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1. INTRODUCTION

Many flammable items are carried aboard ground combat vehicles. Ome
type of flammable of concern is liquid hydrocarbons. Two of the largest,
by volume, normally carried on vehicles are diesel fuel and hydraulic
fluid. A fire initially involving either of these may lead to destruction
of the vehicle and injury to crew members. In order to assure protection
to both vehicle and crew, it is necessary to extinguish fires initiated by
ballistic attack in the sub-second timeframe. One possible method of
achieving this rapid extinguishment is by the use of powder packs. These
are containers of fire extinguishing powder which could be used to surround
the fuel cells and hydraulic reservoirs of vehicles.

The concept of protecting fuel cells with panels of fire extinguishing

powder originated with aircraft.l The U.S. Army currently has plans to
equip helicopters with powder containing panels to prevent combat induced
fuel fires. Panels containing less than 2 mm thickness of powder will be
attached to the exterior portions of the fuel cells to prevent fires when
the cells are struck by small exploding projectiles. A projectile must
first strike the panel before getting to the fuel cell. It has been demon-
strated in aircraft tests that the powder will quench the initial fire.
When the round functions, fuel and fire extinquishing powder are released
to interact with the fireball from the explosive. The initial fuel fire is
quenched. As long as there is no sustained ignition source there will be
no reignition and no fuel fire, even though there may be a large fuel
spill.

Our purpose is to investigate the possibility of applying this new
technology of powder packs to the prevention of hydrocarbon fires in Army
ground vehicles. The vehicle which was simulated for testing the concept
was the Field Artillery Ammunition Support Vehicle (FAASV). This vehicle
carries large quantities of ammunition to resupply artillery units. The
ammunition represents a very large percentage of the presented area of the
crew compartment in this vehicle. It is assumed that a hit on the ammuni-
tion will lead to destruction of the vehicle since no ammunition fire/
explosion countermeasures are present. There is a relatively small prob-
ability of a penetration which involves the crew volume and hydrocarbon
fluids but not any ammunition. The BRL weighted estimate for the prob-
ability of a hydrocarbon fire (but no ammunition involvement) in the crew

volume, given a penetration, is approximately 62.2 Therefore, there is not
a large hydrocarbon fire threat in this vehicle. However, even this small
fire probability cannot be ignored. Fire protection must be provided for
the crew and vehicle.

For our work, a shaped-charge device containing approximately 700
grams of high explosive material was taken as a threat comparable to that
of a shoulder fired rocket which would be employed in a battlezone. This
device contains much more explosive than do the small exploding rounds that
the powder containing panels were designed to protect against. In addi-
tion, the jet formed by the shaped-charge device represents a very differ-
ent kind of threat than does a round which carries just explosive. There-
fore, we could not assume that the technology developed for aircraft could

.
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be easily applied to the FAASV. The powder pack concept had to be estab-
lished as a viable method of fire protection in a ground vehicle. There-
fore, experiments were conducted using a test setup with important features
similar to those found in the FAASV to demonstrate the possibility of
quenching hydrocarbon fires caused by shaped-charge attack on both fuel and
hydraulic fluid. The current U.S. Army requirement is that fuel fires due
to weapon attack be extinguished in crew occupied compartments within 250
milleseconds after attack. This rapid quenching of fuel fireballs should
protect crewmembers from burn injuries.

2. EXPERIMENTAL

2.1 Materials. The initial concern was with a choice of a fire
extinguishing powder. We decided to use only conventional fire extinguish-
ing powders commonly accepted as non-toxic. This would minimize any possi-
ble objections relating to exposure of crew members to the powder. Two
widely used and effective fire extinguishing powders are potassium bicarbo-

nate and Monnex®.* The former is also a general purpose food additive as

well as being a recognized antacid. Monnex® is a fire extinguishing powder
made from potassium bicarbonate and urea. It is sold by ICI of America.
Both of these fire extinguishing powders have been used successfully in our
work .

For initial tests, fire estinguishing powder was simply placed
into plastic bags inside a wooden framework. The plastic bags were held in
place by wire screening. The frames were then taped to the fuel contain-
ers.

In later tests potassium bicarbonate powder was poured into the
void spaces of aluminum honeycomb material. The honeycomb was chosen as a
method of preventing the powder from settling to the bottoms of vertical
packs. The packs were taped to the sides of hydraulic reservoir setups.
The honeycomb used ranged from 3 mm to 25.4 mm thick. Aluminum was chosen
since it was readily available, but a non-burning material (such as Kevlar)
would be preferable.

Aluminum foil has been used to cover all sides of the honeycomb
powder packs. Appropriate pieces of tape have been used to seal the
aluminum foil around the powder filled honeycomb. Schematics of the powder
packs are given in Figure 1.

The fuel of interest is hot diesel fuel. In our tests, cold (room

temperature) gasoline was used to simulate hot (77°C) diesel fuel. Tests
at the Ballistic Research Laboratory have shown that hot diesel fuel is as

flammable as cold gasoline.3 Post test clean—up is much easier if gasoline
is used in place of diesel fuel. The gasoline we used was conventional
unleaded gasoline of the type used in government administrative vehicles.

*Monnex is a registered trademark of the ICI Corporation. It is a carbamic
powder formulated from the reaction product of potassium bicarbonate and

urea.

.
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POWDER PACK A

=

= o=

WOODEN FRAME

SCREENING ATTACHED
TO WOOD - BOTH SIDES

POWDER PACK B

PLASTIC CONTAINER
OF POWDER INSIDE FRAME

ALUMINUM HONEYCOMB FILLED WITH
POWDER AND COVERED TOP, BOTTOM

AND SIDES WITH ALUMINUM FOIL

Figure 1. Schematics of Powder Packs




Two types of hydraulic fluid were used in these tests. The first was
a fire resistant hydraulic (FRH) fluid which has a flash point of about

220%. 1t meets a Mil Spec 46170. This material will not pool burn (a

spill does not burn), but it will burn as a apray.4 The second type of
hydraulic fluid which we used meets a Mil Spec 6083. It has a minimum

o
flash point of 93 C. When hot, it will pool burn (a spill can burn). It
will also readily burn as a spray.

BRL precision shaped-charges (81 mm cone diameter) were taken as

realistic threats to the vehicle. These shaped-charges consist of a 42°
copper cone surrounded by 681 grams of Composition B explosive. A booster
and detonator are employed to activate the devices. In our experiments,
the bare version of the shaped charge was used. There were no aluminum
housings around the explosive. 1In all our tests, the shaped-charges were
set at two cone diameters from the conditioning armor (25.4 mm thick alumi-
num). At this stand-off the penetration of the copper jet is approxi-
mately 400 mm into rolled homogeneous armor (steel).

2.2 Setups.

The fuel system of interest consists of a 25.4 mm thick aluminum
armor plate protecting a fiberglass fuel cell which contains hot diesel
fuel. A very interesting point is that the fuel cell is not actually in
the crew compartment of the vehicle we are simulating. The cell is backed
up by a 6 mm thick aluminum plate which is the actual wall of the crew com—
partment. We are interested in preventing (or quickly extinguishing) any
fuel fire in the crew compartment, which is on the far side of the 6 mm
thick plate. Therefore, given a ballistic attack, only the fuel spray

which comes through any perforations in this plate can reach the crew
compartment.

To simulate this geometry we used a heavy-walled five gallon (19
liter) drum made of polyethylene. A 25.4 mm thick aluminum plate was
placed on the top flat side of the drum. A 6 mm thick aluminum plate was
placed on the bottom flat side of the drum. A wooden frame containing a
plastic bag with a 25.4 mm thickness of fire extinguishing powder was taped
to the thin aluminum plate. After a gap of 736 mm, a 25.4 mm aluminum
plate was positioned so that it was in line with the center of the polyeth-
ylene fuel container. This last aluminum plate served as a splash surface
for the shaped-charge jet which was employed for ballistic attack. The
burning aluminum which erodes from the plate as a jet passes through serves
as the primary ignition source for the fuel spray.

For each of our fuel tests, a BRL precision shaped-charge device
was placed two cone diameters (162 mm) from the 25.4 mm thick aluminum
plate. When the device was activated, a copper jet passed through the 25.4
mm of aluminum, then through the 19 liter plastic container of gasoline
then through the 6 mm aluminum plate, then through fire extinguishing
powder. Gasoline spray and fire extinguishing powder followed the direc-
tion of the jet. The jet passed through 737 mm of air and then struck a
final 25.4 mm aluminum plate. A cloud of burning aluminum particles was
released and served as an ignition source for the gasoline spray. We were

4
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concerned with the measurement of the timespan during which the gasoline
spray burned in the 737 mm air gap of our setup. This air gap represents
the interior portions (crew compartment) of the simulated vehicle. Both
standard video and motion-pictures, at 200 frames per second, were recorded
for each test. These were analyzed to provide the duration of the fuel
fire in the simulated interior of the vehicle. No measurements were made
of the fire on the other side of the 6 mm aluminum plate, since this was
outside the simulated crew compartment and no fire protection was provided
for this portion of the experimental setup. A schematic of the experi-
mental setup is provided in Figure 2.

The hydraulic fluid reservoirs used in these experiments were
steel units with a nominal capacity of 53 liters. With this volume of
fluid, there is a 51 mm vapor gap (ullage) between the liquid surface and
the top of the reservoir. Four bolts attached the reservoir to a steel
platform inside a 7 cubic meter steel test chamber.

The experimental procedure called for firing shaped-charge jets
through 25.4 mm of conditioning aluminum armor into the reservoirs of hot
hydraulic fluid. From past experience with fuel fires, it was realized
that if the amount of fluid spray could be held to a minimum, there would
be less chance of a sustained fire than if there were a large fluid spray
and a rapid loss of fluid from the reservoirs. Therefore, the decision was
made to reinforce the reservoirs to minimize the amount of spray which
would follow the jets from the reservoirs.

In most cases, a 6 mm thick, four-sided mild steel box was placed
around the reservoirs. It was felt that the reservoirs required no rein-
forcement .on the bottoms, since they rested on a steel shelf. The tops of
the reservoirs would not require reinforcement if sufficient ullage were
available between the top of the liquid and the top of the reservoir. Past
experience indicated that at least 100 mm of ullage would be required to
prevent failure of the tops of the reservoirs. This amount of ullage was
used for all hydraulic fluid tests. The capacity of the reservoirs was
reduced to 48 liters since we left more ullage than the manufacturer had
anticipated. The steel boxes were made oversized so that sheets of energy
absorbing rubber from 6 to 13 mm thick could be inserted on all four sides
between the reservoirs and the boxes. This arrangement served to
strengthen the reservoirs and limit the amount of hydraulic fluid which
could be ejected from the setups as a spray. Powder packs were attached to
the steel boxes (or, if no boxes were used, to the reservoirs themselves)
on both the jet entrance and jet exit sides.

A 6 mm diameter steel rope was used to tie down the reservoirs to
the test chamber wall for our initial tests. This was to ensure that the
reservoirs remained in place after attack by shaped-charge jets. For the
last three tests, no rope was used and the reservoirs stayed in place.

Twenty-five millimeter aluminum armor plates were placed 1618 mm .
beyond the reservoirs in the paths of the jets. The burning aluminum
eroded from the plates served as ignition sources for the hydraulic fluid
spray. A schematic of this setup is given in Figure 3.
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Motion pictures (200 frames per second) and a conventional video
recorder (30 frames per second) were used to record the events. These
records were analyzed to determine the maximum time of burning of the
hydraulic fluid spray.

3. RESULTS

3.1 Simulated Fuel System. Three experiments were conducted to
establish the applicability of the powder pack concept in extinguishing
fuel fires. Two different fire extinguishing powders were used in addition
to a base line test in which no attempt was made to extinguish the fire.
Table 1 presents the results of these experiments which used the setup
presented in Figure 2.

Both Monnex® and potassium bicarbonate powders were shown to be
useful in quenching the fuel fires. Both powders were capable of reducing
the final burn time by about one-half, compared to an identical test setup
with no fire extinguishing powder. It is interesting that the intensity of
the aluminum burn was strongly attenuated in the presence of the powder.
The powder was not visible in the records (video and motion picture film)
until about 1 second after firing the shaped-charge device. The cloud of
aluminum typically burns out in 100 milliseconds or less. This argues
against a simple obscuration of the light from the burning aluminum. It is
possible that the particles of aluminum became coated by the powders and
burned poorly. If this is true, the cloud of burning aluminum would become
a poor ignition source in the presence of the powders.

3.2 Hydraulic Reservoirs. For the initial test with powder packs on
the hydraulic reservoir, we chose conditions most likely to bring a suc-
cess. We reasoned that if fire could not be quenched in 250 milliseconods
under very favorable conditions, it would be a strong indication that pow-
der packs would not be a suitable way of preventing fire when a shaped-
charge jet attacks a hydraulic fluid reservoir. Therefore, FRH fluid at

77°C was used in place of 6083 fluid. The reservoir was reinforced by
addition of a 6 mm steel box and energy absorbing rubber. Two 25.4 mm
thick powder packs of potassium bicarbonate were used. The first was at
the jet entrance side of the reservoir, and the second was at the jet exit
side.

Video records indicated that the fire, due to hydraulic fluid
spray, was quenched in about 167 milliseconds. There was a very large and
persistant cloud of powder. The cloud obscured vision on the motion pic-
ture film right from the start of the event. It appeared that more powder
was released more quickly than in the fuel tests. This may be due to the
use of powder packs at both the jet entrance and exit sides for the hydrau-
lic fluid tests. In the fuel tests, only exit side powder packs had been
used. Fortunately, the interior of the chamber was visible on the video
records. This may be due to the different angle of the cameras. The
powder packs performed well in extinguishing fire for the first case.

For the second experiment, we looked for conditions which would
be favorable in causing a fire which would last over 250 milliseconds.

Conventional hydraulic fluid (6083) was used at 77°C. The steel rein-
forcing box was used, along with the energy absorbing rubber. Powder packs
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only 3 mm thick were used at both the jet entrance and exit sides, on the
outside of the steel reinforcing box. These very thin packs of potassium
bicarbonate were capable of extinguishing the hydraulic fluid fire in 233
milliseconds from the video records. Even in this case, there was a cloud

of powder released so quickly that it obscured the view on the motion
picture film.

The third experiment was designed to establish the importance of
the powder packs themselves. Since there was only a limited amount of
spray from the setup (due to the small holes in the reinforcing boxes) we
needed to test whether or not the powder packs were even necessary to
achieve a fire out time of 250 milliseconds. Therefore, 6083 hydraulic

fluid at 77oC was used in a reinforced reservoir (6 mm steel box plus rub-
ber). No powder packs were used with this setup. The fire out time, from
video, was 363 milliseconds. This showed that, even with a reinforced
reservoir, the powder packs are required if we are to quench hydraulic
fluid fires in 250 milliseconds or less.

The fourth experiment was intended to show the roll of the rein-
forcing box. Hot 6083 hydraulic fluid was used in a normal reservoir. No
reinforcing box or energy absorbing rubber was used. Two 12.7 mm powder
packs of potassium bicarbonate were used. One was at the jet entrance side
of the reservoir, the other was at the jet exit side. Video records showed
that the fire was not quenched until about 530 milliseconds. This result
indicates that when a large quantity of fluid spray is expelled from the
reservoir, it can overwhelm the powder pack extinguishers. Therefore, it
is necessary to reinforce the reservoir as well as to utilize powder packs.

The data on hole size in the reservoir caused by the shaped-
charge jets are given in Table 2. It can be seen from these data that,
when no reinforcement is used, the reservoir suffers more damage. What is
probably even more important is that the jet holes in the reinforcing boxes
were only about 6 mm in diameter. This is probably the most important
thing in limiting the amount of fluid which sprays out of the setup.

In one test, the reservoir was filled with a solid reticulated
foam material.* Neither a reinforcing box nor energy absorbing rubber was
used, although 12.7 mm thick powder packs were employed. Yet the fire was
time of 55 ms was the shortest of any measured in this series of tests. A
possible explanation is that the reticulated foam may have impeded the
rapid flow of fluid towards the holes in the reservoir, limiting the amount
of fluid spray. A reduction in the amount of spray would be very important
in reducing the duration of the fire.

As mentioned in the section on experimental setups, a 100 mm
ullage space was left in the reservoirs. Slight bulges were observed in
the tops of 2 of the reservoirs after tests. This is interpreted as mean-
ing that 100 mm ullage is the minimum required with this level of attack.
A larger ullage would probably be required if a higher level of attack
(larger shaped charge) is used to attack a reservoir.

¥Reticulated foam is flexible polyurethane foam produced by the Scott
Paper Company.
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Data on fire out time and time to regain visibility through the
powder are given in Table 3. It is interesting that even when no powder
packs were used several seconds of visibility were lost just because of the
general conditions that prevail when a shaped-charge jet attacks the
reservoir in a chamber.

It was thought useful to compare the amount of potassium bicar-
bonate ejected into the chamber to quench the fire to the amount of other
fire extinguishing agents which would be required to quench flames. These
data are given in Table 4. It is very interesting to see that although
Halon 1301 is considered to be an extremely efficient extinguishing agent,
considerably more Halon 1301 is required to quench fires than some of the
more efficient powder extinguishing agents. It is noteworthy that very
little powder is ejected from the 3 mm thick packs. There simply is not
enough powder to render the entire volume of the test chamber non-
flammable. In all probability, the reason the powder performs so well is
that it is ejected along the path of the shaped-charge jet, along with the
fluid spray. The powder is concentrated where it is needed, right with the
spray.

4. DISCUSSION

Our tests indicate that under the right conditions, it is possible to
extinguish fires from hydrocarbon sprays in 250 milliseconds or less. It
appears necessary (or at least very desirable) to limit the amount of fluid
which sprays out of the holes caused by the passage of a shaped-charge jet
through the reservoir. The simple powder packs rely on the energy from the
jet to break the packs open and eject the powder. If the damage to the
fluid container is so great that a large amount of spray is involved, then
it might be necessary to modify the powder packs to actively eject the
powder. However, if a means can be found to limit the amount of spray (by
reinforcement, by use of a filler material, such as reticulated foam, or by
a redesign of the container), then that would be perferred to an active
method of disseminating the powder. As more data become available, the
advantages of the various approaches should become clearer.

The loss of visibility in the test chamber is of some concern. The
use of powder packs in a vehicle could result in a similar loss of visibil-
ity and confusion to crew members if the vehicle is struck in combat. How-
ever, the present automatic fire suppression systems which use Halon 1301
also cause a similar loss of visibility due to formation of smoke or

fog when the agent quenches the f:lre.5 With either Halon 1301 or powder
packs it would be desirable to have the ventilation system remove the agent
from the vehicle as quickly as possible.

A point which has not been addressed is the compatibility of Halon
1301 with powder packs in the same vehicle. If powder packs should be used
to increase the capability of a Halon 1301 system in an existing vehicle,
it is quite possible that both systems could function at the same time.
While we do not think that there would be any new problems associated with
the simultaneous use of both systems, this situation should be addressed.
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Table 4. Amount of Agent Required to Quench Fire

Agent Concentration

Halon 1301 (5% in air) 333 mg/liter
Monnex®" 70 mg/liter

xuco3B 75 mg/liter

NaHCO3C 100 mg/liter

Two 25.4 mm thick potassium bicarbonate 70 mg/liter

powder packs in 7 cubic meter chamber

Two 3 mm thick potassium bicarbonate 11.4 mg/liter
powder packs in 7 cubic meter chamber

AInformation obtained from Kent Ewing of Naval Research Labaoratory
BPotassium bicarbonate

Sodium bicarbonate
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It is even possible that, since potassium bicarbonate, the material of
choice for our powder packs, is basic, it could neutralize the acid pro-
ducts produced by the interaction of Halon 1301 with flames. This would
make Halon 1301 even more useful in crew compartments. However, this
neutralization must be demonstrated.

15



L/ V<



LIST OF REFERENCES

Pedriani, Charles M., "Powder-Filled Structural Panels for Helicopter
Fire Protection,” Army Research, Development and Acquisition Magazine,
May-June 1981.

Tannenbaum, Paul J., Vulnerability/Lethality Division, Ballistic
Research Laboratory, Private Communication.

Finnerty, Anthony E. and Shuckler, Howard J., "Ignition of Military
Fuels by Hot Particles,” BRL Memorandum Report No. 2442, March 1975.

Finnerty, Anthony E., Meissner, Richard R., and Copland, Allister,
"Fragment Attack on Ground Vehicle Hydraulic Lines,” BRL Technical

Report No. 2661, July 1985.

NASA Document No. TR-411-002, August 1985. "Test Report, Halon 1301
Fire Extinguishment Toxicity Program,” Volumes I-III.

17






.
.

DISTRIBUTION LIST

Organization

Administrator

Defense Technical Info Center
ATTN: DTIC-FDAC

Cameron Station, Bldg 5
Alexandria, VA 22304-6145

0SD, OUSDRE (T&E)

ATTN: James F. O'Bryon
Pentagon, 3D116
Washington, DC 20301-3110

HQDA (DAMA-ART-M)
WASH DC 20310

Chairman o

DOD Explosives Safety Board
_ATTN: COL Powell 7
CHoffman Bldg—1; Room 856-C

2461 Eisenhower Avenue

Alexandria, VA 22331

Commander
US Army Materiel Command
ATTN: AMCDRA-ST

AMCDE-SG (DiGiandominico)
5001 Eisenhower Avenue
Alexandria, VA 22333-0001

Commander

USA Laboratory Command

ATTN: AMSLC-AS-SE (R. Oden)
2800 Powder Mill Road
Adelphi, MD 20783-1145

Commander

US Army Armament, Munitions
and Chemical Command

ATTN: AMSMC-IMP-L

Rock Island, IL 61299-7300

Commander
USA Armament Research
Development & Engineering Ctr
ATTN: SMCAR-LCE (Dr. N. Slagg)
SMCAR-MSI
SMCAR-TDC
Dover, NJ 07801-5001

No.
of

Cys Organization

1

Director

Benet Weapons Laboratory
ATTN: SMCAR-CCB-TL
Watervliet, NY 12189-4050

Commander

USA Aviation Systems Command
ATTN: AMSAV-ES

4300 Goodfellow Boulevard
St. Louis, MO 63120-1798

Director

USA Aviation Research &
Technology Activity

Ames Research Center

Moffett Field, CA 94035-1099

Commander
USA Fuels and Lubricants
Laboratory
ATTN: STRBE-VF (F.W. Schaekel)
STRBE-VF (M. LePera)
Fort Belvoir, VA 22060

Commander
USA Communications Electronics
Command
ATTN: AMSEL-ED
AMSEL-IM-L (RptSec,B2700)
Fort Monmouth, NJ 07703-5000

Commander
US Army Missile Command
ATTN: AMSMI-RD
AMSME-RK (Dr. Rhoades)
Redstone Arsenal, AL 35898

Commander

Ballistic Missile Defense
Advanced Technology Center

ATTN: Dr. David C. Sayles

P.0. Box 1500

Huntsville, AL 35807




No.

of

DISTRIBUTION LIST

Cys Organization

1

Director

Missile & Space Intelligence
Center

ATTN: AIAMS-YDL

Redstone Arsenal, AL 35898-5500

Commander
USA Tank Automotive Command
ATTN: AMSTA-TSL
AMSTA-RSS (J. Thompson)
AMCPM-LCV-TS (Swarthout/
(Waldrop)
AMSTA-RRT (C. Beaudette)
AMCPM-LCV-Z (R. Crow)
Warren, MI 48397-5000
Commander
USA Development & Employment
Agency
ATTN: MODE-ORO
Fort Lewis, WA 98433-5000
Commander
USA Research Office
ATTN: Chemistry Division
P.0. Box 12211
Research Triangle Park, NC
27709-2211
Director
USA TRADOC Analysis Center
ATTN: ATOR-TSL
White Sands Missile Range,
NM 88002-5502
Commandant
USA Infantry School
ATTN: ATSH-CD-CS-OR
Fort Benning, GA 31905-5400
Office of Naval Research
ATTN: Code 23 (Dr. Faulstick)
800 N. Quincy Street
Arlington, VA 22217
20

No.
of

Cys Organization

1

Commander

Naval Sea Systems Command
ATTN: SEA 061 (Dr. R. Bowen)
Washington, DC 20362

Commander

Naval Explosive Ordnance
Disposal Technology Center

ATTIN: Code 604 (Tech Library)

Indian Head, MD 20640

Commander

Naval Surface Weapons Center
ATTN: Code G13

Dahlgren, VA 22448-5000

Commander
Naval Surface Weapons Center
ATTN: Code X211 (Lib)
R13 (Bernecker/Forbes)
R10 (S.J. Jacobs)
R10B (Stosz)
R10C (Roslund)
R12 (Short)
Silver Spring, MD 20902-5000

Commander

Naval Weapons Center

ATTN: Code 326 (Dr. Smith)
Code 385 (Dr. Atkins)
Code 388 (Dr. Reed)
Code 3891 (Dr. Graham)

China Lake, CA 93555

Commander

Naval Research Lab
ATTN: Code 6100
Washington, DC 20375

Commander

Naval Weapons Station, NEDED
ATTN: Code 50 (Dr. Rothstein)
Yorktown, VA 23691




)

DISTRIBUTION LIST

No.
of
Cys Organization

1 Commander
Fleet Marine Force, Atlantic
ATTN: G-4 (NSAP)
Norfolk, VA 23511

Commander

Air Force Rocket Propulsion
Laboratory

ATTN: Code AFRPL MKPA (Geisler)

Edwards AFB, CA 93523

Air Force Armament Laboratory

ATTN: AFATL/DOIL (Tech Info
Center)

Eglin AFB, FL 32542-5438

AFWL/SUL
Kirtland AFB, NM 87117

Central Intelligence Agency
OIR/DB/Standard

GE47 HQ

Washington, DC 20505

Director

Lawrence Livermore National
Laboratory

University of California

ATTN: Dr. M. Finger

P.0. Box 808

Livermore, CA 94550

Director

Los Alamos National Laboratory
ATTN: Mr. J. Ramsey

P.0. Box 1663

Los Alamos, NM 87545

No.

of
Cys Organization

1 Sandia National Laboratories
. ATTN: Div 2513 (Dr. Mitchell)
P.0. Box 5800
Albuquerque, NM 87185

Southwest Research Institute
- ATTN: 2Zabel/Jeter/Wright

8500 Culebra Road

San Antonio, TX 78228

Aberdeen Proviggzcround

3  Cdr, CRDEC, ATTN: SMCCR-RSP-A
SMCCR-MU
SMCCR-SPS~-IL
Cdr, USACSTA,
ATTN: STECS-AS-MV (J. Miller)
STECS-AS-MM (B.Thomson/
G. Shimizu)
Cdr, TECOM, ATTN: AMSTE-SI-F
Dir, AMSAA,
ATTN: AMXSY-D
AMXSY-MP (H. Cohen)
AMXSY-CR (M. Carrol/
K. Keller/N. Hagis)




USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the
reports it publishes. Your comments/answers to the items/questions below will
aid us in our efforts.

1. BRL Report Number Date of Report

2. Date Report Received

3. Does this report satisfy a need? (Comment on purpose, related project, or
other area of interest for which the report will be used.)

4. How specifically, is the report being used? (Information source, design
data, procedure, source of ideas, etc.)

5. Has the information in this report led to any quantitative savings as far
as man-hours or dollars saved, operating costs avoided or efficiencies achieved,

etc? If so, please elaborate.

6. General Comments. What do you think should be changed to improve future
reports? (Indicate changes to organization, technical content, format, etc.)

Name
CURRENT Organization
AT Address

City, State, Zip

7. If indicating a Change of Address or Address Correction, please provide the
New or Correct Address in Block 6 above and the 0Old or IncorrectAaddress below.

Name
OLD Organization
ADDRESS

Address

City, State, Zip

(Remove this sheét, fold as indicated, staple or tape closed, and mail,)



—_— — — — — FOLD HERE — — ~—

Director
US Army Ballistic Research Laboratory
ATTN: DRXBR-0D-ST

Aberdeen Proving Ground, MD 21005-5066

OFFICIAL BUSINESS

PENALTY FOR PRIVATE USE, $300 BUSINESS REPLY MAIL

FIRST CLASS PERMIT NO 12062 WASHINGTON,DC

POSTAGE WILL BE PAID BY DEPARTMENT OF THE ARMY

Director

US Army Ballistic Research Laboratory
ATTN: DRXBR-OD-ST

Aberdeen Proving Ground, MD 21005-9989

— — — — — — — —— FOLD HERE

NO POSTAGE
NECESSARY
IF MAILED

IN THE
UNITED STATES










