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FOREWORD

Reports for this Contract, DAMD17-81-C-1013, consist of three major final
reports and twelve supporting documents. The Contract title, MAMMALIAN TOXICO-
LOGY TESTING: PROBLEM DEFINITION STUDY, is the main title for all the reports.
Individual reports are subtitled and referenced with Life Systems, Inc. report
numbers as detailed below. Please note that the Life Systems report numbers in
test references are shortened. In the Defense Technical Information Center
(DTIC) data base the reports are identified by the complete report numbers
(i.e., LSI-TR-477-XXX) and complete numbers must be used for retrieval.

Life Systems, Inc.
Report Subtitle Report Number

Final Reports--

Part 1. Comparative Analysis Report LSI-TR-477-2
1 Part 2. Facility Installation Report LSI-TR-477-3
Part 3. Impact of Future Changes Report LSI-TR-477-4

Supporting Documents--

Inhalation Chambers and Supporting
Equipment Survey

1 Technology Changes Impact on Testing LSI-TR-477-14
' Requirements
= Quality Assurance Plan LSI-TR-477-17A
4 Capability Modules LSI-TR-477-19B
Technical Plan LSI-TR-477-20A
Equipment Plan LSI-TR-477-21A
Personnel Plan LSI-TR-477-23A

LSI-TR-477-26A

: Equipment List for Modules LSI-TR-477-28B
‘ AMTR Protocol/Pricing Report LSI-TR-477-29A
E Global Army Toxicology Requirements LSI-TR-477-31A
~ Comparison Toxicology Test Costs LSI-TR-477-36A

Annual Testing Capacity LSI-TR-477-38A
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SUMMARY

During this program undertaking the study and defining the Army's requirements

for Applied Mammalian Toxicology Research/Testing, a survey was made of the
inhalation chambers and supporting equipment needed. These items, called the
inhalation toxicology system, represent a major equipment expense for the Facilitv.
They will require tailor designing and special fabrication to satisfy the Army's
testing needs.

The special design requirements result from the Army unique exposures that
exist. .

Sixteen toxicology facilities were contacted concerning their inhalation toxicology
Systems. Six manufacturers were contacted that supply such systems. Worksheets
were prepared to ensure all the important information was acquired during each
contact.

Much significant information resulted from the survey. Manufacturers, for
example, do not limit themselves to specified, off-the-shelf design; a major
difference in chambers is the shape and subsequent ability to expose either the
whole animal, just their noses, etc. A total of 16 summarizing conclusions were
presented.

A highlight of the report is a table summarizing inhalation chamber characteristics
starting with approximate volume, dimensions, and shape/type to animal capacity/
species, construction material, operational status, delivery, cost and special
features.

Equally important were the inhalation chamber operating procedures defined for
each of the 16 facilities. Such parameters as temperature, relative humidity
range, computer monitoring, etc. are cited.

< i g AT
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INTRODUCTION

A program was undertaken to study and define the Army's requirements for
Applied Mammalian Toxicology Research (AMTR) and methods for meeting the
requirements. Inherent in the latter is the consideration of the facility, '
equipment and expendables, personnel, quality assurance and resources needed

for the design, construction and operation of such a facility.

Scope of Document

This document was conceived and prepared to accumulate in one spot information
on the inhalation chamber and supporting equipment (hereafter referred to as
the Inhalation Toxicology System). The Inhalation Toxicology System is a
major e¢quipment expense that will require a tailored design and special
fabrication to satisfy the Army's inhalation toxicology testing requirements.
All informaticn considered critical to evaluating existing systems has been
assembled in a standardized format in this document.

The Inhalation Toxicclogy System will determine to a great extent the inhala-
tion testing the AMTR facility can perform. The system will directly determine
the testing protocols that can be performed by influencing or fixing:
1. The number and tvpes of animals that can be used.
2. The exposure peattern that can be used (intermittently or contlnuouslx)
} i 3. The distribution of the test agent within the chamber.
4. The control and monitoring of the test agent.

Objective

The objective of this document is to assemble the data that can be used for
evaluation of existing ichalation systems in order to assist in design of

special equipment or the selection of existing equipment for an Army AMTR
facility. The data base represents information provided from equipment manu-
facturers and from facilities with good systems selected by a group of inhalation
toxicologist consultants.

The following sources were contacted to obtain information:

A. Facilities contacted:
1. Brookhaven National Laboratory
2. Chemical Industry Institute of Toxicology
3. National Institute of Environmental Health Sciences
4. Environmental Protection Agency, Research Triangle Park

5. Environmental Protection Agency, Center Hill Facility, Cincinnati

6. National Institute for Occupational Safety and Health, Cincinnati

Ty
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TV

7. Lovelace Inhalation Toxicology Research Institute
8. Hazelton Laboratories, Inc.
9. Battelle Columbus Laboratories
10. U.S. Army Environmental Hygiene Agency
11. Toxigenics, Inc.
4 12. Litton Bionetics, Division of Litton Corporation
* 13. IIT Research Institute
14. Monsanto Company
15. The Upjohn Company
16. Umiversity of California, Davis
B. Manufacturers contacted:
1. Charles Spengler and Associates
F 2. Hazelton Systems, Inc.
3. King-Lar Company
L 4. Wahmann Manufacturing Company
¥ 5. Young & Bertke Company
6. The Upjohn Company

Data Sought

i The data sought is enumerated in the work sheets used for the inhalation cham-
ber inventory in Appendix 1. When several sources (a manufacturer and one or
more facilities) provided informaticn on the same system, the information was
checked for validity. If the information obtained from a manufacturer and a
facility differed, information from the facilities with the systems was used.
It was reasoned that manufacturers would be less likelv to point out deficien-
cies or shcrtcomings in their system (most manufacturers are involved in only
making some of the system components, not complete systems, therefore, it was
necessary to contact several parties to get complete data on a system).

Results of Survey Inventory

The results of the inventory are summarized in Appendix 2.

Table A2-1 lists the sources of information in a matrix of the 16 AMTR facilities
and the 6 manufacturers (both listed above). Table A2-2 and A2-3 provide a tabu-
lation of data on the chambers' characteristics and operating procedures.

A summary of the data follows:

e I p T D O TN T S (O g ——— . .
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1. Manufacturers do not limit themselves to specified, off-the-shelf
designs. TYor most applications a basic design concept is tailored
to the specific needs of the facility by getting input from a
consultant or the purchaser.

2. If chamber reliance is discounted as a variable, the major differences
in chambers (not chamber systems) are their shape, their ability to
expose either the whole animal or just their nose, and their design
features to accommodate loading and unloading of the animals and
animal care.

3. Inhalation chamber fabrication and design is a business with a small
market, measured in both number of transactions and total dollars.
Hazelton Systems, Inc. is the largest business (based on total
sales) active in chamber fabrication.

4~

Rack znd cages should be either purchazsed in conjunction with the
chambers or the specifications of existing cages (and cages that
will te used) shculd be determined to avoid a compatibility problem. !
Certain spncial racks are available to reduce the effect of uneven
distributicn of the test agent inside the chamber and intercage
contamiration by feces and urine droppings from upper cages to lower
ones. :

5. Chamber manufacturers routinely fabricate chambers to the buvers'
specifications. Average lead time of three months was quoted by the
manufacturers for up to 15 chambers. Longer periods would be
required if more than 15 chambers were ordered from a single manu-
facturer. Purchases of chambers indicated that six months, not
three, is the average delivery time they experienced. With an
adequate specification package, several manufacturers could fabricate
identical units--one manufacturer could make the acute chambers,
another the subchronic, and a third the chronic.

6. A special team of chamber design experts and toxicologists should be
used to design the chamber systems for the special Army requirements
associated with troop exposures that are characterized by short-
term, intermittent, high-level exposures. The chamber system will
be influenced by the inhalation toxicology protocols used. Therefore,
a protocol determination must precede chamber design.

7. Support equipment has probably a greater impact on chamber system
capability than the chamber design.

8. Upjohn is patenting a new chamber design that has as one of its
major features a lower height to chamber volume ratio. This is
particularly attractive to accommodating chambers into existing
buildings, such as LAIR, that may not have sufficient floor to
ceiling distance to accommodate certain typical chamber designs.

9. Chambers can be categorized into those that are movable (routinely
put through a washer) and those that are fixed in place (built-in)
equipment.

= et




Life Systems, Jne.

The Hazelton 1000 chamber appears to be the chamber that is currently
being produced in the greatest numbers. Because of its popularity
there may be back orders. One of the principal features of the
Hazelton 1000 is the use of catch pans to avoid droppings from the
animals in higher cages upon lower ones and to maintain an even
distribution of the test agent in the filled chamber.

One of the features desired in chambers used for certain Army tests

is the ability to achieve a designated level of test agent concentra-
tion rapidly and maintain it in the chamber. The best approach for
achieving this is to utilize an interactive computer which manipulates
the input of the test agent and input air volume, and reduces the

time to equilibrium concentration to less than two minutes. If a
computer is not used it may require 30 minutes or more to bring the
chamber up to its desired concentration.

Alr handling svstems, both entrance air and treatment of exhaust
air, and the monitoring and control equipment are normally not
provided by chember manufacturers.

Chamber manufacturing remains a highly specialized field with rela-
tively few manufacturers, and numerous tailored but basically similar
units.

As concern for environmental quality, quality assurance and perscnnel
safety increase, the inhalation chamber systems have moved to improved
double filtration systems of exhaust air, automated monitoring and
control with data storage retrieval and alarms. The chambers are
frequently housed inside of separate rooms or hood enclosures with
air pressure relationships which provide a double safeguard of
protection (the chamber having the lowest pressure, the enclosure

the next lower pressure and the general room area the highest pressure).
This provides for inward air flow into areas with greatest contamina-
tion. Some chambers are serviced by special mobile service modules
that provide protection to the ambient air during servicing of the
chamber.

There have been some measures taken to provide inhalation exposures
by means other than a chamber. For primates and certain other
larger animals, the a2nimals wear special exposure helmets. This
type of system is adequate for short-term exposures, but is not
practical for long-term studies.

The current chamber designs accommodate the numbers and types of
animals called for in standard protocols. The chambers used for
regulatory testing compliance purposes must be able to handle the
standard number of animals and have a sufficient number of chambers
(one per dose and one for control).
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Assumptions

1. The Army's AMTR facility will consider inhalation studies for both
the standard industrial occupational exposures and special exposures
encountered by soldiers during training and combat.

2. Inhalation studies will include acute, subchronic and chronic
durations, the use of rodents and primates, and the full spectrum of
toxicology outcomes.

3. In some cases the studies will be for submission to regulatory
agencies. In other cases, the studies will be performed for non-
regulatory Army requirements.

CONCLUSIONS

The survey performed of the Inhalation Toxicology Svstems provided a comprehen-
sive and detailed collection of information and data. It provides a data

base, identifies sites that can be visited &nd manufacturers that can be
contacted to assist in the development of the Army's AMTR facility system's
specification package, the system design or svstem fabrication and installation.
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APPENDIX 1

4 INHALATION CHAMBER INVENTCRY FORM
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Inhalation Chamber Code Number

Instructions for Ichalation Chamzber Inventory

1. Naze, address, phoze number of organization contacted:

2h. ( )

2. Name of individual cortacted and department:

3. Assign code nucber to the chanber which is to be discussed and complete
appropriate columns. Nuzber should be in sequence with previous contacts.
Model Nazme Number
Model Type
4,

Complete survey form through those categories which apply, e.g., 1f chazber
only, £ill out chazber characteristics sectiom.

5. Ask for specifications sheet.

I1f available, have it seat to:

Mr. Greg Schiefer
Life Systems, Inc
24755 Bighpoint Road
Cleveland, OB 44122
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INHALATION CHAMSER INVENTORY

Code for Differinz Chz—ber Trpes

Chamber Characteristics

1. Package

Chacber unit only

Four or more additional equipment
itexs required

Less than four additional equipment
items required

Cozplete system with all required
peripherals

s sememll el

2. Capacity (Volume, m3 or 1)
Cubic Meters, m

Liters, 1

Weight, kg

3. Size (Dimensions, m)
Length x Widcth x Height, m !
Diagweter x Height, m
Shape

Cylindro-conical
Cylindrical
Square
Rectangular
Hexagonal
Spherical

4. Aniwal Capacity (Approx. No. of)
Mouse
Rat
Guinea Pig
Hamster
Rabbit
Dog
Primate
Monkey
Baboon
Chimpanzee

5. Msjor Material of Comstruction
Stainless Steel/Glass
All Stainless Steel
All Glass
Aluminum
Plastic (e.g., Lucite)
Fiberglass

continued-




Inhalation Chamber Inventory - continued

Code for Differinc Charmber Tvpes

Chanber Characteristics

6. Applicadble to
Acute Studies
Subchronic Studies
Chronic Stulies
Carcinogenic Studies

)
7. Lab Area Associated with, £t~
1 Chacter

Chazber and support equipment

8. 7Types of Inhalation
Gases/Vapors

§ fercsols

Particles

Dust

1 9. Chamber Interral Specifications
Tex=perature °c 3
Chamber Capacity (=7)
¥ Relative Eunidicy 2
: Controlled
] Normal~Range
] Uncontrolled
Normal-Range
Light Intensity - ft. candles
During Day
During Night
Pressure, mcHg
Normal~Range

10, Electrical Power Supply, W (v)
AC
DC

11. BReldiability Data
Mean -~ Time ~ Between Faillure, h
Mean - Time - to - Repair, h
Projected Equipment Lifetime, yr
Project Operational Lifetime, yr

12, Maintenance
Llevel
Routine - Non-specialist
Special Personnel Required
Expendables
Type
Replacenent Frequency, mo.
Raplacement Procedure, mo

continued-
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Izhalation Chazber Inventory - continued

Code for Differins Chamber Tvces

Chaxnber Characteristics

13. Quantity of this type
Produced
In Use

l4. Operational Status
Operating
Ready to Operate
Testing Stage
Design Stage
New Addition Coming Onstream

15. Clean-out

Internal Systen
Pressurized
Drain
Drying
Special Sterilization Features
ternal
Space Required
Connections
Accessibility

Time Required, min.
Labor, h
Between Cycling, h

- 16. Cost
' Total Cost/Cycle
Materials
Personnel
Power Input
Initial
Maintenance
Operation at maxizum rate/yr.

17. Availabilitcy
» Construction lead-time required, mo.
4 Development lead-time required, mo.

Adr (In-Out)

18, Input Air System
Filtration, % Removal
Flow Rate, m/sec (CFM)
Pressure, kN/m> (psia)
Test Agent Concentration, ng/m3 (ppm)
Normal
Range

continued-
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Ichalation Cha=ber Inventory - continued

Code for Differizz Charmber Tvpes

Chazber Characteristics

19, Exhaust Afr Eandling
Efficleccy of Vegting
Residual, cg/z” (ppm)
Special corsiderations for particulate/
aerosols
In Charcber
On Anizals and Cages

Contrel/Monitor Punctioas

20. Personzel Data:
Nuzber of Chacber Personnel to Operate
Personnel Skill Level
Work Perilod, h
Maximum Weight Lifted, kg
Labor/Chacber Cycle

21. Safety
Fail-safe Systecs (Door Lockout)
Sensors
Warning lights/Buzzer (Cycling and
Sensor)
Earthquake Proof Envelope
Safety Level of Shock
High Hazards - Particulate Carcinogeans

22. Performance Characteristics
Test Agent Data
Complete Cyclircg Tirme, min.
Tirpe to Come up to Chamber concen-
tration, min.
Tipe to Get Down to Zero, min.
Test Agent Consuxmption Rate, 1 hr

Instrumentaticn and Other Support Equipment
23, Unique Features
Walk-in
Controllers
Terperature
Pressures
Hunidity
Vibration
Shock
Alr Flow
Rotating Drum
Moveable
Living Quarters
Alr Locks
Wind Tunmnel
Autozatic Atmosphere Sampling
Multi-stress Capability
Behavioral Observations

Multi-animal Species Capability
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A2-2

APPENDIX 2

RESULTS OF SURVEY INVENTORY

T=BLE

AZ-1 Sources of Information .

2 Inhzlation Chamber Characteristics .

AZ-3 Inhalation Chamber Overating Procedures
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TABLE A2-1

SOURCES OF INFORMATION

Manufacturers

h AMTR Facilities
1 Army Environmental Hygiene Agency ! X
2. Battelle Columbus Laboratories X
- 3. Brookhaven National Laboratory X
4. Chemical Industry Institute of Toxicology X X
§ 5 Environmental Protection Agency. Cen:ar Hill
Facility. Cincinnati X
1 ‘ 6. Environmental Protection Agency. Research
, Tnangle Park X
g 7. Hazelton Laboratories. Inc. X
| IIT Research Institute X
9. Lovelace Inhalation Toxicology Researcn Institute X |
10. Litton Bionetics, Division of Litton Corparation X !
*1. Monsanto Company X X
12. National Institute of Environmental Hea th
Sciences i ‘ X
3 +3. National Institute of Occupational Hea!:n and ! ‘
: Safety. Cincinnati, Ohio X ! X
14, Toxigenics. Inc. '
15. The Upjohn Company X
16. University of California at Davis X
1a) Upjohn is attempting to secure a licensee for their system, they co not plan
to be a manufacturer.
15
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INHALATION CHAMBER CHARACTERISTICS(2)

Approx. Dimensions Special
Manutactures/ Volume (LxWxHem, Animal Cgpaci Major Materiats Operational Delivery Cost teatures
Oesigner (m) DismxHcm) Shape/Type ~No. Soecies _of Construction Status (mo.(Oh (5000} (see list)
Criaries Soengler 025 46x46x120 SqesreMinners 24 m_‘eo Stainiess Steei/G ass Operating 28 - 38
ang Agsocistes 083 €62x322130 Squmieminngrs 4 mee Stainiegs Steet/G:ass Operating 25 - 38
1 $2x923200 Somereminngts 96 mice Staniess Stee/G.ass Operaing 28 - 8
15 -— Squereiriinners 75 s Stainviess Steei/G:ass Operanng 68 - [
37 150x150x 350 Squaremimngrs <0 s Staniess Sieei/G ass Ooeraimg 68
| 6 100x180x350 Scgemretinners 250 rats S:amiess Steel/G.ass Operating 68 10:) 68
3 2 .
3 (] 62x124 Hon&u”vuua 12 redems Stainiess Stee Ooerating 3 79 ¢
' Hazeilon Sysiems. inc. 04 682682210 Squareminners 40 w  StawlessSteeviucie Coeating 3:{; 3t
‘y 06 822822210 SquareMinners 8 ab Siawiess Steel/Lciie Operaing $ [
i; 1.0 - 92x92x210 SquareRochesto: %0 il Siainless SteevGlass Ooe-ating o [
! 15 9111802210 Rectangieinngr 120 vt Stainiess SteeiLucie OCosaung, 7 ]
22 1272 132 x 210 Square/Betieis'®’ 170 M3 tainless SteeiGlass Opersing 2 94 13:e
: 60 180x 1802340 SquareMinners 20 we Stainless SteeLucr'e Ooe’ating 0 P
f ™ - “NoseOny 220 wg Stawdass Steel Design Stage 55" ‘
King-Lar Co. 8 180x220x350 - Nose Ony - Stainless Steel Design Stage 36 $5
16 250x260x350 - Nowe Onwy 400 nus Sininless Steel Desigr: Stage’ 36 - 6
Tne Uojonn Co. 0.15 - Cbicanieong) ~ — Ready for Manutsctured!  — = 137301132
09 - CobicaLeongl) — — - Ready for Manutacwrerl) — = 137101112
[) - Cubcaneongl? ~ — - Ready for Manutacturerldd  — = 137001112
; Wahmann Mtg. Co. 02 - SquareMdinners . — - Stainiess SteevGiass Coerating - 5
' 1 -— Squaretinners — — Staniess Steel/Glass Coerating [ - 8
25 110x120x250 Squerentinners 0 WG Starnviess Steet/'Glass Operatng 6 - 5
8§ 220 x 180 x 340 fectangetiinngrs 200 nG SQIM Steel/G:ass Operating € -— 256
i Young and Bertke Co. 033 70x701200 SquareMinners 30 s  Stawiess SteeWGiass ..  Ooerating 3¢ 18 38
, 13  90x90x300 Squarsidinners 108 ey Stainvess SteevGiass Operating 36 20M )
29 140x140x330 Squesrendinners 144 g Stainiess Steel/Glass Ooerating 36 3.6(“ 5 h
33 130x150x 340 l*mmm 15 menkeys Staniess SteevGiass Operating 36 44 5.6 :
(a) Blank spaces in table indicate information not collected.
() Does not inciude any time for special design.
(c) For chamber with special features 1, 2, 6 and 8.
(d) Nose-only exposure : _
(e) Hest transfer problems and sotvents might resct with jucite.
() Approximate price. not a quoted or cataiog price.
{g) Hazelton 100 design by Dr. Owen Moss at Battelle Notthwest.

(h) Some concern about getting homogenous particie distribution within chambers.
(i) Chambers designed by Dr. Basil Leong &t Upjohn.
@) No manuflctur,r at this time.

- SPECIAL FEATURES LIST

. Designed 10 run with animal waste catch pans in place during exposuces,
Cage racks can be rolled into and out of chambers. -

Designed to be movabie. These are either self-contained units or have quick disconnects.

Designed to be cleaned in tunnet type cack washer, ,

Have internal spray rings fot cleaning and flushihg. ‘

Availabie a3 knockdown units for construction in seiected location. |

Designed to fit into rooms with celling heights of 10 feet

. Available as a compiete system with air handling and filtration (input and exhaustXcoes not in- |
clude monitoring equipment). |
9. Modular construction. .

10. Transter of animais 10 temporary housing unit without exposing handlers to test agent.

11. Atmosphere generating equipment contained ingide chamber.

12. Buik-in exhaust air handling system.

PNORLON

16




PPN JOU JDULUS I JUPrUjIBeUs PUY Arsasadng (Q)
SUNIHIPY JO Cauiru H) B} UYL 0 SN0, 0% (¢)

- € - - - - - - -~ - -- - 9E (ow) gruusn b
ot - [ 174 o (211 121901y - - - - - e ae - »e SINPUrYY N e lado
O Pornbivs (4u0SsING
Kupgnios
pue
dyoud
- YdIH VdiH Yd3IH vdIH VdiIH Ve IH VdIH - mes
oqunidg - 1enmey) jeodey) rodneyn - feouiey) (endwyl)  jeodieyd 1RODIRYD  [eOdIeyD teoeyn — -041208{) Sy HaAY -
S9A - oN - - oN - — oN oN ON ON oN LY -_— SDA LNpURYD YORe
10} WISAS DIredng
e jsneyxy
Yd N YdIH vdIH 18026y  |ROIRYD  (BODIRYD)  [RODIRYD) 1RoMeYy)
- - - rodieus) - - 1BODIRYD  |eODIPN)  wdTH \ZED VdIH VdTH - vdiH Sl odhy -
poredusd
pue e ne ne ne ne
paIcddy -- —- puiedery - - wooy woby uiooy wooy wouy nedoig - paredory 820G e Jndiy
uiey) uieiQ uiesg ujesqg ueiQ wesg welq
Rl ] LN E]
31 77Y - - FLILYTY 101eM wjep - FLITTYY 1P —_ JETTTYY SHOH IO -
JoseM
asog ulinn) Waajos
s oy wem joy
S04y - - (1LY - 0S0H LILT auol (17X - wsol juadinb y -
S hd - S04 - - (4] [ - - - S0 0t9s - [1] (Ut) owyy - Bupsen)
oN - [TTY oN $0A oN sap OoN oN oN - - oN SOA - soA ¥ ') o]
oN — €04 oN s0A oN s34 ON oN SOA - — oN [T-9% - soA Buysojuou Windur)
S0 - b I G104 - - Gl o - (233 S 14 oSt - - ‘nusebueyd ay
sos - - -- - - - oN oN oN - - oN sep - oN Buniuby iruseiu -
So(20ds 20§
o) - - - - - - - - - — - - wwndo (Smpund y) Aysuony Wi
L oige o) (1 0150) Geon
<o - - x4 $0 - - + 45 S0 - [N so0szo 5 - B (this) Q") wd omsserg
- ton ) - oz o0 oz 0w {0z 0c) 5004) (soon 59 0v) 0s-00) 55 50
- - - 0 = - - 05 0s ('3 05 05 05 05 - s 0B} v, Aprungt sajmey
v212)
[£4 - 22 2 44 14 [24 44 144 144 2 144 174 143 144 (ofury) O, emmatusey
9 st vl €l et " o4 6 ] Vi 9 S 4 € z ! Jajswered

@co:mE-..oE_ Buipiroid sennoeg

S3HNA3D0Hd ONILVHIHO HIGIWVHD NOILVIVHNI

£-27v q18Vy%

17




Life Systems, Jnc. -

DISTRIBUTION LIST

USAMRDC (SGRD-RMS)
Fort Detrick
Frederick, MD 21701

Defense Technical Information Center (DTIC)
ATTN: DTIC-DDA

Cameron Station

Alexandria, VA 22314







