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SUMMARY OF M6OA I TANK LEAKAGE TESTING

I. INTRODUCTION.

The current Congressional concern to ensure adequate Nuclear/Biological/Chemical
(NBC) protection for arm ored vehicles has resulted in the establishment of an armored vehicle
program managed by Tank Automotive Research and Development Command (TARADCOM).
Much of the central effort is at Chemical Systems Laboratory (CSL). Prior to determining
armored-vehicle NBC vulnerability and recommending appropriate protective measures, a
quantitative data base to include airflow , infiltration, purge, residual hazard and Ml 3A 1 filter
uni t must be generated . One of the first steps is to identify vehicle leakages. Once leak areas are
identified, selective leak reduction measures to minimize NBC infiltration may be desirable. The
objective of airflow (leakage) evaluation is to identify and quantify the magnitude of each leak
area which allows air exchange between the crew compartment and the outside of the armored
vehicle. The purpose of this report is threefold: (1) summarize four sets of M6OA 1 Tank leakage
data which have been aquired from Honeywell, Inc., Aerophysics Co., Chrysler Corporation , and
CSL, (2) review testing methodologies and select one - method for future leakage testing, and
(3) prepare preliminary modifications for major leak areas.

II. TEST PROCEDURES.

CSL supplies air through the commander’s hatch with a centrifugal blower , and
measures the flow rate with a calibrated-axial-vane anemometer immediately before discharge
into the vehicle. The exterior and/or interior of the vehicle is then examined (generally by feel)
to locate sources of air leakage which are then sealed with duct seal or tape. Once all accessible
leaks are sealed, the unaccounted leakage is measured . Every attempt is made to reduce leakage
to zero. Next , each individual leak is unsealed, and the associated leakage measured at several
differential static pressures. Each leakage measurement is then repeated. The leak area is resealed
prior to measuring the next leak area . Honeywell used the CSL method of leakage measurement.

Aerophysics supplies the air through the loader’s hatch using a “code tester” built in
accordance with the Joint Air Moving and Conditioning Association, Inc. — American Society of
Heating, Refrigerating, and Air Conditioning Engineer’s specifications published in April 1975.
The “code tester” has the capability to measure airflow up to 6000 ft3 1mm . The air mover is a
variable speed centrifugal fan , controlled by a variable voltage-variable frequency “varidyne”
electric generator . Initial leak identification is made using an ultrasonic air leak detector. After
all accessible leaks are sealed with duct tape, the unaccounted leakage is measured. Next , each

• leak is unsealed and the associated leakage measured at several differential static pressures.

• Chrysler Corporation supplies air through the vehicle ventilation blower inlet with a
2000-ft 3 1mm blower. The airflow is measured using a micromanometer while the crew -
compartment pressure is measured by an inclined-vertical manometer. To aid in leak source
identification , an orange smoke flare is placed in the vehicle. Leaks are sealed using duct seal and
tape. Beginning with the lowest leakage source, each leak is unsealed and the airflow rate is
measured at several differential static pressures.

- ~~~~~~~~—- -.~~~~~-~~~ • -- -~~
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ILL . LEAKAGE DATA RESULTS.

The data from the four sources are summarized in the table. CSL and Aerophysics
conducted their tests on the same M6OA 1 vehicles. The Chrysler and Honeywell data are from

- 

- 

other M6OA I tanks. The CSL and Honeywell data are projected using a regression analysis.

LV. DISCUSSION OF RESULTS.

Individual leakage points are reported and are compared where applicable. All data
are reported in standard cubIc feet per minute at 1.5-inch water gage static pressure.

1. Total Vehicle Leakage.

Aerophysics CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO SN2967
1028 1000 1347 1461 1613 1242 —

CSL’s figure represents the total vehicle to include vehicle ventilation blower (no
leaks sealed ) with a round chambered . Aerophysics sealed the vehicle ventilation blower inlet ,
where Chrysler supplied air through the vehicle ventilation blower inlet. Tanks tested by
Aerophysics, Chrysler, and Honeywell had various components (i.e., 7.62-mm coax machine gun,
50-caliber gun , range finders) missing when the vehicles were leak-tested. The vehicle ventilation
blower is considered to be an air source, not a leak point and shoul d be excluded from total
leakage value. If the above corrections are made (appendix B), the comparative values are as
follows:

Aerophysics CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
947 971 871 995 1361 1058 —

2. Ejection Port, 50-Caliber.

Aerophysics CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
491 431 469 457 324 443 779

3. Turret Ventilation Blower

Aerophysics Chrysler Honeywell

— 5N8753 SN8946 — SN296 7
476 466 662
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The 50-caliber ejection port and the turret ventilation blower are the largest leakage
areas.

4. Main Gun Leakage, Breech Closed.

Aerophysics CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO SN2967
369 372 374 368 — — —

TRADOC states that a round will normally be chambered when enem y contact is
anticipated . Therefore , this leak area is not considered signifIcant.

5. Port, 7.62-mm Maclime Gun.

Aerophysics CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO —

143 144 83 94 136 123

Aerophysics and Chrysler were measuring the port without a machine gun. CSL
measured the leak with a demilitarized machine gun installed . The data indicate that on the
average the leakage decreases by 37% when a gun is installed.

6. Range Finders (Both).

Aerophysics CSL Chrysler Honeywell

SN8753 SN8496 SN8753 SN8946 SN4285 SN8050 SN2967
146 145 138 143 138 130 326

Good agreement is obtained among Aerophysics, CSL, and Chrysler. Honeywell’s
measurement was without the range finders installed. The leakage through this port is 130%
higher than with the range finders installed.

7. Cupola Race.

Aerophysics CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO SN2967
— — 78 63 125 26 73

Data show vehicle-to-vehicle variation. The average of all values is 73 ft3 1mm .
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L 8. Access Cover. SO-Calibef Machine Gun.

Aerophysics CS!. Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO SN2967
— — 71 93 — — —

9. Unaccounted for Leakage.

Aerophysics CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO SN296 7
51 45 23 23 170 108 —

This baseline leakage value depends on the effort made to identif y individual leaks .

10. Driver’s Vision Block Cover.

Aerophysics CSL Chry sler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN296 7
43 0 — — 46 17 65

I f  vision block was installed , the leakage is zero as indicated by SN8946 , above.

L I .  Gunner’s Sight.

Aerophysics CS!. Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO SN2967

t 7 7 6 12 — — —

12. Personnel Heater Outlet.

Aerophysics CS!. Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO SN2967
15 12 18 17 17 17 —

13. Main Turret Race.

Aerospace CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN296 7
— — 15 11 99 — 3

I I
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Aerophysics measured the leakage with the turret ring seal inflated and determ ined
that leakage is essentially zero.

14. Commander’s Hatch .

Aerophysics CS!. Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN4285 SN8050 SN2967
— 29 — — -- - 65

The difference between the two hatches could be due to the gasket or metal
warpage.

15. Hull Drains.

Aerophysics CSL Cluysler Hone~ywe1l

SN8753 SN8946 SN8753 SN8946 SN4285 SN8OSO SN296 7
27 0 — — — —

The hull drains have no measurable leakage when closed.

16. Main Gun Intersection.

Aerophysics CSL Chrysler Honeywell

SN8753 SN8946 SN8753 SN8946 SN428S SN8050 SN296 7
— 250 — — 40 — -

• The band sealing the mantlet to the main gun tube was loose on SN8946 when
received . This was due to firing the main gun. The mantlet on SN4285 and SN2967 was
deteriorated from age and cound not hold air . A plastic covering was placed over the mant let.

V. LEAK REDUCTION MEASURES.

Proposed leakage reduction modifications were suggested by Donaldson Corp..
Aerophysics, and CSL (after review of Chrysler leakage data). Definitive suggestions were
presented by Donaldson Corp. encompassing those of Aerophysics and CSL. Therefore, only
Donaldson ’s Corp. suggestions are presented :

I . For the S0.caliber ej ection port , use a spring-loaded door covering the opening
which would open after a given weight buildup and dump the brass.

2. The range finders generally leak through the pivot mechanIsm. Scaling washers
could form an effective seal where the mechanism passes through the inside turret wall. 
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3. Felt gasketing around the edges of the 50-caliber access cover would reduce
leakage and eliminate modification to the mantlet.

4. The cupola race may be more involved to reduce leakage; however , a grease
seal or a felt or “bristle pad ” seal could be used.

5. For the 7.62-mm machine gun port , an asbestos or silicone plug could be fit
to seal the gap between the barrel extension and the port.

6. The gunner ’s sight is a small leak, but sealing should be easily accomplished
with washers or gaskets between the sigh t and the turret.

7. The main gun-to-mantlet seal has been found to work loose when the gun is
fired. A longer sealing neck with a molded lip and a wider band would help prevent this. The
mantlet has also been found to deteriorate with age. Periodic nspections should be made and
the mantlet replaced as required .

VI. CONCLUSIONS.

1. CSL, Chrysler , Aerophysics and Hon eywell have sim ilar approach es to leakage
measurement.

2. M6OA I leakage data indicate the possibility for leak reduction. Modifications
to the 50-caliber ejection port , range finder , 7.62-mm coaxial gun port , cupola race. 50-caliber
access cover, gunner ’s sight and main gun-to-mantlet seal appear feasible.

3. A single method for future leakage testing can be established by a
combination of CSL and Aerophysics test procedures and equipment.

4. The average leakage value using all data of the M6OA I as received with a
round chambered is 1035 ft 3/min at 1.5-inches water gage. NOTE : Vehicle ventilation blower is
not included in leakage value.

5. CSL and Honeywell data are projected using a regression analysis of actual
measured data.

VII. RECOMMENDATIONS.

I .  The test procedure should be standardized and followed for all vehicle leakage
testing.

2. Standardized test equipment should be procured incorporating features of the
Aerophysics’ code tester, the CSL PR Ill (axial van anemometer) flow measurement device or
other accurate airflow measurment instruments.

3. The seven abov e-mentioned “fixable leak points ” should be examined for
leakage reduction.

13 

--~~~~~ —-~~~~~ 
-



— ~~~n--~~-r -~~wr—-~~---—r-’—---, _______________________

- -  -~ - 

_ 
--

SELECTED REFERENCES

1. Letter #19718 , 26 September 1977 , Warren Defense Division, Chrysler
‘1 Corporat ion, Subject: Mr Particulate Test .

-

- 2. Letter #19734, 29 September 1977 , Warren Defense Division, Chrysler
— . Corporation , Subject: Air Partl clate Test.

3. Krlsko, W. 3., and Cainplin, H. R. Donaldson Co., Inc. Final Report. Contract
• DAAKI I-78-C0020. Invest igative Study of Positive Pressure Collective Protection for

Combat/Armored VehIcles. August 1978.

4. • Jack son, W. P., Foshag, W. F., and Boehler , G. B. Aerophy sics Company.
Contrac t DAAKI1 -7 8-M-0013. Report 78-76-1. Static Air Leakage Assessment on Two
M60 Tanks. 30 July 1978.

5. 1979 Honeywell Inc. Independent Research and Development Brochure .

I

‘5

- —- .- 
~~~~~~~~~~ ~~~~~~~



~. -~~ , -~ • • • - - • - —~~~ • ----— - -~~ -~~~~

APPENDIX A

LEAKAGE DATA TABLES

Table A-i. Chrysler Corporation Leakage Data - Vehicle M6OA 1
(SN4285) -

Leakage point Air leakage at 1.5-inches
static-pressure water gage

ft3/min -

Main gun intersection 40
Driver’s vision block covers - 46
Cupola race 125
Cupola rotor 117
Main gun tube • 119
7.62-mm gun port 136
R.angefinder ports 138
.50-Cal. gun intersection 226
.50-Cal. ejection port 324
Personnel heater exhaust port 17
Driver’s escape hatch / —
Front drain valve ‘ —

Driver’s JR scope —

Loader’s scope 56
Loader’s hatch —

Commander’s hatch —

Telescope port —

Driver’s hatch —

Turret race 99
Residual leakage 170

Total 1613

NOTES:
1. Turret vent blower port used as pressurization port.
2. Leakage through the turret ring was measured as a separate item because of

the leak-down rate of the ring seal in the test vehicle.
3. Floor access plates required sealing. RTV Sealant was used to seal around

broken bolts.
4. Leakage at the personnel heater exhaust port was zero due to fuel trapped In

the exhaust pipe.
5. The entire gun intersection was covered with plastic and tape for this test

because of the deteriorated condition of the minUet cover.

17 • 
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Table A-2. Chrysler Corporation Leakage Data - Vehicle M6OA I
(SN8OSO)

Leakage point AlT 1eak5~~ at 1.5-inches
static-pressure water gage

ft3/min

Residual leak after sealing tank 108
Driver’s escape hatch / —

Front drain valve —

Main gun intersection —

DrIver’s JR scope —

Loader’s scope —

Loader’s hatch - 17

Turret ring seal -

Commander’s hatch —

Telescope —

Driver’s hatch —

Personnel heater exhaust port 17

Driver’s vision block covers 27
Cupola race 26
Cupola rotor 51
Main gun tube 118
7.62-mm gun intersection 123
RangefInder ports 130
50-mm gun intersection 182
50-mm ejection port 443

Total 1242

NOTE: Turret vent blower port used as pressurization port .
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Table £4. CSL I.nakage Data
(Vehicle M6OAI -SN8753)

Flow rate
Leakage point Static pressure (Inches water gage)

0.5 1.0 1.5 2.0 f 3.0 f 6.0

ft 3 1mm

As received round In breech’ 773 1097 1347 1558 19)2 2714

SO-Cal. ejection port 252 373 469 551 692 1023

Turret ventilation blower 233 366 476 575 749 1177

Main gun breech open 173 254 319 374 470 691

Range finders (both) 73 109 138 163 206 309

Main gun breech closed 67 99 124 146 184 272

7.62-mm machine-gun port 43 65 83 98 125 190

Cupola race 38 60 78 95 124 196

SO-Cal. access cover 35 55 71 85 1 11 173

Unaccounted for leakage 9 16 23 29 41 73

Personnel heater outlet 9 14 18 22 29 48

Main turret race 6 10 IS 19 28 54

Gunner’s sight 3 5 6 8 1 I 19

Bilge pump outlet I 2 2 3 4 7

NOTES:
‘Data projected using a regression analysis of five points between 0.5 - 2.5 in static pressure water gas.
‘ Sum of Individual components will not provide satisfying results when compared to total measure value because

of cumulative error for each leak point and error for unaccounted leak.
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Table A-S. CSL Leakage Data
(Vehicle M6OAI -SN8946)

Flow rate

Leaka ge point Static pressure (inches water gage)

0.5 1.0 1.5 J 2.0 3.0 6.0

ft 3/min

As received round in breech” 744 1139 1461 1 743 2236 3422

50-Cal. ejection port 248 364 457 536 672 987

Turret ventilat ion blower 235 362 466 557 7 17 1104

Main gun breech open 167 248 313 368 464 689

Range fmnder s (both) 76 11 4 143 169 214 318

Main gun breech closed 68~ 100 1 26 149 187 277

7.62-mm machine-gun port 49 73 94 1 1 1  141 212

Cupola race 30 47 63 76 100 160

50-Cal. access cover 48 72 93 I I I  142 217

Una ccounted for leakage 9 16 23 2~ 40 71

Personnel heater outlet 8 13 17 21 27 44

Main turret race 4 8 II  14 21 39

Gunner ’s sight 5 9 12 14 19 33

Bilge pump outlet I 1 2 2 3 5

NOTES:
• Data projected using a regression analysis of five points between 0.5 - 2.5 in sta lk pressure water gage.
‘ Sum of Individual components will not provid, satisfying results when compared to total measured value because

of cumulative error for each leak point and error for unaccounted leaks.
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Table A-6. Aerophysics Co. Leakage Data - Vehicle M6OAI
(SN8753)

Flow rate
Leakage point Static pressure (Inches water gage)

___________________________ 
0.5 1.0 1 1.5 2.0 I 2.5 f 3.0

ft 3 1mm
Total leakage, measured 573 826 1028 1193 - 1338 1471

50-Cal. ejection port ’ 288 397 491 573 636 701

Main gun breech open 184 252 316 369 413 457

7.62-mm machine gun port 82 11 8 • 143 164 183 198

Range finders (both)’ 82 119 146 170 189 207

Cupola’ 77 122 146 168 191 209

Main gun breech closed’ 72 104 127 145 160 175

Driver’s vision block cover plates ’ 25 36 43 49 55 59

Unaccounted for leakage’ 22 36 51 67 83 100

Personnel heater outlet ’ 9 13 15 17 17 18

Gunner’s sight’ 4 6 7 7 8 8

Hull drains open (both) 14 20 26 27 30 32

• Items Included In total leakage value.
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Table A-7. Asrophysics Co. Leakage Data - Vehicle M6OAI
(SN8946)

Flow rate

Leakage point Static pressure (inches water gage )

0.5 1.0 1.5 2.0 2.5 3.0

ft~ 1mm

Total leakage, measured 554 810 1000 1178 1300 1425

50-Cal. ejection port’ 247 351 431 499 569 609

Main gun breech open 179 259 320 372 4 15 455

7.62-mm machine gun port 84 118 144 166 183 20!

Range finders (both)’ 82 118 145 168 188 205

Cup ola’ 109 133 165 193 2 19 242

Main gun breech closed’ 68 97 118 138 152 164

Unaccounted for leakag e’ 19 32 45 60 77

Personnel heater outlet ’ 7 11 12 14 lb lb

Gunner ’s sight’ 4 7 7 8 9 9

Main -Gun -to-Mantlet Seal Loose 123 175 223 250 285 310

Commander ’s hatch’ 18 25 29 37 41 51

SO-Cal. access cover partly 109 155 190 2 19 246 271
opened

‘Items Included In total leakage value .
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APPENDIX B

TOTAL LEAKAGE VALUES

* 
I. Otynlor data

. 

SN4285

1613 - mant let - driver vision block - main gun tube - (7.62-mm-Installed)

1613—40—46 —11 9—47 1361ft3/mjn

SN8050

1242 — driver’s vision block - (7.62-mm-Installed) - maIn gun tube

1242 — 27 — 39 — 118 1058 113/mln

2. Aerophysics data

SN8753

1028 + (7.62-mm-Installed) - main gun tube - driver periscope lids

1028 +89 - 127 -43 947 ft3/mln

SN8946

1000 - main gun tube + (7.62-mm-installed)

l000-l 18+89 ” 971 ft 3/min

3. CSL data

SN8753

1347 — vehicle ventilation blower

1347 -476 ~ 871 11
3/nun

SN8946

146 1 - vehicle ventilation blower

146l-466•99 5 f13/mln
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DISTRIB UTION LIST 4

Nam es Copies Names Copies

CHEMICAL SYSTEMS LABORATORY DEPARTMENT OF THE ARMY

SAFETY OFFICE HQDA (DAMO .SSC)
Ann : DRDAR.CLF 1 WASH DC 20310

AUTHOR ’S COPI ES : Physical Protection DivIsion 10 DIrector
Defense Civil Preparedness Agency

BIOMEDICAL LABORATORY Att n : PO (DC)
Ann: DRDAR-CLL- B I Washington , DC 20301
Attn: DRDAR .CL L.M 1
Ann: DRDAR .CLL-MC 1 CINCUSAREUR
Attn: DRDAR .CLL-V 1 Ann : AEAGC RSI

APO New York 09403
CB DETECTION & ALARMS DIVISION

Attn : DRDAR. CLC~C 1 Deputy Chief of Staff for Research .
Att n : DRDAR .CLC .E 1 Development & Acquisition

Attn: DAMACSM .CM
DEVELOPMENTAL SUPPORT DIVISION Attn: DAMA -ARZ 4)

Attn: DRDAR .CLJ-R 3 Washington , DC 203 10
Attn DRDAR .CLJ -L 3
Attn: DRDAR .CIJ -M 1 US Army Research and Standardization
Attn: DRDAR .CLJ .P 1 Group (Europe)

Ann : Chief. Chemistry Branch
ENVIRONME NT AL TECHNOLO GY DIVISION Box 65 , FPO New York 09510

Attn: DRDAR .CLT -D 4
HQDA (DAMI-FIT )

MUNITIONS DIVISION WASH , DC 20310
Att n : DRDAR .CLN 2

Commander
PHYSICAL PROTE CTION DIVISI ON HQ US Army Medical Command , Europ e

Att n : DRDAR .CLW 2 Ann: AEMPM
Attn : DRDAR.CLW .C 1 APO New York 09403
Atm : DRDAR.CLW .P 1
Attn: DRDAR .CLW .E 1 US ARMY HEALTH SERVICE COMMAND

RESEARCH DIVISION Super intendent
Attn: DRDAR .CLB 1 Academy of Health Science s
Attn: DRDAR.CLB -B 1 US Arm y
Attn: DRDAR .CLB.C 1 Atm : HSA.CDC
Attn: DRDAR.C LB-P I Attn: HSA-IHE
Attn : DRDAR .CLB-R 1 Fort Sam Houston, TX 78234
Attn : DRDAR .CL B -T 1
Attn : DRDAR .CLB.TE 1 US ARMY MATERIEL DEVELOPMENT AND

READINESS COMMAND
SYSTEMS DEVELOPMENT DIVISION

Attn : DRDAR .CLY-A 1 Commander
Ann: DRDAR CLY..R 1 US Arm y Materiel Development and Readiness Command

Atm : DRCLDC
DEPARTMENT OF DEFENSE Attn : DRCSF .P

5001 Eisenhower Ave
Administrator Alexand ria, VA 22333
Defense Documentation Center

Attn: Documen t Processing Division (DDC DD) 12 Commander
Cameron Station US Army Toxic & Hazardous Materials Agency
Alexandr ia, VA 22314 Ann : DRXTH .TS 2

Aberdeen Proving Ground , MD 210 10Director
Defense Intelligence Agency Human Engineer ing Labo ratory HFE Detachment

Attn: DB-4G1 1 Atm : DRXH E.EA
Washington , DC 20301 BuildIng E3220

Aberdeen Proving Ground , MD 21010
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Names Coplea Names Copies

US ARMY ARMAMENT MATE RIE L READINESS COMM ANDUS Army Foiq~ Science & Tii ha.nlngy Cents,
Atta: DRUT.MT2 I Co ’ ’det

220 Sessath Se., N! (1 Army Amsam.nt Mater iel Readiness Conunand
Osarl ottssv s, VA 22901 Ann : DRSAR-ASN

Aim: DRSAR-LE
US Army Material $y~~ma Analyaia Activity Atm: DRSAR-PDM

Atta : DRXSY.MP 1 Ann : DR SAR-PE
Ann: DRXSY-T (Mr. ~aate) 1 Ann : DRSAR.SF

Aberdeen Provip. Ground, MD 21005 Aftn : DRSA R. SR
Rock lsiend, IL 6 1299

Commander
US Army Mind. Research and Development Cnnunand CDR, APO
Redstoes Scientific Information Cents, USA ARRCOM

Ann: DRDMI-T$D 1 Att n : DRSAR -MAS .C
Radatons Armuni, AL 35809 Ann: SARTE

Aberdeen Proving Ground , MD 21010

DARCOM Field Safety Activity Commander
Ann : DRXOS .C I US Army Du~way Proving Ground

Qiarl estown, Dl 47111 Ann: TeChniCal Ubrar y. Docu Sect
Du$w*y, UT *4022

US ARMY ARMAMENT RESEARCH AND
DEVELOPMENT COMMAND Commander

Rocky Mount ain Arsenal
Comman~s, Ann: SARRM .QA
US Anny Armament Research and Development Command Aftn: SARRM-MD

Ann: DRDAR -AC I Commerce City , CO 80022
Aim : DRDAR-LCE44 I
Atm: DRDAR-L OI 1 Command er
Ann : DRDAR .LCN I Pine Bluff Arsenal
Ann: DRDAR .LCU 1 Atm: SAR PB-ETA
Attn : DRDAR$ER I Pine Bluff , AR 71611
Atm : DRDAR•TSS 2
Ann: DRCPII -CAWS.Wp 1 US ARMY TRAINING & DOCT RINE COMMANDDover, NJ 07*01

Commandant
US Army Infantry School

Armament Concupti Office , Weapon Systems Concepts Teem Attn : NBC Division
Ann: DRDAR ~ACW 1 Fort Binning, GA 31905

Aberdeen Provtig Ground , MD 21010
Commandant

Ditector - US Army Missile & Munitions Cintey & SchoOlBallistic Research Laboratory Attn ATSX CD-MD
Ann: DRDAR -TSB-S 1 Atm: ATSI(-DT-MU-EOD

Bul1dIrt~ 305 Redstone Arsenal , AL 35809
Aberdeen Provieg Ground , MD 21005

Commandant
US Army Military Poller School/Training CenterUSA ARRADCOM Aftn : ATZN’CDM

Ann : DRDAR’GCL 1 Atm: ATZN-TDP.C
Aberdeen Proving Groind , MD 21010 Fort McQelIan, AL 36205

Commander 
~~~~ aader

USA Ts,halcal Detachment US Army Infantry Center
US Naval EOD Fecifty I AUn : ATSH.CD MS.C
Indian Head, MD 20640 Fort Benntr , GA 31903
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DISTR IBUTION UST 4 (Contd)

Names Copies Names Copies

Commandant US MARINE CORPS
US Arm y Ordnance & Chemical Center & School

Attn: ATSL.CL CD Director, Development Center
Aberdeen Proving Ground, MD 21005 ~~~~~~~~ Corps Development & Education Command

Ann: Fire Power Division
Commander Quantico, VA 22134
USA Training & Doctrine Command

Ann : ATCD.Z 1 DEPARTMENT OF THE AIR FORCE
Fort Monr oe, VA 23651

Air University Library
Comm4nder Attn: ALJ L/LSE -8879

• USA Combined Arms Combat Development Agency p4~xwelI AFB , AL 36112
Attn : ATZL.CS.CO I

For t Leavenworth , KS 66027 HQ Foreign Technology Division (AFSC)
Attn : PDRR

US ARMY TEST & EVALUATION COMMAND Wri ght-Patterson AFB , OH 45433

Commander Commander
US Arm y Test & Evaluation Command Aeronautical Systems Division

At m : DRSTE.FA I Attn: - ASD/AELD
Aberdeen Proving Ground, MD 21005 Wr Ight-Patterson AFB , OH 45433

President HQ, USAF/SGES
US Arm y Infantry Board Boiling AFB , DC 20332

Attn : ATZB -IB- MI 1
Fort Benning , GA 31905 HQ AFSC/SDAE

Andrews AFB , MD 20334
DEPARTMENT OF THE NAVY

HQ AFISC/SEV
Chief of Naval Research Norton AFB , CA 92409

Attn: Code 443 1
800 N. Quincy Street NORAD Combat Operations Center/DBN
Arlington, VA 22217 Cheyenne Mtn Comp lex , CO 80914

Commander AMREL/MEB
Naval Facilities Engineering Command Wright-Patterson AFB , OH 45433

At m : Code 03 1
200 Stovall Street OUTSIDE AGENCIES
Alexandria , VA 22332

Battelle , Columbu s Laboratories
Commander Attn: TACTEC
Naval Explosive Ordnance Disposal FacilIty 505 King Avenue

Attn: Army Chemical Officer , Code 604 1 Columbu s, OH 43201
Indian Head, MD 20640

• 
Director of Toxicology

Commander National Research Council
Nuclear Weapons Training Group, AtlantIc 2101 Constitutio n Aye , NW
Naval Air Station Washington , DC 20418

Ann: Code 21 1
Norfolk, VA 23511 ADDITIONAL ADDRESSEES

Chief, Bureau of Medicine & Surgery I Commander
Department of the Navy USEUCOM
Washington , DC 20372 Ann: ECJ 5-O/LTC James H. Alley

APO , NY 09128
Commander
Naval Weap ons Center US Public Health Servi ce

Attn: Code 3171 1 Room 17A-46 (CFr Osherot!)
China Lake , CA 93555 5600 Fishers Lane

Rockvlle , MD 20857
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Commander CommanderUS Ar my Enviromnantal Hygiene Agency US Army Logistics CenterAnn : Lliea&n, Bldg 2100 1 Fort Lee, VA 23*01Aberdeen Pvovieg Ground. MD 21010

Commander tj3 Ar my Materiel Systems Analysis ActivityDAR(’OM , STITEUR Aim: DRX SY.T (D. Met s)Aun: DRXST-STI Aberdeen Proving Ground , MD 21005Ro~ 48, APO Pliw York 09710

CommanderComma nder 1)5 Arm y Tra ining and Doctrine CommandUS Army Science & Technology Center-Fax East Office 1 Atm: ATCD.Z (COL Mojeckl)APO San Frv,c4sc~’ 9632$ Attn : ATCV-Z (MAJ Kelly)
Fort Monroe , VA 23651HQDA DASG -RDZ (SGRD PL)

WASH DC 20314

US Army Ordnance and Chemical Center and SchoolHQ DA ISGRD-AJ/Mr1 . Madlgan) Ann : ATSL.CLC-M (M AJ Novack)Fort Detr ic k Abeydeen Proving Ground, MD 21005Frederick, MD 21701

CommanderCommander /Directo r US Arm y Combined Arms CenterChemical Systems Laboratory Attn: ATZLCA C’OM.G (I LT Loreo)Attn DRDAR CLC.CP I Fort Leavenworth, KS 66027Attn: DRDAR CLB.pO 1
Ann : DRDAR-CL y Commands,At tn: DR DAL CLW-P 1 US Army Armor CenterAberd een Proving Ground , P41) 21010 AUn : ATZK CD-SD

Fort Knox, KY 40121Com mander
US Army Tank Auto motive Materi el Readiness Command

At m : DRCPM-MÔOTD.T (COL Sawyer )
Warren . MI 48090

Commander
US Army Tank Auto motive Research and Development

Comman d
Ann : DRDTA .RN (R. DeQaire)

Warren , M I 48090

Commander
US Army Mate riel Development and Readiness Command

Attn: DRCBSI.CN (COL J . Tedesctd) 1
Attn DRC DMR -TC.C (COL Carr uth) I

5001 EIsenhower Ave
Alexandr ia, VA 22333

Commander
US Arm y Armament Research and Development Command

Ann : DRDAR I
Attn: DRDA R- SER (MAJ G. Ubano) I

Dover. NJ 0780 1

HQDA (DACSIBG R. Lawrence) I
HQDA (DAMO-NCZmG Falter) 1
HQDA (DAMA.CSS-C/LTC Floyd) 1

WASH DC 20310
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