCEDURE INFORMATION
STgp* To U4 YAN IN CAM MA1MIA 15 IJASW OR IPILLJO

Keep Sp~tat(WS away. yloor may be slippery; use care to avoid filhitlq. Dike and contain
spill with inert material (egSand, wx.th). Transfer liquid to containers for recovery or
disposal and poIAA d~iki g material to separate containers for disposal. Keep spills and
cleavting runo fs out of maticipal gowers and open bodies of water.

Fi:.'ý Toaiciti': Product is non-toxic to fish. tathead minnow, LC50 (96h)t >1000 ppm; dAphnia,
LC50 (4ah) >1Iw0 pp.

WAISU Q14eM efWoce0

Coagualate tbe Immlsicm by the, stepvise addition of forric chloride and limes. Remve the clear
supernatant liquid and flush to a cbamicsal sever.* Landfill the solids and the contaminated
dikSAM fteria ige q acodi o local s Ite an feeI .~lto

.11 11 - SPbwA4 POCTON4 IPWOfiMAT&
VOSITILAYIOM TWIt

eha icalcjal exhaust ventilat4.on at point of contaminant release.
.aUIAATORV PMOEOION
Vona :equire& if good ventilation is maintained. Ot fist, wear self-contained breathing
apparatus (pressure-demad, )5a/bloss-approved or equivalent).

0*01t"w GLOWIATI O.J'OV4

PPSWMfl1 MW IMA~gIWG KM FXM flZ1ZKN-F0UC MAY COAGULATS.

IFA~~~o~raitns demlU5n S A

aa.)at the point of moomr evolution. Refer to Industrial Vantilationt A Manual of
Rec0W~eudL4_prýTi,j4 published by the American Confe&rece of Governmental Industrial

IOQ7V",Yil TO Iit VVret sstablished; NOT REQ or H1R-n<ot required.

'0~,? AM f. AAI OfV ~AISMI
"Wfa"ANU" WAR~ 0 4WMI 014 0.1 M-41. .. I Coo-* ~.4," '0 '1W~t dth 0 -" 'A

_1 MCA.C D.* onW UAY RK*UAtf IV N 00t"404 ~"04 Cý441* 6. 1W I;K. 1W4 .t44: CA IV"t .1týd -4
.10 ftldto.



HO, POLY RES MON

ROHM, RPJ HAAS COMPANY 0i
COAPDAAI PRODUCT IINTE0A.T O nARMENT WE " GENCY TCE"WIISI
4WNODfRO C9 .. ,. -EST 1iS592300OO IRO...0fO A" ?0*IS.I;IFI.C.W
-intDqtLihA. PA 11105 $1C.421.)SOC ýCIE.TACCI "S1( SECT.O. IV M I

MC07MATERIAL SAFETY DATA SHEET NOT OSRA HAZARDOUS

MAERA CODE wate 0000 2127D wate SS2C67Lssta a

~~~~~~DT [ISSUEDs I e E 5

COMPOSITHONAZAL INFORMATION1 ____

504 ~ ~ ~ ~ ~ A REG NO..A MROM.cH OSHA i'AC IIO$.4 iM

Lidualamon:aome ors (See Sctin X)us NOTahe REaur4 0.d m:iax.o KR MhR H~s.UROt

Skiln whitsct liquid;mild tcrylic udor; rpH 2.1-4or 6000n. cps max..

2* t, IOkin2 rotat wl~hcasster 1- 2isaga L~n twtr eaat haa 1. wtriua. e

vhyuable~ 79-8 wrainpanite.ras 1*t.01.2i eswt esoa thn 1,waterr.

-T~ -FIE NDEXLOIO HZAD NFRM62_N



IV REACTIVITY INFORMATION
STAJIMItY C0KaT10.E5 TO AVOIO

UITW(WITieta Ic esratures over 177C/350Y.

KAZAJNOWS CCOWOSITIOw MOO.JCT

NAZAROU# PCL~~A~ CWCDITIOUS TO AVOlO

111ýTA IWAUTY UTIMATILS TO AVOfIW

WA;= [:]OTH f- __

lVI - SPtLL OR LEAK PROCEDURE -INFORMANT
$TV$ TO 91 TAMl 10 CAN MAYWIAL IS X[A=La Olt WIL.AV

Keep spectators away. Floor may be slipperyl use care to avoid falling. Dike ano ntain
spill with inert material (egsand, earth). Transfer liquid to containers for recovery or
disposal and solid diking material to separate containers for disposal. Keep spills and
cleenimq runotffs out of municipal sewers and open bodies of water.

WAITt DiVRO&AJ. UWT140f

Coagulate the awluion by the st~pise edditton of ferric chloride and limo. RenWvt the clearl
supernatant liquid end flush to a chemical sever.* Lairdf ill the solids and the contaminated
diking eaterial According tlcastate, en federal equlations.

-! SPEC PRA h O ORMAATIONA
VOCTILATION rW5

Mechanical local sabsust ventilation at point of contaminant release.
MIPIAAOV 9CO1TWIG
)Ions - uized if good ventilation is maintained. Othervise, veer self-contained breathing
!Mp ýtus (prsssure-dindrl NB~kINUOSI-approved or equivalent).
"PeOTsUfw nV55 44M i"OTWICYIO

Itporvious Chemical splash goggles (ANSI Z-87 .1 or approved equivalent)
0mWF POOTWCI4I R0IJFORT

I 11-SORG N ANEDLN INFRMAION'10 0*00

3207 32
VEECAUTIEIIA LAILUINt 1EEP VKH FlZ=INGý-PRODUCT NAY CDAL3ULAXE.

Rat, oral L0501 >5.0 gfXg

Rabesit, akn irritations slightly Irritating
Rabbit, eye Irritations Inconsequential. y Irritating, ________________

X_-__ _ _ _LAWOI IF ORMTIONJ

W02 onoer vapors can be evolved when prodiuct is heated during processing operations. In
such a CA", use lo.al exhaust ventilation vith a nin~..auv capture velocity of 100 ft/uIn. (00
e.mi"A.) at the point of inufer evolutich. Wafr to tidustrial vontilbtiot A 1'.anual Of-

Re~eddFrActice pubhlished by the American Conerence of Governmental Industri,21

rocrnOW TE O StCTION it Xglienone established; Ws RZtKO or ?flR-not required.

-,_, 5A, W M SK-

"dMWSn. ft45 i-110K4 t- h* ki 041 "4A1 WM
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MATERIAL SAFETY DATA SHEET 5O u ,,,0. ,70L

CORPORATE RESEARCH & DEVELOPMENT aIIjrdmF HYDRAZINE, ANHYDROUS
120 ERIE BOULEVARD 

N

SCHENECTADY. N.Y. 12305 D OATE June 1984

SECTION 1. MATERIAL IDENTIFICATION

MATERIAL NAME: HYDRAZINE, ANHYDROUS

OThFR DESIGNATIONS: Diamine, CAS IOOO 302 012, 141_ 1
MANUFACTURER: Available from several suppliers, ?nciudln,:

Olin Chemicals Tel: (203) 356-24;3
120 Long Ridge Road

Stamford, CT 06904

SECTION II. INGREDIENTS AND HAZARDS % HAZARD DATA

Hydrazine ca 99 8-hr IA 3.1 ppm or
0.1 mg/m (skin)*

*ACGlH TLV (1983); listed as an industrial substance
suspected of carcinogenic potential for man. Rat. inhalation

OSHAPE is I pp. or 1.3 mg/r
3

. LC 5 0 570 ppm/4H

NIOSH (1978) has recommended a ceiling level of 0.03 ppm Mouse, Oral
or 0.04 mg/m3. determined by any TDLO 1951 mg/kg/2Y.
2-hour sample. Neoplastic Effects

Hydrazine and salts are carcinogenic in mouse and Rabbit ki
rat rests. IARC, Vol 4. pp. 127-136 (1974). LDso 9l mg/kg

Possible fetal malformation has also been reported. Mouse, Intraperiton,
L)50 163 mg/kg

• r;noeel e 0 Yecti!

SECTION Ill. PHYSICAL DATA

Boiling point. I atM, deg C 113.5 Specific gravity, 25/4 C -------- 1.004

Vapor pressure at 20 C, em Hg ---- 10.4 Melting point. deg C ------------ 1.4,
Vapor density (H 0-1)-- ----- 1.1 Viscosity at 25 C, cp ----------- 0.90

Solubility in wager -- ----- Miscible Mlecular weight -------------- 32.06

Appearance & Odor: Colorless, fuming, hygroscopic liquid with an ammonia-like, penetra-

ting odor. Threshold odor conc.: 3-4 ppm. Sense of smell can be desensitized rapidly;

not considered to have goud watning properties. Take immediate protective action if
odor or irritancy detected.

SECTION IV. FIRE AND EXPLOSION DATA Lower UppeL
P4,fPa. m• M.4..d I j~ke*q T.e.g. I pw...• d..,t....* , lllI

14-is with surgce-1

>O00 F (TCC) "v7'-518 FZ by volume 1 7.7 tO0
Extinguishing media: Water, dry chemical and carbon dioxide can be used on small fires.

Flooding amts. of water needed to prevent re-ignition (cool surroundings, raise Fl. Pt.)

right fires from safe distance and protected location. Use s-ater spray to cool fire- .

exposed containers, to disperse vapors, and to dilute spill. to nonflammable mixtures.

Vapor Is highly flammable & a severe explusion hazard with oxidizers or on heating.

Firefishters need self-contained respirator, eye prnteii•,Li and full protective clothing.

aion oxide catalyzes reaction with air at 7417; stainless steel ar 313 F; glass at 518 F.
*S.u. hvdrazine ranar can underdo exothermic deer.,dntlon in abser._e of air.

SECTION V. REACTIVITY DATA

This reactive chemical Is stable in suitable closed containers at room temperature under
inert atm.. in the absence of UV radiation. It does not polymerize and is not shock or
friction sensitive. Hydrauine is reported to te thsrm.ally stable at 250C.

It is a weak base & a highly active reducinR agent, especially under basic conditions.
it is incompatible with oxidizing agents (Including air), acids, some metal oxides (Fe,

Cu, No for example), and some etals (carbon steel, copper, zinc. 316 St. steel for
esample); hypergolic with strong oxidant ( xample peroxides, 'HO . chromatest;

spontaneous ignition In air on porous materials (paper, wood4, cloth, Isbestos, dry

It s:mpatible with glass, polyethyle'n I'1M!'. PCTFI'. f.3PhiLC. chrno-e plate. some

stainless steels, INCOHEL. an4 Come a!.n.¶-,'- ,l•w. .',,v•-t contatinationl
Dag.ý4datlon productz 1nac-ud-.- K9, toxialfr,) N21 KI3, 6 h.. (catalyt~)

'~~I €c=.-I. 1984bvG-.111-AC0,, C

GENERAL ELECTRIC

SBest Available Copy
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No. L26

SECTION VI. HEALTH HAZARD INFORMATION ITLV 0.1 ppm (skin) (See Sect 11)

mrain to p. sonous,.very,:! so cy n.geacion Inhalation and skin absorption (&cut* or
conic). Early aiei effct from thoni v exacansivme! aex iVia, os

smora chrnic ecessve e sure Include anorexia.weLh
to. weakiness & =rs.O~rxo ovpr a imediatel IrrSystemic " efetscan

01 lwe by Itching. burning 4 awe ling of the es rsible temporary blindness IF ex-!
:Se~r). ndposaible dermattitis. 80SO L reiquld.Sseiefctca

C.0%3 jit wasa nausea. convulaions and sensirlT~ion. qi contact can be corrosive
t tssue pr ducn pnetriatia burns and possible permsnent corneal opacity. Systemic

toxicity: L viar. kidneys 4bodorming system.
lURST AID-

kXM in Contact: Immediately flush with running water! Continue eye flushing for at
east m * c uding under eyelids. Remove contaminated clothing under safety shower

Contact Physicasol Continue flushing with water. Skin birn to be treated lIteakl
or thertsal burns.

Inhalation. Remove to fresh air. iesatre and/or support breathing. Cont.ict physician!
ýp Z e-nd at rest. pulmonary edema may occur from severe exposure.

lngestion: PU~ei1 give 2-3 glasses of milk. water or citrus juice to drink and Induce
---fit1g Rps.contact physician I

SECTION VII. SPILL. LEAK. AND DISPOSAL PROCEDURES

natitute plan, prepared with supplier"'s guidance. Notify safety personnel of spills. Evac-
Saco all except trained clean-up personnel who are protected against ihalation I. contact
Use 9ptimm exploeion-proof ventilation. Remove sources of heat or Ignition.
romptly dilute $pill with water spray to less than 402 hydrazine to control fire hazard;

flsh rovided contaianment or ot erwise contain and collect liquid .s m be feasible.
Use sand ~notc .. e;Ible absorbent)' tocoltsmlsplsadr d
cloeed containers 7or disposal. Flush aspill ares with im-ch wa.ter.

iISFOSAL: Follow Federal, State, snd Local regulations. 2, sol-as can be decomposed with

Npochlor its or 102 1420, it Air Force has used special mobile incinerators forhydrazine
otits mixtures withwte IIIOX *Vplution). Open pit burning of a.ltoh solutions has
be n renoted. Dil. su furic, ci has been used for neutral izat ion of q. hydrazine.

EPA (IdA) NW No0. is U131 (0 C&FR 4261 ).

SECTION Vill. SPECIAL PROTECTION INFORMATION

Jse explosion-proof general and exhaust ventilation to meet TL'1- (exhaust scrubber nayv be
needed). Use enclosed Processes where feasible. Approved self-contained respirator with
full facepiece can be used in a pressure-demand mode for non-routine' conditions to 30) 'f~n

or for emergency escape. Hoods should have 150 lfm face velidcitV.
410S11 recommends using a regulated work area, excluding unauthorized personnel.
Jas iprvious*. body-cove rin pot~~ctio-n--rubhbr gloves. aprc-n.a be,,,s. full suit. ccc.) a.

codlions require to prevent skin cotitact. tisr rhenical s.~t uge n fe.i; ld
to protect eyes. Contaminated impervious prutectLOn to be ti,,roujghly us hed off with
water before 4-du nn removal. Contaminated clothing 4 equip-.caat are fite & health hazard

Wear clVnwork cloth ing. Shower after work. Control laiundering and cleaning procedure th
Is used for hydrazine contaminated Items. Descruiction -f contaminaited leather has been

Eyewahcountans. washing facilities and safety stIowers to be readilv available where~

hydrazins is used or handled or stored.' *Butyl rubber has been recommended.

SECTION IX. SPECIAL PRECAUTIONS AND COMMENTS

Store in tightly closed containers in a clean, cool.,' ell-ventliated are with controlled
driae wa rmoidizing agents, .acids,.direct. snlIthc ' , &ource of heat r
agnition. Water sprinkler-protected. helterd. otieo eahdsoaepaerd

protect containers from physical damage; ground & bond for transfers to prevent static
sparks; inert with nitrogen atmosphere. Z~n.? Cmiit onalminaiU~fflAL..XJlyAcztflL..Conlcrete
pad dikes, drains and containment have been recommender' for large tanks and drums.
vodWeahn contact with vapors' Prevent liquid contn'J with eyes, kno ltInA!

Do not igst! Practic, rood personal hygiciene a 1,s well i fter handlig Oserve label
precautions. Rigidly flow proper handling requir-uentq. Obtain qui d .ne .from supplier.

Use ito f r vent i ato.
T~la~l ca~ln: LM*aBIE LIQUIL) 1.0. No. UN2029 L..,te: Fi.A.Xtffl.E LIQUID. POISON.

INO Class: 3.3
DATA SOUSCUS)COOE: 1i4I.9 O3..2.l?,6&4A.5

'~- INDUSIT. HYGIENE, SAFETY U

(,Eft AL A~ IETI C
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CHEMnIA DATA

(CI IIS I'J& by ;Ian Nostrand Reinhold Cosapny, Inc. All -ights reserved.

CHE.MTz0 RZCCRD ?20; LAST lu.DATF CF ?p'!5 ;fZCOR-o 02 /19 /8-.
*~~~~ *~-u~*z NE

asys :c oimErHYLHYDRAZINE; ".N-OIfIETHYLHYD!tA1INE;
unsy-P~E.YLYDR~NE;I,l-,(I.NFI.YLHYOftAEINE;

UNSYml4E:. ICAL tDOT : DM4H; U011fli;''Y1~IA

FCRMULA: C28Im2 Hal WT: 60..112
CHSn!C.AL CLASS:

PH4YSICAL DESCRIl iCN: COLORLESS bVLTERY L!OUIO WITH A FISHY OP
,Ji.MNG PC!IJT: 42.0"4 ) 65.5 5
MlELTINGu POINT: ?!5.9; t: -17.; C -?: F
FLASH F-oISa: Sse E: -:I. c1 C 4?
vAPS *;ESSiRS: 1!7 1?5~ C
.Au15 7"'jrON -5 I 8.? ~ F
jE L 95 LEL:

v.Af&CF OEP!S!Y: 1.74 air~I

DENSiTe: (s.782

WATER SOLV-kiLI;v: fISCII'E
IujC~PA7IaiLIr:ESz OXIDIZERS, HALOGEN4S. METALLIC HERCU~f, FUMIN~G N!TR.IC

HYDROGEN PEROXIDE

kEACYZVITY WITH WATER: PYAGGENIC UNEN AIIIED VITH P~20 Source: THIC
AEACT!V.ITY WITH COM.l10q MATERfAIS: DISSOLVES, SVLELL,', ANID DISINfEGRATES

PLnST ICS

SrAPILITY DURING TRANSP'ORT: NIL oa
ICEtT9ALi.ift'G AGENJTS: FLU514 I JTI WCATERI.
GOLYMF-RI:ArION POSS'i&LUIES. No data
TOXIC FIRE GASES: K~OK
Door, DETECTED ir ippap. 5.-14
ODOR E-ESCRIPTION: SHARP Afltl(NIACAL. FI':Itv Source.: C"RIS
ijv Z ODORA DETECTION: No data

3-U! RlA.'Ak CLASS: F~an-mble licuid
.0? ~T'DE: 28

m'11 UImbER. UN1163
L)O]T Ii PONA~iF: DIM lfl iYLIiY0AA.i r ', u'nI "rVnm I r I'I

EPA WASTE Nufl.*Ek: 1.109,1

CERCLA RLr: Y
AD D:GAIO I I nv,ina 0). 4,4 tllJ

CI.EA.4 AIR ACT: n

Bent Avw!ab!3 Cop
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NFPA CODESSs
HEALTH HAZARD (BLUE): 3

FLAMMABILITY (RED) : 3

REACTIVITY (YELLOM):I

TARGEt ORGANS: CNS, LIVER, G1, BLOOD. RESP SYS, EYES, SK:;i

SYnPTOMS BREATHING OF VAPOR CAUSES PUIMONARY IRRITA;#DN.
GASTROIN!EST:MAL IRRItATION, TREMORS & COhVULS:..S!
MITH SKIN fnr MUCOUS MrMGgANiF CAUSES CHEMICAL BURR'.
BE ABSORBED THROUGH SKIN TO CAUSE SYSTEMIC
& CONVULSIONS. IRRITATION OF EYES, n-5MEEA, RAI;-
CARDIOVASCULAR COLLAPSý:. Sou.ce: T.sC

SYMPTOMS :CHRIS):
CONC |SLM: 50 PPM
PERMISSIBLE EXPOSURE (OSHA): 0.5 ppO SKIN
-ARCINOGEH7: Y STATUS: ANIMAL POSIrIVE

REFERENCES:
ANI4AL POSITIVE IARC#@ 4,13',74

%U-A:! ToXICITY DATA: (Source: -IOSH krTECS

iq. " gq: I !C': ?82•, SPECIES: IPR -(AT: OAAl. MOUSE (1OLO)

kctTECTION SUGGESTED:
CHRIS '!ANUAL:
RUBBER GLOVES, BOOTS, APRON; PLASTIC FACE SHIELD; GAS irSK UZII AARCIOEIA

CAN(STER PROTECTS FOR 30 HEN. AGAINST IZ COHCENTRArION.FOR LOtGER PERIODS

HIC.VER CONCENTRATIONS, USE SELF-CONTAINED BREATHING APPARATUS.

NIOSH POCKET GUIDE TO CHEMICAL HAZARDS

sEAR APPROPRIATE EOUIPRIE.T 10 PREVE':T:
Any possibility of sLln ContzCt.

uEAR EYE PROTECTION TC PREVENT:
Any possibility If eve :oltact.

s EXPOSED PERSONNEL S-4OULD WASH:
Immediately when skin becomes contaminated.

OR) CLOTHING SHOULD jf CHANGED Dn!lv:

"ALL.OUI" LINE "W. (p'1' VariAtilp hai, not been assiqne' d .j .,I . !Prc . .

*@ REMOVE CLOTHING:

Immediately redove anyd cIothinQ thst ba.cnxes -et to avoid ary flijmabaliti ha:Jrd.

Best

67



00 TH FOLLOVING EQUIPMENT SHOULD BE NADE AVAILABLE:

CEu~ase,.quick drench.

#0 REFERENCE: NIOSH

RECOMMENDED RESPIRATION PROTECTION Source: NIOSH POCKET GUIDE (85-1141 LCT- 48
NIOSH 1t.I-OIN1ETHyLHYDRAZINE)
Groater at any detectable concentration. :/Any self-contained breathing
with full facepiece and operated in a pressure-desand or other positive
sode./Any lOIf-contained breathing apparatus with full facepiece and
in a oressure-deaand or other' nositive oressure sod@./Any sunooied-air
.wi*: a W;a tacepirce a.;d z~tratvl n z: ressture-cer-and or otý*pr Licsti;ve
mode se. cotbination with an auxiliarv se!f-contained breakia.,cq ap4ral-.J;
in Bresstire-desand or other vosttivi. ;resseire iodcr. .*'ny sup.rl~ed-air
4itJt a fu!. lacopiece and o:.,rated ;n rsu;re-dmanjn "r ot,.er posiltive
ziods in coax~inA~i0o witil in z.;.i:iary selt-contained t-reatr.innr anoarozzils
in pressure-Jesand or other vosztive pressure mode.

ESCA*E: i~Aet air-pur:fying iuji iicepiece respirator % asll will-.
or ir:.ii- or back-moun~ted canister providinq protection z.ns the~
C? CZ7.Cerr. :An-, air-purif.:nq tojil facepiece reSplrt~o' j.) na )! W*..

chl--.yleo- .-rat- or bati--aounter ca-aister pro*vid:,iv

aoardt~i.r.,A~p-rol3r~atueiaPIO Self- vnrtaj-.,_ crett ;I. z

FIRS! AID9 tNIOSMI:
LIE:
FLOOD WIThf 4ATER AND TREAT OZ3 A1ria INE ?UFN..
SY! LI:
ý1.00 WifTh WATER AND TREAT AS ALN'ALINE PUR4i.
INI4A:.Ar:O~q:
.icirOE VICTIM FR3h CON.TAhlIn.TEO AR.EA, GIVE AkTiFlCIAL. qES;!i.s!i0N ~
i:.F i~ UH Ok SIGN~S C-F PULMONAR61 EOE)iA; EPIFOhRC- 41,I3LOIE ~

iN6-ES7-iOU:
I. NOT IhplCE VOHIT!!iG: k&Sý:!ALIZE.

US~ fivpzrtsept ai Trantportatirrn Guide to' hlt:ard,,us Natz,:jls Transo~rt

'ItAL~ tIi..A!CA

II t Olt

%.y causc Lurr.s to stI: n ono
;.unoti irom fire contro~l or dolu.'itin woter *~ay cte~i%- pc.llut:inl.
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FIRE as EIPLOStON
Mill buts. Ray be ignilted by heat, sparks and flames.
Flaoaable vapor may spread away from spill.
Coatainer say explode in heat of fire.
Vapor explosion and poison hazard indoors, outdoors, or in sewers.
Susoif to sewer may create fire or explosion ha:ard.

*EMERGENCY ACT!ONe

Keep unnecessary people away; isolate hazard area and deny entry.
Stay upwind; keep out of low areas.
Near positive pressure breathing apparatus and special protective clothing.
Isolate for 112 mile in all directions if tank or tankcar is involved in
fire.
FOR ENERE6NCY ASSISTANCE CALL CHENTREC 000) 424-9300.
A4sc, in case of water pollution, call local authorities.

*FIRE
Seal! Fires: Dry chemical, C02, water spray or foam.
Large Fires: water spray, fog or foam.
Move container freo fire area if you can do it without risk.
Stay away fro* ends of tanks.

L•; ýntaftatrs oat &toe vcotsve to ,a'mes with water trfem t. esLe Irat--'"
well after fire is out. -
iathdraw immediately in case of rising sound from venting safety device or
disco!oration of tank.

9SPILL JA LEAK
No flares, smoking or flames in hazard area.
Do not touch spilled material.
Stop leak if you can do it without risk.
Use water spray to reduce vapors.
Small Spills: Take up with sand. or other u'oncobuastible bsorbent

material, then flush area with water.
.ar;e Spills: Otte far ahead of spill for later disposal.

-FIRST A!0
Move victim to fresh air; call emergency medical care.
IH not breathing, give artificial respiration.

-r.rea'h:nq is difficult, give oxygen.
•d:;; an. isolate contaminated clothing and shocs.
!r c&se of Contact with material, imnediately fliuSh 0-11, or eyes vitre
ruan:ng water for at least 15 minutes.
f.ee; v€ctzc 4utet and maintain nortal body temperature.
Effects Tiv be :elayed, keup victim under observatinn.

cCLAAER: Irte data shown above on this chemical repro rnts a best effort on
:he.part of the compliers of the CHENTOY database to obtain useful, accurate.
a;i , ac:ual Cata. The use of these data shall be ;n acccrdarce with the
4j;diellAeS and lciItattons of the user's CHEMTOR li:cnse acreemeit.

:.,v. •-f. tte i4EMTOi daiaba~e shall noct Do lircd !;;Lle ftir Ina::turacle%
cr oaiit:ounS w:thtr this database, or -n any Oi its Printed or ;*- :4yej Uutpmut
i ore.

pwmit t Jiblt ,.pr~(I '
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MATERIAL SAFETY DATA SHEET MD S

1145 CATALYN ST., SCHiINECTADY, NY 12303 USA (518) 377-8854

Frotm Gealma.' MSDS Cdklcdmo. to be used ax a rrfrrnt. Rvsd

SEcrON 1. MATERIAL IDENTIFICATION 17

MATEMIL NAME.~ Methyl Hlydrazine
OTHER DESIGNAtTIONS: Hdydrazine, Methyl-; llydrazomethane; l-Methylhydrazine; MoI.no lMethylhydrazina; NM1H;1

CH N .,CAS 160-34-4.-
MAN~UFACTURER: Available irom many suppliers, including: Aldrich Chemical Company

P.O. Box 3S5
Milwaukee, WI S3201
(414)' 273-38S0

SECTION 2. INGREDIENTS AND HAZARDS %HAZARD DATA

ME4THYL HYDRtA.ZINE 98 8 HR8 TWA Ceiling :

0. 2 ppm, 0. 35 .mg/m
3

(Skin)*

*Current ACC.IH TLV (1985-86) and OSRik PEt.. LSOt:.33_mg/kg------
Skin designation indicates that M4ethyl Ilydratine is absorbed throt;gh Rat, Inhalation:

the skin. LC50:_7ipjprn/81l
Rat,i Sin:
L O S O : 1 8 3 m g / k g - - - - -
Rat, lot:

________________________________________________________1.0153: i4 eg/kg

SECTION 3. PHYSICAL DATA

Boiling point. I atu ..... 90 .04OF (87.80C) S; ecifit gravits, 2(f/4
0
C .. 0.87

Vapor pressure I 2S0C, mil& .. 49.6 t.'lal~lcs, % .................. 100
Vapor density (Air-I) ..........1.6 ETvap. -att'O rate ........... Not,.Inown
Solubility in water ........... Slightly soluble tlelti-q p tnt...............S.62

0
r (.,-1.91c)

APVEA8ANCE li ODOR: Colorless, Hlygroscopic liquid with an aammontia-li'e oJor.

SECTION 4. FIRE AND EXPLOSION DATALoe Upr
Ruht Fwtty Ld t.ohdW Astomms.ds tem ______________

70'F (2.l.5CO.38.
FlM 1 1. . 148l)GMEIA: Carbon dioxide. dr, 2 veirol , I!CO'11 or I" .or foAm. ý % woict sprAy to cool ta'%k.
container. Do sot use a solid stress of wa.,r since the atreac will 1,2tter as.d spie.Ad the fire.
Thia flaimable lIquid hs t dangeroas fire ha-ard when esposed to heat or flame. It is flaxNAisle over a wide
range of vapor air concentration. Its wevaursanre h.- vier tt n air and mAy travel a considerable distance to
the atuece of Ignition and flashbacli. Meth~l llyratine may Ignite spontaneously in air when In contact with
porous masterials such as *arth. asbestos. woo-d or ,loth and with sildants such as hydrogen Iterooldr or
nitric acid. When containers of this material are eiaAsned to heat or fire, the containers may violently
rupturt. iýirelighxors should wear befcntte reathing fxptAratus and full Protective clothing.

S!CniON S. REACTIVITY DATA
Methyl Hydrasina Is stable in closed custaineri at roots temperature uider normal storage and handlkqj
tondItions. It does not unsdergo hAistdoajn 1'oiyaart:&ati . flu, "~tfrial is inctoopaible with osldi-ing
"marteals. Cointact with dlrY&aoruratean or its X'tatide tdicyan, furosan) is titntjvo.lyelvlonve. "t 0.4y
eaploda In contact with metaljic osiki's. Eapanut, ins tr vnt a larie surfa~c nay rq-sutt In aPo~ntindoss
ignit ion,
Thermal docomposixios or burng. may proý!ucv toaic fsumes ol ntitro~a 0nidts.

aw. V-6 Ow~a"aa C.mw%. CdNILIM PULJU SIRIVG
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MSW I E _S52. owtd ...... tS XMYL HYDRAZITHE

SECTION 6. HEALTH HAZARD INFORMATIONfl 0. aSeSctn2

ethyl.hydrazino is a poisonous compound which is readily absorbed from the lungs, gastrointestinal tract
id skin. Systemic effects of exposure to maethyl hydrazine incude convulsions arnd tremors, blood disorders and
esath. Vapors or mists of methyl hydrazine are irritating to the eyes, mucous membranes, and upper respira.
tory tract, end amy causea respiratory distress and systeitic effects. The liquid is irritating and corrosive
o thse skin aud eyes and may be readily absorbed through the skin in toxic amounts. Chronic exposures to

rtthyl hydresins may Cause kidney and liver damage. This material is a suspected carcinogen.
..RS. A_: EECNAT rmtyfuheeicuigune yldwt unn ae o tlatnuSteAI. EtE mdcalatnin(niat aaeiCaant) KNCNACT: PrmtlFlush eypose areaigude yeis withrung waterfoatlst1

hile removiAg contaminated clothing. Get medical attention (Inplaiit. paramedic. community). INlAATION:
move to fresh air. Restore and/or support breaithing as needed. Notify medical personnel. INGESTION: Give
ictim wamter or milk as quickly as possible.. Call a physician or Poison Control Center. Do not induce
omitin I Transport to a medical facility. Never give anything by mouth to a person who is unconscious or is
awing convulsions.

SECTION 7. SPILL, LEAK AND DISPOSAL PROCEDURES

itify safety personnel of spills or leaks. Evacuate all non-essential p'ersonnel from the area. Remove all
ignition sources. Provide maximum explosion-proof ventilation. Whens performing clean-up, wear suitable
.rnttctivai Clothing end equipment (see Section 8). Absorb small spills on sand or vermiculite and plate in
lonir'i containers for disposal. Dike large spills and collect for reclamation or disposal. After bulk
aternal Is r'smw'd. wash the spill site and completely ventilate the area. Do not discharge to sewer, water
sheds or wateraYa.- Use non-sparking tools.

DISPOSAL: Place in suitable container for disposal by licensed contrac-,ors or burn in nn Approved incinerator

equipped with an after burner and scrubbe.r. Follow all Federal, State mid I 'cal regulat ions.

EPA WADOUS ASTE NO. P0158 (Ell Toxicity 140 CEFt 261).

SECTION 8. SPECIAL PROTECTION INFORMATION

Provide general and local exhaust ventilation (eiplonion-proof) to meet TI.'. requirement. liandling in .a
:hewical fuse hood is preferred. For emergency or non-rout ine expýýsures where the TLV aesy be exceeded. uear a
10511-approvedl rospirator. All elettrical service In use or storage areas should have ain explosions-proof
Jesig.
kyoid any contact with this material. Full protective clothing and equipment including jplssh goggles, face
hield, impiervious gloves, apron, bouts, impervious. shirt and trousers, hard hat with brim, and respirator
Susuld be available and worn as appropriate. Remov-e contaminated clothing ImmedALtely and do not waar until

thas been properly laundered.
.yewiksh stations &ard s~foty showers should be readib, available where this material is handled or stored.

u"tact lossea pose a special haiarsi. soft lenses may absorb and all lens*% concentrate Irritants.

SECTION 9. SPECIAL PRECAUT'IONS A.ND COMMEN IS

store in, tie~tly closed containers in a cool, tq ttli vnt.Lated area avoy fromt oxidants, metallic oxides
dicyanoifunajan. dicyanotiurolan, heat soilrces. sparka, and open flsame. Protect conttainqrs frum physical damille.
Avoid storage on woodeon (loors SNthyl ttwdreasne Is slr-nesotsitie andl hygroscopic; protect from noisture
and handle mad store umdor nit rogen.
Do not breathe vapors or mlst. Avoid contact with skin. eyes. and clothint. Use only with adequate vvntk.
lation, Preferably litl a chemical (use hood. gash thoroughly after haividlIng and do 'uvt smoke in use or
han~lieg are$$.
!5n¶: Ilathyl hydrasiiet Io poisonous, cerroulve, a"i postibly certinoigenic; handle with extreue caret'
DOT C 41SFTCATIOIj: Flammble liquid, poison, VNIZA41

DATA SOURCMCOIDES"GOk~V1 1- 2- 4-9, 14. 2&., 41, 49- 60- 63- 7S, 'A a.

61 Nmi h#~ d bh *A I eV40.' .n ý## 0--,
.1. INDST I4Y~lfr - -A

114ELMCAL RI VIIW:
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CHET1TOX DATA
(C) 1985, 1986 by Van No~trancI Reinhold Company, Inc. All rights reserved.

CHENTOX RECORD 2256 ~ LAST JPDATE OF THIS RECORD; 02(ti8~b.
NAMIE: MONOMETHYL HYDRAZINE
SYNONYMS HYDRA ZI NE , MET HYL-; :ETHYL HYDRA 11NE4; HE [HYLHYDRAZ INC;

1IETHYLHYORAZINE; IIETHYLH'DRAAINE (DOT1); N)IH

CAS: 60-31h-4 RTECS: IiV56uokOOO
FORMULA; CH4N2 iflL WT: 46.09
CHEMICAL CLASS.

PHYSICAL DESCRIPTION, COLPRLYSS L. !QUID W1T'i AN A-'m(TNIA LlTE ('110F
$OILING POINT: 140.q5 K 9?.D C :9 F

MELTING POINT: 220.93 K -52.:-
FLASH POINT: 3-43.15 K 7b5c C Sr
VAPOR PRESSURE: 49.6 aa 1 '.5
AUTO IGNITION: 469.15 K t.C F
UEL: 98 x LEL: 2.51
IONiZATION POTENTIAL (. ,y

VAPOR DENSITY; 1.59 ai=
SPECiTIC GRAVITY: u. 81 a

ý!Ai:R SOLU4!LITY: 33L'S* .

!NC23iPATIW'LiTiES: $. Z'jYS Iýf i RI C.o nn'TC'ý- SE EDzF
~.'US I TTRfAL)S, rA", 1!1. 4 , -I~ :TS I;C

"II OLt.LN -0~1~ N 1Th!

REACTIVITY t)TH WATER: No dat4 on jt ~tst
REACTIVITY Wi111 COHMOTN IIATERIAILS: SITXS ýLI:WT. Ul ýN Ail:, Air, 't,;c.;

I GNITI ION uF RP6S, kiUST uR OTs~

STAPILITY DURING TRANSPORT: No O0ita

NEUTRALIZIUG AGENTS: ftV-'H i

POLYMERIZATION POSSIRIFITTES: No :'t~a
T1311C FIRE GASES>:
ODOR DETFCTED At Tppml: I--
O0-I.R ES-CRIplt-ON: L I IE APMNONIA S,!- -o!
100 1 O")OR DZIEITIolk: No J414t

DOT tIAZAkD CLASS: I~hC .t

DO I ID NUNI'Ek: ~ I)I

001 SNIPPINQ NAMI: t~~ t'. i¾

51CC NUNFEA:

EPA 1UASTt NU11.8f1: 5

RD DISIC-NAt ION: A ltý l~

CLEAN alR ACT:
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NFPA CODES:
HEALTH HAZARD (BLUE): 3
FLAMMABILITY (RED) : 3
REACTIVITY (YELLOW):!

TARGET ORBANS: CNS, RESPIRATORY SYSTEM, LIVER, BLOOD, CAROIOVASCULAR SYSTEM, EYES
SYMPTOnS TREMORS AND CONVULSIONS FOLLOW ABSORPTION BY ANY

CONTACT OF LIQUID WITH EYES OR SKIN CAUSES IRRITATION.
AND SYSTEMIC EFFECTS. INHALATION CAUSES LOCAL
OF RESPIRATORY TRACT, RESPIRATORY DISTRESS, BURNS.
CAUSES HEMOLYTIC Source: CSDS

SYMPTOMS 4CHRISI:
CONC IOLH! 5 PPZ

PERMISSIBLE EXPOSURE (OSHA): 0.2 pp. SKIN - CEILiNG VALUE

CARCINOGEN': Y STATUS: HUMAN POSITIVE
REFERENCES:

NUmAH TOICITY DATA: (Source: N105H hkTECS!

LOSO toolkq): 35 SPECI[i: orl-rat

PROTECTION SUGGESTED:
CHRIS MANUAL:
ORGANIC CANSITER MASK OR SELF-CONIA0I.ED PAETHIN(G APe'akIUS; GOGGLES OR
SHIELO; RUL.EiR GLOVES; PROIECTIVE CLOfNING

MIOSH POCKET GUIDE TO CHFE•!CAL HN4A4S

W. VEAR APP4U,'RIArE EQUIPN4NT TO PkVýN(:

is ki~caf EYE PAOTECT'ON 10t-k-j~V-1n
AnyP ostsbility of eve countat.

to EifOSEO VEkSONNEL SHOULD WASH:
Isistdtately whiia skkte brccs*er cattoel n ted,

*e -iE CLOTHING"

iassediattly rieo.q An oki@('.a.. thi.t tircomsei -est to .Avoid -Ifty 114004eti~tly %4:4

to TH4, FOLLOWING EQUIPAENI SHOUt' PA MAD( AVAiLAPtf:

., &EPRfNC•" UIOS7
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RECOMMENDED RESPIRATION PROTECTION Soirce: NIOSH POCKET UUIDE (85-114) LCT- 41
NIOSH CMONOMETHYL HYDRAZINE)
Greater at any detectable concentration. : /Any self-conta;nel breathing
with full facepiece and operated in a pressure-demand or other positive
*ode./Any self-contained breathing apparatus with full facepiece and
in a pressure-demand or other positive press-re &ode./Any supplied-air
with a full facepiece and operated in p. ,ssurs-demand or other positive
mode in combination with an auxiliary aelf-contained breathing apparatus
in pressure-demand or other positive pressure mode./Any supplied-air
with a full facepiece and operated in pressure-demand or other positive
mode in combination with an auxiliary self-contained breathinq apparatus
in pressure-demand or other positive pressure mode.

£SCAPE:. /Any appropriate escape-type self-contai'n'ed breathing
appropriate oscape-type self-contained breathing apparatus.

FIRST AID (NIOSH):
EYE:
FLUSH FOR AT LEAST 15 MIN. WITH LARGE QUANTITIES OF WATER.

SKIN:
IMMEDIATELY WASH WITH LARGE QUA;-IITI ES OF WATER AND TREAT AS OR ALKALI

INHALATION:
HOVE VICTIM TO FRESH AIR AND KEEP QUIET; GIVE ARTIFICIAL RESPIRATION IF
STOPS.

INGESTION;
GIVE EGG WHITES OR OTHER EMOLLIENT, FOLLOWFD BY 51 SALT SOLUTION OR OiNIER
EMETIC. KEEP PATIENT AS QUIEI AS POSSIPLE. TO CONTROL CONVULSIONS,
VARBITUATES MAY BE iDMINISTERED PARENTERLLY BY PHYSICIAN WITH DUE REGARD
DEPRESSION OF RESPIRATION.

US Departzent of Tratisportat:on Guide to, Hajardous Materials Transport
Information - Publication DOT 590v.2
DOT SHIPPING NAME; MONOMEIHYL HYDRAZINE

POTENTIAL HAZARDS DOT GUIDE NUMPER 28

#1fEALTH HAZAROS
Poison.
May be fatal ii inhaled, swallowed ni abasorbie th:ounh skin.
Contact may cause burns to Skin and ePes.
Runoff from fire control or dilution water may cau.e pollution.
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*FIRE OR EXPLOSION
Will burn. May be ignited by beat, sparks and flames.
Flammable vapor may spreaA away from spill.
Container may explode in heat of fire.
Vapor explosion and poison hazard indoors, Outdoors, or in sewers.
Runoff to %ever may create fire or explosion hazard.

*EMIERGENCY ACTION#

Keep unnecessary people away; isolate hazard area 4nd deny entry.
Stay upwii'l; keep out of [ow areas.
Rear positive pressure breathing apparatus and special protective clotning.

Isolate for l/ý' mile in all direct ions if tank or tankcar is involved in
fire.
FOR EMIERGENCY ASSISTANCE CALL. CUEMTREC (800) 424-9300t.

Also, in case of water pollution, call local authorities.

#F IRE
Small Fires: Illy chemical , C02, Hiater spray or foam.
Large Fir es: Water spray, fog or foam.
Mlove container from fire area if you can do it without risL.
Stay away from ends of tanks,
Cool containers that are exposed to f lames with water frn'. tie side until
well after fire is out.

Withdraw immediately in case of rising sound iroA venting safety device or
discoloration of tank.

*SPILL OR LEAK~

No flares, smoking or flames in hazard area.

Do not touch soilled material.

us,- water spray to reduce vapors.
Small Spills; Take up with sald, or other noncombustible absorbent

material, then flu-..' area with water.

Large Spills: Dike far ahead of spill for later disposal.

OFIRSI' AID
Mlove victim to fresh air; call emergekicy medical care..

If not breAthing, give artificitil respiration.

If breathing ii difficult, give oxygen.
Remove and isolate contaminated clothing and shoes.

in Case of contact with material, immediately flush skin or eyes with

running water for at Least IS minutes.
K~eep victim quiet and maintain normal body temperature.
Effects may be delayed, ke'ep victim under observation.

DISCLAIIER; The data shown above on this chemical represents A best ci fort on

the part of the rom.aikets of the CHft(TOX databasi. to Obtain useful, Accurat~e,

And factual data. The use of thetiv? data shall be in Accordance with Uie

guidelines and Limitations of the user's CHEMiTOX license aqreement.

the COMPI1LERS of the CHERIOX database shall not be held liable for inacct.eac~x's

or omissions within this database, Or In Any Of its printed or displayed C-ut;-t

forms.
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MATERIAL SAFETY DATA SHEET NO. T_____°"
CORPORATE RESEARCH & DEVELOPMENT NITROCEN DIOXIDE

SCHENECTADY, N. Y. 12305
Phone: (518) 385-4085 DIAL COM .8*235-.085 .... Date December 1978A.

SECTION I. MATERIAL IDENTIFICATION Reviewed: September 197C
MATERIAL NAME: NITROGEN DIOXIDE

DESCRIPTION: This material is an equilibrium mixture of NO2 and its dimer '4204. It is
supplied commercially as a liquid under its own vapor pressure in steel cylinders.

OTPER DESIGNATIONS: Dinitrogen Tetroxidv, Nitrogen Tetroxide, Nitrogen Peroxide.
GA•S # 010 102 440

MANUFACTURER: Material is available from several suppli,'rs, includion. Scientific C.isProducts, Inc., and Ma~theson.

SECTION II. INGREDIENTS AND HAZARDb HAZARD DATA

Nitrogen Peroxide .99. 8-hr TWA 3 ppm5

E__quli brium Co mpooit lu ,_ A mm STEI. 5 ppm
27 C 35 C 1o0 C

NO2 (red-brown) 20% 30% 90% Human, Inhalation

N204 (col-'rless) 80, 70Z 10% TCLo 64 ppm (pulmona

Gas dilute. below 100 ppm in air at 25 C is essentially
all in the NO2 form. Rat, inhalation

LC5o 88 ppm/4 tits

* A C G I H ( 1 9 7 9 I n t e n d e d C h a n g e s L i s t ) . C u r r e n t O S I i A T L V i s .C . . .. . . . ... .
5 ppm or 9 mg/m

3 . NIOSII (1976) recoasended a ceiling MonkeY, inhalation

level of I ppm (15 minute sample). I LCI.o 44ppm/
6 hrs.

SECTION III. PHYSICAL DATA
Boiling point at I atm, deg C ------- 21.15 Specific gravity. 20/4C 1.4',
Vapor pressure at 20 C, mm H ------- 720 Molecular weight ------------ 46 or

4
92

Vapor density (Air-0), 70 F, I ttm -- 2.8 Melting poin!, deg C ---------- 9.3
Water solubility --- Reicts to form nitric

and nitrous acti,; at 25 C

Appearance & Odor: A yellow-bro'.o, fuming liquid !belo. 71 C) Q ,r -% rv-1di.ih-br ow"
with a pungent acrid odor at about 10-20 ppm. '! -12 C this materil is a -'nrless
solid (essentially all N204).

SECTION IV, FIRE AND EXPLOSION DATA LOWER UPPER
Flash ,Point and ethod 'Aut oig ni o' Tempp. F laum ,,bility Limits In Air

N/A N/A N/A

This material will not burn; however ic is a very sttongoyxidlcirgaea- which is able to

cause fire on contact with flammable or combustible materials. For example, it could
cause clothing to catch fire on contact.

Water should be used to cool fire-expised cylinders (which could explode from pr,,ssute
when heated), and a water spray may be used to direct escapin. gas away from those
attempting a shut-off of N02 low.

Firefighters require full protective clothing and self-contained breathing apparatus.

SECTION V. REACTIVITY DATA

This is a stable material at roon. temperature in ,t clo-,ed cylinder.
it is a very strong oxidizing agent. Contact with -smbustiblhs can cause fire or ex-

p loIon: If a material burns in air, I( will uturn 5i07NO?; but it might also explode.
HiXtures with ammonia, acetic anhydride, alcohols, toluene. propylene, etc have pro-
duced violet explosions. Explosives can be prepared by mixing NO2 with carbon disulfid,
or with nitrohentene. It forms en1ploslve mixtures with incompletely halogenated hydro-
carbons. Reactive with reducl.g agents, and tronger oxlidirirn a;entr.'.t must be handled with compattbhe materials and equipment, It is not corrosive to mild
steel when dry, but will rcqiitr a iitric acid resistant stainless steel when wet.
Aluminum, nirkel, Pyrex. :iilon, and asbestos are ftnig the enm1,at lbhl maiterials.

GENERALO ELECTRIC coe.ia ..... ,as,.., .pcn,
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SECTION VI- HEALTH HAZARD INFORMATION TV 3pm(See Sect:. II)
s ationof V A2 cue lung damage with sever-ity dependent on the time and the level oi
= 131OSUCO. Seriozuselrs~ults may not be felt until hours or daya 2fter exposureeventhtah beg. 2rag 's cureo. .~psr ;aj iour ppm orcculr U~i danger-

ou* and to ove 20 ppm can be fatal even~w~hen' tvreate'd, The discomfort or alight pain
occurring at exposure may be ignorat. but the cyanosis and pulmonary edema resulting
froa dasagd lung tissue becomes disabling and can be fatal, especially if not promptlý
treated ator exposure. Ch*ronic exposure at 5-50 ppm can produce a lilwl evolving
pIalionary edema with respiratory tract irritation, cough, headache, i.i4tLkii__Cs, And Cor-
rosion of the teeth. Contact with vapors is irritating to the eyes, nose, throat snd
oet skin; contact with liquid ia corrosive. FIRST AID:
Ee ontct:Imsediately flush with plenty of runni-ng QWaer-, including under eyelids.

or ates iputes; then contact physician promptly. (Ophthalmologist if possibl .)
Skin Con-tact. Remove contsaminated clothing under the safety shower. Wash affected area.

of skin vit running water and soap and wa-te-r Tot 15 minutes. Get medical help.
Inhalation: Remo~ve exposed person to fresh air at once. Instruct to brceathe rapidly anc
"*eply or a few breaths to flush out lungs. Keel, warm, and at re&t. Havis qualified
person administer oxygen. Contact physician isseediitely!

SECTION VII. SPILL, LEAK, AND DISPOSAL PROCEDURES

Notif!:ff~ypersonnel when leaks are detectee orosuspacted. Provide maximum exha us t
Y" iatiot. Dscontinue operations; exclude from site all except those involved in

clean-upi woreppry rotected (seecSect. VIII).O Nog,measuring devicesthmoistblu lituai paper or starch- iodide paperc on beý used to lo ate small leaks. te red-brown color Of W02 will make large leaks evident. Stop sourcet 'f NO?. Isolate andromo- any leaking cylinder. Place in hood or in safe outdoor area. Then slow .-cleas(
of gas to the air is unacceptable, artach needle valve and tube to ,runtNO? into a.n ex-
Cess of 5-10Z aueou sodiuma hydroxid~c solutiou (cauti,!I!) at a mo erate rate, tiun
neutralize foradisposal. Cover liquid spill with an excesq of NaHC:) 3; mix; spray with
Water from atomizer, then flush to holding tank for dis osal.

-Follow Federal, State and local regulations. £ilut c neutral, low nitrite wast
wlithischwvaterand flush to drain with lots of warer to meet dilution requirements fot

..... ZJ~..~~ahuue...I~s~thJ~bj.n.iztire rcn'ov;, Ima nn 9-n n;Xtaahfr Aj~rhArge.

Use closed processing to prevent exosaure whenever feasible.- Consider use of continuous
WD2 monitoring devices. Use an exhaust hood with minimum 100 lfm face velocity to en-
close. Provide gjeneral. ventilation and local exhaust ventilation to meet TLV require-
meata. For emergency and nontroutine exposure provide an approved full faceetece res-
pirator above the TLV; a cartridge or canister type can be used below 50 ppm; a self-
contained or aix, supplied respirator is requited above 50 ppm or for unknown levels.

Prevent skin contact with liquid or vapors by use of gloves and protective clothing. Us(
safety goggles and a face shield for eye protection. Instant action eyewash stations
mand safety showers are needed in close proximity to uniý-and-h-an-dingr area.

Those working with 002 must have special training in hazards and handling and close
sup~ervision,

SECTION IX. SPECIAL PRECAUTIONS AND COMMENTS

Obselvw basic precautions for handling And _.ae of pressurijed cylinders. Note? NO
cy Wneredo not have sfety devices for pressure relief, store sway fromrlheat sgurce.
In low fire ris areas. Keep sway from solvents, fuels, lubricants, combustibles, re-
ducing aglents. Use compatible mater ials and aquipment for handling NO2 . bai e
tailked informat ion from suppliers for handling and use under specific conditions.

02 840 N, Cantreac toin an electriý- trc or other high temperature source to Produce
hosaraus levels of N02; combustion of nitrogen-containinig materials will produce 140?.

Provide prepl acement medical examination atid at least an annual examination of exposed
personnel with special attention to pulmonary funct ion tests and dental care.

Preclude from exposure individuals with cardiac or pulmonary disease.

D)ATA, SOURCE$S) CODE: 2.4-6.9,12,15..17jt,20 nutia 'ge
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DC F

Request Us# of NTS Facilities

Mr. Thomas R. Clark
Manager. Nevadd Operations Office,
US DOE
P.O. Box 14100
Las Vegas NU 69114

i. Pursuant to the 3uly 8, HeadquarLers Space Division letter,
a COpy of which was forwarded to your MH Wendy Oixon. we wish to
proceed urith the fire suppression foam testing described therein
and Formally request the use of Nevada Test Site (NTS) facil-
ities for these tests.

2. ReQuest a 3-eetk window beQinn-irg on 21 Oct 85. Ideally,
the teot can be compleced in 1 1/2 to 2 u.-eeks. but adverse
wvather conditions could stretch this period to 3 weeks.
GCneral construction supoort requirceents will be minimal:
however, we will require phoLograpnic ,support, both s$ill and
vidao. Funds are available for site rental and support.

3. The follo4Anq agencies w!Zl have personnel on the site
Ouring the testing oeriod:

HQ AESC 2 persons Fcll Test Period
Hill AF8 I person Full Test Perloj
.44EI 3 persons Full Test Period
MSAR 4 persons Full rest Pe-iod
Aerospace Corp i person Ist week

4. On-site billeting is reavasted for the individuals
identified in paragraDý three Aodittona2 :ersonnel fror this
office and t?.e New Mfexico Enn.r.eering 'esearch instit-ile (NMER:)
wnll uiewj ce-tair teots of the serý?s. wilt •l not require
b 111te'9 Security c~etrsnc$s sr- v IsI. requestý tsn be
orovided for all Q&-tic!.p-ts.

5 Point of cortAct at Ntý, F;r" Fur'.,er iifcracoi/asIstanco
Ns $r Trn SteDetic. comrorcial telephone )05.247-3.12.

JOSEPH L. WALKER cc: MSARtMr. Hiltz)
Chief, Fire Technology Branch HQ SO(Capt Betschart)

Aerospace(Mr. Lewis)
WtERI(Mr. Stepetic)
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CRDCF 26 SEP 1985 0
0

Use of NTS Facilities (Our ltr, 27 Aug 85) R
D

Mr. Thomas R. Clark
Manager, Nevada Operations Office
US DOE R
P.O. Box 14100 D
Las Uegas NU 89114 C

1. In response to your request, enrlosed is a draft copy of the R
test plan for use of the DOE Nevada Test facilities. The site F
will be used for validation tosting of a n.,wly dp.eloped
hypergolic vapor/fire suppression foam and environmental
sampling acquisition. Test facilities are requsted for a
3-week period beginning 21 Oct 85.

A
2. Point of contact at the New Mexico Engineering Research F
Institute (NMERI) for further inFormation/assistance is Mr. Tim E
Stepetic, commercial telephone (505)247-3412. S

C
/

SIGNED c
C

JOSEPH L. WALKER I Atch
Chief, Fire Technology Branch Test Plan R

F
cc: NMERI

AFSC/CFPE (Capt Betschart)

RDCF, Joe Walker . . .. 6451, 25 Sep 85. hsm
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Department of Energy
Nevada Operations Office

P. 0. Box 14100

Las Vegas, NV 89er4-4100

LV ,November 8, 1985

Joseph L. Walker
Chief, Fire Technology Br.
HQAF Engineering & Services Center
Dept. of the Air Force
Tyndall Air Force Base, FL 32403

APPROVAL TO CONDUCT FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS
,.T THE NEVADA TEST SITE (NTS)

A review of your proposal to conduct the subject tests has been completed.
Approval of your request is hereby granted, subject to the enclosed
conditions. Any significant deviation in the program or intended use of the
facilities as set forth in your test plan must be approved by this office in
advance of any NTS activity relating to those changes.

If you have any questions regarding the aforementioned conditions, please
contact Lon Kilmer, Resource Maiagement & Budget Division (702) 295-0968.

RMBD:LK-1051 -'Manager

Enclosure:
As stated
cc:
Ralph Hiltz, MSAR, Mine Safety

Appliances Co., Evans City, PA
Tim Stepetic, NM Engrg. Res. Inst. .. 4S

Univ/NM, Albuquerque, NM
R. H. Ide, Resident Mgr., LLNL, Mercury, NV
R. H. Ide, Field Opns. Prog. Leader/Nuclear Test

Group Director, LLNL, Livermore, CA
T. T. Scolman, Dep. Assoc. Dir., Test Opns., LANL, Los Alarmos
J. 0. Kennedy, Org. 7130, SNL, Albuquerque, NM
8. G. Edwards, Resident Mgr., SNL, Mercury, NV
H. 0. Cunningham, Gen. Mgr., REECo, Las Vegv;, NV
A. E. Gurrola, Vice Pres, & Genl. Mgr., H&N, Las Vegas, NV
R. W. Titus, Meteorologist-In-Charge, NOAA/WSNSO, Las Vegas, NV
Col. R. W. Smith, USAF/OOE-NV Liaison Officer, NV
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Joseph L. Walker -2-

cc: (continued)
R. M. Nelson, Jr., A140
R. W. Taft, AME&S
V. F. Witheril1, Director, NTSO
J. K.. Magruder, Director, TOO
S. R. Elliott, Director, SHO
B. W. Church, Director, HPD
0. F. Miller, Director, OPA
E. W. Adams, Director, SSD
J. R. Rinaldi, QAO
F. E. Bingham, HPO
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CONDITIONS FOR APPROVAL TO CONDUCT FIRE SUPPRESSION TESTING
OF HYPERGOLIC VAPOR CONTROl. FOAM4S AT THE NEVAOA TEST SITE (NTS)

1. General

This approval is subject to your compliance with the rules and regula-
tions set forth for the NTS. All tests will be conducted on a noninterference
basis with the Nuclear Weapons Program and other test site operations. Should
a conflict develop between you- test activity and ongoing NTS activities,
access to specific areas may be delayed due to security nr safety considera-
tions.

Approval for use of the NTS must in no way affect the jurisdictions,
responsibilities, and authorities of the DOE or the Air Force.

2. Environmental Aspects

The 1983 'Environmental Assessment for Spill Test of NH3 and N204 at
Frenchman Flat' will cover the activity. DOE/NV has prepared an environmental
evaluation which satisfies the requirements of the National Environmental Policy
at (NEPA).

3. Safety and Health

The MSAR Test Director will be respo:1,ible to the Manager, NV, for the
safety of all Fire Suppression tests at the NTS ;;id for assuring a safe and
healthful work place.

The DOE safety, health and fire protection standards and the NTS Standard
Operating Procedures (SOPs) will be applicible in dd.dition to any other such
standards which the Air Force might impose on 'he program.

A State of Nevada permit is requireJ t, conduct thn specified tests.
Application was filed by the Safety and Health Oivislcn, 'IV, on approximately
September 15. 1985. Approval is anticipated, but has not yet been received.

4. Claims

The Air Force will be financlally responsible rtr and will process claims

thdt may arise as the result of the activities cf its ,bersoi-iel or its cont,*actor
personnel. DOE will be financially resonsible tor aid will pr)ceCs clatr"ý
arising out of activities of its pero.onrlel or its c),'trac ')r pe.sonnel.

5. Funding

NV will be reiTursed for all costs issociated with the testing at the
NTS. A funding docunent from the Air Force (MPR) will be provided to DOE/NV
prior to tLe initiation of associated activities.

84



-2-

6. Construction Operations

All construction operations will be performed according to present SOPs

(6001) by OOE contractors at the direction of NV/NTSO.

7. Weather Support

WSNSO will provide meteorological support as requested by the test
organization and as required by the NV Operations Controller.

8. Security

Existing security rules for access to the NTS will be followed. Program
personnel who require access to the NTS will follow normal visitor control
rules concerning the submittal of visit requests through cognizant security
offices which will result in the issuance of security badges.

Security personnel will be utilized to sweep, control, and aid in emer-
gency evacuation support during periods of testing. Security details will be
elaborated within the COE/AMO Operations Plan.

9. Housing

Arrangements for housing must be coordinated with the REECo Housing
Custodial and Food Services Oepartment at (702) 986-9421. Housing requirements
of personnel from other NTS programs will have precedence.

10. Medical•

Paramedic and aiibulance support will be provided by REECo froal Mercury

in the event of an emergency.

11. Concept of Operations

The test period has been revised to provide for comiienceocnt of tests
on Novefter 12, igs5, with arrival of personrel and test preparation activity
during the prior week. Prior to the initiation of test activity, the Air Force
will provide an organizational responsibility plan which clearly delineates
the MSAR/N•ER[ responsibilities for conduct of the tests.

The DOU/NV Operations Controller will be represented by a OOE/NV Opera-
tions Coordinator who will serve as the on-site representative for the Opera-
tions Controller for any actions deemed necessary.

All test personnel will fLlly COnvly with NTS emerlency ivacdatlor
policies ard directions Prior to coimmencing operations. an Operations Permit
must be obtained from the Jperations Coordination Center (OCC), NTS (702)
295-4015.

The concept of operations will be det.iled within the DOE/AJO Operations
Plan as established soecifically for these tests.
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12. Oecommissioning

All trailers and other reillaining equipment will be removt2d upon comple-
tion of the last test unless otherwise extended by permission from DOE/NV.
Unusable equipment and debris will be properly disposed of in accordance with
OOE/NV requirements.

13. Passes for Access and Egress of EquipL.14ýnt

To arrange for- appropriate passes for entrv on the NTS, i list of all
equipment and vehicles and their contents must be submitted to the assilned
NTS Project Engineer (Winfred Wilson) scven days in adýance of delivery.

All property exiting the NTS must have a Radioactive Clearance sticker,
available at the Radioactive Material Control (RAMATROL) 3uilding, NTS (702)
2)5-7090, affixed to the Property Removal Authorization. A Property Removal
Authurization can be obtained from the assigned NTS Project Engineer (702)
'295-4001.
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DEPARTMENT OF THE AIR FORCE
HIADQkJARTISA AIR JOA"t V!J* [tw4o Am4 A~IC2*K CgTtI

?YNIDALL AM OPt SAMJ. F44

,mmO RDCF.(Mr Bryce Mason, 904 283-6194) FED "986

-ia, Use of NTS Facilities

SMr Thomas R. Clark
Manager, Nevada Operations Office
USDOE
P.O. Box 14100
Las Vegas, NV 89114

1. References:

a. My letter, 27 August 1985, same subject, which Eormally
requested the use of NTS facilities for fire suppression testing..

b. My letter, 26 September 1985, same subject, which
forwarded the test plan for the subject fire suppression tests.

c. Your 1itter, 8 November 1985, approving the use of NTS
facilities for the testing.

2. While we were able to conduct a good series of 21 successful
tests at NTS from 12 to 24 November 1985, we were not able to
complete the test matrix due to weather constraints. I am
enclosing a summary report of the November effort for your
information. A total of 15 tests remain to be conducted and oar
proposed schedule for these tests is attached. These tests are
all contained in the original test plan matrik.

3. Request a 2-week window beginning 4 April 1986 to complete
this test series. General construction sopport requirements
will be minimal and photographic support will not be required.
Funds are available for support. Further cequest that on-site
billeting be available for two NMLRI and four KSAR personnel.
Additional personnel from this office and NKER: may view certain
tests, but will not require billeting. Securtly clearances and
visit requests will be provided for all participants.

4. Pleane contact myself or Mr Tim Stepetit' of NM1Rl
(Commercial 505 24731412) 1E v,* may be of atty further assistance.

~~S~'AlK 2 Atch
hi f, Fire Technology Branch - Field Test Report

Z. Test Schedule

cc: MSAR(Mr Hiltl)

HQ SO(Ca-pt betschart)
Aerospace(Mr Lewin)
Wn•Rl(Mr stepetic)

ATTA0m:0T 1
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Department of Energy
Nevada Operations Office

P. 0. Box 14100

Las Vegas, NV 89114-410C

March 21, 1986

Joseph L. Walker
Chief, Fire Technology Br.
HOAF Engineering & Services Center
Dept. of 'the Air Force
Tyndall Air Force Base, FL 32403

USE OF XT FACILITIES

Reference your letter dated February 27, 198&, subject as abovy, requesting
approval to proceed with 15 previously described and planned tests which were
not completod during your November 1985 test period.

Approval of your reuest Is hereby granted, based upon the Test Plan documenta-
tion submitted for the November test period. This approval is subject to those
same conditions whicO applied to our original approval lot-er of November 8,
1985, copy enclosed. A new state of Nevada pur-it will not be required,
however, as the state has aeen advised of a resumption of testing to complete
&ctIvitles planned to occur under the original permit application.

Current NTS schedulittg conflicts will require that your two-weik test period
coemwce on April 11, as opposed to your proposed date of April 4. You should
also anticipate somn conflict during the two-week period which '-'uld feasbily
extend your test period by a couple o,' days.

If you have any question regarding those conditions, ;1ea&i contact Lon Kilmer,
Resoure Management and Budget Divisloi., (702) 29r-, 68. \

R•4O iLK-0332 C l aangur

Enclosure-
As stAted

cc w/encli
Ralph Hiltz, MSAR, Mino Safety

Appliancs Co., EvAns City. P.A__1: mmT1 Stl•eptic, W En~grg. Ras, !i:st.

Univ/14. Albuquerqte. W,
R. H. Ide, Resident mgr., LLNL, 4er-cury, N'
R. H. Ide, Field Opns, Prog. Luader/huc!,-ar Test

Group Director, LLNL. Liverwre, CA
W. P. Wolff, Test Gp. Director. LANL, F-670, Los Al4as, $:N



Joseph L. Walker -2-

cc v/em1: (continusd)
W. P. Wolff, Test Gp. Dirmoctor, LANL, Mevcury, NV
J. D. Kennedy. Org. 7130, SNL, Albuquerque, NM
B. S. Edwards, Resident Ngr., SNL, Mercury. NV
H. D. Cunninghan. Gen. Mgr.j, REECo, Las Vegas* NV
A. E. Surrola Vlice P,-s. & Genl. Igr.. H&N. Las Vegas, NV
R. W. Titus# Keteorologist-in-Charge, NOM/WSNSO, Las Vegas, NV
Col. R. W. Smith, USAF/DOE-NV Liaison Office* NV
J. K. Magruder* Actg. AMO
R. W. Taft# AKES
V. F. Wltr ,rillp Director, NTSO
J. 0. Stwart, Actg. O.rector, TOD
S. R. Elliot*~ Director, 514)

B. W. Church, Diractor, WD
0. F. Miller, Director, OPA
E. W. Adams Director, SSD
J. R. Rinaldi, Director, WAD
F. E. Binghms HPD
W. A. Wilson, XTSO
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FORMi HV.50 useooc

~ OPERATIONS PERMIT
Permit No. 86-009

Date: 04/11/86

Sponsoring Agency: mine Safety Appl iances Research Effective Dates 04/11/86 - 0/02/86

Technical Agency In Field: MSAR

Project Designation: Fire Suppression Testing of Hlvnergoljc Vapi)r Control Foams

ACTIVITY (BrieftDescription) 1) Develope documenzation that may be used for A.F. Certification

of thc Presently developed hvpergjh.,c propellant vapor :onqtrol foamsý for use ais fire

stippressants, 2) To identify the chemicails released into the v'nviro! sent when foams

are used to control hydrazine fires.

Field Operation* will be under the direct supevso of: I 'honast J. Ste petic

who may be reached at: (Telephone Number) 29S-4373 (JRadioi Net)....L...

Activity approved by.(Cite DOE tetter ofother authority) DOE/NV letter from Tom Clark to J. Walker.

USAF dat d 11Q./085. ubc~tUse of NTS Facil ti.U_& NV lecýter same subject dated
ll/'ý6j85 signed B~ ob N-15o
DOE O-site Reps esenta iVe/s Vince lorii, TOO (-11ý40), Bob Siffi;-s, 0MB (5-401IS)

The following guidelines apply to this work:

y(1) Frovitions of qt5U-SOP except as may be described below.
1 seuovel osf classified materials from thei Nt.vadi Test Site (IllS) w~ill be coordirated

it vith Sofoguards and IllS Socurit> (5-0082),
X All asterialS that are being transpoirttd off the 11TS must be proctssed through

REECo MMJATP.OL (S-7090).
x (4) Quality AssisrriACL satndards sltilt be mairi-,iriad is reates to procediir*3. fitbricatkeri

of materiats. training of persionnl and rqu.pmont.
x1 is) Mli tets locations will ba restored to their or'iginal c~nditions.:~(6) lapoA coapletion oi activity, the Aguncy lkeprvsentative will notify the OCC by CAIl.nK

S- 4011
x- (7) All conditions as stated in the original letter of 'approval will be

adhered to.

h~asbeen tstieieoby ALIt -~i.L/ LL
(J'EugeneV. Polit4 e R rtT, Simms

464~i Jo,. -. K V,
ku.irlo* m5,eeC,.v.! W1 ?*I

W10t. */V~tip,~ ft" f.I, js fie 701M4 *

4 fi* utqdW4 a
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APPENDIX C

MINUTES OF SIGNIFICANT MEETINGS
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Technical Interchange Meeting
Fire Suppression Testing of Hy-ergolic

Vapor Control Foams

3 June 1985

A technical interchange meeting was held at MSA Research, Evans City, PA to

provide NMERI (New Mexico Engineering Research Institute, contractor to HQ

AFESC/RDCS Tyndall AFB) with information that will enable them to make the

best selection of site and crew for the forthcoming tests. The meeting was

held at the request of NMERI. In attendance at the meeting were: Messrs

Ralph Hiltz, Stanley Hoover and Jack Greer of MSAR; Drs. Robert Tapscott

and Harold Beeson of NLIERI; Mr. Joseph Ranftl of The Aerospace Corporation.

Dr. J. Wilson Mausteller, General Manager of MSAR was also introduced but

did not participate in the technical discussion.

1.0 Discussion

The meeting began with a brief introduction by MSAR regarding their

specialization in foams having properties of low drainage and high

stability. NRERI posed a series of questions relating to the past

experience of MSAR in dealing with tests on hypergolic propellants

and also pertinent to the forthcoming tests. Responses are summa-

rized in the following:

1.1 Regarding hazard data for the Nevada Test Site (NTS) MSAR

has done an analysis for NTS and this information is incor-

porated in their Operational Plan for testing at NTS (copy

of plan available to NMERI). MSAR stated further that

whether tests are made at any particular time at NTS depends

solely on the judgement of local site management which is

nut greatly influenced by users input.

1.2 MSAR plume calculations are based on an Air Force Manual

(reference given to NMERI). N,0 4 release is more critical

than hydrazine.
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TIM - Fire Suppression -2-

1.3 MSAR expects that NTS could be made available within 6 weeks

lead time - 8 weeks maximum. MSAR has been there 6 times

already for tests and have stainless steel fire pans at NTS.

1.4 Use of the site costs $15,000 - 25,000 per week. MSAR, Tyndall

and Space Division should be able to get it at the lower figure

in negotiation with Al Dietz, D.O.E. Washington. Security

guards are the biggest cost because of high overtime pay for all

services, portal pay, etc. If area #11 could be fenced, costs

could be lowered. Aay already secure area that might be avail-

able would reduce costs, for example ETS-l previously used but

not available for the coming tests.

1.5 MSAR has extinguished some pure hydrazine fires with foam.

5 ft x 5 ft pans were used. High expansion foam was applied

at a normal flow rate, however the low expansion foam was

applied in excess.

1.6 For the tests planned, a 3 inch diameter hand held aerating

nozzle will deliver 75 cfm of 350:1 foam. For low expansion

a standard three to six gal/min. nozzle would be used at an

8:1 expansion ratio.

1.7 MSAR furnishes and uses their own protective clothing and

breathing apparatus. No self contained breathing apparatus

has been used nor is anticipated if MSAR performs the tests.

There have been no accidents in past related testing.

1.8 MSAR would use 3 people to ruix the tests, 2 on equipment and

1 on data.

1.9 Spring is the best time of the year for tests at NTS, summer

too hot, but September and October are satisfactory.
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TIM - Fire Suppression -3-

2.0 Foam Demonstration

Following the question-answer session, MSAR demonstrated foaming equip-

ment and their foam test facility. The generation rate ranged from

75 cfm to 6000 cfm, depending on the equipment used.

3.0 Site Options

The remainder of the meeting centered on the necessity of an early

decision on site and test personnel in order to assure certification

of the foam by February 1986, assuming successful tests. Although

many options are possible, it was decided to consider the following

options:

3.1 N14ERI mans all tests at Kirtland

3.2 NMERI mans fuel tests at Kirtland and MSAR mans oxidizer

tests at NTS

3.3 MSAR mans all tests at NTS

3.4 MSAR mans fuel tests at Kirtland and also mans oxidizer

tests at NTS

4.0 Selection Factors

Tyndall AFB has been suggested as an alternate site to Kirtland. Such a

decision does not materially affect the issues associated with the above

four selections nor the logic in making a choice. The most significant

differences in the above options follow:

4.1 Under options 3.1 and 3.2 and to use Air Force fire crew the use

of RFHCO clothing would be required. Associated witlh 0'A" -. 0ý rhe

cost of Air Force specialists and training on-site, as well as

the supporting facilities pertinent to the use of RF{CO.

4.2 In options 3.2, 3.3 and 3.4 ZMERI/Tyndall would bear the costs of

use oi ýTs.
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TIM - Fire Suppression -4-

4.3 Options 3.3 avoids the necessary permitting at Kirtland to be

performed by NMERI and estimated to require 2 to 3 months time.

This would enable testing at an earlier date and also allows

substantial cost avoidance.

5.0 Action Items

5.1 NMERI will decide by 14 June on which option they wish to pursue

and so inform Space Division (in conversation with Dr. Dennis

Zallen on 6 June this date was changed to no later than 21 June

because of NMERI travel schedules and the necessity to confer

with Tyndall).

5.2 Aerospace/Space Division will assist in locating surplus hydrazine

to minimize fuel costs for the tests. This can be effectively

accomplished only after the site is selected and receiving arrange-

ments made.

5.3 If tests are to be perfouied at NTS, Space Division is to contact

Wendy Dickson at DOE to give go-ahead on information already fur-

nished her, by HSAR (this is because of Ralph Hiltz's travel out

of the country until 16 July).

5.4 If tests are to be performed at Kirtland, MSAR will make a pre-

test visit for site and facilities review.
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•J• h •THE UNIVERSITY OF NEW MEXICO

NEW MEXICO ENGINEERING RESEARCH INSTITUTE

DATE September 16, 1985

TO See Distribution

FROM Tim Stepetic, APT Division

SUBIECT: Meeting on Fire Testing of Hypergolic Vapor Control Foams,
September 10, 1985, APT Conference Room, 2420 Alamo, Albuquerque, N.M.

1. The subject meeting commenced at 8:00 AM, with the following people in attendance:

Mr. Joe Walker HQ AFESC/RDCF
Mr. Sherwin Lewis Aerospace Corp.
Capt. Jim Betschart Space Division

Mr. Ralph Hiltz MSAR
Dr. Bob Tapscott NMERI/APT
Mr. Tim Stepetic NMERI/APT

2. The first subject discussed was the make-up and provision of propellants required
for the tests. NMERI has placed a propellant order for the following propellants to
be sole-sourced from the San Antonio Air Logistic's Center at Kelly Ar5:

MMHl 17 drums
Aerozine-50 3 drums
N2 04 1 one-ton cylinder

The order was placed with the request that "OFF-SPEC" propellants (with 5% H 0
limitatio-i in MMH) be furnished to the maximum extent possible. The group decided
that up tO 15 drums of the MMH requirement could be filled by OFF-SPEC Aerozine-50,
if it is available. It was also decided that two drums of anhydrous hydrazine and
two druý-!s of JDMH would be tested. NMERI wil'I adjust the propellant request to
reflect the.t; changes.

3. It is u,,vettood thit Mine Safety Appliances Research (MSAR) will provide all
foam and delivery apparatus with the exception of 10 gallons of AFFF and 10 gallons
of polar fuel foam to be furnished by Mr. Walker. MSAR will further furnish approp-
riate wearing apparel and breathing apparatus for their personnel and a reasonable
number of other participants as determined by MSAR. Appropriate footwear is the
responsibility of each participating/observing individual. MSAR will furnish NMERI
with general data on safety apparatus and safety distances.

4. The testing plan as originally developed by MSAR along with a test matrix were
discussed in considerable depth. A test sequence and schedule were agreed upon and
are provided as attachments I and 2 to this memorandum. Test numbers are in aCcord-
ance with the original MSAR matrix which is now expanded to includ't UDMH as Entry B8
anhydrous hydrazine as Entry D and polar fuel foam as Entry 24.
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5. Mr. Walker has sent the formal request for site use to the Nevada Operations
Office, and Mr. Hiltz has provided the same office with an acceptable operation/
safety plan. Dr. Tapscott will finalize the sampling plan (completed - Attachment
3) by the end of this week and send it through Mr. Walker to NTS no later than the
middle of next week. NTS will require 2 to 3 week, to process the complete request.
Mr. Walker will also MIPR the site support funds to US DOE at NTS.

6. We will plan to have the NTS photo support contractor, Pan American, handle our
photography requirements. In addition to a comprehensive series of still photos,
we will require video with time overlay and some sort of IR or UV video, also with
time overlay. NMERI will work closely with the photographer(s) to insure complete
test coverage.

7. Captain Betschart will provide NMERI with an MDA sensor and tapes for use during
the tests. He'll ship it to NMERI, who will take it to the test site and set it up.

8. NMERI will assemble a final test plan, drawing from MSAR's plans and matrix and
Dr. Tapscott's sampling plan. The plans will be submitted to Mr. Walker for approval
NLT 23 September 1985.

9. UL 162 procedures were discussed in considerable depth. The low expansion foam
will be tested in accordance with UL 162 and the high expansion foam will be tested
in accordance with NFPA 11 A.

10. If anyone desires corrections/additions to these minutes, please contact me.

NMERI/APT
AUTOVON (244) 9462
Commercial (505) 247-3412

3 Enclosures

Distribution:

Mr. Joe Walker Capt. James Betschart
AFESC/RDCF SD/CFPE
Tyndall AFB, FL 32403 LAAFS Box 929600

Los Angeles, CA 90009
Mr. Sherwin Lewis
Aerospace Corporation Mr. Ralph Hiltz
Director, Chemical Systems Office MSA Research Corporation
2350 Cast El Segundo Blvd. Evans City, PA 16033
P. 0. Box 92957
Los Angeles. CA 90009 Mr. Surendrd Joshi

AFESC/RDV
Major Tom Lubozynski Tyndall AFB, FL 32403
AFESC/RDV
Tyndall AFB, FL 32403
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October 7, 1985
MEMORANDUM OF MEETING

1. A meeting was held at the Mine Safety Appliances Research Corporation,
Evans City, PA on October 1, 1985 to discuss testing protocol and MILSPEC
requirements for Subtask Statement #3.20, Fire Suppression Testing of
Hypergolic Vapor Control Foams. The following attended:

Mr. Ralph Hiltz MSAR

Mr. Tom Hughes Hughes and Assoc.

Mr. Ed Bolander Hughes and Assoc.

Mr. Phil Di Nenno Hughes and Assoc.

Dr. Bob Tapscott NMERI/APT

Mr. Tim Stepetic NMERI/APT

2. Mr. Hiltz opened the meeting by giving a general background on hcw this
project came into being as a result of the increasing use of the hyperyolics
in the space programs and the Damascus, AK, Titan II incident. The resultant
vapor control foams are essentially validated and now have official Technical
Order procedures and National Stock 'lumbers; however, they have never been
seen through the MILSPEC process. The storage facilities at the present
launch sites are still upper and lower water deluge systems with the capability
to turn off the upper system and use foam in the lower system.

3. Mr. Hughes stated his concern that the data anticipated from the tests
presently planned would not be sufficient to produce a draft MILSPEC as re-
quired by the Subtask. He feels more effort must be made to reduce variables
s-,rh as application Type II versus I11, the effects of scale and the use of
MIL.-F-24385C versus UL162 as a criteria foundation. Mr. Hiltz stated that he
felt that the MILSPEC is biased toward AFFF (Mr. Hughes agrees) and that UL162
better parallels the character of polar solvents. He further feels that Type
III will probably not work with polar solvents and the extinguishment of a
square fire presents a tougher challenge than a round fire. The N 204 reactive
fires with fuel, tires and wood are basically background tests and results
will not necessarily be incorporated in the resultant specification document.

4. Mr. Bolander asked if we could reduce the number of N 0, fires and increase
the number of MNH tests, but we are too far into the project to make this
significant a change at this date.

5. As regards scaling, previous vapor control testing at the Nevada Test Site
(NTS) used 50 SF pans and for ease of late scheduling, the same was specified
for fire suppression tests. Further investigation is required as to NTS
allowable fire sizes for possible future tests. MSAR lab tests involved 9 SF
fires with a low expansion rate of 6 gal/min and high expansion rate of 1.5 CFI'/SF.

6. The following aspects of the test protocol were discussed in consideratle
detail:
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a. Tests Al, 2 and 3 will be done with Type II application, imparting
the rear of the pan approximately 2" above the fuel. A-15 and possibly
others in the 15 series will be Type III application, hand-held with moving,
lateral application if possible.

b. Standard nozzles will be used in all tests (National Foam 2, 3 and
6 GPM). Hughes Assoc. will loan MSAR an AFFF 2 GPM nozzle for the AFFF tests.
NMERI will arrange for a back-up AFFF nozzle.c. The standard pan (4 each) to be used will be 50 SF square (7.07' X

7.07'), 12 inches high. We will also do a second test for N-29 with a 28 SF
round pan, four inches high. Mr. Hiltz will place the work order with RECO,
through Mr. Win Wilson of NTS, to construct these 5 pans. On the square
pans, we will exercise judgment on the degree of corner extinguishment
required and attained.

d. The type of nozzles and nozzle variances are OK. The nozzle's
pressure will be 100 PSI from a pumper with a 250 PSI capacity. The nozzles
will have flow control readouts.

e. Pre-hurn period for all tests will be 2 minutes.

7. Mr. Hughes advised of the need to closely monitor the effects of personal
proximity to the fires. We all agreed that this will be handled as a major
safety item and that it is a subject for future study with different ensembles
and wearing apparel. We must also be alert to the possible contamination of
apparel.

B. Mr. Bolander addressed the following physical and chemical characteristics
of the foams.

a. Refractive Index is required for each solution to measure concentrations,
MSAR uses refractiveF ndex as a quality control measurement for chemical deteri-
oration and mechanical contamination. MSAR will furnish the index figures to
Ed.

b. Viscosity must be closely tracked within a range. Again. MSAR 4ill
furnish figures. Viscosity is kept under 00 CPS, usually around 70. Pectin
is heavily viscous in the surfactant and an in-line mixer is used.

c. PH for the mixed foams is about neutral with an acidic acrylic and
basic sur-factant. The ASE 95 used for the fuels gels on tite basic side and
can be readily pumped, The ASE 60 used for the oy'4izer gels on the acid
side and cannot be pumped due to high speed shear breakup of the emulsion.
ASE 60 is fed through a proportioner and is buffered for storage. Containers
are polyethylene lined.

d. Spreading Coefficient is not used because the foam is not film-forming.
It has a surface tension of approximately 24.

e. Foamabilityt is determined by MSAR through the quarter drainage of the
graduated cylinder. This is the NFPA 4.12 test which works better with two
materials.
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f. Dry Chemical Compatability is not addressed because of Air Force
phase-out plans for dry chemicals.

g. BOO and COD should be further analyzed later in the program. MSAR
has BOD figures for a 2% solution, but they are presently using a 10%
solution.

h. Environmental requirements will be determined by Hughes Assoc. and
the requirements will be passed to MSAR. On proprietary materials MSAR will
di close contents but not proportions.

i. Stripabilit_ is presently being done by MSAR and data are available.

j. Sealability will be assessed via the wand test prescribed in UL 162.

k. Aging data are coming available through a Space Division contract
with Fresno State University.

9. There is a range of product validation documents which can vary between
a minimum of a proprietary product description through to a final specification.
Hughes Assoc, will provide me with such a listing and the correspondent time,
test programs and dollars required to produce each type of document. It is
not generally felt that this test program and a limited amount of dollars can
produce a draft military specification by April 1986. It was later learned
from Captain Betschart of Space Division that the first west coast Thuttle
launch will take place in the April/May 1986 time frame and that he is looking
for a milestone schedule which delineates managerial contrcl and visibility
of a program designed to produce a final MILSPEC.

10. Due to MSAR's three-week limitation on field activities, the test schedule
will break after 1 November and testing (if necessary) will resume on I November.

11. The meeting closed with general agreement on all test aspects and optimism
thdt *he test schedule would be executed successfully with desired results.

Tim Stepeti
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February 14, 1986

i.iFMORANDUM OF MEETING

1. A meeting was held at NMERI on January 29, 1986 to discuss the continuation
of the fire suppression testing of hypergolic vapor control foams. The

meeting was attended by Captain James Betschart, Space Division; Mr. Ralph

1:iltz, MSAR; Dr. Robert Tapscott, NMERI and Mr. Tim Stepetic, NMERI.

2. Mr. Hiltz had developed a proposed schedule for the continuation of testing

at NTS in the 2 to YI April 86 time frame. This was reworked and the

agreed upon .chedule is attached. The N 04 will not be transported to the

site until the A50 tests are complete. ýhe A50 tests will be a design
rate series for both high and low expansion - three tests in each series.
There will be no A50 or MMH on site during the N2 0, testing except for

the final two tests which incorporate both N 04 and MMH. During the three

overnight N2 0 4soak tests, MSAR personnel will man the test site to avoid

added security costs and to respond to (low probability) reactive combustion.

3. Because of the NTS processing time for site use and the newly added State

of Nevada review requirement, it is imperative that the site request letter

be moved as soon as possible. The draft site request letter with schedule

was sent to AFESC/RDCF on 13 February for forwarding to NTS.

4. Captain Betschart had several good suggestions for use in developing the

final report. The report should address the general effects of wind on

extinguishment times. Also, the report should contain extensive background

of all Air Force hypergolic studies to date.

Additional report techniques on acronyms and content listings were discussed.

Chemical data sheets on all associated propellants, foams, etc. will be

included.

3. The continuation of this project was discussed in detail. $75K is required

to complete the testing - soch funds are not available at present. The

alternative is to reduce the scope of the project to cover a MILSPEC for

hyd-azine fire suppression foams only. This would require returning the

unused fuels through Kelly AFB to tre suppliers and receiving a refund

($17.5K) and receiving a refund (rom NTS for site support costs paid but

not incurrcd ($i3K). The excessive costs incurred by this project were

generated by the following:

a. An extremely short period of time (7 weeks) between the project start

date and the availible NTS testing window generated horrendous logisti-

cal prohlems, the resolution of which required many more man-hours than

plannet'.

b. The test. schedule 0iipped twice, necessitating the time and expense of

alterinq all logitical arrangements. A new hazardous material trans-

port ordnance passed by Clark County, Nevada further complicated fuel

shippinri scldules.
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February 14, ,986

MEMORANDUM OF MEETING (continued)

c. The fuels cost of $69K significantly exceeded the budgeted ccst
of $50K.

d. The cost of purchasing and assembling the sampling apparatus
exceeded planned cost because the device was the first of its
kind to be built and required many refinements as construction
proceeded and techniques were revised.

Funds required are as follows:

MILSPEC Preparation $25K

NTS Use and Support $19K

Purchase of A-50 $ 6K

TDY and Salaries $25K

A determination on funds for the remainder of th:s project must be
made as soon as possible.

Tir., Stepetic
NME[RI/APT Principal Investigator
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TEST SCHEDU.LE. FOR r4;:.4  FIRE TESTS

NT - April 1986

.\ri , AS) Fire Tests - qigh Expan-1on
Start with I13 cf"

Apri 3 A5O Fire Tests - Low Expansion

Apri 1 9 Conduct N2O,l Tests N30 and 026
OvernOght 0,1'

April 10 Conduct N2 04 Tests 027 and K26
Overnigit L26

April li Conduct N2 04 Tests L26 and K27

April 14 Conduct N2 04 Tests H9 and H9

A ril S Conduct N2 04 lests HIO and H13
Overnight !16

AIpri 16 Conduct N2 04 Test 1 16
Move MMH to Site
Overnight N2 04 Gel

April 17 N2 04 -N2 Hi 0vterspray A21
Overnight N2 H4 Gel

April 18 N2 H4 -N20 4 0verspray P18
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APPENDTX D

TEST PLAN
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CONTRACT NO. F29601-84-C--0080

SIBTASK STATE'MENT NO. 3.20/00

FIRE'I SUPPRESSION TESTING OF HYPERGOII(; VAPOR? CONTROl. FOAMS

TEST PLAN

1. BACKGROUND

Large quantities of hypergolics are stored and used as rocket

pro•pellants in space programs, such as the Space Shuttle and the Titan.

Accidental spills of sizeable quantities of these hazardous materials can

occur during transport on the nation's highways as well as during

Fropellant handling operations at the storage and use facilities. An Air

F:rce study to develop a foam system that could effectively reduce the

volatilization of hydrazines and nitrogen tetroxide spills has been

completed recently. Foams with additives were developed and tested with

positive results for hypergol vapor suppression even under adverse weather

and stream flowing conditions. Field demonstrations included scenarios of a

propellant spill contained in a simulated diked enclosure, a running spill

on concrete surface, and a spill occurring inside u misszile silo. The flame

extinguishing capabilities of both low mnd high expansion foams were

demonstrtated for propellwat fuel fires. A major concern during a hydrazine
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spill is the spontaneous ignition of the amine fuel and an effective fire

suppressant is necded for emergency response. Therefore, fire suppression

testirng of hypergolic Vapor" control foams must bc conducted to provide the

Air Force certification of fire suppression agents for hydrazine.

Hydrazines are hygroscopic, water-soluble propellants which would be

expected to remain for a long time, be absorbed by the ground and require

processing. The three hydrazines and possibly nitrogen tetroxide fall into

this category. If water is used to control the vapors or control a fire,

the volume of the resulting aqueous solution could be substantial and, if

contained as a pool, would contaminate a substantially greater quantity of

soil than the hazardous materials themselves would. When faced with a vast

quantity of aqueous solution or contaminated ground which must be treated or

disposed of, the effort to develop a foam was undertaken to reduce the

quantity of waler used and reduce the containment volume. The used foam and

waste hydrazine must be disposed of once the spill has been controlled and

contained. Rather than collect it and bury it in a hazardous waste

landfill, a controlled burning or incineration is proposed. Depending upon

circumstances, in some cases it may be most evironmentally effective to

effect a controlled burn in place. The bulk of research has been directed

toward development of the foams as a solution to controlling the spill

hazards. Very little research has been done to assess the reaction products

formed when controlling a hydrazine fuel fire or when incineration of the

used foam is a means for its disposal.
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2. OBJE.CT.IVES

Th' ohbjc'(:tiv's of this effort are twofold:

a. Develop documentation that may be used for Air Force certification

of the presently developed hypergolic propellant vapor control foams for use

as fire suppressants.

b. Identify the chemicals released into the environment when:

1). Foams ate used to control hydrazine fires.

2). Foam covered hydrazine is later disposed of by burning.

.3. OPERATIONS

In earlier phases of this Air Force sponsored program, a series of

tests with the propellants were successfully conducted at Area 11 and at ETS

I of the Nevada Test Site. Similar tests were conducted by the Mine Safety

Applicinces Research (MSAR) Corp. in Area 11 with chlorine and ethylene

oxide in September 1978. To safely test hydruzine and nitrogen tetroxide tn

area is needed where the downwind vapor concentration of the spilled

materials will not pose a hazard even under the worst conditions. In the

prior chlL:I.C tests, the risk area was set at 4.0 miles, with a maximum

allowable ,lownwind vapor concentration of 1 ppm. Testing using 3,000 lb

t antities of chlorine was conducted with no downwind difficulties. This

'er series of tests used 500 lbs of eitch of the two propellants. A 1.0
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mile exclusion area was calculated as adequate. This was a circular risk

area radiating in all directions from the test site to compensate for

diurnal wind changes which could carry the vapors in any direction. All

tests were conducted without any downwind vapor hazard to adjacent areas.

The Nellis Air Force Range and the U.S. Fish and Wildlife Service Desert

National Wildlife Range are adjacent to the test area. Both areas were

notified of the test programs. There was never any hazard to areas outside

the NTS boundary.

a. Test Setup. Three people from MSAR will need five days to set up

the test site. Each fire test setup will involve a surface area of 50

square feet, a rectangular area of 5 feet by 10 feet. All tests will use

stainless steel pans. Three identical setups will be made to allow

alternating tests.

b. Test Monitoring. The vapor concentration of each chemical will be

detected using four portable battery operated continuous recording

instruments. The detectors have a range of 0 to 100 ppm. The detectors

will be arranged in an arc covering a 90 degree angle downwind of each test

site. The detectors will be 30 degree apart and one foot above ground

level. The wide coverage of the detectors will encompass the expected

changes in the direction of the wind during the test. The detector array

will be used in ensure that downwind vapor concentrations do not exceed

allowable levels. Thermal sensors will be used to monitor fire intensity

and the degree of fire control achieved. One ton N2 0 cylinder will be

moved to the site along with M5-gallon drums of monomethyl hydrazine, two
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drums of anhydrous hydrazine, two drums of UDMH, and three drums of Aerozine

50. The cylinders ind the 55 gallon drums will be covered with polyethylene

to insure protection from any corrosive vapors. A water source up to 1,000

gallons will be needed in generating the foam. The fire truck which has

been made available in past tests would be adequate. After the setup is

complete, the foam generating equipment will be assembled and tested.

Observers from the U.S. Air Force and Aerospace Corporation will be present

to lend technical assistance. They are not expected to participate in the

testing. The Fire Chiefs of the Eastern and Western Missile Ranges of the Air

Force may also be present at the fire tests, A photographer will be present

to document the program. A total of nine people should be present during the

project. MSAR will be responsible for their safety at the site.

C. Spill Quantities. The N204 tests will require about 2,000 lbs of

material. A maximum vapor loss of 20% is anticipated at the beginning of

the filling of the test enclosure when the greatest quantity of N.)O4 is

released, detector tubes will be used to monitor the vapor concentration

mainually at the outer risk area. After the spill is completed, the

monitoring at the perimeter of the risk area will no longer be necessary.

Hlydrazine will be tested in a similar manner. Due to its higher boiling

point, less losses are expected during filling. Four-hundred-fifty pounds

of hydrazine will be used per test with maximum filling losses in the range

of 10%. It is expected that at least two, and up to four, tests will be run

each day. At the end of each test, the liquid residue will be treated to
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destroy all hydrazine. The cleanup/disposal procedure-s will be tho-,e

defined during the earlier programs and found acceptable. Upon completion

of the experiments, two days will be needed for cleaning the t.est site and

removing the equipment. The total project should be completed in 20 t.o 25

working days with about 15 days given to actual testing. The presence of

NTS personnel during the testing will be at the discretion of DOE. The NTS

botanist may wish to examine the test area before and after the tests to

determine any influence on vegetatian that may have occurred. Some acid

fallout may occur close in to the test area during the NaO. tests. NTSSO

will provide area security. The manner of isolating the area shall be

dictated by NTS. Other security measures deemed nectessary are to be stated

by NTS.

4. SAFETY

The chemical concentrations will be monitoied by contiruous recording

instruments at all times during tests. They will also be manually tested

with detector tubes on an intermittent but frequent bosiu when any personnel

will be conducting or observing the test. Gas mask systems wa h are

capable of absorbing nitrogen tetroxide or hydrazine to a 1,000 ppm level

will be worn by those conducting the test. The mask systems will be

available to all observers. Self-contained breathing appmratus will be

available to all the personnel involved, both those conducting the teats and

the observers, should the hazardous vapor concentration render the face mask

useless. Oxygen resuscitation equipment will also be availablk. The
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respiratory protect ion will be supplied by MSAR for t hose conducting thie

tests and the predetermined Air Force and Aerospace Corporation personnel.

Gloves, protectiv ,e suits, tnd falce(' shields will be worn by those in the

area during the filling, foam applications, and cleanup operations. Fire

turnout and fire entry suits will be used by all personnel operating in the

fire test area. All of the personnel actually involved in the test work

have experience with the two chemicals. The access roads to the test site

within the risk area will be closed as directed by NTS. The NTS hospital

will be notified before actual testing is started to ins,-re they are fully

aware of our schedule and the hazardous materials to be tested.

a. E;quipment and Faci l.ity Safety. All tests will be conducted in

stin aless steel pans which are inft't to both the fuel and oxidizer. All

tests will be conducted in the open and no contact between propellant and

structures is expected. Test location4 will be sufficiently fa" removed

from structures and accumulations of co4bustible natural materials to insure

that there can be no d(eleterious effects frow radiant energy release. This

is particularly true for a few Lests which involve long term contact between

nitrogen tetroxide and the Class A combustibles (wood and tires).

Laboratory tests have shown that these fires can release sparks aind burn

with high Intensity.

h. Per.onnte Sfifety. The test area will be divided into three zones:

7 n,. 1 shall extend 20 feet in all directions from the test point, Zone 2

I I extend 40 feet in all directions from the test point, and the final
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zone will be that area upwind of the 40-foot exclusion area. All personnel

in observer" status shall remain in Zone 3 unless otherwise permitted by the

test di'rector. Those personnml work'ing within Zone 1 during a spill or fi r'

sequen,'e shall wear total encapsulating clothing and self -c:onlained

breathing apparatus. When a spill or fire is effectively controlled by

foam, breathing protection may be reduced to Rocket Fuel Handler Canister

masks at the discretion of the test director. All personnel within the

intermediate zone, more than 20 but less than 40 feet from the test point,

shall wear Rocket Fuel Handler Canister masks during active spills or fires,

This protection, at the discretion of the test director, may be reduced to

respirators approved for organic vapors when the test is under effective

foam control. Repirators approved for organic vapors must be carried by all

personnel at all times when in Zone 3. This zone will be monitored

routinely for propellant vapor during all active test opt.rations. .,ls

exceeding the TLV for either propellant shall be assessed by the test

director to determine a need for observer evacuations. Should such

evacuation be ordered, the respirators shall be donned and utilized until

directed otherwise by the test director or his designee. The mode,

direction, and distance for evacuation shall be determined by the test

director. No deviations from these procedures will be allowed on the test

site unless all propellants are totally contained within approved vessels.

Regardless of conditions, respirators approved for organic vapors shall be

carried by all personnel at all times unless higher levels of breathing

protection are mandated.
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~.TECHNICAL REQVIREMENTS

lie' Th test jil W simii be I 1l ptovced by t he Sout a:;lk officf-r teorm e

Cr OW ' tirv. uiry tfire tes t im ngOf t he hypergo [ic propellIanrts. s T( 's t

on I1ýfi grat ions , operat ions and locations snail be approved by NME:HI. All

dkt a concerninig fo-tmr performance and the assoc ja Ld record inrg

inst rumenitat ion shall be provided by NMERI. Site preparation, safety

pro,:vdurres, foam and required equipment to produce foam, protective

clonthingj., test pits, witste disposal# test ContfigurUt ion Miaterials, and the

st z'lagf, handl ing wnd appi icat ion of' foauvi abit- propell1ants shall bev prov idod,

fr'omn AF Coentract F42600 8i3-C-0615. E'qui pruent for p1lumet and waste samplet

ctil *c tiorr swi:ll be provided by INKEIR

I. N'Ml1I I *:-osorrza' -hall dir-ct t he f i-~ t estring. Overr idinzg dirctIo

Shall be1 given by the, subtask p-roject offike:' to mee-t envireamental and

4.111'tly requi rements. Personnel to hawndiv& fuiwI s/tosidiz(!rs -, t Ia foam

gineratiott and applIic~ation, and test cotifigurat ions -ihull ( e pi-ovided from

AF COnE rnt w 82- -6 Al1 daita recording sho1 1 be provided by

NRI-All evitl!4at ions, inalyses, and report ing shall be done by WERUI

Tv~t'st 'g, recording, and amilysis methotts shall1 be, upproi-' d by the S-tbtaslk

Of t'i cer. A fkna I rt-port and video do4cumomiturt ion shaill be prepart-d. The

per formulcf (if' fooums mnid equ iment shtill behi prenented. A uluz ft wilitary

spec if ictit ons sh-11 be pretijredi All I u.t hods , operat ions, results,

'oticluS ions an-3i IecOmefldtt i insfo5t~r fi re'sIp(!~o shall be rveported.
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c. Specification testing shall be accomplished to provide data similar to

MI1,-F 2438l5C for incorporation 'nto a conmplete nilitary specification. Al I

evwluat lons and report n,, shadll bo done by NMF1.I. Testing, recording, and

ama lyvsis m,.t Id, ls sýhall he approved by the Subtask O'ficer. A final report

and video documentation shall he prepared. A draft military specification

shall be prepared. All methods, operations, results, conclusions, and

recommendations for fire suppression shall be reported.

d. The test listing, schedule and matrix and the Environmental Sawuling

Plan are attachments 1 thiough 4 to this vlan

Prep•,(td by:

Mr. Tim Stepetic. Priicipal Investigator Date

Reviewed by: ... ------------. ..

Dr. Dennis W. Zallen, An Mannger Oate

Approved by. .........................

Mr. Joe Walker, AV Task Officer Date
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FIRE SUPPRESSION TESTING OF
HYPERGOLIC VAPOR C--NTROE FOAMS

ORGANIZATIONAL CRART

AIR FORCE TASK OFFICEPS

Mr. Joe Walker
HQ AFESC/RDCF (904) 283-6283

Mr. Ken Gomm
-fhZdev ALC (801) 777-5379

.eat rtoTechnical Director

Mr. Ralph Hiltz jMr. Tim~ Stepetic
HISAR (412-538-3510 NMERI (505) 247-3412

-I 1

Test Coaductor and Sampling Director
ft e DL. Bob Tapscott

Mr. Stanley Hoover NMERI (505) 247-9504
MSAR (412) 538-3510 I

z 1ISampling Personnel

OperationG Personnel Mr. Jerry Blahut#

Mr. .immy Watson
Mr. Georv Polite NWMRI (505) 247-9506

Mr. vteve Stauffer
Mr. Ken Berestecky
MSAR (412) 538-3510

IMPQRTANT OBSERV RS

Dr. Dennis Zallen. NMERI. ý505) .:17-9$o3
Mr. surendra Joshi. HQ AFE!;C/ltDV. (94) 2831 -4'31
Mr. Tom Hughes. Hughes A:•sociates, (301) 049-0505
Mr. Ed Bollandet, Hu~heG Associates. (3011 949-0505
Mr. Phil Dinanno, Hughes Asrociate6 (301) 949-0505
Mr. Steve Kato. Ogden ALC (TI(: . (8r)) '77-7235
Lt Col Jim Bogart. DDMS-O. Patrick AFB FL, AUTOVON 854-5116
Mr. Sherwin Lewis, Aerospace Co r~qatton, (213) 615-4513
Capt Jim Betachart. Space Division. (213) 643-0633

i sE L. WALKER
lot. Fire Technology Branchi
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APPENDIX F

EXPERIMENTAL DATA
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test #-A-1 Date 11/13/85 Weather

Fuel MMH Amount 55 gallons Temp 36°F

Wind N 17 mi/h

Foam I'LSA ASE-95 Expansion Low

Nozzle 6 gal/min Configuration Single

Pan Size/Shape 52,5 ft 2 square New X Used

Four Start 1401 Complete 1409

Fuel Ignition .1412

Foam Application 1413

Extinguishment 1414 Total Extinguishment Time I minute 18 seconds

.>urn-off Start 1500 Complete 539

REMARKS

,. Nozzle become -p-atijal.r obstrcted at b.ginning Pof foam fl!ow -•.•_,ith
Ero foreipgn ýk or-freezing. Ej-tipmatied fpo rom noz?,de. -i s
4 gal/mh,.

2. Wand, &est fausedmSlig otl•e-vpus.on three sides but thW y sief-
ext it:pulshed immediatelv.

3.- Chlimney test with 1- Mil3 Ateb re~sulted inetnushtvenlt in1 s
5 sceonds. .... .

4. MMH is very difficult Sop reipnte.Pfor burn-off.
5, Test: was s~a~ d,) .O1

120



FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-2 Date 11/14/85 Weather

Fuel MMH Amount 55 gallons Temp 460F

Wind NE 6 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle 2 gal/min Configuration Single

Pan Size/Shape 52.5 ft 2 square New X Used

Pour Start 1308 Complete 1320

Fuel Ignition 1,322

Foam Application 1324

Extinguishment not achieved Total Extinguishment Time NZA

burn-off Start N./A Complete .1350

1.YPrebug.n was- 2 njtuiz
2. Fire oppea.ed -to- burn up foam t, midpojint of-pan., -not .aloI.-wig it to

r a the backbord.,
3, FE0m aLiwed to fjog for 5 iniwtes . di•d not contwol or extwu.isb.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-3 Date 11/14/85 Weather

Fuel MMH Amount 55 gallons Temp, 45°F

Wind NE 6 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle. 3 gal/min Configuration Single

Pan Size/Shape 52.5 ft 2 square New X Used_

Pour Start 1458 Complete 1509

Fuel Ignition 1510

Foam Application 1511,

Extinguishment 1513 Total Extinguishment Time2 minktes 13 seconds

burn-off Start 1545 Complete 1645-

R EMARKS

. 1.lfres al"ong sides of- Ran du-ctin waind cest. self-e tinguished in

less than 20 secot ds,
12.,.Chimnney test ,%ejf-e,•ti,_vkitshoked in 27 somieds,

3, Test_ wits sa.p.ed,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-8 Date 11/17/85 Weather

Fuel MMH Amount 55 gallons Temp 50°F

WindNW 20 mi/h

Foam MSA ASE-95 Expansion High

Nozzle 118 ft 3/min Configuration Sing le

Pan Size/Shape 52.2 ft 2 sguare New Used X

Pour Start 1510 Complete 1518

Fuel Ignition 1519

Foam Application 1520

Extinguishment 1521 Total Extinguishment Time I minute I second

burn-off Start 1530 Complete 1630

REMARKS

2 2
_- Foam tanks pressurized at 100 lb/in. -- pressure at nozzle was 30 lb/in,

2, Very orderly, clean test.
3. Tesc. was sampled.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-15 Date 11/17/85 Weather

Fuel MMH Amount 55 gallons Temp 52°F

WindNW 17 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle 6 gal/min Configuration Single

Pan Size/Shape 52,5 ft 2 square New X Used

Pour Start 1353 Complete 1401

Fuel Ignition 1403

Foam Application 1404

Extinguishment 1405 Total Extinguishment Time 1 minute 12 seconds

burn-off Start 1415 Complete 1500

REMARKS

I. This test provided the fourth data point to establish a credible design
rate curve -- design rate determined to be 4 gal/min,

2. No wand or chimney test performed,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-9 Date 11/18/85 Weather

Fuel MMH Amount 30 gallons Temp 400F
NNE 28 mi/h

Wind gusts to
46 mi/h

Foam MSA ASE-95 Expansion High

Nozzle 24 ft 3/min Configuration Single

Pan Size/Shape. 52.5 ft 2 sauare New Used X

Pour Start 1009 Complete 1012

Fuel Ignition 1014

Foam Application 1015

Extinguishment not achieved Total Extinguishment Time N/A

burn-off Start N/A Complete 1035

REMARKS

1. No extinguishment or control after 5 minutes of foam application,
2. Two dry sRots aRoear in pan after Rreburn but hgve no effect on test

results.
3. Winds threatened to ignite brush behind Pan,
4. Test was sampled.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-10 Date 11/18/85 Weather

Fuel dM4H Amount 55 gallons Temp 42°F
W 15 mi/fi

Wind gusts to

29 mi/h

Foam MSA ASE-95 Expansion High

3
Nozzle 55 fL3/min Configuration Single

Pan Size/Shape 52,5 ft22  square New Used X

Pour Start 1450 Complete 1457

Fuel Ignition 1459

Foam Application 1500

Extinguishment not achieved Total Extinguishment Time N/A

burn-off Start. N/A Complete 1550

REMARKS

1, No extinuishment or control after 5 minutes of foam cmltho h foam~i came
close to achieving control,

2,In lesser wind. foawu av e;,tW?,uishgd in 2 to 3 Dinutes,
3, Tes. w._s sampled,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-16 Date 11/19/85 Weather

Fuel MMH Amount 55 gallons - Temp 420F
light and

Wind variable

Foam, MSA ASE-95 Expansion High

3 3. 3
Nozzle 79 ft /min Configuration 24 ft /min + 55 ft /min

Pan Size/Shape 52.5 ft / square New Used X

Pour Start 1420 Complete 1429

Fuel Ignitionk 1431

Foam Application 14_32

Extinguishment 1433 Total Extinguishment Time 1 minute 15 seconds

burn-off Start 1450 Complete 1530

REMARKS

,. Good _tfzi with effngtivtextosuishment
2. Stnce burn-off set u. very cleanly. 55 ft Inmin nozzle was used for

f a t". -extingulshed fixre.-in I minute .50 seconds .
ec badly warped back corners where-acarlate-from ori~gnal test

c.n~ued to brn.....
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FIRE SUPPRESSION TESTING OF HYPERGQLIC VAPOR CONTROL FOAMS

Test # D-15 Date 11/19/85 Weather

Fuel AH Amount 55 gallons Temp 400F

light and
Wind variable

Foam MSA ASE-95 Expansion Low

Nozzle 4 sal/min Configuration Two tandem 2 gal/min

Pan Size/Shape 50 ft / square New X Used

Pour Start 1135 Complete 1146

Fuel Ignition 1150

ioam Application 1151

Extinguishment 1152 Total Extinguishment Time 1 minIute 12 seconds

burn-off Start 1215 Complete 1300

R 1E1ARK S

1.The asbestos wrap for t-h1 nozzle began tc burn and..nelt durjin, proburvn.
therefore the preburn was shortoned to 30 seconds, At this time.,
howee., f ire, was- contsidered to be fu!.ly developned.

2 .. No visible reigrmir.n ito i wad test.. _
3. Chimney test self-extinguihed ii-jess thlan 10 sxecnds

I. T , es• W, s1TIL
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FIRE SUPPRESS•ION TESTINý. OF HIYPERGOLIC VAPOR CONTROL FOAMS

Test # A-lA Date 11/20/85 Weather

Fuel MMH Amount 25 gallons Temp 43°F

WindSE 6 mi/h

Foam MSA ASE-95 Expansion_ Low

Nozzle 2 gal/min Flared AFFF Configuration Single

Pan Size/Shape 28 ft 2 / round, _ New _ Used

Pour Start 1227 Complete 1232

Fuel Ignitionz 1233

Foam Applicationi-_123

Extinguishment not achieved Total Extinguishment Time NIA

burn-off Start N/A Complete 1305,

REMARKS

L ran..was plunged into middle of uan OUhi-h produ¢ed ± utu•pulence and
prohibited foam from setting up. , !-enh -the fQom_ as dire.gtd to. tOe
back of thev an (tvive) the. foampaoneared to begin -to et up._and_

2. Foam- application terminated aftKr 3 minuteq.
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FIRE SUPPRESSION TESTING OF YUPERGOLIC VAPOR CONTROL FOAMS

Test # B-16 Date 11/20/85 Weather

Fuel UDMH Amount 55 gallons Temp 400F

Wind S 3 mi/h

Foam MSA ASE-95 Expansion High

Nozzle 79 ft 3 /min Configuration 244 ft /,rmin + 55 ft/mi

Pan Size/ Shape 50 ft.2 square New Used X

Pour Start 1441 Complete _145t

Fuel Ignition 1452

Foam Application 1455

Ext inguishment 1 .501, Total Extinguishmont Tiwe6 rinuwtos 30 secolids

burn-off Start 1520 Complete . 1610

R EM"tARKS

1. was 2_minkin's 30 secondsý. xe to o e disconnftc~t i_ 1(1!,
F.il.'.a' arw & A lym0I -isoIL~ nvt 30 soconis., but t;Jt toqq- 3 tL1~

3. The hent: and .. 1LIr 0 40} fhe P -IA~o fl~3t ~.

ec sip10 wh~i.ch e ftec t j lye v.~~.jL ~~~l I~j~ rXLUtk~Lt__
royved ~l~yoe o~e~a slonsA~l inton thLe (Ujwys
-The II UDM dk cor no ps e r'midrs (hiring pznir and

hnjl i~. kJi'hil jgi.~j~j 1rdie ~ i~ 10 5f t1
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # D-16 Date !I/20/85 Weather

Fuel All Amount 55 galloas Temp- 37°F

light and
Wind variable

Foam MSA ASE-95 Expansion High

Nozzle 79 ft 3min Configuration 24 ft3/min + 55 ft 3min

Pan Size/Si'tape 50 ft 2 / square New X . Used

Pour Start 1043 Complete 1051

Fuel Ignition 1053

Foam Application 1054

Extinguishment 1055 Total Extinguishment Time 45 seconds

burn-off Start 1115 Complete.... 1200

REMARKS

I, Preburn was I minute 25 seconds.
2. During foam a.plication, quick disconnect opened and 5 seconds of

arplication time was lost,
3, Test was sampled.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-24-1 Date 11/21/85 Weather

Fuel MMH Amount 55 gallons Temp 46 F

Wind N 5 mi/h

Foant Ansulite ARC 6 percent Expansion Low

Nozzle 6 gal/min Configuration Single

Pan Size/Shape 50 ft 2  / snuare New Used X

Pour Start 1253 Complete 1300

Fuel Ignition 1301

Foam Application 1302

Extinguishment 1303 Total Extinguishment Time I minute 15 9econds

burn-off Start 1315 Complete 1335

REMiARKS

I. Foam a.pliedfor full 5 mLnutes.

2 No reignitions on wand test,
3. Foam _extinSpushed flame 5s Afco, himre re w emova!,I
4_. _er initial efoamtnit. tominm 1p•rcoatd.. wit11 appearance of

releasilgl vapors,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-24-2 Date 11/21/85 Weather

Fuel MMH Amount 55 gallons Temp 51°F

Wind S 3 mi/h.

Foam Ansulite ARC 6 percent Expansion Low

Nozzle 4 gal/min Configuration Two tandem 2 gal/min

Pan Size/Shape 50 ft 2 / square New Used X

Pour Start - 424 Complete 1433

Fuel Ignition 1434

Foam Application I435

Extinguishment 1439 Total Extinguishment Time 4 minutes

burn-off Start 1450 Complete 1520

REMARKS

1. Foam applied fo .full 5 minutes.2..:_No rigitio~n n wand test.

3. Upon removal of chlm iey. flame hole reduced to3-inch diameter. After 5
minutes hole Increased toý 2_-nch diameter,

4, room nprclmated similar to A-24-1.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # B-15 Date 11/21/85 Weather
I

Fuel UDMH Amount 55 gallons Temp 42 F

Wind S 2 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle 4 gal/min Configuration Two tandem 2 gal/min

Pan Size/Shape 50 ft 2  / square New Used X

Pour Start 1055 Complete 1103

Fuel Ignition 1104

Foam Application 1105

Extinguishment not achieved Total Extinguishment Time N/A

burn-off Start N/A Complete 1200

REMARKS

I_. No control or extin.ujsishenet after .5 minutes of foam ap licatio-1,

2 A very hot and intense fire.
3, It appeirs that destg rra tes based on MV, are insufficie1t for UDMH,
4, Teist was sampled,
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FIRE SUPPRESSION TESTING OF WYPERGOLIC VAPOR CONTROL FOAMS

Test # A-23 Date 11/22/85 Weather

Fuel MMH Amount 55 gallons Temp 310F
light and

Wind variable

Foam Ansulite AFFF 6 percent Expansion Low

Nozzle 6 gal/min Configuration Singnle

Pan Size/Shape 50 ft2 / sauare New Used X

Pour Start 0946 Complete 0956

Fuel Ignition 0957

Foam Application 0958

Extinguishment 1001 Total Extinguishment TimeZ minutes 51 seconds

burn-off Start 1020 Complete 1045

REMARKS

I. Foam ap -ied for full 5 mijnutes.

2. No reignitions on.wqnI test,
3. Own chimney test,. -hole enlarged very sllghtly after .5 minutes of buirn,

4. , mpressions_ were that-4 •almin -aplicatio-n rate would not hava
extingushed fire.....
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # E-15/F-15 Date 11/22/85 Weather

Fuel MMH Amount 55 gallons Temp 53 0 F

Wind S 8 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle 4 gal/min Configuration Two tandem 2 gal/min

Pan Size/Shape 50 ft 2 square New Used X

Pour Start 1358 Complete 1407

Fuel Ignition 1408

Foam Application 1409

Extinguishment 1411 Total Extinguishment Time2 minutes 20 seconds

burn-off Start 1435 Complete 1,530

REMARKS

L-Unk was und.er_ mtro_ In1minute 5 seconds - --small but persis tent

fire remained in two- corners behind obstruction -- , obstrructton and metal
s.ame as test number E-.6/F-16._

2, Pan cracked at edge sea.m and began to leak part way throtugh pour, Jlri_
and heavy accomulat'oof vayors utnder Ian -- neilther drtp nor wapo-r-s _

_glited upon fuel ini ti•on.
3 Wand test, caused no reivgnition with heavy emphasis arouInd obs ruction

and metal
4L Did not perform Chimney test duo to Ran leak.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # E-16/F-16 Date 11/22/85 Weather

0
Fuel MMH Amount 55 gallons Temp A 48F

Wind S 6 mi/h

Foam MSA ASE-95 Expansion High

Nozzle 79 ft 3min Configuration 24 ft 3min + 55 ft3/min

Pan Size/Shape 50 ft 2 sauare New _ Used. X

Pour Start 1154 Complete 1203

Fuel Ignition 1205

Foam Application 129.6

Extinguishment 1206 Total Extinguishment Time._. 39 ieconds

burn-off Start 1225 Complete 1.30

REMARKS

1. At 1204 a rusty barrel was placed in th._.jndle of the pan and wired
-together asremblige of-rsty metal, ieces w,_s -laced! foot from the

Sbarrel -•pon g1fcemont there was no viible -between the mtal
and MMII.

2. Foam flowed arounid obstruction wit hno d'Aifciult.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-IB Date 11/24/85 Weather

Fuel Leaded gasoline Amount 25 gallons Temp 52°F

Wind SE 5 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle 2 gal/min Configuration Single-flared AFFF type

Pan Size/Shape 28 ft / round New Used X

Pour Start 1210 Complete 1212

Fuel Ignition 1214

Foam Application 1215

Extinguishment not achieved Total Extinguishment Time N/A

burn-off Start N/A Complete 1250

REMARKS

1, Foaf controlled fire at approximately 3 minutes -- continuing edve fire
and sm•ll center vapor fires,

2. During burn-off, foam showed good sealing characteristics. ....
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # N-29 Date 11/24/85 Weather

Fuel Heptane Amount 55 gallons Temp 52°F

WindSSW 5 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle 4 gal/min Configuration Two tandem 2 gal/min

Pan Size/Shape 50 ft / square New Used X

Four Start 1114 Complete 1118

Fuel Ignition 1120

Foam Application 1121

Extinguishment 1124 Total Extinguishment Time2 minutes 57 seconds

burn-off Start 1135 Complete 1205

REMARKS

i. Control achieved in I minute 15 seconds,
2. Wand test produced slight side.flaring for 2 to 3 seconds,
3, Chimney tes.t self-extinguished in 4 seconds,
4. One nozzle experienced partial block during application - estimate 3 to

3.5 pal/min application rate,
5, Extremely hot fire - warped pan badly,
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FIRE SUPPRESSION TESTING OF HYPERCOLIC VAPOR CONTROL FOAMS

Test # N-30 Date 11/24/85 Weather

Fuel Heptane Amount 55 gallons Temp 53°F

Wind S 6 mi/h

Foam MSA ASE-95 Expansion High

Nozzle 79 ft 3/min Configuration 24 it 3/min + 55 ft 3/min

Pan Size/Shape 50 ft / ,square New Used X

Pour Start 1257 Complete 1302

Fuel Ignition 1303

Foam Application 1304

Extinguishment 1306 Total Extinguishment Time 1 minute 35 seconds

burn-off Start 1315 Complete 1400

REMARKS
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FIRE SUPP'-ESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # H-8 Date 4/15/86 Weather

Fuel Diesel Fuel/N 20 4Amount 30 gallons ea Temp 690F
2'. SW 17 mi/h

Wirdý_Zusts to
26 mqi/h

Foam- MSA ASE-60 - Expansion H~

Nozzle 142 ft 3/min cotgrtiDt1

Pan Size/Shape 50 ft 2 sguare New_______ Used X

Pour Start 1120 Complete_ 1133

Fuel Ignition 11-L3_4

Foam Application 1135

Extinguishment 1139 Total Extinguishment Time3 minutes 30 seconds

burn-off Start 1155 Complete 1212-

REMARKS

1. 30 &alIjons of N20. Doured inco-pan via 20-foot PVC -ex tensioqn- f.ion.ne-
ton c~ylinider, 4

2. Cy ider- thn movedA 50fe-akad3 aln fdee ourgdfo
0-~f ot extensint a 5 gallonduri a -disel

3, Oe minute -prebut-n.-
4.-- Fire iýnitially extincvdished at 3 jninutes 20 seconds -_ sef-enI~ ted5

seco9nds-later-. - - con1tinle-d -fo PI-Achiev2d f inal e~t inopwishment at 3-
m--I'niutes -50 seconuds.

5. Freqvvent. &_us-ts interfered wI&Ih fpggi inp cAton a- stimate mnder- noKImal1
- wind codtos 6t 2--mii)hL av2icAtion rgte would-have extinguishoisL
- in aimproxirnatev Iy2 minkte-s!.--

6. Ex tremely intense f ire - - we feel that- in- future- diesel f irf!s- ji30
second nrebu~rn will allow for a fully dtejeopext f ire.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

rest # H-9 Date_ 4e5_/86 Weather

Fuel Diesel Puel/Ni0 Amount 30 gallons ea Temp 71F
SW 21 ntiih

Wind gusts to
37 mi/h

Foam- MSA ASE-60 Expansion, Hiph

Nozzle 236 ft, min Configuration Two tandem at 118 ft 3/min

Pan Size/Shape 50 ft / square New Used_*

Pour Start 1 519 Complete 1536

Fuel Ignition 1537

Foam Application 1537

Extinguishment 1539 Total Extinguishmenc Tie_ e, m

burn-off Start 1550 Complete 161-5

R EMARKS

L- Prohurn. redut•ed to 30 s.coqntds . .........
2 A baffle was added to the foam apparatus to yeduce thc hUig__k _wdAefft,_.
3 Esse~ntdtally thL baffle was the top of a 55 gallon dru',it to read

onto the., pipeUline eof24 i.qhes behind t0h front of th1e o0,L4. .... l i' _

the baffle led to bettr foam foonat.ion with less wknd induced

4_ While the gust velocity was Mi.er du'king t01U. test- ,h:p domina- wind,
were .steady at 17 to- 23 mi,/h and su.qsts. were ij n .,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # H-SR Date 4/16/86 Weather

Fuel Diesel fuel/N2 0 Amount 30 gallots ea Temp 530F
SW 9 mi/h

Wind gusts to
14 mi/h

Foam MSA ASE-60 Expansion __ ig_

Nozzle__42 ft 3 /mi l Configuration 118 ft 3/mi + 24.ft 3/min

Pan Size/Shane 50 ft2 /suare New _ _sed ,X_

Pour St.krt 0943 Complete 0958

Fuel IgnitiLn !J000

Foam Application lOQ10 _-

Extinguishment 1003 Total Extinguishment TIme I mLinute 48 seconds

burn-off StarL 1016 Completo 1047

REMARKS

L Test 11-8--uas repne~d to see if weti uL rg Dossibj, -in noniria.
iwids - -_thIs5provcti to be, the cahses.... -The _n ace. baffle• wAs 2iS ..

conLtilnued to asqsess itsafc.-

w.ahieved to~ti extin .m~~enta,,t 1. miriutet 8 .s~o. ds....
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # H-10 Date 4/16/86__ Weather

Fuel Diesel. Fuel/N204 Amount 30 gallons ea Temp 56°F

SW 8 mi/h
Windgust to

13 mi/h
Foam MSA ASE-60 Expansion High

Nozzle 118 ft 3/min Configuration Single

Pan Sizr/Shape 50 ft2 / square ___ New Used X

F-our Start 1044 .omplete 1102

Fuel Ignition 1103

Foam Application 1106

Extinguishment 1109 Total Extinguishment Time I mij.itte 41 sec~ds

burn-off Start lj_ _ t Completet13

R EMIARK S

i, Deve!.oe of active fr0th Lb c diesol and N.0 made this mix.ture
C~~Tfn1 (Iff CAI to UCIt ~jintO Lt2e va-mxd.-

-- o1frot dipst1 Ir&i., this .. ixitmuLI imrA
L.....Dv jtIpe v.y of interit~jj_.~ g oIr.skirrod xrenlfa;
3. Du v~pebkq~ ~Idl (10pa wv to hisph _sIdp aniji

rmutsrtt•1 .no ltoui.d or tl•m ..
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # K-26 Date 4/16/86 Weather
Fuel Tire/N204 Amount 20 gallons N2 0 Temp 59°F

24W 8 mi/h

Wind gusts to
17 mi/h

Foam MSA ASE-60 Expansion High

Nozzle 142 ft 3/min Configuration 118,ft t3/min -4 24 ft 3/min

Pan Size/Shape 50 ft 2 square New Used X

Pour Start 1354 Complete 1401

Fuel Ignition 1402

Foam Application 1404

Extinguishment 1407 Total Extinguishment Time2 minutes 30 sec3nds

burn-off Start 1420 Complete 1429

REMARKS

1. 2 gallons of heptane poured into inner tire casing for ignition,
. 2 minute preburn,

3, Total fire extinguishment was straight-forward,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # C-16 Date 4/17/86 Weather

Fuel A-50 Amount 55 gallons Temp 62 0 F

SW 5 mi/h
Wind gusts to

13 mi/h
Foam MSA ASE-95 Expansion High

Nozzle 79 ft 3/min Configuration 24 ft 3/mn + 55 ft 3/min

Pan Size/Shape 50 ft / square New Used X

Pour Start 1220 Complete 1229

Fuel Ignition 1231

Foam Application 1232

Extinguishment 1236 Total Extinguishment Time3 minutes 30 seconds

burn-off Start 1250 Complete 1317

REM.RKS

._Fire •ndr contt•ol. oin 2 mintes, totaliy extinguished in 3 miiutes 30 _
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FIRE SUPPRESSION TESTING OF HYPERCOLIC VAPOR CONTROL FOAMS

Test # C-16A Date 4/17/86 Weather

Fuel A-50 Amouznt 55 gallons Temp 57°F

SE 7 mi/h
Wind gusts to

14 mi/h

Foam MSA ASE-95 Expansion High

Nozzle 118 ft 3min Configuration Single

2
Pan Size/Shape 50 ft2 square New Used X

Pour Start 1050 Complete 1059

Fuel Ignition 1100

noam Application 1101

Extinguishment 1103 Total Extinguishment Time2 minutes 15 seconds

burn-off Start 1120 Complete 1155

REMARKS

1, Fire under .cont o IRo_1 -ptinute 30 seconds, totally ex.tin_,,ni jished t 2
minuteslS 15_seconds.

2.in minute preburn.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # 1-16 Date 4/23/86 Weather

Fuel Diesel Fuel/N204 0 Amount 30 gallons ea Temp- 62°F

WindNE 7 mi/h

Foam MSA ASE-60 Expansion High

Nozzle 142 ft 3/min Configuration 118 ft 3/min + 24 ft 3/min

Pan Size/Shape 50 ft 2,/ square New Used X

Pour StartOvernighnt (14 hours) Complete N/A

Fuel Ignition 0655

Foam Application 0657

Extinguishment 0659 Total Extinguishment Time 2 minutes 4 seconds

burn-off Start 0710 Complete 0735

R1ARKS

1 1.minute preburin,
2, Fiie developed very slowly, H0ot after ini-tial development. but

S.. ccased quickly iji intensity , Residual heat initially inhibited good
Jofoal developmen t and-conlsumed foam,

3. Overall f_!re not ni.arly as itn!j•.se as with fresh N 0.
2 el initure 'yed 14 10L. IV S
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # L-26 Date 4/23/86 Weather

Fuel Tire/N2 04  Amount 20 gallons N20 4  Temp 59°F

Wind NE 5 mi/h

Foam MSA ASE-60 Expansion Hiigh

Nozzle 142 ft t 3 /min Configuration 118 ft?/min + 24 ft 3 /min

2
Pan Size/Shape 50 ft / aQuare New Used X

Pour StartOvernight (14 hours) Complete N/AL

Fuel Ignition 0638

Foam Application 0640

Extinguishment 06:.L Total Extinguishment Time I minute 10 seconds

burn-off Start N/A Complete N/A

REMARKS

.jjr -r __nted with,1/2 gallon leptanie n center oftire.
2. Good initi4al fire but not lasting .
3. Fire extinvuishment _wyas_ fast (1 minute 10 seconds). but N294 vapor

continued to Rerco.,•a~te__Ltron.1y -throug.h foam,. .
4,. Tine was- _vyrly pitted and de-terior_.rAtiý_d wh(.'e_ i~t- as£ onctwith ...

5. T re/N2 04 was aged 14 hoursi
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # 0-26 Date 4/23/86 Weather

Crib-8 std. pallets
Fuel Wood Crib/N 2 04 AmountN^Oi 40"30 gallons Temp 72 F

Heptane-3 gallons SW 17 mi/h
Wind gusts to

29 mi/h
Foam MSA ASE-60 Expansion Low

Nozzle Mini-X 1500 ft 3min Configuration Single-elevated

Pan Size/Shape 50 ft2 / square New Used X

Pour Start 1020 Complete 1026

Fuel Ignition 1029

Foam Application 1032 (Foam reaches pan)

Extinguishment 1042(control) Total Extinguishment Time22 minutes, from foam
start

burn-off Start NIA Complete N/A

REMARKS

1. NFPA 1l-A test with pen and crib to test foam aratnst class A
combustibles._ Pell is 120 feet lony by I5 feet wide, and 10 _fget_1•

SNoqn-structed bottom or top -- sides are 2.x 4 Inch frame with heavy
pŽiistic - nlnn. Last 20 teet of pgtn is Ralvalizged sides "nd bott•m.
Ori•entat.ion of peLT is at, 240 (foam geinerator) toward 060 _(wood cribs)_

Mii i.-X moutnted at 9 foot levl, back of Pon. Wood c-rib is composed of $
s tandarO.. pa I le ts, stacked on top of 3-foot: by 3-foot by 12-Jinc dee_ pl .

_ contdint hoptae. The hept.ine pan is re-stinp onconcrete masonry
blocks jin the cen-ter- of-.a 50 f.ssquare in. cont~ered-pon tho 5 otb
20-foot mctauiat the e0d of the _nn.
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2, The foam began to flow' at 1020 at which time 30 gallons of N.0 were
poured into the 50 ft Ran through a hole in the pen wall, t foam
moved fairly well down the pen but was broken up considerably by the
wind which blew a lot of foam out of the pen, When the front end of the
foam was judged to be three minutes from the fire, the heptane was lit
(1029 ) '

3. The foam reached the fire at 1032, The heat build-up on the metal wall
surrounding the crib tended to break up the foam,

4. At 1040, the burning crib collapsed into the pan of NO, enabling the' 2 4
control of the fire at 1042, Control is defined as no visible flame,
although N 0 fumes were very prevalent,

5. The foam proluction was ceased at 1050 and the wood crib reignited at
1105,

6. The two major detrimental factors in this test were the wind and the
metal enclosure portion at the end of the pen, The wind, in addition to
breaking the foam. reflected from the metal rear wall of the pen,
inhibiting foam build-up in the Ran area, The hot metal enclosure
around the pan contributed heavily to foam break-up in the pan area,
Both of thege problems could have been alleviated somewhat if the metal
portion of the pen had been constructed with hardware screen,
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FIRE SUPPRESSION TESTING OF IYPERGOLIC VAPOR CONTROL FOAMS

Test # N-30 Date 4/24/86 Weather
Crib-8 std. Pallets

Fuel Wood Crib/Heptane AmountHeptane-3 gallons Temp 740F
SW 15 mi/h

Wind gusts to
23 mi/h

Foam MSA ASE-60 Expansion High

Nozzle Mini-X 1500 ft 3min Configuration Single-elevated

Pan Size/Shape 50 ft / square New Used X

Pour Start N/A Complete N/A

Fuel Ignition 1341

Foam Application 1344 (foam reaches pan)

Extinguishment 1349(control) Total Extinguishment Timel7 minutes from foam
start

burn-off Start N/A Complete N/A

REUARKS

1, Foam was started at 1332 and moved well down the pen,
2. Wind was only a minor faitor in this test,
3. Cribconfiguration same as in 0-26 without N 0... .
4. Test ran well with control (chieved in 17 minutes.

,_ Foam w4s,, ceased at 1402 anid crib reignited at 1412, .
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FIRE jUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # C-15A Date 4/26/86 Weather

Fuel A-50 Amount 55 gallons Temp 580F
NW 15 rijh

Wind..gusts to
37 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle 6 val/min Configuration Single

Pan Size/Shape 50 ft / sguare New Used.. X

Pour Start 1004 Complete 1013

Fuel Ignition 1015

Foam Application 1016

Extinguishment- 1020 Total Extinguishment Time3 minutes 30 seconds

burn-off Start 1030 Complete 1055

REMARKS

1. Fire was controlled in. 25 seconds and 98 percent extinguished in I
minute 30 seconds,

2. Frequent and lasting &usts of over 35 ./ifh preverited foam from reaching
the bacpk corners of the pan in to set up and
extinguish.

3, Foam was- contiru-cd -for -eJu~ll_5 minutes,
4, --There were n2 raignitions during the wand test andte chimney test

._.nelf- extinvudshment was__6 seco-nds.
5ý _Ths teo.t was saM21led ,
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test t. C-15B Date 4/26/86 Weather

Fuel A-50 Amount 55 gallons Temp 58°F

NE 20 mi/h
Wind gusts to

30 mi/h
Foam MSA ASE-95 Expansion Low

Nczzle 9 gal/min Configuration 6 gal/min +3 gal/min

Pan Size/Shape 50 ft / square New Used X

Pour Start 1155 Complete 1203

Fuel Ignition 1205

Foam Application 1206

Extinguishment 1207 Total Extinguishment Time 1 minute 8 seconds

burn-off Start 1225 Complete 1250

REMARKS

1, Fire was controlled in 25. seconds,

S. Some strong wind guAsts during the test but renerally winds we.e
siignificantly lipghter than durinp. ireviou.s test (C-I5A),

3, Foam was continued for a full 5 minutes.
4__.There were no _eigijitions during the wand test and the chimney test

self-extinguished in less th.n.2 seconds,
5, Tost w.s sampled.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # C-15 Date 4/28/86 Weather

Fuel A-50 Amount 45 gallons Temp 68°F

Wind NW 3 mi/h

Foam MSA ASE-95 Expansion Low

Nozzle- 5 gal/min Configuration 3 gal/min + 2 gal/min

Pan Size/Shape 50 ft 2 square New Used X

Pour Start 1009 Complete 1016

Fuel Ignition 1018

Foam Application 1019

Extinguishment 1023 Total Extinguishment Time3 minutes 55 seconds

burn-off Start 1040 Complete 1105

REMARKS

Firpo under control after 1 minute _57 seconds.
2, During1 minute prbhurn, and prior to foa_ start pan bowed baidly in__

mitdle -2_aboukt_2_0ea'cent of pan surface raised above_ -the level of the
fuel. This caused the_ foam to burn and coagulate around the pan center.
preventinp it from migrntinL to the forwa•d corners for tmlv

__e.t!nzuLshment,

3, Foam ap)plicat on rale perform2.d better than extinguishment time would
indicate. Foam continud for 5 minuteS.

4.TtIfe were no rpignitiotis during- the wand-test mad chimney r:est self-
exting•ishment was 10 seacond.s.,
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5, During the first attempt at this test earlier in the day, the A-50
spontaneously ignited after about 10 gallons were poured into the pan.
Extremely fast action on the part of the spill team prevented the flame
from travelling into the drum with potentially tragic results, Gene
Polite and Steve Stauffer of MSAR turned off the fuel flow and pulled
the drum away from the intense fire in the pan while Jimmy Watson of
NMERI, manning the high pressure hose, kept a steady stream of water
between the drum and pan to prevent flame travel, While A-50 produces
more flame than AH or MMH, the initial flame is not overly visible. The
first signs of a spontaneous ignition are the noise and the iminediate
disappearance of the vapors directly above the fuel pool. Once the A-50
drum was removed from the pan area, the A-50 in the pan was allowed to
burn-off, We can only speculate as to the cause of the spontaneous
ignttion, Most likely it was the high temperature of the pan from 3
hours of direct sun or rust in the pan or a combination of these.
The particular A-50 was an off-spec material: however, it's
characteristics were close to spec A-50, and 4 other drums from the same
production batch were poured and ignited with no problems. For the
remaining two A-50 burns, the pans were washed r~horouphly immediately
before the pours and during' the pours a stream of water was rul under
aTid around the Van for cooling.

6, Test was sampled.
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # C-16B Date 4/28/86 Weather

Fuel A-50 Amount 55 gallons Temp 74°F

Wind SE 3 mi/h

Foam_ MSA ASE-95 Expansion High

Nozzle 173 ft 3Alin. Configuration 118 ft /3miu + 55 ft 3mMin

Pan Size/Shape 50 ft / square New Used X

Pour Start 1138 Complete 1147

Fuel Ignition 1148

Foam Application 1142_

Extinguishment 1150 Total Extinguishment Time 1- I minutte

burn-off Start 1205 Complete 1230

REMARKS

I After a, I minuts prelbm,. the fiu. wa.. tonrol, It 20 .seconds And
_ cpmpletely extin'guished i,.I. minut,
2. Very strlaigt fo -10 est.
3. Test as s ed... .. ....
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # 0-27 Date 4/29/86 Weather
Crib-8 std. pallets

Fuel Wood Crib!NO AmountN 04- 30 gallons Temp_74 0F
SW 2 mi/hi

Wind gusts ý.)
ý 3 mi/h

Foam MSA ASE-60 Expansion High

Nozzle Mini-X 1500 ft /min Configuration- Single-elevated

Pan Size/Shape 50 ft2 / square New Used X

Pour StartOvernight (14 1.,)urs) Complete N/A

Fue Ignition X + 16 minute, (1103)

Foam Application X - foam .s.art (1047)

Extinýiuishment norne Total Extinguishment Time N/A

burn-off Start NZA Complete N /A. .

RFVORKS

I.. Pan t~~Witt qO~d vj sonke(i ()vertidghlt U NJ.2O
2. ~~m t~t~~ dtJ147 olid m(o\'fA vpll to thle 80 -0io oint '*I

'ý_4pmirutes to iaceh tOw 1,00-oot point (Abhove 5 e
- frpm- 111, f KOM,01 the pan) . Atthistim (1,3 h-fr a

4, The ,ead•i• r. odge, of thp•._ot!r was very dry ,n i.. •Id 110io move . l urtih._
5. At iII Lhe fo.m mate"r w.s movykd to the midpoint ot the ien on the ,j_.

6. The lediti._ _ d• e of tho., foa, moved _.hiskju. er _ • n I .I .
,atfhos, rehen the .ire withl no effe(ct...

L. The foam rn Out at- 112.5 (38 M ut- ihW

ZN .t !os w for 14 hqkiK§_____
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FIRE SUPPRESSION TESTING OF HYPERGOLIC VAPOR CONTROL FOAMS

Test # A-18 Date 4/30/86 Weather
N.0 -30 gallons

Fuel A-50/N204 Amount ý-ýO -spray Temp 73 F

Wind SW 6 mih

Foam MSA ASE-60 Expansion High

Nozzle 55 ft 3min Configuration Single

Pan Size/Shape_50 ft / square New Used

Pour Start N/A Complete, N/A

Fuel Ignition N/A

Foam Ap'lication N/A

Extinguishment N __ Total Extinguishment Time N/A

burn-off Start __N/.___ Complete N/A

REMARKS

1, 6 feet above the pan of N.0, a spray nozzle was suspended anu attached
via 1/4 inch stainless to t gallon pressurized ,onrainer of A-50 10
feet from the pan, A solenoid was placed in this line ad acent to the
A-50 container and connected to a solenoid power box 80 feet away, 50
feet further away was the generator powering the solenoid power box,
The solenoid control box was 200 feet further from the power boxjat the.
trailer, thus the clisest personnel during this test were approximately
280 feet distant., Because of problems encountered with equipment aad
apparatus during preparation, the N 0, was foamed four times in the hour
pqior to the A-S0 gelease. the !ast tlme being 3 minutes before th ...
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first A-50 stream (spray discarded due to plugged nozzle). The first
release of the A-50 produced immediate, violent ignition of the A-50
stream -. a stream dropping into the N 0 pan of the approximate size
and velocity of a water pistol. A viote'nt orange-white flame 1 foot in
diameter and 5 feet high was produced. After 20 seconds, the A-50
stream was stopped and the fire immediately ceased. 10 seconds later,
the stream was again activated with the same results. The Drocedure was
then repeated several times with identical results, Ignition and
combustion sounds were very loud-similar to those produced by a rocket
engine.

2. Because of the violence of this reaction and the set-up difficulty, it
was determined not to proceed with test A-21 (N.0 drip into A-50 pan).
This decision was based on safety factors and the-violence of the hyper-
golic reaction as evidenced in this test. If the foam had any
suppressive effect on the ignition and combustion resulting from this
test. it appeared to be a minimal effect at best,
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APPENDIX G

PROPJSED MILITARY SPECIFICATION

This is a self-contained document with its own internal consistent
style and numbering system.
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MIL-V-XXXX

MILITARY SPECIFICATION

VAPOR SUPPRESSING - FIRE EXTINGUISHING
AGENT, FOAM CONCENTRATES FOR

USE ON HYPERGOLIC PROPELLANTS

This specification is approved for use within the
Department of the Air Force and is available for use by all
Department and Agencies of the Department of Defense.

Beteticial comments (recommendations, additions, deletions)
and any pertinent data which may be of use in improving this
document should be addressed to: Headquarters Air Force
Engineering and Services Center (HQ AFESC/RDCF), Tyndall Air
Force Base, FL 32403-6001 by using the self-addressed
StandardJ•ation Document Improvement Proposal (DD For-m 1426)
appearing at the end of this document or by letter.

AMSC NO. N/A FSC 6850

DISTRIBUTION STATEMENT A. Approved for public release;
distribution is unlimited.
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MIL-V-XXXX

PROPOSED MILITARY SPECIFICATION

VAPOR SUPPRESSING-FIRE EXTINGUISHING AGENT, FOAM CONCENTRATES

FOR USE ON HYPERGOLIC PROPELLANTS

1. SCOPE

1.1 Scope. This specification covers the requirements

for gel forming foam liquid combination vapoz suppression and

fire extinguishing agents. The agents consist of appropriate

acrylic gelling agents and alpha olefin sulfonate surfactants

to conform to this specification. The surfactants and

gelling agents are to be supplied as separate entities to be

proportioned into water hcse streams in a ratio of 1 part

gelling agent, 1 part surfactant and 8 parts water by

dispensing equipment at the time of application to liquid

propellant spills.

1.2 Classification. Concentrates shall be of the

following types:

Type F1 - gelling agent for use on spills of

hydrazine fuels or hypergolic mixture

of hydrazine fuel and dinitrogen

tetroxide oxidant

Type V2 - foam forming surfactant for use on spills

of nydrazine fuels or hypergolic mixtures

of hydrazine fuel and dinitro~en

tetroxide oxidant
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MIL-V-XXXX

Type 01 - gelling agent for use on spills of

dinitrogen tetroxide oxidant

Type 02 - foam forming surfactant for use on spills

of dinitrogen tetroxide oxidant

2. APPLICABLE DOCUMENTS

2.1 Issues of documents. The following documents, of

the issue in effect on date of invitation for bids or request

for proposal, form a part of this specification to the extent

specified herein.

SPECIFICATIONS

FEDERAL

TT-E-4C9 Enamel, Alkyd, Gloss (for Exterior

and Tnterior Surfaces)

PPP-C-1337 Containers. Metal, with Polyethylene

Inserts

VVF-800 Fuel oil, Diesel

MILITARY

MIL-P-2560 Propellant, Hydrazine-unsymmetrical

dimethylhydrazine (50% N2H4 - 50%

'JDMH)

MIL-P-26539 Propellant, nitrogen tetroxide

STANDARDS

FEDERAL

FED-STD-595 Colors
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FED-STD-313 Material safety data sheet,

preparation and submission

MILITARY

MIL STD 105 Sampling Procedures and Tables for

Inspection by Attributes

MIL STD 129 Marking for Shipment and Storage

MIL STD 130 Identification Marking of US

Military Property

2.2 Other publications. The following documents form a

puirt oi this specification to the extent specified herein.

Unless otherwise specified, the issues of the documents which

are DOD adopted shall be those listed in the issue of the

Department of Defense Index of Specifications and Standards

(DODISS) specified in the solicitations. Unless otherwise

specified the issues of documents not listed in the DODISS

shall be the issue of the nongovernment documents which is

cutrre'nt on the datte of the solicitation.

UNDERWRITEUV1J LABOINAA'THILS, INC. (U.L.)

UL 162 Standard for Foam Equipment and Liquid

Concentrates

(Application for copies should be addressed to the

Underwriters Laboratories, Inc., 333 Pfingsten Road,

No,,thbrook, IL 60062).
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NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 412 Standard for Evaluating Foam Fire

Fighting Equipment on Aircraft Rescue

and Fire Fighting Vehicles

(Application for copies should be addressed to the

National Fire Protection Association, Batterymarch Park,

Quincy, MA 02269).

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

D96 Test Method for Water and Sediment in

Crude Oils

D1068 Test Methods for Iron in Water

D1218 Refractive Index and Refractive

Dispersion of Hydrocarbon Liquids, Test

for

D3673 Chemical Analysis of Alpha Olefin

Sulfonates

D3716 Emulsion Polymers For Ise in Floor

Po I i shes

1-70 pH of Aqueous Solutions With The Glass

Electrode

E527 Numbering Metals and Alloys (UNS)

E729 Standard Practice for Conducting Acute

Toxicity Tests with Fish,

Macroinvertebrates and Amphibians
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(Application for copies should be addressed to the

American Society for Testing and Materials, 1916 Race Street,

Philadelphia, PA 19103.)

AMERICAN PUBLIC HEALTH ASSOCIATION (APHA)

Standard Methods for the Examination of Water and Waste

Water.

(Application for copies should be addressed to the

American Public Health Association, 1015 - 18th Street, N.W.,

Washington, DC 20036.)

(Nonqovecnment standards and other publications are

normally available from the organizations which prepaie or

which distribute the documents. These documents also may be

available in or through lib. 'ries or othe, informiat ional

services).

2.3 Ord*r of Precedence. in the evw of a conflict

between the text ot. this specification and the references

cit.,d herein, the tL ..t * : f this specification shall take

precedence. Nothing in this specification, however, shall

supersede applicable l1i. s and regltations unless a specific

exemption has been obtained.

3. RFQU I PEMENTS

3.0 Intended use. The foam concentrates defined in

this specificatlotn a-e intended for use in controllinq tho

vapor hazard from spills of hypergolic propellants, hydrazine

and nitrogen tetroxide. The fo.m- also ,h,-ve ancillary
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application for use as a fire extinguishing agent on fires

fueled by hydrazirie, or its methyl derivatives, alone or on

Class A or B hydrocarbon fuel fires in which combustion is

supported by nitrogen tetroxide. They are not effective in

extinguishing fires involving hypergolic mixtures of

hy~razines and nitrogen tetroxide but their use is

recommended to control the release of toxic vapors and to

mitigate combustion during those fires.

3.1 Qualification. Liquid concentrate fire

extinguishing agent components furnished under this

specification shall be products which are qualified for

listing on the applicable Qualified Products List at the time

set for opening of bids (see 4.3 and 6.3).

3.2 Materials. Concentrates shall consist of tour

materials, supplied in separate containers. The foam

materials are: An acid-containing, acrylic emulsion

copclymer for the fuel (Type Fl), a surfactant for the fuel

(Type F2), an acid-containing, crosslinked acrylic emulsion

copolymer for the oxidizer (Type 01), and a surfactant for

the oxidizer (Type 02) and other components as required to

conform to performance requirements of this specification.

Each component and the mixtures of individual components

shall conform to the requirements specified. The materials

shall have no adverse effects on the health of personnel when
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used as intended or handled as specified by Air Force

directives.

3.3 Concentrate characteristics. Concentrates, or

solutions made from these concentrates, shall conform to the

chemical and physical requirements shown in Table I and Table

II.

3.3.1 Stability. The concentrates (Types F1, F2, 01

and 02) shall conform to the following requirements after 10

days storage at 65°C + 2.0°C (see 4.7.11):

a. Stratification: No visible evidence following

test (see 4.7.15).

b. Precipitation: Less than 0.05 percent by

volume, (see 4.7.16).

3.3.2 of concentrates. The concentrates

of one manufacturer shall be compatible in all proportions

with the corresponding concentrates furnished by other

manufacturers listed on the qualified products list.

Information regarding these materials may be obtained from

the Air Force Engineering and Service Center, Tyndall Air

Force Base, FL, 32403-6001. The concentrate mixtures shall

conform to the following requirements after 10 days storage

ot the concentrates at 65°C ± 2.0'C (see 4.7.11):

a. 7?tratification: No visible evidence following

test (see 4.7.15)
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b. Precipitation: Less than 0.05 percent by

volume, (see 4.7.16)

3.4 Foam mixture solutions characteristics. Mixtures

of the two components for each of the two types of foams

(Type F and Type 0) shall conform to the chemical and

physical requirements shown in Table II:

3.4.1 Stability. The 10-10-80 premix solution

consisting of 10 parts each of Type F1 and F2 concentrates

and 80 parts of fresh water, or Type 01 and 02 concentrates

and 80 parts of fresh water, as applicable, shall conform to

the following requirements after 10 days storage of the

concentrates at 65 0 C + 2.0°C (see 4.7.11):

a. Foamability: (See Table II).

b. Fire performance: 50 ft 2 fire as specified in

3.5.

c. Vapor suppression: (See Table II).

3.4.2 Compatibility of foam mixture solution. The

concentrates of one manufacturer shall be compatible in all

proportions with concentrate furnished by other manufacturers

listed on the qualified products list. Information regarding

these materials may be obtained from the Air Force

Engineering and Services Center, Pyndall Air Force Base, FL,

32403-6001. The solutions uhal1 conform to the following

requirements after 10 days storage of the concentrates at

65'C + 2.0'C (see 4.7.11):
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a. Foamability: (see fable II).

b. Fire performance 50 ft 2 fire as specified in

3.5.

c. Vapor suppression: (see Table TI).

(3.3.2 applies to "concentrates" while 3.4.2 applies to

"mixture solutions".)

3.5 Fire performance. The foam shall conform to the

fire performance requirements shown in Table III.

3.6 Marking.

3.6.1 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 an orange

background for Types 01 and 02, a red background for Types F1

and F2.

3.6.2 Two identical markings conforming to figures 1,

2, 3, and 4 shall be applied to containers, as appropriate,

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 handling will not impair the legibility

of the marking. Paper labels shall not be used.

3.7 Material safety data sheet.

3.7.1 The contracting activity shall be provided a

material safety data sheet (MSDS) at the time of contract

award. The MSDS is form OSHA-20, found in and part of FED

176



MIL-V-XXXX

TABLE 1. Physical and chemicdl requirements tor concentrates or solutions.

Requirement Values Applicable Test
Type F1 Type F2 Type 01 Type 02 publication paragraph
Fuel Fuel Oxidizer Oxidizer
acrylate surfactant acrylate acrylate

Refractive
index,
minimum 1.3900 - 1.3800 -
maximum 1.4100 1.4200 ASTM 1218 4.7.1

Brookfield
viscosity of
concentrate
centipoise
minimum at 25 0 C 1640 2780 ASTM 3716 4.7.2.1

Brookfield
viscosity of I%
neutralized
solution
centipoise range
minimum 4500 - - 3000 - 4.7.2.1.1
maximum 6000 5000

Hydrocan ion
concentration:
(pH) 10% solution 2.1-4.0 8.7 - 9.3 2.1 - 4.0 8.7 - 9.3 ASTM E70 4.7.3

Density, g/cc 1.020 - 1.020
@25%c 1.070 - 1.070 - 4.7.4

Corrosion rate:
General, (mpy) 1.0 1.0 1.0 1.0 ASTM E527 4.7.5
Localized, pits none none none none

% solids
minimum 19.5 27.5 4.7.i,
maximum 20.5 28.5

Fraction
gelled (gms/l) 0.2 0.1 4.7.7

Iron content
(ppm) max 5 10 5 10 ASTM 1068 4.7.8

Environv'ental
impact

COD, mg/L, max 1,000,000 -1,000,000 APHA 4.7.102

BOD 2 0 /COD, min 0.75 0.75 Standard 4.7.10.3
Methods

Aquatic
Toxicity LD50 1400 8 450 6 ASTM E729 4.7.10.1

for rainbow
trout (ppm mc.::)

Inorganic Sulfates
maximum 1.6 1.6 ASTM D3673 4..7.9
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Table I1. Performance Requirements for Propellant Foams - Quality Control Laboratory Tests

Foam System Evaluated

Requirement Types F1 + F2 over NH 4 OH Types 01 + 02 over HNO 3

Expansion ratio
minimum 4.0 2.5
maximum 5.0 3.5

25% drainage time
minimum 24 hours 10 minutes

Collapse % in 24 hours
maximum 15

50% collapse time,
minutes, minimum -- 50

1. Substitute propellant substrates are undiluted, reagent grade ammonium hydroxide and
nitric acid over which foams are applied as specified in 4.7.1.4.
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Table Ill. Fire performance.

Hypergolic fuel foams
Type F Type F Type 0

!1, high high Test
expansion eupansion e xansion paragraphs

S0 ft
2 

fire (see 4.7.13)

Foam application time to 4.7.14.1.5
extinguish, seconds, max 240 150 75 4.7,14.2.5

4.7.14.3.5

Burnback time of resulting 4.7.14.1.6
foam cover, minutes, min N/A N/A 4.7.14.2.6

4.7.14.3.6

Vapor securing ability, 4.7.14.1.7
post-fire, concentration. I ppm 100 ppm 4.7.14.2.7

ppm maximum N2114  N 2 1I4  NOx 4.7.14.3.7

Foamabi Ii ty:
Foam expansion, 6 200 200 4.7.14.4
minimum

Foam 254 drainage 12 5 4 4.7.14.4
time, minutes,
minimum

Wand Test Pass P4,.s' Pass 4.7.i4.1.6
4.7.14.2.b
4.7.14.).6
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STD 313. The MSDS shall be included with each shipment of

the materials covered by this specification.

4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise

specified in the contract, the contractor is responsible for

the performance of all inspection requirements as specified

herein. Except as otherwise specified in the contract, the

contractor may use his own or any other facilities suitable

for the pertormance 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 specification where such inspections are deemed

necessary to assure supplies and services conform to

prescribed requirements.

4.2 Classification of inspections. The inspection

requirements specified herein are classified as follows:

a. Qualification inspection (see 4.3).

b. Quality conformance inspection (see 4.5).

1. Examination of filled containers.

2. Quality conformance inspection.

4.3 Qualification inspection. Qualification inspection

shall be conducted at a laboratory satisfactory to the Air

Force Engineering Services Center, Tyndall Air Force Base.

Qualification inspection shall consist of the tests shown in

Table IV.
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4.3.1 Samples for qualification inspection. One 55

gallon drum of each component is required for the

qualification inspection.

4.4 Sampling for quality conformance inspection.

4.4.1 Inspection lot. A lot shall consist of each

component manufactured as one batch and transferred from one

mixing tank to the shipping container.

4.4.2 Sampling for examination of filled containers. A

random sample of filled containers shall be inspected from

each lot in accordance with MIL-STD-105 at inspection level

I. The acceptable quality level (AQL) of 2.5 percent

defective shall be used to verify compliance with all

requirements regarding fill, closure, marking, and other

requirements not requiring tests (see 4.6, 5.1.1.1, and

5.1.1.2).

4.4.3 Sampling for quality conformance inspection.

Three filled 55-gallon containers of each concentrate shall

be selected at random from each lot and used as one composite

sample for the tests specified in 4.6. For purposes of the

tests required by 4.5 one of the 55-gallon containers

selected at random may be used or a 55 gallon sample of the

product shall be withdrawn from an agitated mixing tank prior

to packaging. The results of the tests required by 4.5 shall

be submitted to the Air Force Systems Command, Space Division
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(CFPE), Los Angeles, CA, 90009-2960 or the designated

laboratory.

4.5 Quality conformance inspection. The samples

selected in accordance with 4.4.3 shall be subjected to the

quality conformance inspection of table IV. If the sample

tested is found to be not in conformance with any of the

quality conformance tests, the lot represented by the sample

shall be rejected.

4.5.1 Quality conformance inspection report. The

contractor shall prepare test reports in accordance with the

data ordering document included in the contract (see 6.2.2).

4.6 i:xamlnation of filled containers. Each sample

tilled container shall be examined for defects of

construction of the container, and the closure, for evidence

oi leakage , and for unsatistactorýy markings. Each filled

container shall also be weighed to determine the amount. of

content.s. Any cootainer in the sample havinigj one or more

delocts or less than required till, shall not be otffered for

del.very, and it the number of detective cont-iiiners in any

sample exceeds the acceptance number for the approprlate

sampling plan of MIL-STD-105, this shall be cause for

rejection of the lot represented by the sample.

4.7 Test procedures.

Note: Temperatures are recorded to the nearest degree,

pff to the neare-'t 0.1 unit, density to the nearevst 0.001
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Table IV. Qualification and quality conformance inspections.

Examination or Test Reference paragraph Qualification Quality
Requirement Test Conformance

Refractive index 3.3 4.7.1 x x
Viscosity 3.3 4.7.2 x x
pH value 3.3 4.7.3 x x
General Corrosion 3.3 4.7.5.I x
Localized corrosion 3.3 4.7.5.2 X
Density 3.3 4.7.4 x x
Percent solids 3.3 4.7.6 x x
Fraction gelled 3.3 4.7.7 x x
Inorganic sulfates 3.3 4.7.9 x x
Iron content 3.3 4.7.8 x x
Foamability 3.4 4.7.13 x x
Performance with
simulated propel lants 3.4 4.7.17 x x

Environmental Impact 3.3 4.7.10 x
50 ft 2 fire test 3.5 4.7.14 x
Examinat ion of tilled

containers 4.6 4.t x
st ability 3.3.1 & 3.4.2 4.7.11 x
Compatibility 3.3.2 & 3.4.2 4.7.12 x
Stratification 3.3.1 & 3.4.1 4.7.15 x
Precipitation 3.3.2 & 3.4.2 4.7.16 x
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g/cc, viscosity to the nearest 0.01 cn and refractive index

to the nearest 0.0001 unit.

4.7.1 Refractive index. Measure the refractive index

at a temperature of 20 0 C in accordance with ASTM 1218.

Record refractive index and temperature.

4.7.2 Viscosity.

4.7.2.1 Viscosity of acrylate Emulsions and Surfactants.

The viscosity shall be determined at a temperature of 25'C ±

0.2'C in accordance with ASTM D3716. Viscosity measurements

of surtactants are determined on concentrated samples which

have been thorouqhly agitated assuring a uniform mixture

before sampling and after temperature equilibration. The

viscosity of acrylates is measured on a neutralized I%

copolymer solution aftor treat.ing n hoe original sample shown

i n 4.7.2. 1 . 1 . The vi scosity sha1ll be recorded in centipoiso.

4.7.2.1.1 T __hickened _of_ a I Cc jo ymor

Solution o1 T%}pý 'I n ,j _01.. Usin a platform balance,

accurcately we iqh (X) q 0o sample into a 16-ounce:, wide*--month

jar. Add (W) q of distilled water and (V) ml of IN NaOll, in

that order. Use a buret calibrated to the nearest 0.1 ml to

add the NaOlt. Mix carefully with a spatula. Avoid aerat ion.

Label this sOiution "A".

Using a platform balance, weiqh specified amounts of

solution "A" and distilled water (both from Table V under

"Final Dilution") into a 16 ounce jar. Mix carefully with a
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spatula. Avoid aeration. Determine the pH of the solution

in accordance with ASTM E70.

Use the following equations to calculate the weight of

sample, volume of IN NaOH and weight of water required to

prepare an initial neutralized copolymer solution.

X = grams of sample = % gel e*

V =ml of NaOH (X) x Acid Number *V= mlo ai1-B
56.1 x N (NaOH)

W = grams of water = S* - X - 1.04 V

*R, B, and S are constants from Table V. Acid Number is

considered a constant, unless otherwise indicated. % gelled

is determined in accordance with 4.7.7. Determine the

viscosity of the solution at 25'C : 2'C. Use the Brooktield,

Model LVF Viscometer and #3 spindle at 12 RPM.

4.7.3 pl1 value.

4.7.3.1 pit of acrylate emulsions. The pH value of the

acrylate emulsions shall be determined on the neat material

at 25 0 C ± 1.0 0 C in accordance with ASTM E70. Care must be

taken to rinse electrodes thoroughly with distilled or

deionized water immediately after determining the pH value.

4.7.3.2 ptl of surfactants. The pH value of a 10% (by

volume) solution of surfactant in distilled or deionized

water shall be determined at 250C ± 1.0*C in accordance with

ASTM E70. The pH may change slowly with time; therefore, the
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TABLE V. Constant Valvk-s and Ranges

Fin 1 Diutionr, Allowable Acid

Type B S Solution "A" q Water p- Range Number

F1 669 2 400.0 125.0 125.0 7.5 - 9,0 89.0

01 1842 3 400.0 5Q.0 200.0 7.5 - 8.5 72.3
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relatively steady reading after several minutes of stirring

is recorded.

4.7.4 Density. Weigh a clean, dry 10 cc volumetric

flask. Fill to the mark with sample and reweigh. Adjust

temperature to 25 0 C ± 20C in a constant temperature bath.

Record density in g/cc and actual sample temperature.

4.7.5 Corrosion. The liquid for immersion of the metal

specimens for general corrosion and Iccalized corrosion tests

shall consist of the concentrate of each of Types F1, F2, 01

and 02.

4.7.5.1 General corrosion.

4.7.5.1.1 Test specimens. The test specimen shall

consist of UNS 30400 in accordance with UNS designations (see

ASTM E527). All specimens shall be milled to finished

dimensions of approximately 1/16 inch thick, 1/2 inch wide,

and 3 inches long. All specimens shall be degreased in

acetone, rinsed with distilled water and air dried before

exposure. (Piepared metal specimens may be obtained from the

Metaspec Company, Box 6715, San Antonio, Texas 78209.)

4.7.5.1.2 Test procedures. Five weighed specimens

shall be fully immersed in the test medium in a separate 600

mL beaker and held at 25 0 C ± 50C for a period of 60 days. A

watch-glass cover shall be used to retard evaporation. At

the end of the exposure period, the weight-loss shall be

determined and the corrosion rate calculated as required.
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4.7.5.2 Localized corrosion.

4.7.5.2.1 Test specimens. The test specimens shall

consist of UNS 30400 CRES milled to finished dimensions of

approximately 1/16 inch thick, 1/2 inch wide, and 3 inches

long. After degreasing with acetone, rinsing with distilled

water, and air drying before exposure, the specimens shall be

pretreated by immersion in a 1:9 concentrated nitric acid-

water solution for a period of 5 minutes and then ripsed

again with disLilled water.

4.7.5.2.2 Procedure. Ten specimens stall be girdled

lengthwise with a clean 1/16 to 1/8 inch wide band of a good

grade of coum rubber of a size such that the band is taut

during the test. Because of the poor quality of mcst

commercial rubber bands, it is recommetded that thie bands for

this test be c.,t trom 1-3/4 inch flat width pure gum amber

tub'.ng. Gooch type (Pre.Astr Scientific Pubber tubing, Pure

Gum, Gooch type, 1/32-inch thiv. wall, pure gum amber tubing

is very elastic, espociaily made for Gooch crucibles, Stock

No. 139080, or equal). This tubing is most easily cut with

sharp shears. The specimens girdled with the rubbor bands

shall be placed in a 60 mi, beaker so that no contact is made

between individual specimens. A 1/4-inch layer of glass

beads shall be introduced into the beaker to aid in

stabilizing specimen position. Enough liquid shall be added

to completely immerse the specimens, and a watch-glass shall
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be placed over the beaker to retard evaporation (but allow

air access) and act as a dust cover, and the assemblies

allowed to stand at room temperature for 60 days.

4.7.5.2.3 Results. The specimens shall be

monitored daily over the 60-day period to ascertain the

presence or absence of pitting. These daily examinations

shrall be made without disturbing the test (other than

renoving the cover). Corrosion is customarily signaled by

appearance of a dark spot which, if removed after sufficient

exposure, discloses a corrosion pit. If the suspected area

cannot be positively identified by the naked eye, it can be

at a magnification of 1OX. At the end of the test, each

specimen shall be inspected carefully with particular

attention being given to the edges of the specimens and those

areas of the specimens under, or adjacent to the rubber

bands. 1OX magnification shall be used, if necessary.

4.7.6 Percent solids.

4.7.6.1 Test equipment. Tared aluminum dishes with a

close-fitting cover having a diameter of approximately 60 mm

and a height of 15 mm.

4.7.6.2 Test procedure. If the temperatuze of the

emulsion is above room temperature, allow it to cool to room

temperature. Then weigh two samples of approximately 1 g

each to the nearest 1.0 mg in dried tared aluminum weighing

dishes. Dry the samples tor 20 min. in a forced-draft oven
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at a temperature of 150 0 C ± 2 0 C. Remove the samples from the

oven, cool the container and contents to room temperature in

a desiccator, and weigh them to the nearest 0.1 mg. Average

the values if they are within 0.1%. If not, make additional

duplicate determinations until a pair of duplicate

determinations agree within 0.1%. Calculations of the

pcent solid content are to be conducted in accordance with

ASTM D3716 paragraph 5.3.

4.7.7 Fraction gelled.

4.7.7.1 Test equipment. Sieves, Tyler or U.S.B.S. 20

arid 100-mesh, diameter 8 inches, all stainless steel. Spray

head with rubber hose connections. 'Pin can, 2-ounce, style

#12, 2-3/8 X 13/16 inch, with bead and trim, body degreased,

lid standard.

4.7.7.2 Test procedure. Transfer one liter of the

sample into a 3.8 liter jar containing one liter of clean tap

water (25-30'C) and swirl to obtain a uniform mixture.

Thorouqhly wet both sides of a 20-mesh and 100-mesh sieve

with tap water. Connect the sieves with 20-mesh on top, and

100-mesh on bottom. Pour the diluted sample onto the 20-mesh

and swirl until most of liquid has passed through. Using a

shower head connected to a water outlet, rinse the sieves

gently with clean tap water, being careful to avoid foam

formation. Next, separate the sieves and gently rinse the

100 mesh sieve, again being careful to avoid foam formation.
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(The purpose of the 20-mesh sieve is to assure the obtaining

of true gel particles by removing any skins). Immediately,

before the 100-mesh sieve can dry, treat the sieve as

follows: Using the shower head, wash the gel particles on

the sieve into as compact a mass as possible in one corner of

the sieve. Place a dry paper towel on the underside of the

sieve directly below the collected gel particles to dry the

sieve and gel particles. Then, use a small spatula to scrape

the gel particles off the screen and transfer them

quantitatively into a weighed 2-ounce solids can. Place the

can in a forced-draft oven at 150°C t 20C for 20 minutes.

Remove the can from the oven, close the lid, and allow the

can to cool in a desiccator to room temperature. Then, re-

weigh to deter.nine the weight of dried residue. Report to

the second decimal place, the weight of dried residue in

grams per liter.

4.7.8 Iron content. Accurately weigh 10 grams of

sample into a clean 30 ml ceramic crucible. Place the

crucible in a clay triangle and carefully burn off all

organics using a laboratory burner. Burn off the remaining

carbon in a muffle furnace at 6000 C. Cool the crucible to

near room temperature, add I ml of concentrated hydrochloric

acid and 1 ml of concentrated nitric acid and digest on a hot

plate until light boiling occurs. Cool. Dilute sample to

10.0 ml and perform the atomic adsorption analysis in
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accordance with ASTM D1068. Use an air-acetylene flame

(lean) and the longest burner possible.

4.7.9 Inorganic sulfates. The weight percent of

inorganic sulfates as sodium sulfate shall be determined in

accordance with ASTM D3673.

4.7.10 Environmental impact.

4.7.10.1 Toxicity. Toxicity test shall be performed on

rainbow trout in accordance with ASTM E729, using dynamic

procedures. The minimum acceptable dissolved oxygen content

of water used in this procedure shall be 5 ppm.

4.7.10.2 Chemical oxygen demand. COD shall be

determined in accordance with procedures in Standard Methods

tor the Examination of Water and Waste Water (latest

applicable edition).

4.7.10.3 Biodegradabilit?. Biodegradability shall be

determined by dividing the value expressed in mg/L for the

carbonaceous biochemical oxygen demand (CBOD) specified in

Standard Methods for the Examination of Water and Waste Water

(latest applicable edition) by thu %iAlue expressed in mg/L

for chemical oxygen demand (COD) determined as speci.•ied in

4.7.10.2.

4.7.11 Stability.

4.7.11.1 §S l preparation. Samples of each

concentrate, and the two foam solutions, as appropriate,

shall be prepared in sufficient quantity to perform the
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required tests. One liter (L) of each concentrate shall be

placed in lightly stoppered glass cylinder. All concentrate

samples shall then be stored being subjected to accelerated

aging at 60*C ± 2.0 0 C for a period of 10 days. The

concentrate samples, or solutions made from them, shall then

be subjected to the following tests:

a. Foamability 4.7.13

b. Fire performance (50 ft 2 ) 4.7.14

c. Stratification 4.7.15

d. Precipitation 4.7.16

e. Performance with simulated 4.7.17

propel lants

4.7.12 Compatibility.

4.7.12.1 Sample preparation. The Government will

provide samples of appionriate qualified product to

manufacturers officially authorized to submit candidate

material for qualification (see 3.3.2). Mixtures of the

concentrates to be tested shall be prepared in sufficient

quantities to perform the required tests. (For qualification

testing, the testing activity will determine the number of

product mixtures to be evaluated and the ratio of products

comprising these mixtures). One L of each shall be placed in

lightly stoppered glass cylinders. The concentrate samples

shall be stored at 65 0 C + 2.0°C for a period of 10 days. The
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samples and solutions made from them shall then be subjected

to the following tests:

a. Foamability 4.7.13

b. Fire performance (50 ft 2 ) 4.7.14

c. Stratification 4.7.15

d. Precipitation 4.7.16

e. Performance with simulated 4.7.17

propellants

4.7.13 Laboratory foamability.

4.7.13.1 Test equipment. Blender (Citation-Walther

Corporation unit or equix.alent), 1000 cc graduated cylinder,

balance (1000 gram capacity) normal laboratory glassware.

4.7.13.2 Procedure. The expansion ratios and drainage

rates of both Type F fuel foam and Type 0 oxidant foams are

determined over simulated propellant substrates where

hydrazine fuel is replaced with ammonium hydroxide (N1 4011)

and nitrogen tetroxide oxidant is replaced with nitric acid

(ON03 ). Mix I volume of the acrylic concentrate (FI for the

fuel foam or 01 for the oxidizer foam) with 4 volumes of

water and stir. Mix 1 volume of the surfactant concentrate

(W2 for the fuel foam or 02 for the oxidizer foam) with 4

volumes of water and stir thoroughly, being careful to avoid

foam foraation. From each of the mixtures remove equal

vblume aliquots. Place the F2 or 02 aliquot in the foam

generator (blender). Aid the F1 or 01 (Make sure that F1 is
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combined with F2 for the fuel foam and 01 is combined with 02

for the oxidizer foam) aliquot and start agitation

immediately using the #8 setting (18,500 rpm); continue for

about 30 seconds. Add either 20 ml of concentrated reagent

grade NH4 OH or HNO 3 as appropriate (see Table II) to the

graduated cylinder. Weigh the cylinder and substrate to the

nearest gram. Transfer 980 ml of the foam generated in the

blender to the 1000 ml mark of the cylinder. Determine the

25% drainage time as specified in NFPA 412. In addition, the

percent of foam collapse after 24 hours shall be determined

for Type F foams only and the time, in minutes, required for

50% of the foam column to collapse shall be determined for

Type 0 foams only.

4.7.14 Fire test. No fire test shall be conducted when

the wind speed is above 10 miles per hour (mi/hr). The fire

test shall be conducted in a square metal pan with a total

area of 50 ft 2 in accordance with U.L. 162. NOTE: The

materials used in this test are extremely hazardous and must

be handled in accordance with approval safety procedures.

Only a few test sites in this country are approved to conduct

tests with these toxic materials. In addition to their

toxicity, the fuel has been known to ignite spontaneously

when cert'in conditions of heat and oxidation exis* in the

fire test pan.

4.7.14.1 Type F low expansion test.
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4.7.14.1.1 Test equipment. The nozzle used for the low

expansion test shall be the 4 gal/min nozzle manufactured by

National Foam Systems, Inc., Lionville, PA, Part No. 1251-

0896-6e The nozzle inlet pressure shall be a gage pressure

of 100 lb/in 2 . The discharge from the nozzle shall be

directed against a backboard which is 'laced at one edge of

the test plan in order to achieve the qentle application of

foam described as Type II in the U.L. 162 procedure.

Flame/extinguishment shall be viewed through an 1K thermal

imaoinq device (Engqlish Electric Valve Company L. imllted

riiniature thermal imaging camera Model P4428 or equal).

4.7.14.1.2 Poam component preparation. The two toatw

Components, F1 and F21, shall be prepartd at 20'C + 50C. The

prom ixed component Solutions s1hal+l bo 20 + 0.0*5 percent

solutions made with tresh water. Ttil two prtemi>,-i ,ompollent

ý'-lutions shall bo prepard no more than 24 hours betore the

initiation ot the fire test . The premixed solutions si al I be

!;tored in sUtaitiless steel containers, to provent,

po vmez a t.on by iron contamination of the components, see

Figure '5.

4.7.14.1.3 Fuel. Fuel for the tire test shall be 55

gal of a 50-50 mixture of hydrazine and unsymmetric dimethyl

hydrazine conforming to requirements of MIL-P-2560. NOTE:

A:, stated ;n 4.7.14, this fuel is highly toxic and must be

handled in accordance with proper safety procedures.
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4.7.14.1.4 Foam generation. The two components shall

not be mixed until immediately before being applied to the

test pan. The two components shall be mixed in equal

proportion at a total flow rate of 4 gal/min. No more than

20 ft of hose or piping shall be installed between the mixing

point and the discharge nozzle. The recommended foam

generation set-up is shown in Figure 5.

To make foam, each tank is loaded with the premix and

sealed. Air pressure is applied to the tank top. When the

pressure reaches 100 psi, each shutoff valve is opened

individually and the pressuce regulators adjusted to read 30

psi at the foam maker for high expansion foam, and 100 psi

for low expansion foam. Both valves are then opened to

insure that good foam is being produced, after which both

valves are closed. The system is now ready for fire testing.

It is advisable not to allow the mixed foam solutions to

remain in the line between the balancing valve and the

foamaker for more than 5 minutes without restarting flow.

When foam is to be generated for testing, both shutoff

valves are opened simultaneously. Do not make any

adjustments to the pressure regulators on either line. Foam

generation is stopped by closing both shutoff valves

simultaneously. Within 5 minutes after testiaig stops, all

lines should be flushed with water and drained. In cold

weather, care should be taken to prevent freezing of lines
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and components. The nozzle shall be directed at the same

metal backboard over one edge of the pan to allow gentio

application of foam to the fuel surface.

4.7.14.1.5 Test procedure. The fuel shall be dumped

into the pan within 10 minutes and ignited within one minute

of dumping, After allowing a preburn period of 60 seconds

application of foam shall begin through the nozzle. The

exact extinguishing time shall be recorded as uiewed through

the IR thermal imaginq device, but foam application shall

cent inut for a total of 5 minutes.

4.7.14.1.t, Bu-nback pro:edure. Conduct burnback a~d

wand t ,'sts i n a.ccordanco with 1.1(,162.

4.7.14.1.7 Post-fire vapot tecurirj est. 60 seconds

attr success;ful completion of the burnback test, the

,tmotph,•l' above the tCoam blankeLt shaIl le tested for the

prisenco Of f ul- v :por. Samples shall be taken from 3 points

above the foam surface, with t.wo of the points beinq above

tfho center and one ot the edges of the pan, while the third

point shall be above the area used for the burnbick teŽst.

Note: Appropriat, detector tubes and sampling devices are

available from the Mine Safety Applianco. Company (MSA) and

other reliable manufacturers.

4.7.14.2 Type F high expansion test.

4.7.14.2.1 Test e ijt _ent. The •o-m shall be gqe- .'ated

by means of the 5 inch Mark IV !oam ge:erator, as made by
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Mine Safety Appliances Co., Inc., Evans City, Pennsylvania,

(or equal) utilizing a Number 16 nozzle, adjusted to provide

an expansion ratio of 230, when flowing a standard foam

solution at 60 lb/in2 inlet nozzle pressure. The inlet

pressure shall be a gage pressure of 30 lb/in2 . The end of

the foam generator shall be placed at the edge of the test

pan at a height of 1 to 2 feet above the pan. Flame

extinguishment shall be determined by viewing through the IR

thermal imaging device described in 4.7.14.1.1.

4.7.14.2.2 Foam component preparation. As specified in

4.7.14.1.2.

4.7.14.2.3 Fuel. As specified in 4.7.14.1.3

4.7.14.2.4 Foam generation. The two components shall

net be mixed until immediately before being applied to the

test pan. The two components shall be mixed in equal

proportion at a total flow rate of 2.6 gal/min. The

recommended fcam generation set-up and procedure is discussed

in 4.7.14.1.4.

4.7.14.2.5 Test procedure. The fuel shall be dumped

into the pan within 10 minutes and ignited within one minute

of dumping. After allowing a preburn period of 60 seconds

applicatiorn of foam shall begin through the foam generator.

The exact cxtinguishing time shall be recorded, as viewed

through the IR thermal imaging device. Neither the wand test
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nor burnback test as specified in UL162 is applicable to high

expansion foam.

4.7.14.2.6 Post-fire vapor securinq test. As specified

in 4.7.14.1.7 except that tests for the fuel vapor (N 2 H4 )

shall be conducted 60 seconds after completion of foam

application.

4.7.I1.3 __yvpe 0 high expansion test.

4.7.14.3.1 Vest equipment. As specified in 4.7.14.2.1

4.7.14.3.2 Foam compo'nent preparation. The 02

concentrate cnntainer sha'I be inverted at least twice, at 24

hour intervals (minimum). in the week immediately preceding

the te - The 02 conctentrate shall be mechanically mixed

immediately before drawing off the material which will be

used to prepare the premix component solutions. The two foam

components, 01 and 02, shall be prepared at 20"C + 5 0 C. The

premixed component solutions shall be 20 + 0.05 percent

solutions made with fresh water. The Lwo premixed component

solutions sha.ll be prepa ied no more than 24 hours bet ore the

initiation of the fire test. The premixed solutions shall be

stored in stainless steel containers, see Figure 5.

4.7.14.3.3 Feo \. Fuel for the fire test shall be a

mixture of 30 gal of dinitrogen tetroxide (N204) complying

with MlL-P-2C,539, and 30 gal of dieŽsel fuel complying with

FLD SPLC VV-F-800 (Crado DF-2). WARNING: The fumes from
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N2 0 4 are extremely corrosive and toxic and extreme care must

be utilized in handling this material.

4.7.14.3.4 Foam generation. As specified in

4.7.14.2.4.

4.7.14.3.5 Test procedure. As specified in 4.7.14.2.5,

except preburn time is reduced to 30 seconds. Neither the

wand test nor burnback test as specified in UL162 is

applicable to these high expansion foams.

4.7.14.3.6 Post-fire vapor securing test. As specified

in 4.7.14.1.7 except that tests for oxidant vapor (NOx) shall

be conducted 60 seconds after completion of foam application.

4.7.14.4 Foamability. The foams shall be generated by

means of the equipment described previously for the 50 ft 2

fire test. Foam samples shall be collected immediately after

the cessation of foam application to the test pan. The

nozzles shall be held at hip height and directed onto the

backboard from the distances specified below. The method and

procedure shall be in accordance with NFPA Standard No. 412.

The expansion ratio and 25% drainage time shall be determined

in accordance with this procedure.

4.7.14.4.1 Low expansion. The foam shall be generated

by means of the 4 gallons per minute (gal/min) test nozzle

described in 4.7.14.1.1. During sample collection the nozzle

inlet pressure shall be maintained at a gage pressure of 100

2CI
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pounds per square inch (lbs/in2 ), and the solution directed

onto the backboard from a distance of 4 to 6 feet.

4.7.14.4.2 High expansion. The nozzle used for the

high expansion test shall be the foam generator specification

4.7.14.2.1. During sample collection the nozzle inlet

pressure shall be maintained at a gage pressure of 30 lb/in2

and the solution shall be directed onto the backboard from a

distance of 2-3 feet.

4.7.15 Stratification. The presence of stratification

shall be determined by visual examination of the samples

contained in the glass cylinders.

4.7.16 Prec:pitation. The amount of precipitation

shell Ue determined by centrifuging to a 100 mL sample

wiLhdrawn from th_ 1 1, sample after thorough agitation in

accordance with the orimary method of ASTM D96-73.

4.7.17 Packaging inspection. Sample packages anl packs

and the inspection of preservation, packaging, packing, and

marking foc shipment and sk.orage shall be in accordance with

thc requirements of 4.6, section 5 and the documents

speciiied therein.

5. PACKAG!NG

(The packaging requirements specified herein apply only for

direct Government acquisiti-.n3. For the extert of

applicability of the packaging requircments of referenced

documents listed in section 2, see 6.4.)
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5.1 Preservation-packaging. Preservation-packaging for

level A shall be as specified hereinafter.

5.1.1 The four liquid concentrate components shall be

furnished in 55-gallon composite containers as specified (see

6.2.1).

5.1.1.1 Fifty-five gallon container. The 55-gallon

container shall be a composite comprised of a plastic insert

and a steel drum overpack. The composite container shall

conform to the requirements of type II, class 4 of PPP-C-

1337, and the following:

a. Insert. The insert shall contain two

protruding openings in the top head - one

3/4-inch and one 2-inch. Openings shall be

so designed that when positioned in the steel

drum cover there will be no strain on the

protruding openings. The protruding plastic

openings shall be secured to the drum cover

by means of lock or retaining rings and

gaskets. Openings shall be closed by use of

NPT threaded plastic plugs.

b. Covers. The steel drum cover shall be

provided with two openings to accommodate the

protruding insert openings. Covers shall be

fully removable. Cover gaskets are not

required. Covers shall be secured to the
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steel drum with minimum 16-gage bolt or lever

lock type locking rings.

5.1.1.2 Exterior color and coatings. The red color

(see 3.6) shall be an approximate match to color number 11105

of FED-STD-595. The orange color (see 3.6) shall be an

approximate match to color number 12246 of FED-STD-595.

Exterior coating for steel drum overpacks shall conform to

TT-E-489.

5.2 Packinq. For level A no further packing is

required.

5.2.1 Method of shipment shall comply with Uniform

Freiqht Classification Ratings, Rules, and Regulations or

other carrier rules as applicable to the mode of

transportation.

5.3 Marking. In addition to the marking specified in

3.6 and any special marking required (see 6.2.1), containers

and palletized unit loads shall be marked in accordance with

MIL-STD-1 29.

6. NOTES

6.1 Intended use. The concentrates as intended for use

in mcchanical foam generating equipment for suppressing toxic

vapor release from accidental spills of liquid propellants as

well as for extinguishing fires where the fuel is either

hydrazine alone or a hydrocarbon fuel where combustion is

supported by dinitrogen tetroxide as the oxidant.
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6.2 Ordering data.

6.2.1 Acquisition requirements. Acquisition documents

should specify the following:

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

b. Type of concentrate(s) required (see 1.2).

c. Special marking, if required (see 5.3).

6.2.2 Data requirements. When this specification is

used in a contract which invokes the provision of the

"Requirements for Data" of the Defense Acquisition Regulation

(DAR), the data identified below, which are required to be

developed by the contractor, as specified on an approved Data

Item Description (DD Form 1664), and which are required to be

delivered to the Government, should be selected and specified

on the approved Contract Data Requirement List (DD Form 1423)

and incorporated in the contract. When the provisions of the

"Requirements for Data" ot the DAR are not invoked in a

contract, the data required to be developed by the contractor

and required to be delivered to the Government should be

selected from the list below and specified in the contract.

Paragraph Data requirement Applicable DID

4.5.1 Test reports DI-T-2072

(Copies of data item descriptions required by the contractors

in connection with specific acquisition functions should be

obtained from the contracting activity or as directed by the

contracting officer. Unless otherwise indicated, the issue
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in effect on date of invitation for bids or request for

proposal shall apply.)

6.2.2.1 The data requirements of 6.2.2 and any task in

section 3, 4, or 5 of the specification required to be

performed to meet a data requirement may be waived by the

contracting/acquisition activity upon certification by the

offeror that identical data were submitted by the offeror and

accepted by the Government under a previous contract for

identical item acquired to this specification. This does not

apply to specific data which may be required for each

contract regardless of whether an identical item has been

supplied previously (for example, test reports).

6.3 With respect to products requiring qualification,

awards will be made only for products which are at the time

set for opening of bids, qualified for inclusion in the

applicable Qualified Products List QPL XXXX whether or not

such products have actually been so listed by that date. The

attention of the contractors is called to these requirements,

and manufacturers are urged to arrange to have the products

that they propose to offer to the Federal Government tested

for qualification in order that they may be eligible to be

awarded contracts or orders for the products covered by this

specification. The activity responsible for the Qualified

Products List is AFESC Tyndall AFB, Air Force Engineerinn

Services Command, Fire Technology Branch, Tyndall Air Force

206



MIL-V-XXXX

Base, FL, 32403, and information pertaining to qualification

of products may be obtained from that activity. Application

for Qualification tests shall be made in accordance with

"Provisions Governing Qualification SD-6" (see 6.3.1).

6.3.1 Copies of "Provisions Government Qualification

SD-6" may be obtained upon application to Commanding Officer,

Naval Publications and Forms Center, 5801 Tabor Avenue,

Philadelphia, PA 19120.

6.4 Sub-contracced material and parts. The packaging

requirements of referenced documents listed in section 2 do

not apply when material is acquired by the contractor for

incorporation into the concentrate and lose separate identity

when the concentrate is shipped.

Custodians Preparing Activities
Air Force - 19 Air Force - 50

Review Activities (Project 6850-F828)
Air Force - 68
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THIS END UP

U.S.

HYPERGOLIC PROPELLANT FOAMS LIQUID CONCENTRATE

In accordance with

MILITARY SPECIFICATION MIL-V

TYPE F7 - FUEL FOAM GELLING AGENT

THIS VAPOR SUPPRESSING/FIRE EXTINGUISHING CONCENTRATE IS

FOR USE BY DILUTION WITH WATER IN FIXED OR MOBILE

SYSTEMS. IT MUST BE USED IN COMBINATION WITH THE TYPE F2

SURFACTANT. THE CONCENTRATE MAY BE DILUTED FOR USE IN

FLOW PROPORTIONING EQUIPMENT WITH FRESH WATER AT VOLUME

PROPORTIONS OF ONE GALLON EACH OF THE Fl AND F2

CONCENTRATES TO 8 GALLONS WATER.

FOR READY USE DO NOT STORE BELOW 32 0 F. AVOID PROLONGED

STORAGE ABOVE 120 0 F. DO NOT MIX WITH OTHER THAN TYPE F2

LIQUID CONCENTRATE iN ACCORDANCE WITH MIT,-V- AND

WATER.

MANUFACTURER'S NAME
ADDRESS
BATCH NO.
DATE OF MANUFACTURE

FIGURE 1. Type Fl container markings.
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THIS END UP

U.S.

HYPERGOLIC PROPELLANT FOAMS LIQUID CONCENTRATE

In accordance with

MILITARY SPECIFICATION MIL-V-

TYPE F2 - FUEL FOAM SURFACTANT

THIS VAPOR SUPPRESSING/FIRE EXTINGUISHING CONCENTRATE IS

FOR USE BY DILUTION WITH WATER IN FIXED OR MOBILE

SYSTEMS. IT MUST BE USED IN COMBINATION WITH THE TYPE -l

GELLING AGENT. THE CONCENTRATE MAY BE DILUTED FOR USE IN

FLOW PROPORTIONING EQUIPMENT WITH FRESH WATER AT VOLUMF

PROPORTIONS OF ONE GALiON EACH OF TIlE Fl AND) F2

CONCENTRATIES TO 8 GAILLONS WATER,

FOR READY USE DO NOT STORE BELOW 3201P', AVOI I) PROLONGED

STORAGE ABOVE 1200F. DO NOT MIX WITH OTHE'R THAN TYPE Fl

LIQUID CONCENTRATE IN ACCORDANCE WITH MIL-V- AND

WATER.

MANUFACTURER'S NAME
ADDRESS
BATCH NO.
DATE OF MANUFACTURE

FIGURE 2. Type F2 container markings.
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THIS END UP

U.S.

HYPERGOLIC PROPELLANT FOAMS LIQUID CONCENTRATE

In accordance with

MILITARY SPECIFICATION MIL-V-

TYPE 01 - OXIDIZER FOAM GELLING AGENT

THIS VAPOR SUPPRESSING/FIRE EXTINGUISHING CONCENTRATE IS

FOR USE BY DILUTION WITH WATER IN FIXED OR MOBILE

SYSTEMS. IT MUST BE USED IN COMBINATION WITH THE TYPE 02

SURFACTANT. THE CONCENTRATE MAY BE DILUTED FOR USE IN

FLOW PROPORTIONING EQUIPMENT WITH FRESH WATER AT VOLUME

PROPORTIONS OF ONE GALLON EACH OF Tlih: 01 AND 02

CONCENTRATES TO 8 GALLONS WATER.

FOR READY USE DO NOT STORE BELOW 32 0 F. AVOID PROLONGED

STORAGE ABOVE 120'OF. DO NOT MIX WITH OTHER THAN TYPE 02

LIQUID CONCENTRATE IN ACCORDANCE WITH MIL-V- AND

WATER.

MANUFACTURER'S NAME
ADDRESS
BATCH NO.
DATE OF MANUFACTURE

FIGURE 3. Type 01 container markings.
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THIS END UP

U.S.

HYPERGOLIC PROPELLANT FOAMS LIQUID CONCENTRATE

In accordance with

MILITARY SPECIFICATION MIL-V-

TYPE 02 - OXIDIZER FOAM SURFACTANT

THIS FIRE VAPOR SUPPRESSING/EXTINGUISHING CONCENTRATE IS

FOR USE BY DILUTION WITH WATER IN FIXED OR MOBILE

SYSTEMS. IT MUST BE USED IN COMBINATION WITH THE TYPE 01

GELLING AGENT. THE CONCENTRATE MAY BE DILUTED FOR USE IN

FLOW PROPORTIONING EQUIPMENT WITH FRESH WATER AT VOILUME

PROPORTIONS OF ONE GALLON EACH OF THE 01 AND 02

CONCENTRATES TO 8 GALLONS WATER.

FOR READY USE DO NOT STORE BELOW 32*F. AVOID PROLONGED

STORAGE ABoVE 120".F. DO NOT MIX WITH OTHER THAN TYPE 01

LIQUID CONCENTRATE IN ACCORDANCE WITH MIL-V- AND

WATER.

MANUFACTURER 'S NAME
ADI)RESS
BATCH NO.
DATE OF MANUFACTURE

FIGURE 4. Type 02 container markings
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A-50 - Aerozine 50

A 50-50 blend by weight of unsymmetrical dimethyihydrazine and

hydrazine.

Acidulation

Made acid or sour.

Acrylic-modified surfactant foam

Foam compound of appropriate acrylic gelling agents, alpha olefin

sulfanate surfactants, and other appropriate additives developed for

vapor suppression of hypergolic propellants.

AFFF

Aqueous Film-Forming Foam.

AH

Anhydrous hydrazine.

ARC - Alcohol-Resistant Concentrate

Foam concentrate for use on polar solvent fires.

Carboxyvinyl polymers

Organic-acid modified polymer used in foams.

Class A fires

Wood/paper products fires.

Cryogenic traps

Low temperature trapping apparatus.

Dry ice

Solid carbon dioxide, below -78.5 °C.

Foam Generator

A device which combines and aerates the foam constituents (water,

surfactant, etc.) and delivers the expanded foam product.

Fuel

The hydrazine-based compound oxidized in the hypergolic mixture. The

fuel may be hydrazine, tMH, UDMH, or A.-50.

Heptane

Standard hydrocarbon fuel, C 7Hb.

High-expansion foam

Foam which occupies a volume greater than 100 times larger than

commodities (water, surfactant, etc.) used to generate the foam.

High-volume generator

A foam generator which produces in excess of 2000 ft 3/min of high-

expansion foam or greater than 75 gallons per minute of low-expansion

foam. 216



Hydrazi ne

A colorless, corrosive, liquid base used as a jet and rocket fuel.

Hygroscopic

Attracting or absorbing moisture from the air, changed or altered by

the absorption of moisture.

Hypergol i cs

Igniting spontaneously when mixed together, as rocket fuel and oxidizer

combinations.

Low-expansion foam

Foam which occupies a volume less than 100 times that of the

commodities (water, surfactant, etc.) from which it is generated.

Low-vol ume generator

A foam generator capable of generating less than 750 cubic feet per

minute of high-expansion foam or less than 25 gallons per minute of low-

expansion foam.

Medi um-vol ume generator

A foam generator capable of generating between 750 and 2000 cubic feet

per minute of high-expansion foam or between 25 to 75 gallons per minute

of low-expansion foam.

MMH
Monomethyl hydrazi ne.

MSA ASE-60

An acid-containing, crosslinked acrylic emulsion copolymer.

MSA ASE-95

An acid-containing, acrylic emulsion copolymer.

MSA Type V foam

A high water retention hydrocarbon surfactant base foam concentrate

suitable for use in both low- and high-expansion foam appliances.

NFPA

National Fire Protection Association.

N204

Nitrogen Tetroxide.

Oxidizer

The nitrogen dioxide (NO2 ) bearing component of the hypergolic mixture

responsible for oxidizing the reaction. Oxidizers include nitrogen

tetroxide (N.04) and red fuming nitric acid (RFNA).
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Oxidizer foam

A foam formulation developed for optimal vapor suppression and foam

persistence over liquid nitrogen dioxide oxidizers.

Pen

A temporary test structure designed to test the flow of high-expansion

foam over a significant distance.

Protei naceous materials

Materials composed of protein (amino acid).

Rohm and Haas AC-33

A latex acrylic product.

SCBA

Self-contained breathing apparatus.

Silicic Acid Gels

Gels precipitated by acidifying sodium silicate solution.

Spill

An unplanned release of propellant liquid or vapor.

Surfactants

A surface-active agent.

TGO

Thermal Gas Device.

3M ACT polar solvent agent

Foam concentrate produced by 3M company for use on polar solvent fires.

Toxic Hazard Corridor

The area surrounding a spill in which the vapor concentration of

propellant is at or exceeds the limits which have been determined as

toxic.

UDMH

Unsymmetrical dimethyl hydrazine.

UL

Underwri ters Laboratories.

Wet ice

Solid water, 00 C.

Wind variability

An index of the lateral diffusion of a toxic chemical in the

atmosphere.
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