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EXECUTIVE SUMMARY

The 1994 Nuclear, Biological, and Chemical Contamination Survivability
(NBCCS) Symposium was held on 15 June 1994 at the Edgewood Area
Conference Center, Aberdeen Proving Ground, Maryland. Sponsored by the
Chemical Division of the American Defense Preparedness Association, it was co-
hosted by the U.S. Army Research Laboratory (ARL) and the U.S. Army Chemical
and Biological Defense Command (CBDCOM).

This symposium is the third in a continuing series. The first was held on
18-19 September 1991, and was hosted by the U.S. Army Chemical Research,
Development and Engineering Center, Aberdeen Proving Ground, Maryland. The
second was neld on 3-4 December 1992, and was co-hosted by ARL and the U.S.
Army Chemical and Biological Dafense Agency (Provisional) (CBDA).

The objective of the symposium was to provide a forum for the exchange of
information on how to successfully execute an NBC contamination survivability
(NBCCS) program within the context of the item/system development and fielding
program. Key to this exchange was the participation of both U.S. Government and
industry members of the research, development, and acquisition community. Also
key was the participation of the Joint Department of Defense (DoD) services.
Selection of presentations was designed to help others avoid "reinventing the
wheel" and to demonstrate that NBCCS can be achieved without "killing" a
program.

A total of 16 presentations were given at this symposium. As compared with
those at the 1992 event, these presentations differed in two ways. First, they
involved the Joint DoD services, namely, the Army, Navy, and Air Force. Second,
they included new topic areas, namely, modeling and simulation, and predictive
methodologies applied to the selection of materials of construction. A total of 11
exhibits supplemented the information provided by the formal presentations. A list
of exhibits is provided on page 203.

The symposium demonstrated that significant progress has been made in the
areas of design and testing for NBCCS of military systems. This process can be
attributed to a strong government-industry team effort that must continue if this
aspect of survivability is to be achieved on the battlefield.

In publishing these proceedings, the hosting organizations seek to facilitate an
effective and timely dissemination of technical information.
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Today I want to join with Dr. John Lyons, of the U.S. Army Research

Laboratory, and welcom, you to the third NBC Contamination Survivability

Symposium. I'd like to express my thanks and appreciation to the American

Defense Preparedness Association for another exceptional job in the preparations

for this forum. Much has happened over the past year in terms of actual technical

progress in addressing NBC contamination survivability. This symposium will

highlight and clarify current efforts. I also would note that this is a true Joint DoD

effort. I am especially pleased to welcome the other se.rvices here and note that

the Navy and Air Force will be presenting.

As both the Departments of the Army and Defense right-size and move

toward a more mobile lethal force, it is imperative that defense systems are able to

survive and sustain operations in a multi-threat battlefield environment. The

chemical/biological threat remains substantial, and without our retaliatory

capability, successful defensive measures to defense weapon systems become

paramount. I believe tne maturing of the U.S. Army Chemical and L;iological

Defense Command and the Survivability Analysis element in the U.S. Army

Research Laboratory, and the teamwork that all of us in the survivability business

are fostering, will definitely strengthen our ability to win on any future

battleground.

Today we will update you on the NBCCS regulatory documents and provide

you with highlights of survivability from some of your and our most important

programs. Included are some of the ongoing modeling initiatives and a look at the

future. These will help the developers in determining the design for survivability.

We are here to discuss how we - the developers, the testers, the evaluators, the

users - can ensure maximum readiness for our forces.

I ask all of you to aggressively participate in this forum and work together to

create a strong NBC contamination survivability strategy for the future, which

3



should includo innovative programs and procedures to address the survivability

needs of our weapon systems.

Stop by the exhibits in our seminar area next door and view some of the

latest information on NBC survivability.

Thank you again for your attendance and participation in this important

symposium.
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Director
U.S. Army Research Laboratory
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General Friel. Distinguished ARL and CBDCOM engineers and scientists. Guests.

First, a brief thank-you to the folks from the Chemical-Biological Defense

Command for co-hosting this meeting with the Survivability/Lethality Analysis

Directorate of the Army Research Laboratory, and to the American Defense

Preparedness Association for their help.

It is a pleasure to welcome all of you to our third symposium on the

survivability of Army materiel to nuclear, chemical or biological environments.

Most of you will remember that we held our first such meeting just after Desert

Storm.

In fact, this issue of the survivability of Army equipment is a recent issue.

Just ten years ago, all of our attention was focussed on protecting soldiers In these

highly hazardous situations. The Army made them MOPP gear, we created water

purification systems, we continued our work on the breathing apparatus soldiers

wear when there is a risk of contaminated air. All of you here very likely had a

hand in these advances.

Then it became apparent to decision-makers in the Army that there was more

to the problem than had been considered. It became a first priority to ensure that

the equipment soldiers use would not fall them in hazardous situations -- nuclear,

chemical, biological.

* NBC contamination survivability was initiated to examine the effects of

potential agents and decontamination procedures on materiel, to look at the

"problem of decontaminability, and to ensure that the soldier can perform the

required operational ant maintenance tasks in the MOPP IV ensemble.

To assist the materiel developer, we have started to build a chemical defense

materials data base. It contains the most available information on how the physical

7



properties of material are affected by the contamination and decontamination of

materiel.

We hope that soon we will be able to construct a predictive model, complete

with simulation, that will tell us exactly how certain contaminants will react with

materials, give us a cost/benefit ratio during the system development process, and

help soldiers survive with their equipment intact. This important job has jus.t been

made, if not easier -- then cetainly more synergistic, by the collocation of ARL's

Survivability/Lethality Directorate here in Edgewood, in close working proximity to

the Chemical-Biological Defense Command.

We at ARL are also in a continuing process of bringing like missions together

and one of the important ones is our Survivability/Lethality Analysis directorate.

Soon, scientists from both the Woodbridge Research Facility in Virginia, which is

closing in Septembe, under BRAC, and from what used to be the Harry Diamond

Laboratories in Adelphi, will relocate here. For the first time, we will have what I

call a critical mass to concentrate on these very important issues that bring you

together today.

Let me tell you a little about the Army Research Laboratory's

Survivability/Lethality Analysis Directorate (SLAD). ARL has [line other (and soon

to be ten) technical directorates focussed on research and technology

development, which is a primary business area for ARL. H1owver, SLAD's

mission is analysis and assessment of Army-systems and materiel to ensure that it

survives and prevails. Like the rest of ARL, SLAD's primary customer is the

materiel development community. It is SLAD's role to be involved throughout the

acquisition process to assist the materiel developer in building systems and

equipment which have the required hardness characteristics, that can be

decontaminated without damage, and that soldiers can use effectively in full

chemical protective gear.
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The capability to deploy highly lethal combat forces and sustainment assets

rapidly from bases here and from forward locations abroad is fundamental to the

success of our future military missions. As the Army's missions expand to include

peacekeeping and humanitarian assistance, it appears ever more likely that we may

face situations in hostile territory that co•'d find an opponent using what we might

consider "old" technology or technology specifically prohibited by international

agreements -- and we need to be able to respond quickly and with confidence that

our men and their equipment will survive.

Survivability may, at times, appear to take a back seat when a weapon

system is conceived. But I am here today to say that we, collectively, must not let

this happen.

I am encouraged and confident that significant progress has been and Is being

made in the implementation of NBC contamination survivability in various

programs. The presentations that you are about to hear are not only oriented

toward the incorporation of NBCCS characteristics into the end item configuration,

but also toward initiatives under way in areas of material selection and modeling-

simulation. They offer promise in predictive capabilities that will help us reduce

expensive test scenarios.

I have several objectives for you. First, I want you to use this opportunity to

communicate your technical accomplishments, problems, and the opportunities you

see ahead. Second, I hope this symposium offers the forum by which to exchange

the substantial knowledge base of the many organizations represented here today:

government, industry, and academia. Finally, this symposium should enhance the

cooperation and understanding among the various organizations here as, together,

we pursue the most effective methods to ensure system survivability in a

contaminated environment.

9



We must all keep in mind, as this symposium unfolds, that our ultimate

customer is the soldier in the field, who is totally dependent on our capabilities to

provide contamination-survivable equipment.

I'll be here most of the day and look forward to talking to as many of you as I

can. Have a profitable symposium.

10



UPDATE ON NBCCS REGULATORY DOCUMENTS

Dr. William S. Magee

Advocate for NBC Survivability
Office of the Director for Chemical and Biological (CB)

Research, Development, and Acquisition
U.S. Army Chemical and Biological Defense Command

Aberdeen Proving Ground, MD
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OVERVIEW OF MULTIPURPOSE INTEGRATED
CHEMICAL AGENT ALARM (MICAD) PROGRAM

Mr. Frank Be/castro

MICAD Team Leader
U.S. Army Edgewood Research,

Development, and Engineering Center
Aberdeen Proving Ground, MD
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MULTI -PURPOSE INTEGRATED

CHEMICAL AGENT ALARM

".*7ICAD

BY:
FRANK J. BELCASTRO

i.-HEMICAL AND BIOLOGICAL DEFENSE COMMAND
(CBDCU1i)

L.-

MICAD DESCRIPTION

9 IVI(!l.AD Is-A Real Time NBC Warning
And Reporting System

a Automatically Formats NBC Reports
And Transmits Both Horizontally And
Vertically On The Battlefield

9 Provides Alarm To Individual Soldier

* Provides Inside/Outside Vehicle Sampling

* Provides RF Link For Remote Detection

* Employed In Area-Warning, Combat
And Armored Vehicles, And Tactical
VansAnd Shelters

21



Hardware Used

MIL;AU System Currently In 6.4I Ueveloplment

* "isplay Control
- CPU W/Touch Panel Sceen
- Interface Between Sub-systems

And Communications Network

* Gaiiirie Transfer System
- Provides Inside/Outside Air

Sampling

Hardware Used

nIiAU System Currently Ini 6.4 L)evelopnent

' kIlemetry Link
- Remote Detection Using RF

* Alert Device
- Individual Warning

• liLteiface Option Cables

-Contain Logic To Link Sub-system
To Display Control

22
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ON-BOARD
DETECTION SYSTEM
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Design Philosophy

* True Concurrent Engineering
• Key Design Considerations

- Design To Unit Production Cost
- Reliability
- Maintainability
- Producibility
- Human Engineering
- Value Engineering
- Environmental Survivability
- Electromagnetic Compatibility
- NBC Survivability

Summary

a Aggresive NBC Survivability Program

e Data From Analysis And Test Has Been
Fed Back Into The Design

* The Design To Include Materials
Selection, Has Changed In order To
Meet Or Exceed NBC Survivability
Criteria

25
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MICAD NBCCS PROGRAM PLAN
& TEST AND EVALUATION

Mr. Thomas M. McMahon

Head, Chemical Surety
Calspan Corporation

Buffalo, NY

7
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The MICAD NBCCS Program aw&1= CuLsxPN

at
CALSPAN cs c UUIC

MICAD NBCCS PLANNING, ANALYSIS,
DESIGN AND TESTING PROGRAM

by
• Thomas M. McMahon

and
Roland J. Pilie'

CALSPAN CORPORATION
Buffalo, New York

Presented at NBCCS Symposium at APG, 15 Juno 1994

SThe MICAD NBCCS Program a nc4L.N
at

I= d*#NWI 0CMYCALSPANim CC C

ENGINEERING SUPPORT & TESTING

BCCS Analysis STS Design
and Design Enhancment

S• • Improved Design STS

CCS CCS BCCS Functional imponed Dn BraPiec Par andComponent and Bread
Preliminary Material Piece Part and Board Testing
Hardness Decontaminability Component
Testing Testing Testing

LORAL-Team 6.4 STS
Functional Testing

PRODUCTION PROVEOUT TESTING

BCCS Testing of MICAD Functional Testing of Final
System Functional Design STS Integrated Into

Components MICAD System

Ubra29"
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SW The MICAD NBCCS Program
at

No CALSPAN

NBCCS Goals: 1. Achieve highest degree of NBCC survivability
possible within mission perfonnance design.

2. Achieve all NBCCS characteristics throughout
design.

NBCCS Tradeoff Priorities:

1 a. Hardness to Contaminants
lb. MOPP IV Compatibility

2. Hardness to Decontaminants

3. Decontaminability

L.ORIqAL

The MICAD NBCCS Program w&=pJ rALsw1N
FW-W at

CALSPAN ccUC

MICAD NBCCS PROGRAM ACTIVITIES

• Engineering Support
- Vulnerability Analysis
- Materials Database Search/Selection
- Hardware Design Enhancement

* Programmatic Support
- Start of Work Meetihg (SOWM)
- System Requirements/Design Reviews

(SRR, SDR)
- Test Working Integration Group (TWIG)
- Critical Design Review (CDR)

* Engineering Testing (ET)

- CCS Materials Preliminary Hardness
- CCS Materials Decontaminability
- BCCS Piece Parts/Components

* Production Proveout Testing (PPT)
- BCCS Components ,=.fEjL
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CALSPAN c~c fm

OBJECTIVE OF THE
VULNERABILITY ANALYSIS

* To identify potentially vulnerable components of the MICAD
systems as the design matures so that survivability specialists
can work with design engineers to minimize BCCS problems

Uhriasm.ll

The MICAD NBCCS Program nal P•- •L N

lot CC_#
GALS PANI

SURVIVABILITY ANALYSIS APPROACH FOR MICADS System

Familiarization

Threat Definition J
Accessible NO Survivable

A s(Accept for PPT)

"[ Mission Critical "0 Decontaminable Uncertain., Test
I[ ~~~Survival TIN

Ye, 

ye.Test Ucran Susc~eptible t Sufvals • (Accept for PPT)
yTsible

Vulnerability -[ xists Start RedesignExists
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The MUCAD NBCCS Program wM lc-4LmN
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owa p CALSPAN ----- 00cu

SUSCEPTIBILITY ANALYSIS APPROACH

- Decompose components to pieceparts; and pieceparts to materials
* Consult databases on materials/agents, decontaminant Interactions, resulting

property changes and decontaminability problems
a Examine Influence of material property changes on ability of piecepart to

*function properly
- Interact with designers to seek substitute for problem materials
- Recommend materials and/or PIWC~part tests whera data are

inadequate
*Examine influence of degradation of piecepart function or, the ability of each
component to function properly

- Inteiact with designers to correct proolams that are uncovered
- Recommend component tests where uncertair~, exists

* Examine component configuration, assembly, bonding, and seal methods for
potential hardness and/or decontaminability problems

- Interact with designers to correct problems that are uncovered
- Recommend component tests where uncertainty exists

LOR/AML
Ubras"cep
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Table 1lB
SUMMARY OF BASELINE DATA ON ENCLOSURE MATERIALS

Itame of Material Datao Ruisranca Deba Summairy aB3cs
Recommendation

Uttem CSIAC Formulation number not specified. Sample,
not vetted by 10to 15 pidrope of GD,HD r
VX. No apparent Mele after 30M hours iii-
nursed in oS2 at 251C.

Uttemn 2000 - No reinforce- Calspan: Javelit Materials Hardiiees and Deconrtamintabulity demo.
ment Deccnlantinebility Tests stralled. (NO/DS2, VXIDS2, TGDIDS2)

Javelin System Teats crazing occurred at 1~s points With Do not use
exposuwe to HD and 052 and programed
with VX OWd TOT tests.________

Utam 2300- 30% fiber Caispa: MICAD Prelim. No majo hardness probloem. Slight texture Test for Deooontamlnablitiy
gliss Hardness Teals changes produced by HD, discoloration by
(OrVial Housing Mateinal) DS2. Oeontaminability data are not Acquired

linit utesmat.

Eoobond Adhesive Caispan: MICAD Prelim. Tested butt-joint bondled Ultsom. No hardness use
Hardness Tests problems were observed.

calepa: Mock Box Tests EDolon #oints WWr hard to sit agents

-LO/AML
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CRITICAL DESIGN REVIEW '3uL I-3m
UNIVERSAL INTERFACE UNIT' (Ulf)) CC4

KEY DESIGN ISSUES

*NBC SURVIVABILITY

*LOW COST

*RELIABILITY

*MAINTAINABILITY
*ENVIRONMENTAL SURVIVABILITY

-THERMAL -

-SHOCK AND VIBRATION

* * FLEXIBILITY

*ELECTROMAGNETIC COMPATIBILITY

*HUMAN ENGINEERING

Batter Accet

Cover 60
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The Test Sequence

1. Baseline Performance Test.
2. Contaminate with Biological Simulant.
3. Decontaminate with 2.5% Sodium Hypochlorite.
4. Performance Test.

* 5. Contaminate with HD, .10 g/M2.
6. Decontaminate using Mothods Prescribed by PM.
7. Contact Hazard Measurements.
8. Desorption (Offgassing) Measurements.
9. Contact Hazard Measurements.
10. Performance Test.
11. Repeat 5 through 10 with VX.
12. Repeat 5 through 10 with TGD.

Some simple electrical performance tests are run while the
test articles are in the contaminated condition.

Ubrasm"e
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Component Piee Paot Tast Articles

Part Name/Test Description Part Number Location Functional Measuremnents
1AO Connectors, Female wIM4lc Caps J3j4,5 D~38999/26WD35SN Mock Box 41 Pin-to-Pin Insulation Resistance
IA Connectors, Male w/Femnale Caps, J3,14,15 D.38999/26WD35PN Mock Box #2 Pln-to-Pin Insulation Resistance
Power Connector #I D38999/24WB5Pt4 Mock Box #1 Contact Resistance
Power Connector #2 D38999fl4WB5It4 Mock Son 02 Contact Resistance
Power Connector #3 D3$999/24WB5P?4 Hack Box 03 Contact Resistance
LEDs. Style 1, 0 ,02,413 Mt9"W~I9.O Mock Boxi 01 Luinosity
LEDs, Style2, #1,#2,03 M195OW519-02 Mock Box 02 Luminosity-
Binding Posts #1. 02.03 M55149/9-PB 061 Mock Box #3 Exenlt.rudReisancc

________Exiemal-to-Intemnal Resistance
tn-Uine Power Connector 1. Smooth Plastic GC4916ANF15-35-15 Separate Contact Resbistance. Pin-so.Pin

________________________________Insulation Resistance

In-Lim Power Connector #2, Textured Plastic OC4916ANF15-.33-15 Separate; Contact Resistaatce.Pin-to-Pin
Insulation Resistance

In.Line Powet Connector #3. Steel GC4816ANFIS-35-15 Separate Contact Resistance.Pin-to-Pin
______________Insulation Resistance

Librmm"
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Typicit Celnfust Hnszard Test Da~ta

_CONTACT HAZARD TEST RESULTrS VX

ja c f~ce condition siblile location test0 vL at ngfcm#

VX-l IP.C.0 post DS2 %fop , W hwýq e...,( v wuww 03T4 10 cO.25 & 10

NVX2 I C0I' postDS2 vm~wwpwuuh.wumaa.iLm &" w nu 03T4 IL0 1.01 40.4
VX.3 IP.C.i postDS2 %nuWd4 ... w iwiw w I 03T41 10 0O81 32.4

'.'C. postDS2 drnvs uuiwahffýon"pw omw mwi 03T411020.79 131.6

1 V X -J I pC . 0 2 P O S D S Z a2 w w u m v i b 1w k jo 03 T 4 1 0 0.7 9 I 1 6
VX.4) 'P.C2 N SitDS2 %vw wm rn#Mie,.Iwwww~ _________ 3741 1101 7.35 1302

VX.7 P.jC.#I post 0g1158  kvm"ope"*(nW ff~ 03T4 1 101 <0.23] (10
1')" pro'M 2poll offpt!!6 &A low"Mpmuti A be" I..iah.l~m "u "Mt 03T4 1 101 <0.21 C 1
V.X-9 :PC.I 01 T22S offpass UF kr~da~d#hwWm t 100KI03T4 1101 <0.25 C 10C
VX.IO -P.C.N2post 01ff 5s lv."Pjw~ w 4u.d -,M p"ntQ"M ofhill-lowsmr~w 1 03T4 10 Q0.251 10
75. 1 IP.C.0-12poit cffpaS II~n.udMM VWhW MjWam1m~u 0374 10 1 40.251 (10
VX-12 :PC.02 1post offIlss 1-Iwvw n-L4ew 03T41 101 Q0.25 ,10
VX.13--P.C.03 0,2siDS2 rl*40 awwhnm~madth.ii w I 0376 1 101 <0.25 1£e10

VN1 PCW po:tS ypd~ihnja.og.lwum 1[T 03V]60l1-1.51 60.4
VX-14 P.C.0 1ot 02 !ý ______ _ Iw 037 40,0 W11 2.69 07.

vi -16 1U Gfis 32 ~ M.u~hI~a ___ ____ 316, 14) 0.32 12.8
VX-17 M.B. 2 1 psl DS2 Imr~w oet! .d .w i 4p m~lw ..I** 0376 2.5 5.83 1932.5
VX-.11 M a 2ipost DS2 "Isaf .. mpwdu..-vin-IN cmewitw I 10376110 0.70 1 28 1

VX-19 M.B.421post DS2 im.~daw amwaasdin~*o wa~w au.h I 03T61 5 8.77 701.6
V3X 20 MB #I posi DS2 1!!Mr± waeLEDs s'2uda #331 110 10.25 110

VX)-21 hlIpoiS Isi0.011lausim~e~w4077j1 9.52 [380.1
V\.2 ~u~I~sID2 .. faafr~uMmlws.uaI _ I037;10 10.75 1 430

VX~-21 N1 B 1tmost QS2 IWVAF.d 9~,a(b.1a I- T77 * j FHiTh

The MICAD NBCCS Program DIWA C4LS;MN
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THE DESORPTION RATE MEASUREMENT
PROCEURE

Test Cell

Clean VentTetVnAiOu
Air InTetAtceVnAiOu

Mixing Fan

L(t) = C (R + K)

Ubramcpe
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Typical Desorption Rate Data

Tos lhem: Mock Boxi 2 DaUe: 3/9/94
Apol: vX

Klapwd Mans Volodawe Veslihlalke Ilesorlillaa Culnulailve
liII Deleclid Sampled liRle Rale Dan

Iee1 lad 11.1 Ilb.I g-wsilh lell

0,09 1464.26 L.5 90 4.23 21

0,59 1112.74 1.19 120 14.39 453

1.09 33.U4 0.32 120 16.17 939
-1.59 ". •.14 0i12 171l 1 142 1162

2.0f9 23.31 i1.12 1211 10.93 16911
2.59 22.43 0.33 120 9.13 1963
3.09 19.91 0.32 120 3.00 2203

, 3.59 17.31 0.32 120 7.16 2411
4.09 16.0U 0.32 120 6.42 2611
4.59. 14.70 0.32 120) S.91 2781
S.09 13.59 0.32 1211 $.A) 2951
5.59 12.44 01.32 120 5.11) 3101
609 1,A66 1.312 1211 4.60 3240
6.59 10.39 0.32 120 4.33 3370
7.09 10.07 0.32 1211 4.03 3490
7.59 9.36 0.32 120 3.77 3HAM4
1.09 9.02 0.32 120 3.57 3711
3.S5) 3.53 0.32 120 3.37 3912
9.09 3.13 0.32 1211 3.21 390A
9.59 7.4 0.32 1241 3.114 40M0)
111.09 7.34 0.32 120 2.92 4011
10.59 6.97 0.32 120 2.73 4171)
11.09 6.65 0.32 120 2.62 4249
11.39 6.33 0.32 120 2.49 4324
12.09 5.97 0.32 120 2.36 4394 I O Nm ill

The MICAD NBCCS Program =%= C4LON
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SUMMARY OF OFFOASSINO DATA FOR
MOCK BOXES

fTetAlace Agent Test 12 [four lute. Worst Case Pass/Vall Worst Cone
Designation Datle Ialed Mass Mapoauar. Criterias Corrected fur

(02) Mil .,lu/
3 

Mag MIN1/eu
3 Wind l.'Itclustlusss

91 HOI -7179-r 11.1 14.1 so 0.7
92 312f94 9.5 12.2 0.6
33 2/28/94 25.9 33.2 1.5
#I VX 3/10 94 7.6 ~ 1O " 0.25 0.S
82 319194 4.4 NS . 0.23
03 3110/114 3.3 0.21
91 GUI* 3/17194 1 -.6 W7,1zIl 2.5 0.17
92 3/ 16/94 0.6 6.7 0.04
93 3;17194 1 .2 1.5 11___ .411

SUMMARY OF OFFOAISINO DATA VOR
IN LINE PIN CONNUCTORS

A wi dm 1 2
Teal Article Alital Test 12 Htour late- Worst Cuse Palss/Fall Worst Cast.
Dealguallom Dael grated Mass tzpasmredeCrIterla Corrected fur

(us) 01 MINIMt ug mIIM3 Wsind Fluactuations

111 11111) 226/94 6.31 19.3 so 0.10
92 3/1/94 1.54 36.6 0.13
93 311104 0.27 6.4 1 3.03
81 VX 31U94- 0.84 ,0.25 0.10
92 313/94 0.72 0.09
03 13/9/94 0.7 * 0.09
al 640 315/94 5.79 .x,,t37.6 2.5 0.69
92 3/15/94 0.119 13 2 0.

83 3/16/941 1.07 4111:1 0.13

U-mr
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FUNCTIONAL PERFORMANCE TEST RESULTS

block gas 02

aIOLcK3ICAL III VX TOD
UASELIPIK POT PS UJIO pir O(INO I POST POST DulINc POT os

ToST G 3T3 03T6 1)T ]
DALTE J1/18/94 1124/94 12/20/94 3/2/94 1 3/3/94 3/9/94 3/10/94 13/15/94 3/16/9 3/17/94

_ _LL 3 j 2  _ _

LA CONNECTOR PIN TO FIN INSULATION RESISTANCE TEST RESULTS

J3. PIN I I '300k I 7.0k 300k )-300k '-300k I '300k 172 Ilk 12k 1.8k
i33,PIN21 >300k 1392 300k >300k >300k "300k 182 27k 43k 19k
13, PIN 31 !300k 30k 300k :,300k )'300k >300k 2.3k 33k 33k I 25k
*14 PIN I 21300k :>300k >300k >300k >300k >1300k 4.0k I 50k >300k I 50k
*1, PIN?2 ;'300k :-300k >.300k >300~k '3)00k '-3t0k 3.Uk 150k >3(X)k 300k
A4 PIN 3 >300k >300k >30Uk '-.iUM >300k >300k 3.2k 300k 150k 300k
JS PIN I >300k >300k >300k >30 3,300k :'300k 117 1 50k >300k I 00k
IS, PIN 2 >300k' >300k >300k >300k I>)300k >30k 200 __lO0k >-300k 12ýk
13. PIN 3 >)(10k >3100k I 300k I 300k I )300k I >300k I 3.9k _A Sk I i0k 150k
P S (volli 1001 3(H)1 3W( 1 300 3 00 1 300) 1 100 1 30U 1 300 300

LED LUMINOSITY TEST RESULTS

ILED N2 1 1.85 1.83 11.37 1 uncln 16 1ucln 9 I69 1 unciont I'71
ILED N3 1.[66 L1.39 I1.44 trunc~lons 1.31 Ifunc~onie JA 4 1 14 4 1 fut ctions 3

Ubrae~
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BCCS TEST RESULTS - HARDWARE

"* BINDING POSTS

-ALL BINDING POSTS PASSED ALL ELECTRICAL HARDNESS TESTS

- THERE WAS NO EVIDENCE OF LEAKAGE AROUND BINDING POST MOUNTS

"* LEDs

"-ALL LEDs PASSED ALL LUMINOSITY TESTS

"-SERIOUS CORROSION OCCURRED ON THE INTERIOR OF LED MOUNTS ON
BOX #1. ISOLATED WATER MARKS AROUND CORRODED LEDs SUGGEST LEAKAGE
THROUGH THE MOUNTS.

"* THERE WAS NO EVIDENCE OF CORROSION OR LEAKAGE THROUGH LED
MOUNTS ON BOX #2.

"o DISTORTION OF THE NI FILLED EPDM GASKET AND SERIOUS LEAKAGE INTO

Ubu~a..
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BCCS TEST RESULTS - HARDWARE

" IA CONNECTORS AND POWER CONNECTORS

- ALL IA CONNECTORS AND POWER CONNECTORS PASSED ALL ELECTRICAL
HARDNESS TESTS

- THE BUTYL GASKETS SUCCESSFULLY ELIMINATED LEAKAGE THROUGH THE
KEYHOLE IN RECEPTACLE MOUNTS

-THE RECEPTACLES THAT WERE CAPPED WITH STAINLESS STEEL DUST
COVERS REMAINED DRY THROUGH ALL TESTS

- MOISTURE WAS OBSERVED INSIDE OF RECEPTACLES MATED TO CABLES AND
TERMINATOR CAPS. INVESTIGATION STILL IN PROCESS

L..r'L..
uhreiu"

ARVIN (78 81-8905
CALSPAN CORPORATION
ADVANCED TECHNOLOGY CENTER
P.O. Box 400, Duduo, NOw Yoe* 14225

Thomas. M. McMahon
Head Cemical Surey Section

* Phlboeal ScIlncau Dt
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OVERVIEW OF THE ARMORED GUN
SYSTEM (AGS) PROGRAM

Mr. Albert P. Puzzuoli

Deputy Project Manager
Office of the Project Manager
for the Armored Gun System

Warren, MI
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ARMORED GUN SYSTEM
PROGRAM OVERVIEW

MR. ALBERT PUZZUOLI
DEPUTYPROJECTMANAGER

ARMORED GUN SYSTEM

15 JUNE 1994

Moak

AGS MISSION: "WHAT AGS IS...
rmpROViDEREfCT PREf suPpoRTFOR A UGHKT WEIGHT MOBILE GUN

LIGH FORES WERE ANKSARESYSTEM INTENDED TO REPLACE
NOT AVAILABLE.. H 51SEIA

_______OR_____ ARODEPLOVAL - AIRLN O&
RAPID STRATEGIC DEPLOYASIUTY LOW VELOCITY AIR DROP oa i

4b..141.MORE LtThAL. SURVIVABLE, OUPI.OYABLE
CONTINGENCY FORCE AREAS SPRAL HNM5

OF OPERATION DESIGN BASED ON PROVEN

AIRBORNE; LIGHT INFANTRY; TR ANSPORTABl 4 MN NTS£TCHNOLOGIES
LIGHT ARMOR FORMIATIONSTFIH

* ~CONDUCT OFFENSIVE AS WELL
AS DEFENSIVE OPERATIONS W A G A N TD .

PROVIDE CAPABILITY TO DEFEAT
TANIKS IN CONJUNCTION WITH FIGHT TOE-TO-TOE 1#17H
'LONG RANGE ATOM. HEAVY TANKS ALONEI
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AGS - STREAMUNED ACQUISITION
(NIOT BUSINESS AS USUAL!)

A mRISK & COST MANAGEMETPA

BALANCING COMPETING MARKET SURVEY CONPIRNEID ADS RFP ACQUISITION
PARAMETERS NOI NOT P03531.5E STREAMLINING

pup:wc 0130 LVADR. TACOM 81NMf LEVE
PEROIROC 010 C4CRUD

* 03PLOVA*MT EHLITY (I0CUM) iWO AMC ICRUBS
ARMOR DA. OVERNIGHT

*LEYNAMYfl FUR FYI6

* UWWA*IUry
TAILORED ACOUIUITON

*SUSTANASIIWY REDUCED DATA
URGENCY: TAILORED OIWERABLES
URGENCYMINIMIZED REQUIREMENTS

ELIMINATE UNIQUE MANAGEMENT TOOLS

17 
AND REQUIREMENTS

DESIGN I VEHICLES
-PROTOYPS - 5
TESTING %CERTIFICATION

TYP" 4 OF AUTOLOADERS
ILL ARMOR PLATES,

RAIN.

awM.Ara,

DEP 14aAn S.,

C10Lw 44oiy l~o



AGS PROGR~AM (FUE FEB 99)
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AGS PROGRAM NBCCS RISK
ASSESSMENT METHODOLOGY

Mr. Francisco Magno

AGS NBCCS Project Engineer
United Defense L.P.

San Jose, CA
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Grounl Sytaeme Division

Armored Gun System
Vulnerability Analysis

Methodology

15 June 1994

by
Francisco Magno

AGS NBCCS Project Engineer

Ground Systems Division
sanme Clare

Presentation Focus

The presentation will focus on the
susceptibility analysis portion of our NBCCS
program. The goals of the presentation are:

s To show how the analysis works

* To show the benefits of our analysis

To gain NBCCS community acceptance

49



Ground Syam DivisionEant& Clara

Analyses Used to Support
NBCCS Requirements

Ground y•tems DivisionSanta Clamr

Susceptibility Analysis History
Developed under

the United Defense
ASM SubctraetI .

Presentedby I
United Defense at the I

lnd NBCCS Symposium,
in December 1992 ,

Refined by United Defense
in 1993 for the AGS

to maximize the utility
of the analysis and meet

program objectives

50



Ground Systems Dvision
Sol*&d Clare

Key Features of the AGS
Method

• Modeled after MIL-STD-1629a reliability
analysis FMECA (Failure Modes Effect and
Criticality Analysis).

* Rank orders NBCCS risks by mission
criticality and probability of damage
occurring.

* Takes into account realistic threat levels.

ýGround Systema DivisionL)I e rduta Clem

Key Features of the AGS
Method (continued) AG

* Maximized utility
- Analysis Is cost effective. Analysis time Is reduced by

allowing engineers to predict damages at ihe highest
level that Is necessary to predict damages rather than
starting tho analysis at the lowest plece-part W2evýAj%.

- Method allows us to use nformation generated by
reliability (functional block diagram# and pdilcted
modes of failures).

- Feedback is given at all stages o the dee gn cycle, I.e.
design guidance can be given by PDR, as the design
matures the predicted damages are re-evaluated.

- Concurrent engineering Is embedded in the method.

51



Process'Flow Diagram

AGS% TheTLvl

A .JIM : .. Ip .%V1 I.*
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Ground SM~tma Division

Prediction of Damages

Howh go thLiaste h

Wil tbein contact wtdecon a nhzad tor
ti: iwhistrchl 10 PiredIedcte o itediodecnt~inalonafficatlf It.on

PGound? daules ExampleDaage
- eW hats amhe tietodnpteivel oa gear txoscniure?

Will Ionb Ina contaminte enirhdonmet manin thaogn

d FMor-tin a ffie s availa minty ,'n deg ibrades foowon msin
tim Use which data te sdeiaedtntro

* Catdegorietamiagesn aplcctordng. oedfet

Grun Sytstr msph iic asesdahirwapnsstmls

Ii Cri ita ission aborl/los

Ill- ar ina t ela/osofaalbiiyo mission d aegrdatin

I- MiorCrewhas inanchdletm odo maintenane oer repairinu

misininacotaiatdenirnenmenigthta3n



Ground Systems Division

L arve l aIsred:10
LAvesignreqent: o0%f Proba0ccli100
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Ground Shtm 
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Power Loaien m& t FM 3. o Applydexo
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Ground Systems Ovisluon

Impact of Susceptibility
Analysis on AGS

*1 Changed from silicon to EPDM for seaflnig -
applications on hatches and electronic pau

* Relocated turret exhaust fan to lor.threatev
In autoloader compartment

"" Performed DS2 testing on armor t e adhesive
because of Its high priority Desig

* Designed seat cushions to be easily re

* Elevated Importance of scheduling NB S;
electrical design changes Into pro-production
Improvement stages: protective heat shrinks,
switch covers, EPDM seals, parylone coated
panels, and NBCCS-tested switches.

Ground Systems Dlvisionuinto Clare

Lessons Learned
* Presentation of analysis results should be

scheduled to provide Input before key design
decisions are set.

* GFE and NDI may have an adverse effect on
the system's NBCCS because It Is difficult to
Incorporate changes to the design.

e A test program Is Imperative to positively
* Identify and eliminate NBCCS risk areas

because of the lack of usable test data.
"* To prevent NBCCS from being a hidden

requirement, NBCCS should be an Integral
part of concurrent engineering and design
approval.
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amrund UGyeNW Division1wnoe Clara

Summary of Analysis
Key Points

* The method evolved from a need to cost-
effectively Identify NBCCS risk of complex
system.

* The analysis methodology allows Identification
of risks at all stages of designs and enables us
to provide feedback before key design decisions
are set.

* Risks can be prioritize so that efforts can be
aimed at the most critical areas Impacting the
system survivability.

* Acceptance of an analysis method is required to
standardize NBCCS approaches.

56



NBCCS IN THE TACTICAL QUIET
GENERATOR (TQG) PROGRAM

Ms. Kelly Alexander

Project Engineer
Office of the DoD Project Manager

for Mobile Electric Power
Springfield, VA
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Tactical Quiet Generator Sets

NBC Contamination Survivability

to

American Defense Preparedness Association

15 June 1994

Kelly Alexander

Project Engineer, PM-MEP

Tactical Que Genratr0

"* 3kW Through 200kW
"* Multi-Fuel (JP-8, JP 4, JP-5, DF-1, DF-2, DF-A)
* Reduced Noise and IR Signature Levels
* More Reliable
* Less Weight
* HAEMP Protected
* Reduced Fuel Consumption
* Total Package Fielding (Logistically Supportable)
• Power Units/Power Plants
• Less Cost (Procurement, Support, Cost)
* Transportable (EAT, 5 & 10 kW, Air Drop etc.)

Increased Wat Fighting Capabilities for Commanders:
Combat Multiplier Offsetting/Battlefield Deficiencies I
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"* Ge' -"-P+ors
-12. "'dels Replace 31

"" Power Units/Powor Plants

- 19 Models Replace 54

"* DISE

- 5 Models

"* Provides Electrical Power to Virtually
all Army Systems

- Weapon Systems

- Communication Systems

- Medical Systems

- Combat Support. Systems

13,MEP-G()I'4.3

Material Release Nov 93

First Unit Equipped - Fort Bragg Dec 93

Fielding - Fort Drum Jun 94

Fielding - Fort Cam e Aug 94

I L.fLIp-01N94..
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Material Release Nov 93

First Unit Equipped - Fort Bragg Dec 93

Fielding- Fort Drum Jun 94

Fielding - Fort Campbell Aug 94

13 KIER( IN4.4

0 TQG Waivers to AR 70-71
- First Production Approved Jun 92

- Rebuy Approved Aug 93

* Dugway Paper Study Complete

* Vulnerability Assessment Complete Nov 93

* Chemical Contamination Oct 93-Jan 94
Survivability Test @ DPG

* Operational Effectiveness and Jun 93 - Apr 94
Cost Trade-off Analysis (OECTA)

* Brief NBCSC Quarterly

61.-IEI'.uUIN4
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* Approved 15 Jun 92; Rebuy Aug 93

* Waiver for Current Production of 17,000;
Rebuy 17,000

* Required After Milestone IlU IPR
- Vulnerability Assessment
- Live Agent Test ASAP
- Get Well Program

• Interim Solution
- Manual Changes

• Coordinate with CRDEC, TECOM, Natick,
and USANCA Regarding Design and
Material Changes

* OECTA

- Brief NBCSC Quarterly

I3*MEPO01•4.6

*Hardness to Decontaminants a Greater

Problem than Contaminants

Live Agent Testing Needed to Determine
Hardness to Contaminants/
Decontaminants

Protective Cover
- Reduce Interior Levels of Contamination
- Storage and Operation

• Air Filtration
* Alternate Methods of Decontamination

- Decontaminants
- Tailored Procedures

Operational Considerations
- Generator Set Disposal
- Operation in MOPP

I ]-MEP-.O1 -l0.I
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Dynamic Liquid Simulant

* MES Applied to 5 kW and 60 kW TQGs
@10 g/m2

* Internal and External Simulant Levels
Measured with Swab Samples, Filter
Paper, Printflex Cards and Minicam
(After Application; Again After 8 Hours
of Opeoation)

* Electrical Performance Test Conducted

13-.MEP-O01f94.9

Phase Ii I
Static Decontamination

* One Cycle of Hot, Soapy Water or
Steam Followed by Water Rinse

* One Cycle of DS2 Sprayed on TQG with
Mll Apparatus

* Electrical Performance Test Conducted
Between Cycles

13N-MEP-40I/94. 1I'
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After Phase I (Simulant Application)}

* Both Sets Operating Within Specified
Electrical Parameters

I Internal Contamination

r After 8 Hours of Operation

Both Sets Operating Within Specified
Electrical Parameters

Internal Contamination Measured by
Minicam Reduced by a Factor of 10

All Swab Samples Measured Zero
Contamination

13A Ep.'TjiAt4 19

FAtter Decontamination Cycles

* 5 kW Operable at 25, 50 and 75% Loads Only

"* 60 kW Non-Mission Capable .due to Failure of Voltage
Regulator

"* Both sets had Problems with CARC Peeling and Corroding

"* Polyurethane Foam Coating Degraded, Peeling, Sagging

"* Switch Box Inoperable

"* Lettering on Fault Indicator Panel Erased

"* Rubber Seals Around Doors Damaged
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Purpose

Survey Commercial Market for Cost Effective
Alternatives with Potential to Enhance
Chemical Contamination Survivability of the
TOG

Provide Recommended Solutions to
Deficiencies Resulting from Simulant Test at
DPG

S3"M W-O011/J- II

Operational Effectiveness (Weight,

Performance, Size, Mobility, Power)

* Potential Survivability Enhancement

Hard to Get Realistic Costs from Suppliers/
Manufacturers Without Requesting a Bid or
Quote

611-MEP-5I94 11
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Status Quo

Contamination Avoidance

Harden Vulnerable Areas of Generator Set

I-3 ,EP,00 UII 13

Alternative II - Contamination Avoidance
- Aerodynamic Filter
- Cover Over Control Panel

Issue as Field Installablo Kit
"Limited" Hardening

- Near Term
-- Glass Dials/Gauges (All but two Currently

use Glass)
-- Require Epoxy Sealant - No RTV Sealant
-- Lettering

- Long Term
-- Replace Gaskets/Seals with Butyl Rubber

(May Require Some Development)
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* Compatible with NDI Approach

* Cost Effective

* Operationally Effective

* Easily Implemented

IC StatIu.I"4. s.

Implementation of Recommendations

Protective Cover and Air Filter Being Designed

ECPs in Process to Substitute
Sealant, Seals, Lettering on Fault
Indicator Panel, and Glass Dial
Covers

I I-MF.P [01t4 '1
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Implementation of Recommendations

* Protective Cover and Air Filter Being
Designed

a ECPs In Process to Substitute Sealant,
Seals, Lettering on Fault Indicator
Panel, and Glass Dial Covers
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NBCCS IN THE 120 MM MORTAR PROGRAM

Mr. Edward Lewis

Project Engirner
Office of the Product Manager

for Mortar Systems
Picatinny Arsenal, NJ
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120MM BATTALION
MORTAR SYSTEM

NUCLEAR, BIOLOGICAL AND

CHEMICAL CONTAMINATION

SURVIVABILITY

SYMPOSIUM

MR. EDWARD LEWIS

PROJECT ENGINEER

PM MORTARS

PROGRAM HISTORY

- SYSTEM CONTRACT WITH MULTIPLE OPTIONS FOR ROTE AND

PRODUCTION PERMITTING:

"- PURCHASE & TEST OF FOREIGN NDI WEAPONS &

AMMO (FY88-90)

- LIMITED OFF-SHORE PRODUCTION BUY TO FIELD THE 9TH

INF DIV (FY 0)

- ENHANCEMENT OF AMMO TO INCREASE

PERFORMANCE (FYU840)
* S

"- CONUS PRODUCTION OF ENHANCED AMMUNITION (FY01)

* ALL SUBSEQUENT WEAPON PRODUCTION ON-SHORE BY

WATERVLIET ARSENAL T S
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NBC REQUIREMENT

ROC-MUST BE NUCLEAR AND NBC SURVIVABLE lAW AR 70-60.

NBC CONTAMINATION SURVIVABIUTY IS REQUIRED. THE

SYSTEM IS MISSION ESSENTIAL

SPMMORTAR8

NBC WAIVER

WAIVER OBTAINED APR 91 FROM NUCLEAR AND CHEMICAL

SURVIVABILITY COMMITTEE WITH TWO STIPULATIONS:

* TEST THE BMS 120 AT DPG TO DETERMINE ACTUAL

RESIDUAL HAZARD LEVELS USING-STD FIELD DECON

PROCEDURES AND PROVIDE RESULTS TO USER REPS

AND COMBAT DEVELOPERS.

* ENSURE DOCTRINE AND UNIT STANDING OPERATIONAL

PROCEDURES EMPHASIZE CONTAMINATION PREVENTION FOR

THE BMS 120 WITH USE OF CHEMICAL PROTECTIVE COVERS.
72ARS
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120MM MORTAR

NBC EFFORTS

SALTERNATE MATERIELS FOR WORST CASE MATERIELS

U DECONTAMINATION TEST ON BIPOD

* NBC COVER STUDY

* LOUISTICS CHANGES

• M67 SIGH F UNIT COATING

LESSONS LEARNED

* ADDRESS NBC REQUIREMENT AS EARLY AS POSSIBLE

IN ACQUISITION CYCLE.

oilUTIIUZE EXPERTISE AND INFORMATION AVAILABLE

"FRO-M NBC COMMUNITY. DO NOI REINVENT THE WHEEL.

• * ~VIEW r in, SURVIVAr3ILITY COMMITTEE SECRETARIAT

AS AN ALLY.
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NBCCS IN THE MINI EYESAFE LASER INFRARED
OBSERVATION SET (MELIOS) PROGRAM

Mr. Richard Renairi

Project Engineer
Office of the Project Manager

for Night Vision and Electro Optics
Fort Belvoir, VA
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MINI EYESAFE LASER INFRARED OBSERVATION SET

AN/PVS-6 MELIOS

AN/PVS-6 MELIOS
SYSTEM DESCRIPTION

THE AN/PVS-6 MELIOS IS

A LIGHT WEIGHT, EYESAFE

LASER DISTANCE MEASURING SET

DESIGNED TO MEET THE NEEDS OF

INFANTRY AND OTHER SMALL UNIT LEADERS
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MELIOS PROGRAM HISTORY

"* LOA APPROVED ----------- JUN 81

"* ADVANCED DEVELOPMENT ----- SEP 88 - SEP 88
- 2 TECHNOLOGIES, BOTH SIUCCESSFUL

"* ROC APPROVED ----------- DEC 87

"* DPPO CONTRACT AWARDED ----- SEP 88

"* DT/OT-II ---------------- JAN - SEP 91

"* C/VAM DEVELOPMENT -------- APR 91 - OCT 93

"* MILESTONE III REVIEW -------- DEC 91

"* PRODUCTION OPTION EXERCISED - -MAR 92

"* 0/VAM MILESTONE III REVIEW ---- MAR 94

" C/VAM PRODUCTION OPTION EXERCISED - - APR 94

"* FIRST UNIT EQUIPPED -------- APR 94

AN/PVS-6 MELIOS
MAJOR PLAYERS

ACQUISITION EXECUTIVE PROGRAM EXECUTIVE OFFICER FOR
INTELLIGENCE AND ELECTRONIC
WARFARE

PROGRAM MANAGER PROJECT MANAGER FOR NIGHT
VISION AND ELECTRO-OPTICS

MATERIEL DEVELOPER CECOM NIGHT VISION AND
ELECTRONIC SENSORS DIRECTORATE

COMBAT DEVELOPER US ARMY INFANTRY SCHOOL
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AN/PVS-6 MELIOS
MLRF WITH C/VAM MODULE

SIDE VIEW C/tA4M MODULE -

MLRF

OPERATOR VIEW

CI'VM MODULE

AELRF 161

AN/PVS-6 MELIOS
MLRF MODULARITY

ii ,==.--GI ol MODULE

S•" EI.EOTRONICO MODULE

OPTIC$ MODULE

* ,LASER MODULE
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MELIOS PERFORMANCE

p.RAMETE ROC REQUIREMENT DEMONSRATE

EYE SAFETY EYESAFE AT APERTURE EYESAFE AT APERTURE

OPTICAL HARDENING HARDENED HARDENED

MINIMUM RANGE 80 M ROD, 30 DESIRED 80 METERS

MAXIMUM RANGE 10.000 METERS 9995 METERS

RANGE ACCURACY #/- 5 METERS -/- 5 METERS

DISPLAY IN EYEPIECE IN EYEPIECE

COMPASS .o/- 10 MILS AZ & VAM '/- 10 MILS AZ & VAM

MELIOS PERFORMANCE

pB Mi ROC REQUIREMENT DEMONST.RTE•

BATTERY ONE STANDARD A'&RMY BB-516 NICd

RANGINGS PER BATTERY 3,600 W/COMBAT BAT 500 WITH BB-510

LOW BATTERY INDICATOR VISUAL IN EYEPIECE VISUAL IN EYEPIECE

CARRYING CASE REQUIRED PROVIDED

SHIPPING/STORAGE CASE REQUIRED PROVIDED

OPlICAL CROSS SECTION MINIMIZE MINIMIZED
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MELIOS PERFORMANCE

B MES ROC REOUIREMENT DEMONST E
RETICLE VARIABLE ILLUM VARIABLE ILLUM

DEPLOYMENT TIME
- HAND HELD 20 SEC ROD, 10 DFSR 17 SECONDS
- TRIPOD MOUNTED 70. SEC ROD, 00 DESR 41 SECONDS

"COMPATIBILITY WITH AN/UAS-11 MET, ECP AT MICOM
WiTH TWS TEST SUMMER 94

CONOPS (RANGINGS/MINUTE)
- SUSTAINED RATE 6 ROD, 9 DESIRED e RANGINGS/MINUTE
- BURST RATE 9 ROD, 15 DESIRED 10 RANGINGS /MINUTE

MELIOS PERFORMANCE

EARAMEJER FROC REQUIREMENT DEMONSTRATE

SECURITY NO VISIBLE LIGHT NO VISIBLE LIGHT
INAUDIBLE AT 50 M INAUDIBLE AT 75 FT

RAM- MRBOMF 23,000- 34,990
- MEAN TTR (D5) 1.0 HOURS 0.2 HOURS

NUCLEAR SURVIVABILITY HIGH ALTITUDE EMP MET

ADVERSE WEATHER AND WORK IN HOT, BASIC CAN RANGE TO
SMOKES/OBSOURANTS AND COLD CLIMATES; TARGETS VISIBLE

RANGE THRU SMOKES IN EYEPIECE

TRANSPORTABILITY AIR DROPPABLE MET
CROSS COUNTRY MET
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AN/PVS-6 MELIOS
NBCCS REQUIREMENT

* MELIOS ROC REQUIREMENT
- NBC CONTAMINATION SURVIVABILITY IS REQUIRED

MELIOS PURCHASE DESCRIPTION
- THE SHAPE OF THE MELIOS SHALL BE CONFIGURED IN A
MANNER WHICH ALLOWS FOR USE WITH MOPP-IV PROTECTIVE
CLOTHING AND/OR ARCTIC MITTENS.
- COLOR AND FINISH, CHEMICAL AND BIOLOGICAL AGENT
RESISTANT MATERIALS AND FINISHES PER MIL-C-46168
SHALL BE USED TO FACILITATE DECONTAMINATION AND USE
OF THE MLRF IN A TOXIC ENVIRONMENT

AN/PVS-6 MELIOS
DESIGN CONSIDERATIONS

a HUMAN FACTORS

* MAINTAINABILITY

@ HEMP SURVIVABILITY

* CHEMICAL SURVIVABILITY

o COST

* WEIGHT
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AN/PVS-6 MELIOS
MATERIALS SELECTION CRITERIA

O ORDEC MANUAL CD-87033, NUCLEAR, BIOLOGICAL,
"AND CHEMICAL SURVIVABILITY MqTHODOLOGY,
USED AS GUIDANCE FOR MATERIALS SELECTION

* MATERIALS USED MUST ALSO PROVIDE ENVIRONMENTAL
SEALING OVER FULL TEMPERATURE RANGE, AND HEMP/EMI
RESISTANCE

e NON-ESSENTIAL PARTS OF SYSTEM MAY BE THROW-AWAY

AN/PVS-6 MELIOS
MATERIALS USED

* OPTICS MODULE HOUSING ---- A356.0-T6 ALUMINUM ALLOY

* OPTICS MODULE TOP COVER --- A6061-T6 ALUMINUM ALLOY

o LASER MODULE BASEPLATE ---- A7075-T6 ALUMINUM ALLOY

* LASER MODULE HOUSING ----- POLYPHENYLENE OXIDE RESIN
COPPER-NICKEL PLATED FOR HEMP AND EMI RESISTANCE

* ELECTRONICS MODULE HOUSING - POLYPHENYLENE OXIDE RESIN
COPPER-NICKEL PLATED FOR HEMP AND EMI RES0ISTANCE

a GASKETS -------------- CHLOROPRENE RUBBER

* ALL OUTSIDE SURFACES COATED WITH CARC
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AN/PVS-6 MELIOIS
DE CONT.AMINATION CONCEPT

s DECONTAMINATE MLRF WITH DS-2

a REPLACE THE FOLLOWING ITEMS AFTER OPERATION IN TOXIC
ENVIRONMENT:
- LENS COVER
- EYESHIELD ASSEMBLY
- EYESHIELD PLUG AND LANYARD
- BATTERY CAP LANYARD
- NECKSTRAP
- CARRYING CASE

AN/PVS-6 MELIOS
TECOM NBCCS EVALUATION

" PAPER STUDY CONDUCTED BY DUOWAY PROVING GROUND
JAN 90 TO DEC 91
- TECOM PROJECT NO 8-EE-PVS-006-004
- DOC, IMENT NO DPG-LR-91-371

o REPORT CONCLUSIONS.
- D82 WILL DESTROY RUBBER EYECUP
- STB WILL PIT ALUMINUM ALLOY A356
- MODULAR DESIGN WILL TRAP AGENTS ANU D•ECONTAMINANTS
- RECOMMEND REDESIGN TO AVOID RECESSES

* DEVELOPER RESPONSE:
- REPLACE EYECUP RATHER THAN DECONTAMINATE
- ALUMINUM HOUSING IS COATED WITH CARO
- PAINT FASTENERS WITH CARC AFTER ASSEMBLY
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AN/PVS-6 ME.IOS
USANCA RECOMMENDATIONS

a USE M-295 KIT FOR DECONTAMINATION INSTEAD OF DS-2

* CARC OVER FASTENERS ACCEPTABLE

s TEST OPTICS FOR HARDNESS AND DECONTAMINABILITY

s LIMITED WAIVER TO FIELD GRANTED PENDING TEST RESULTS

AN/PVS-6 MELIOS
HOW CAN WE IMPROVE THE PROCESS?

* BRING CHEMICAL EXPERTS ON PROGRAM NO LATER THAN START
OF DPPO

o DEFINE HARDNESS REQUIREMENT AND DECONTAMINATION
PHILOSOPHY IN OPERATIONAL REQUIREMENTS DOCUMENT

a ESTABLISH DECONTAMINATION CRITERIA AT BEGINNING OF DPPO
s MAKE CHEMICAL HARDNESS AND DECONTAMINABILITY A PART OF

"PURCHASE DESCRIPTION AND STATEMENT OF WORK
* IDENTIFY DECONTAMINATION PROBLEMS (RECESSED SCREWS,

MATERIALS, ETC) BY CRITICAL DESIGN REVIEW AND CORRECT
WHILE DESIGN IS STILL IN PAPER

s TEST TO DETERMINE THE LEAST DESTRUCTIVE WAY TO
DECONTAMINATE
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VAPOR AND LIQUID TRANSPORT AND
DIFFUSION MODELING (VLSTRACK)

Mr. Timothy J. Bauer

Chemical Engineer
Chemical and Biological Systems Analysis Branch

Naval Surface Warfare Center
Dahlgren, VA

87



Intentionally Left Blank

88



UNCLASSIFIED
CHEM-BIO SYSTEMS ANALYSIS BRANCH

INTRODUCTION

VLSTRACK

THE U.S. NAVY'S CHEMiCALJBIOLOGICAL AGENT
VAPOR, LIQUID, AND SOLID TRACKING

COMPUTER MODEL

by Timothy J. Bauer

Naval Surface Warfare Center
Dahigren Division, Code B51

17320 Dahlgren Road
Dahlgren, VA 22448-5100

(703) 663-8621 DSN 249-8621
FAX (703) 663-4253

VLSTRACK is a user-friendly computer model which provides approximate
chemical and biological warfare hazard predictions for a wide range of

chemical and biological agents and munitions of military interest.

UNCLASSIFIED

UNCLASSIFIED
CHEM-BIO SYSTEMS ANALYSIS BRANCH

MODEL FEATURES

Current Versions •,oent ityljeVLSTRACK 1.5.1 Persistent Chemical
VLSTRACK 2.0 Thickened Chemical

Dense-Vapor Forming
Computer System Dusty
UNIX Workitation Biological Organism or Toxin
DOS-PC
Macintosh II MJni•hionT..y
"VAXN¢MS Small Projectile
Other (FORTRAN compiler) Bomb"* Bulk-Filled Missile
S reen Missile Containing Submunitions
X-Wlndow Input/Output Sprayer
NDP Grex Input/Output User-Defined
Tektronix Graphics Output
ASCII Character Input/Output L n

Deposition in mg/m2
Parameter Input Dosage In LCtx, ECtx, mg-mln/m3Mouse/Keyboard- Windows Concentration In particleslm3
Keyboard- Numbered Menu Hazard at Detector Arrays

UNCLASSIFIED
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UNCLASSIFIED
WCHEM-BIO SYSTEMS ANALYSIS BRANCH

MODEL FEATURES (continued)

Dispersion Coordinates Output Generation
Single Munit!on at Origin Cumulative From Attack Time
Gaussian Random Periodic For Each Time Period
Uniform Rectangular Random Grid Sized to Contain Hazard
Uniform Elliptical Random Fixed Geographic Region
(X,Y,T) Read From File

0Q, X, Y, Z, T) Puff Property Read Hazad Rer ntation
Four Scaled, Roiated Color

Meteorology Input Contours Plus Uncertainty Brackets
Constant (Screen or File) Four Shaded Character Graphics
Time Variable (Screen or File) Contours
Vertical Proflle+Time Variable Hazard Values Written to Output File

(File)
Geographic Location+Time Detector Simulation

Variable (Files) Passive
Full Space+Time Variable (Files) Active With Attack Information

Known
Geographic Coordinates Active With No Other Information
Deg rees
DDDMM.M
UTM Coordinates

UNCLASSIFIED

'UNCLASSIFIED
CHEM-BIO SYSTEMS ANALYSIS BRANCH

COMPUTATIONAL LIMITS

* 2500 Munitions or Bomblets

* 30 Detectors

* 201 by 201 Output Grid Points

- 72 Hours Total Hazard Prediction Time

* 24 Meteorology Forecast Time Periods

* I Minute to 24 Hours Time Period Duration

* 1500 Geographic Meteorology Locations

* 25 Vortical Meteorology Levels

- 25,000 Meters Height of Release

* 10,000 Total Vapor, Droplet, and Particle Clouds

UNCLASSIFIED
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UNCLASSIFIED
CHEM-BIO SYSTEMS ANALYSIS BRANCH

CURRENT STATUS

2167A Documentation
Operational Concept Document (OCD)
Software Requirements Specification (SRS)
Software User's Manual (SUM)

. Software Design Document (SDD)
Software TestDescription (STD)
Software Test Report (STR)- to be Written

Independent Verification and ValidatIon (IV&V)
Verification Against a Matrix of 221 Runs
Verification Report- to be Written
Validation Against 106 Field Trial Data Sets
Validation Report
Validation Against Complex Flow Field Trial Data- to be Done
Final Validation- to be Done

UNCLASSIFIED

UNCLASSIFIEDGCHEM-BIO SYSTEMS ANALYSIS BRANCH

CURRENT STATUS (continued)

NEW PC Version Released
VLSTRACK 1.5 and 1.5.1 Distributed to Replace VLSTRACK 1.2
VLSTRACK 1.0 (Nov 1990) and BIOTRACK (Feb 1991) Original Versions

YLSTRACK Integration Efforts
Naval Oceanographic Office (NAVOO):
Tactical Environmental Support System (TESS (3B))- v2.0
"Mobile Oceanographic Su pport System ,MOSS)- vl.2

Ballistic Missile Defense Office (BMDO):
Janus Wargame- v2.0.1

* U.S. Army Nuclear and Chemical Agency (USANCA)-
CBD-Impact Regional Model- v2.0

"Army Chemical School
Maneuver Control System (MCS)- v2.0

UNCLASSIFIED
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VLSTRAC( 1.5.1 GoO3/94 Naval Surface Warftare Center,,Dahlgren, VA 22443-518

enter input file name (rsturn=ULSTRACX.DAT)
(end with. AND for ANDACIS NBC-Z/MBC-3 massages)

ULSEXA•(P.DAT_

CURSER MOVEMENT AND PARAMETER SELECTION:

LEFT HOUSE: select parameter by clicking on region
RIGHT MOUSE: heLp on parameter region
RIGHT HOUSE BUTTON=RETURN in alphanumeric entries
KEYBOARD: ENTER=choose region or selection
TAB=next column SHIFT-TAB=previous column
PG-DN=noxt row PC-UP=provious row
DM-ARROW=noxt selection UP-ARROW=previous sel.
Fl=lmlp on selected item
(.>=directory on w.e (.EXT>=directory on *.EXT

VLSTRACX 1.5.1 6/3/94 Naval Surface Warfare CenterDahlgren, VA 22448-518
Fl=hilp on item MAIN ATTACX WINDOW ?=keyboard commands
unition mutput Mode

DBomb RUN PROGRAM

j i/BiW gent 1 File Pre ttack/Net. Opt Window
hnLSEXp FP e Options Selected

Data c&O utput/Comp Opt UindowID~tI Ia sc.'e / Options selected

Loc AackTim Range unition Prop. Windowtack Tim i Ih
L19 .Du.sk Defined

tographic Location Selections *etorologW Window
Lat/Long VX Not Defied

one" 78.8Sam GA (Tabun)
GB (Sarin)

True TrAjectory Angle , .Detsetor Window
45.0 d eu l -F None Defined

D (Mustard) E
roun .~uf ac Tg~ 1 S ($I".)
Froud SufaceTqya TCP (*in.)

age "P (*in.) RECORD INPUT FILEass(s ir. )
TEP (sin.)

put Type W ater (ain.)
Deposition iEXIT PROGuRAM

More

UNCLASSIFIED
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IILSTRACX 1.5.1 6W3'94 Naval Surface Warfsare CenterDahlgren, VA 22448-5188

These are the chemical and biological agents contained in the
chemical/biological aggnt parameter file ULSAGI.PAR. Other agents
or variations can te added by editing the ULSAGN.PAJ1 file.

Press any key to coutinue

-UNCLASS IFIID

VLSTRACX 1.5.1 6/3/94 Naval Surface Warfare Centor,Dahl.ren, VA 22440]-5i88
Fl=help on iten METEOROLOGY '.INDO " ?=keyboard comnands
Meeoology;Input File]

EXAP 
CONTINUE

tarting Forecast TiNt

M irioff l NetTie7fid

Timex Time Perirod2 out of -3 Previous Tie Period]

SWind BeariZ RangeI~ojI Lhw: 35

ind Spend [ Selections

•~l kt/ uhr

*quill Stab. Cat.rMt."ined b9Progam•

Air5 TemperatrC

loud Cover

PArt ly Cloudy

UNCLASSIFIED*
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VLSRACX 1j.5.1 6/3/94 Naval Surface Warrarks CenterDaligren, UA 22448-G180
F1=10lp o iteal laft * IT11 PROP. -W DOU ? - board coMmands'

CONTINUE

"ubor or Munitions

16

JRte of Fire
tulneomeBurst

cirbt of Release 1 F a 118 8 ,t J Lo u: I.

E-TER-cJhooue region
TAB=next column
SHIFT-TAB=previous aol
PG'-DN=next row
PG-UP=preu ious rou

press any key to continueUNCLASS8IF IED

ULSTRAC( 1.S.1 6/3/94 Naual Surface Uarfare CenterDahlgren, VA 22448-5108
F-heip -an item ATTACP/HET. PT9 UINDOU' -=keyboard commands

toAti Coordi nates t. Con. Duratlon,,u-,ia ta I I CONT INUE

JTransit ion Times

Dawn: 6 Da: 888I
Dusk', IMe hight:28e 'I

•Jteoao log~y Mode

Tripe Variable

Range

Detector Alarm Selections
Pass ,

Iion DI.senitivt

UNCIASSIFIED
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ULSTRACX 1.5.1 6/3/94 Naval Surface Warfare Center,Dahlgren, VA 22448-5106
Fl-help on Item O1JTPUT/COMP OPT WINDOW 7=keyboard c muands
N of Grid Points
61 bho 41 CONTINUE

id Sizing
alf-Adjusting

I); Range
•ow:
SI h:

Contours (mg /2) Randon Humber Seed Selection.
lot 188.m6 2nd 1 88 134987
3rd 1.86 4th 0.:1

utputs/'et" TimPer'For. uind Meander Seed f

Pat emo M

UNCLASSIFIED

ULSTRAC] 1.5.1 6/3/94 Naval Surface Warfare CenterDahlgren, VA 22448-5188
r14 p o" item.., DETECTOR WINDOW 7=key ob.rd cowmands
I Detector File CONTINUE

DetectoreHum3 out of 3 Next Detector (now)

[Detector Location

39.628N ?a8. mem Previous Detector

RangeClear Detel-tor-m
And Continue

Detector Duration

Detector Threshold0.10mg/V2

-- UNCLASSIFIED
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UNCLASSMFED Depositioni (mg/nZ); i6-lO00kg Bomb fi111zGD (Soman)

t.4460Z+SS n,2

output Time
Degin: 19s"

Zrnd: 190

1.1250Z.S n2 mlax imum

5 .7266K046

Target
7.3252Z+M4 n2

aft.6666N

Detwotor
t".8.6

4.5313Z+04 m2 _________

U.0 152.4 384.0mn

return to aontlnu UWCLRS8XF1Z

ULSTRACI( 1.5.1 6/3/94 Naval Surface Warf are Center,Dah~gren, UA 2244856

[RESTART~

USICLASSIFIED
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0aGrpbflm bi*. output Wdq

Z -i3 1 A W 1r h y ~ j C um uilddw . .. . . .

ChnmeuIJioigialAgea Tre TrJectry ngle (Ipat rule Frefli

r rus SQW SCA1e

fthluJDay e

....... !ftl!kAThee Ou 1putlype f

000 (060,0) Zul Mogt ~i

MAIN ATTrACK MENU UNCLASSIFIED

0-RUN PROGR.AM (check all parameter values first)
1-munition '- -100kg Bomb
2-chem/bio agent- GD (Soman)
3-month. August
4-day. 2
b-local attack time. 1900

time of day. dusk
6-geographic units- deg let/long
7-a ttack latitude- 39.OOOON
a-att~ack longitude- 78.0000W
9-true trajectory angle. 45.0 deg
10-ground surface type. grass:
11-output type- deposition
12-output mode- cumulative
13-,Otput file prefix- visexamp
14-map scale- fill screen
15-ATTAcK/tMET. OPTION MENU (options selected)
Ifi-OUTPUT/COMP. OPTION MENU (options selected)
17-MUNITION PROPERTY MENU Miefined)
18-METEOROLOGY MENU (not defined)
19-DFTECTOR MENU (none defined)
20-RECORD INPUT FILE
21-END PROGRAM
enter number
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UNCLASSIFIED Deposition (mg/m2) : 16-100kg Bomb fill-GD (Soman)
3 '. - 100.00 it :. 10.00 o ý.- 1.00 -: '. 0.10

500 .0 ......................................................... ...
475.0 ............................................................. output time
450.0 ............................................................. begin: 1900
425.0 ............................................................. end: 1900
400 .0 ......................................................... ...
3575 1) .............................................................
350.0 ........................ ..................................... maximum
325.0 ............................................................. deposition300.0 .... ::i, .............................. 5.7200L,04
275.0... . mg/n,2)250 .0 ............................................................. : :: : :
225 .0 ................... :........:.............. ............ ... *.....
200 .0 .............................................................175.0 ......................U .150.0.........m.

125.0..

100.0.. -
................................. oretin

-35 .0................ : ............................................... Dtco

50.0 .................. ..............
3..........

-400.0:::: f.................... ...............................
-45.0................................................ I................

50.0 ............... uit. m

-25.0 ......... ........ 315u 0 de
-75.,0 ........

-100.0. A, . . . . . . . . .. . . . . . .I. . .

15 :O t: ..... ........ . . . .
-175.0 ................

-200.0 ..............................................................
:225. o ........... ! • !!if.. .... q.............
-2 7 5 .o 0 : : : :: -- ----------------.. ... ...............:: : : : : : : : : : : : : :

-300 .0 ...................... 0 . 0.0.5. 05. 0
C325n0 tour ae coeae (m)............ . 3125..... 1............... D4te r

d350.0 1................ X 2I
-375 .0 .............................................................
-400 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
-425 . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
-450.0 .................................... :......... . . . . ....... x units-, m
-475 0 ............................................................. y' units- nl
-500 0 .............................................................

-175.0 -50.0 75.0 200.0 325.0 450.0 575.0
contour area coverage& (m2)s 4.5313E+04 7.3125E+04 1.1250E+05 1.4469E+05

dxm 12.50 m, dy- 25.00 m UNCLASSIFIED
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CHEMICAL-BIOLOGICAL EFFECTS MODELING IN ARL

Mr. William J. Hughes

Acting Chief, Chemical-Biological and
Nuclear Effects Division

Survivability/Lethality Analysis Directorate
U.S. Army Researclh Laboratory
Aberdeen Proving Ground, MD

9
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S1. Army Research Laboratory

Survivability/Lethality Analysis Directorate

Chemic..-Biological
And

Nuclear Effects Division

"* Provide Objective Vulnerabilfy/Survivabllty And Effectiveness Analyses
Of Chemlcal(Including obscurants), Biological, And Nuclear Threats To
Weapon Systems, And To The Individual Soldier

" Ensure That The Latest CB&N Survivability Technology Is Used Iu Developing
Army/Services Systems

* Assist In The Design And Incorporation Of CB&N Characteristles In DoD Systems
For Enhancing Their Survivability

* Serve As The Army/Services Focal Point For Technical Advice On CB&N Matters

* Develop And Maintain State-Of-The-Art Tools, Equipment, And Metbodologles To
Support CB&N VLS Analyses Of Weapon Systems And Personnel
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DatabSandar Datombta

M,,.agDelyg

Oatabases ',-,_Cobat n~t

MMET

Level OfTafi

Levell -eas

Coneenrttro Componentsn

DAM ProccLo CruNhin

Level 2 _____

C inond itio s J/.Sgamm l Lrcinks FrgSz/es octr y ,d Blin sti Toxictyr.' "NIP

Prcttin opcenratiorn 1,omunints

C~pabilicCH Procreased CrasmlhRotin

Level 2
Combatw
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OVERVIEW OF XM56 LARGE AREA
SMOKE GENERATOR PROGRAM

Mr. Ray Malecki

XM56 Engineer
Office of the Product Manager

for Smoke/Obscurants
Aberdeen Proving Ground, MD
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-XM56. Snfoke 0'enefator System

U

DESCRIPTION:

0 Modular design777
0 Gas turbine engine poWered

Tj-
0 Visual screening

- 1.33 gal/min fog oil
- 1 hour operation

0 Infrared screening
10 lbs/min

.-- 30 minutes operation

4. 0 1 x 5 kilometer scree w t
6 systems

Systtm Comparisons,'

Fuel Visual Infrar6d. Millimeter Wave
77

Mogas x
'.A

Moqaý x

4ý Diesel,
JP4; 5, oy 8 X x X (P31)

AIMI 9`111 11114 1 Ilia&



A

FY

Task NamQ, 1.93 1 94 1 95 1-96P 1 97

EMD Contcact, Award. A

De sign/ Fabricate PPT
Hardware

PPT

EUTt

Desigli/Fabricate PPOT
Hardware

PPOT

IOTE

TC Standard A
Production Contract A

Award

POT .

NMR

FUE

A-



XM56 NBCCS PROGRAM &
APPLICATION OF TEST RESULTS

Ms. Kathleen M. Considine

Project Engineer
Chamberlain MRC Corporation

Hunt Valley, MD
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Chamberlain MRC/PM Smoke

...........................................

......... and A.p........o

.~~~............... .~Kt e i o s in
~h b e .... ....... .. ..

. . . ....... .... ...... .... . . . . ................................... '. ............
.. ~ ~....... . ..........

.. ~ ...... .. ...

C.1

mPactonsecntaical DTaopackag

(TDP)
Future Research Areas



Chamberlain MRCIPM Smoke

Program Overview

Program conducted with Caispan Corp.,
Buffalo, NY

1. Employ NBCCS design guidelines
2. Identify Mission Essential Componeits
3. Define/Assign Exposure Codes
4. Reference available data
5. Develop/conduct surety test
6. Apply results to Final Design and TDP

Contract Deliverables
" Ic. i I IInI

Tt•-st Plans =

- ~Test Reports "

Design Parameters Report

Assurane Rlan



Component Testing

All tests performed at Calspan
* Corporation's facilities

a XM56 System components
a Housing/mounting of electrical

components tested
o Tested in triplicate
a Established operational parameters

Test Results

Incorporated in Design

m Design Parameters Report identifies
design enhancements incorporated and
"improvements to be implemented

m Original design of Main Control Panel
"* retained

m Specify protective boot over switches to
improve sealing

SPlug socket heads on exposed liftingrings to eliminate collection point
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~~~~g~Ts Results~II VF'~FII.~ II

Incorporated in Design

*Incorporate DCNS tubing/adhesive
assembly process to all harnesses

*Incorporate pressure test for
acceptance of panel lights

Drawing Package

Addition of note to "flag" "items or features
which incorporate NB CCS:

"This (item, feature, material) has been
(tested, evaluated) for NBCCS. Any
modification to this feature may impact the
System's Survivability, as designed."
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•IMW f M .WM - fO.

Impact on TDP

Drawing Package

Applied to:
-Gaskets (tested mounting configurations

and material)
-HDPE components (Fog Oil and Fuel

Tanks; Hopper and Lid)
-Cable tubing and adhesives
- Fog Oil Pump/Motor
- Finish notes - Anodic Coating
-Airtight, watertight test specification notes

Impact on TDP
Assurance Plan

Assurance Plan
Important features identified with assurance

vehicle

I NBC E • .ico

----------



IMpa ct on TDP MR

Maintenance Plan

Maintenance Plan
Direct impact on System Maintenance

Manuals by specifying Preventive Maintenance
Procedures and Decontaminations Instructions
(remove, replace tasks)

3.1040g...

XM 56 NBCCS

Final Report

(Draft submittal June 1994)
Executive Summaries of:

Program Plan
= Material Screening Test Plan and Results

Component Test Plan and Results
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Charborrn R~NPM mok

Future Research

* m Increase material and component
testing
wExpand material and component
database

aIntegration of Military Parts Control
Systems (MPCAG, etc.) with available
material and component data

NBCCS Point of Contact:

Kathleen M. Considine
*~ irject Engineer-

Chamberlain MRC
336 ClUbhOUse Road

Hunt V~aley, MD 21031
Phone 4110-52-7-752-7
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CHEMICAL RESISTANCE TEST PROGRAM
FOR SELECTION/DESELECTION OF MATERIALS

Mr. Wendel J. Shuely

Research Chemist
U.S. Army Edgewood Research,

Development, and Engineering Center
Aberdeen Proving Ground, MD

119
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TEST METHODOLOGY FOR CHEMICAL RESISTANCE OF MATERIALS

Wendel Shuely

U.S. Army Edgewood Research, Development and Engineering Center
Aberdeen Proving Ground (EA), MD

OUTLINE

- Integratd Material Gelection for NBCCS Chernical-Material Compatibility

- Predictive and Experimental Methodology

- Interface and Planning

- Summary
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IBCKGROUID REPORTS ON XATMIAEI SELECTIZON
FOR NBC CONTAMMINATION EURVVIVUZLITV

Shuely, Wendil 9. and MCM4ely, James a., material selection Guide Derived from a
M&atrial-Chemioal Coapetability Database: Feasibility based on Database and Predicti4e
Model Evaluation, CRDEC-TR-397, September 1992, TIIZ No. ADA 2ic0SO.

Ihuely, Wendel T., "Xntegqration of Test Methodology, Material Database, and Material
selacti~o/aesoleotion strategies for a Chenical-Material Compatibility system"$ in
Proceedings of the Fourth International ASyposiu.m on the Computerisation and Urs of
Material& Property Data, MIVT/STNM, Gaitheroblrg, XD, October 1533.

Shuely, Wendel J., °0Test Methodology for Development of Corrosion Resistant Polyaeric
Materialst Prediitive and Experimental Methods for Ohemical kosistance screening" in
Proaeedings of the 12th Biennial Symposium on Managing Corrosion vith Plastios. November

ahuely, Wendel 7. and Ino*, B.,Bo "Tbermogravinetric Method for measurements of
Equilibrium and Transport Properties Relevant to Chemical-Polymer Compatibility
Evaluation" in the Proceedings of the 2ind Couaerence of MATA8, p 254-259, September 1193.

shuely, Wendel J., P•ediotive Methodology for Evaluating the Interaction of Polymeric
Materials with Chemioals baRed on Computer-stored Phase Diagrams, in Prooeedin~e of the
Scientific conference on Chemical Detanee Research, November 1693. CRDBC-GP.

Bhuely, Wendal 7., Experimental Methodology for Evaluating Polymer-Ohemical
Interaction based on a Polymer Solubility Determination in Proceeding of the Scientific
Conference on Chemical Defense Research, November 1993. CRDEC-SP.

Integrated Material Selection

for NBCCS Chemical-Material Compatibility
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Overview

* OBJECTIVE: Integrate Database to Test Methods

* METHODOLOGY:
- Design Specifications
-Criteria For Test Methods

RESULTS: Top Down - Mainframe Chemical-
Materlai Database with File Transfers from PC Test
Report Databases

Objectives

* GIVEN a database of historical chemical-material
test property lata that functions at the simple
retrieval level, convert/enhancelevolve the database
to search, compare, sort, and rank materials for
chemical resistance

* DEVELOP test methods Integrated to the database

• REEVALUATE historical data sets with respect to
relaxation of search parameters for compatibility
with the new standardized test methods
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Methodology Rationale

"* Numerical Data (Not Bibllographlc)

"* Absolute Values (Not RelativeoRatio)

"* No Classification Judgements (i.e., Good, Poor)

"* Increased Standardization to Support Search,
Compare, Iort, and Rank Strategies

Methodology Rationale (contd)

* Emphasis on equilibrium properties (vs. transient)
for single chemical-polymer pairs at single
exposure time-temperature palm to prevent data
obsolescence due to changes or evolution of
chemical formulations, exposure times,
temperatuia profiles, etc.

e Strategy for partially filled database with missing
data by progressive relaxation of search
boundaries

(Reference: Shuely, W.J. and McNeely, J.J., Material selection Guide
Derived from Material-Chemical Compatibility Database: Feasibility
Based on Database and Predictive Model EvaluaUon, VRDEC TR 397,
September 1992, NTIS No. ADA 266056)
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Computerized Format Modules for Documentation of
Liquid Effects on Material Properties

MTRA im UQUID "

1STM Ell308 Format ASTM E49 Furmat for 1SO 175,1817/ASTMfor Identification of Computerization of D543,D471, 896 Liquid
S I*sDescriptora

Chemical Protective 4SO 175,18117ASTM " hCemical Proteotive and
Iand Resaitant Material i 043,D471.DBN Data Format for Realstant Database Uquid
Descriptor Form aMtedlaI Uquid Exposure Desorlptor Form

SChemical Protective and i'
SResistaint Da~tabase Test i-

-Descriptor Form .Liquid Properties
Database(s)

Electronic Transmittal, Integration, and 0C of Computerized Formats

Entry Into Chemical Protectlvo and Resistant Materials Database

L.

Diroct Test-to-Database

PROPOSED TRADITIONAL

TEST
INSTRUMENT 

3. AREVIEW, EDITING, PRINTINGT(RM0N0% TIME DELAY)

DISKETTE PAINOUT LITERATURE SBARCH.
SELECTION OF DATA SETS,
ENTER DATABASE QUEUE

INVESTIGATOR -. PUBLICATIONS• •PREPARATION KNOWLEDGEABLEI

REVIEW AND DATA
TRANSFEn TO DATA I MGMT

P UPuR. SEVER IOFOTCAPTURE FORMS
PC B FF14I SE VINA(80.90% O F C O ST)

COMPUTER ____________m n
DATABASE KEY, EDIT,

PROOF
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Am? z 41 room"~ for iZesat1ioation of~ #oiyaevio Hate:Lat. sad torsat-a f-r Rascord~nq Data
GAearatecd byr S~andard Teats.

copycte ace st

a IgoeIdetioaDficaui"Aof

3tANT.44j 47113, Teat - -1t
AAD41 etRport, .ba4/I

Calzbit7 D 3SD 12 ou
D.~iffso a upart, r.,il

Pvainxtaneld 1,E4/ 10 oyerDtbs

hST "542 Tst eprt
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Material Test Development Strategy: Initial
Screening Test

MATERIALS ON PASS SCHRIUNIN PASS LIQUIDS ON MATERIAL
LIQUONAPR U4 RANG~aPERFORMANCE/

MTD Strategy: Effects of Materials an Liquid/Vapor
Mass Transport

EQ !UIUMRIUM DIESORP'iON DIFFUSION (0)

* OWSIUTY (8) COPPICIENT

FELAGTOV.ER8 F~C DHESIVES
~ ASTM 471 IA8MO4S, :TM: 5
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MTD Strategy: Effect of Chemicals on Material
Properties

EFFECT OF CHEMICALS ON MATERIAL PROPERTIEr I

DILETIC qE ISIV

7E 
1 C"AViT

INDENTATIONJ INTERPHASEI
ADHESION

Scheme for Use of a Generic Chemical Exposure
Method with Any Test

TENSILE FLEXURE ANY
SPECIMEN SPECIMEN SPECIMEN

PREPARATION PRAPARATION PREPARATION

S GENERIC CHEMICAL EXPOSURE METHOD, ASTM D471/D543/D896

ICON7VEN7TIONAL SPECIMEN CONDITIONING

TENSILE FEUE ANY

TEST TMECHANICAL
TEST
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Predictive and Experimental Methodology
for NBCCS Material Selection

PROCEDURES

Experimental Polymer Solubility

Predictive Polymer Interaction

Rationale Based on Phase biagrams

Volume-Fractlon vs Temperature

Polymer Solubility Phase Diagrams

&2-Parameter

3-Parameter

Systems; Software and Hardware
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SI-
SI
7

II

1' ~*.C-ENTER

1 e 10 11 1 1 14 ILI

Figure 2. Exa.ple of a Polymer Solubility Phase Diagram for Screening of
Matedal-Uquld Compatibility: Poly[(methyl methacrylate)-oo-
ethylIacryi*ea-a-butylacrylate]

8-

INSOLUBLE

3-

2 Il I
7 a 9 10 11 12 13 14

SOLUBILITY PARAMETER. HILDEBRANDS

FIGURE POLYMER SOLUBILITY PHASUE DIAGRAM OF A POLYURETHAN0
1 6
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* INIOLUSLE

*4 1'OLUBLE
3

9 7 1 10 11 12 13 14

MOLUNILITY PANMAMTIA, NILDESNANDI

Figure .Polymer Solubililty Phase Diagram, Two Parameter System:

Styrenated Polyester (Alkyd).

R

I6

d W)
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Flow Chart of Polymer-Liquid Solubility Databases Based on
Polymer Cohesion Parameter Diagrams (ASTM D 3132):

Predictions

Flow hartof PoymerLiquid Soibitat aabse-aedo
PolyeroheionParamertiersDiarams(SD33)

2D-PCPStaistca Repor GenCD.LerationD ase

__20Plmr]V(0+00 oyes O oyea

POLYER SLUBLITY08:300PLMRxn12IU



Calculate Print File Table Quit

Statistics
Prediction

PRINT TO SCREEN
PRINT TO HPJET 11 OR III
PRINT rO PANASONIC

PRINT TO EPSON
CIENCRI PRINTER

PRINT TO FILE
S~olublilty-by eve retl

Solublilty-by clis"
a solubulty-hlghesullowest

Solublilty-dasa fractions
* j PIE Comparlson-by liquid

PIE Comparlson-Inoroeot
P/E Comprilson-sol by class

Current statua t*blss
Uquld to Uquld

Unalik Pcodcti-n

133



RESULTS

Chemical-Polymer Interaction from Computer-Stored Phase Diagrams

Two-Parameter Predictive Method

Three-Parameter Predictive Method

Distribution Analysis of Interaction Vectors

Predictions for Resistance with Several Chemicals

Predictions for Concurrent Resistance with Multiple Chamicals by
Logically .ANDED. Searches

Generalized Differential Solvent Parameter Analysis

Table 3. Interaction Prediction for: DIETHYLENE TRIAMINE (Computer Printout,
Truncated) DS: 16.80 PS; 13.30 HS: 14.30

Chemical
Resistance Ron V o Ratio Pmur

1 3.86 Polyethylene, chlorosulfonated
(Hypalon 20)

2 3.05 Polyethylene, chloosuifonsted
(Hypalon 30)

3 2.98 Poly(tetrafluoroethylene)
(Teflon SL2)

4 2.61 Poly(vinylchlorlde) (Vipln KR)
113 0.44 Poly(ethylene terephthalate)

8% OH (Desinophen 651)
114 0.43 Methylated melamine

(Dynomin MMS)

134



Table 2. Polymer Composition vursus Chemical Interaction Vector so by 2-Paranmetsr ftstilctive Method:
and/or Experimental Solublilty Clasailosction by 2-Paramster Predictive Method: Computer
Printout. Page 1, for 5 Chem~cals (Truncated)

Uqield TUPO MOCI EOME DETA F113

Polymer Class Name Ratio P/E Ratio PIE Ratio PIE Ratio PIE Ratio P/E

AC Acryloid 3.66
(MMA/BMA 0.526 1.151 >I NR I >1 NRI 2.021
copolymer)
AO Acryloid 3-72
11MAIMA copolymor; 1.0313 1.011 ?1 NM I 1 NRl 1.631
AC Actyloid 842
EiWMMA copolymer) 1.030 1.151 >1 NRI >1 NMI 2.021

ACOAcrylld K12ON 0,6256 1.091 >1 NR! >1 NA 1 1.631
AC, Polytbutyl 0.386 B 0,54 6 0.2481 0.94 £ 0.93 8
acrylata)
AC Poly~luobutyl
methoncryieatl 0.52 S 1.151I 1.10 1 2.251 2.021
AC Po.1yir-butyl .0I III 11
mathbcrylatal 0,155 0.508 .0 .91 11
AC Polylethyl 0.635 1.15 I 1.101I 2.281 2.021
methacrylsatl
AC Polyfneftacy~lc >1 NRI >1 NRi 1.351 1.111 >.1 NRl

Table 5. Polymer Compositiouns Versua Chamloal Intmofraci~ Veutar Ratio and Predicted (P) and
Experimental (E) ScouaItY for a Gat of Several Chemicals (Computer Printout Exoeupt)

2m111111 HD __ GB VX IP Go

(Solublilty, (21.2, P) (16.6. 141 (16.1, M) 120.6, M) (17.4, M)
Hydrogan Banding

parameters)

£bmnm Retlo P IRendo Raft'P RaftIs E RatioP F
CE Ethyl Celluloase, 0.51 a 0.06 a 0.17 8 8 0.40 8 0.23 9

N-22
CE Etilyl Celluloog, 2.30 1 0.17 9 0.02 5 0.35 a 0.22 8

_T-10 0
09 Ethyl Hydroxy- 0.06 a 0.16 5 0.35 5 1 0.47 8 0.51 8

ethyl CIIIolllw
CE Nltro-oluaae," 1.91 1 0.66 a 0.72 1 86 0.43 8 0.77 8

RS, 25 cps.II
CE Nitro-cellulose, 1.91 1 0.66 a 0.72 8 0.43 6 0,77 8

668,0.46sc.
EP Epon E-72 0.77 6 0 .27 8 0.12 6 0.69 8 0.0-4 S

UP Epon 612 0.23 6 10.06 8 0.72 6 0.43 8 0.77 8
EP Epon 664 0.46 6 .6 0.91 5 0.59 8 0.97 S
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Table 6. lcaling and Ranking of Chemi"al Reatano. Beedti on Logioay "ANDID" Predintons Wt SolublityllneolubUlty for
Ply4 Hatsrdooa Lsuid. and several Hundred Polymeric Materials (Computer Printout Excerpt)

pmolmr Polymer class City of OIty Of Average Raedo
Ineqdublee boubles _

40% AdipIco Glycerol Phthuiate AR 6 0 1.478

Celluloe Acetate, LL.1 C.i 4 1 1,478

Pamhyleno alycol phtihalte NP 3 0 1.476

Sawan P.220 (lOlylvlnylde o woudld)) VI 4 1 1.538

Tlethsleio _Glycol MWleate NP 5 0 1.612

76 lIobrnyl MA/• BC AC 4 1 1.735

Loxan 100 Posyuar•Mnto ReNOl Ml 3 2 1.744

Leasm 105 Polysoaonate Rea .. Ml 3 2 1.744

islubWe My•re (lG.retitialute.49002) as 3 2 1744

Veruaw_ 100 AM 2 3 1.753

iNTERFACE AND PLANNING

- Test Methodoltqy Sub.Group of NBCCS TWO

- Future Test Method Developmew

- Enhancement of the Chomiasl Defense Materials Database

• Completion and Transition of Current NBCCS Test Methods
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NBCC8 TWO TEST METHODOLOGY SU"ROUP ACTIVITIES

Reviewed Progress and Status at NBCCS TWO Meetings

. Voted to aocept 7 methadi for final development 14-0: ERDEC, ARL.MD, NATICK, DPO)

Distributed a summary of progress and status to CSM lab members and updated subgroup
membership

aJ

1994 NBCCS WORKSHOP

- Previous 1992 end 1993 Workshops Yransitloned Results and Methods to Chemical Surety
Material (CSM) Labs

- 1994 Workshap will emphasie planning to apply the material selection and test methods
to severdi typical NIBCCS mterial saletldeoi exericjes that will be ongoing in 1995.

. Attendeei, will be sulsot.4 baseil on feasibility of ooliaberative projects in 1995

determined through a survey

". September 1994 at ERDEC
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CANDIDATE MATERIAL-COMPONENT CORRELATION FOR A POLYMER-CHEMICAL
COMPATIBIUTY TEST PROGRAM: NBCCS DECONTAMINABILITY CRITERION

- Material Selectlon/Deselection Screening Tests

- Immersion SorptlonlDesorption ASTM D471ID543

- Droplet Weathering/Desorptlon

- Decontamlnablllty Cell: one-sided permeation cell or decontamination cell

- Chaurbu., AWind Tunnel Panel Toits

1OP 8-2-111 NBCCS Small Items

CHEMICAL-MATERIAL COMPATIBILITY TEST METHODS FOR IMMEDIATE DEVELOPMENT

ELECTRICAL

ASTM D 3638 (INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC 112)
Comparative Wet Tracking Index, surface electrical tracking for liquid surfaces wetted by
contamination or condensation on elotronilc or dleleottios. Ammonium chloride can be
substituted with D82 and/or HF acid spiked phosphats.

THERMOCHEMICALUTHERMOMECHANICAL TESTS

ASTM/ISO Micro thermal-mechanioal tests under development within DoD composite
aerospace woekgroups
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CANDiOATE CONCEPTS FOR CHEMICAL-MATERIAL COMPATIBIUTY TEST
METHODOLOGY FOR NBCC8

FEASIBILITY
CONCEPT MODEUNG TE8T METiiODOLOGY

Material Operating Unilt High to Moderate Yes
* Plastiolratlon Feaslble Yes

Permeation/solubility/ Feasible Yes
diffusion correlations
Commercial Model Chemicals statistios! Yes

IHE PREDICTIVE METHOD 1MOEARCH PLAN

Complete publiontinn for DoD verrIans of prdiotive mithods fov' r5ent-poiymor Interactions.

Conve.1 material documantaieon of 300+ polymers from the vague mainframe formwt to
ASTM El 308 fcrmai Ithe Industry standard).

Complete the first phaeo fr Ut~e integreted computational database for chemioal-potymer
Intuiaction predilo'Jns with the assistance of database prsogrmmers.

Compare predictive ve expepimentell rnMts and provide guidelines on use of predlitive
methods.

Initiate development of predictive methods for mixtures, e.g. D82 and related
decontamination solutions.

"Draft generio SOW for NBCC8 progar. use of p;s9diotive methods end results Ir materiel
so-eonlng end deosdelecon.
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THE RESEARCH PLAN FOR EXPERIMENTAL SCREENING METHOOOLOGY

Oraft and'pubiich "Unlimited" and DoD only versions cf the rationale for sorsening test
methodology.

Submit the ASTM D3132 draft to ASTM.

Obtalh tsedba&k from collsborative labs on the use of I ml specimen volumes for hazardout
1lqulrie.

Adu additional control speolmens to cover a few missing observation code classes.

Submit the computerized test report to the COUAC to Implement direct file transfer of test
results.

Obisn feedback from other dbase4 Test Report users and revise formats as neaded.

Obtain feedback from ogs reeesrchers on solubility observation codes and revise as needed.

Draft a generic SOW for Including screening in a NBCCS material test program.

Sy3tematic Strategy for a Materials Science Approach to
Enhancing the Capabilities of a Materials Database

" Programmed Self-inventory
-OccurrencelNonoccurrence of Data
-Tally Functionis

"Programmed Sel•I-Critique
- DovliQon from Standard Test Parameters
-Material Specimen Documentation
-Test Versus Property Identifler

Disclaimers, Warnings
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Systentafic Strategy fors~ Materials Science Approach to
Enhancing the 0C.apabilitties of a Materials Database (cont)

*Programmed Self-Evaluation
- efine EquivalencoulNonoqulvalonce

-Trends

*New Search Strategies
- Material Salection
-Material Ranking

- Material Benchna, irk Sorting

SUMMARY~

*An Inter-reieteJ scheme of NBCCS test methods h~s been designed and Integrated Into ai
chemnicali*ncttrili compatibility databass.

*A polymer solubility test successfully screens out or deselects most nonresistant potl ,merlc
materials.

*The candidate resistant materials are submitted to further testing, either for the effect of
chemicesis on materials or the etsect of the material on chumioal transport Iinlroundi
through Ine polymer.

*A computerized tteat rape-. hot beon developied end linked to an ASTMV E 1306 vile to
documonsr the material test specimen.

-Theme PC drababse reports can then be nierged and transmitted to the mainf raw~ie
moterials databsAe to provide a direct paperless tr~rnsfe. mechanism.
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PREDICTIVE METHODOLOGY FOR RANKING CHEMICALLY RESISTANT MATERIALS

The rationale for the predictive methods was documented In NACE, NATAS, and NIST
publications.

The format was finalized for documenting the pridlodve results In the mainframe Chemical
Defense database. Over 1500 predictions were transferred to the CSIAC PC buffer for the
mainframe (5 agents x > 200 polymers).

Collaborated with CBIAC on documentation of manufactunrer, copolymer content, ASTM
codes, and other material documentation data for the mainframe for each of the 300 +
polymeric materials in the predictions.

A comptahensive plan was designed for Integrating the disconnected code to produce a
modular computational database system for chemical-polymer Interaction predictionsa.

EXPERIMENTAL METHODOLOGY FOR SCREENING MAT.131ALB FOR NBCCS CHEMIAWAL
RESISTANCE- ASTM D3132

The rationale for $wreewin teats In an Watgrated teat scheme was developed end published.

The minimization of test liquid volume aand mantipulation was tested with over .20 specimens and
specific liquid volumes and test Intervals were standardized.

ASTM D3132 was rewritten to add the objective for screening for nonsolventa, iLe. chemically
resistant poly-mer-liquid pairs.

Several aources of standard control materials war procured and stcakpiled as test controls; 4
weoo commeruial sacuos and 2 were NIST SRM sources (polystyrene and polyiaobutykn*~).

An NBCCS Chemical Resistance Screenling Test Report IASTM D 3132) was computerized on
dbase4; a Summary Teat Report was extracted for fi1e transfer to the C~iem Defense Database.

Solubility observation compadaolw from Independent determinations were mompleted for over 20
specimens. Further test validation studieo were arranged with OGAiaommetcla labs.

A plan for transition of this method to Chemical Surety Material (CSM) labs was revised to Include
atipulation that only storage fume hoods be used, based on feedback obtained at ARL sponsored
workshops.
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A NBCCS DECONTAMINABIUTY TEST METHOD HAS BEEN DEVELOPED

- Based on Immersion equilibrium sorption follawed by desorption diffusion

• As adaptation of ASTM D471 for elastomers and ASTM D543 for thermoplestlcs

- Correlatabie to the single droplet desorption geometry

- And over 30 polymeric materials have been tested and documentud in Vhe CDMD
using 3 agents.

A NBCCS HARDNESS TEST METHOD HAS BEEN DIVE!'-UPED FOR CHEMICAL EFFECTS
.ON MECHANICAL PROPERTIES

-Based on Immersion exposure of standard tensile treoimens

* As an adaptation of ASTM D5431DO38 for thermoplsetics or ASTM D471/D412 for
elastomers

- Providing a measurement of oherrical sorption

- And two materials have been tested to evaluate/validate the method using a variety of
decontamination solutions at other Independent labs.

1
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OFFGASING MODELING USING
BOUNDARY LAYER PHENOMENA

Mr. John S. Moorehead

Research Scientist
Battelle Memorial Institute

Columbus, OH
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0Baltefle

Off-gassing Hazard Modeling Close to
Large Systems Using Boundary Layer Phenomena

* Residual Chemiual Hazard Model (RCHEM)

John S. Moorehead

User Requirements OBaffelle
• ..PSiW rreAomq To M"

NBCCS

* Design Requirements of Future Weapons Systems
Must Reduce Personnel Risks
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Weapon System Requirements O13afneu
ftý. V~rhfWlqy To b'AwI.

*F-22 Advanced Tactical Fighter (ATF) Has a System
Level Requirement to Demonstrate Decontamln ablity
to Negligible Risk Levels

-System Decontamination Process
-- Forced Hot Air (Interior)

Hot Soapy Water (Sxterior)

-Analysis Determined Most of the
Hardware Was Accessible to Agent Vapor

-Operational Scenario Includes
Maintenance Personnel Working on arid
Close to the Aircraft

-Coat and WelUht Constraints Require
Designing to a Realiatic Threshold for CW
Survivability

Performance Trade-offs poafenle

Performance

NBCC8
Performance

F-22
Parformence

NBCCS Designo
Features

_________________________________ Weight and Cost)

This Graph Illustrates the Trade-off Between NBCCS
Performance (Weight and Cost) and Aircraft Performance
as NBCCS Design Features are Added
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Model Requirements 03avele

Computer Model to Predict Dose Generated Close to a Large Contaminated
system

* Models
"E Exterior Off-gassing Hazard

* Interior Off-gassing Hazard

* Accounts for
Multiple Materiels and Off-gassing Rates at Discrete Locations
System Geometry

a Pereonnel Location
* On or Under Aircraft
* Within 1 Meter of Outer Mold Line

* Variable Wind Direction

* Upwind Agent Conoentrat!c.n

6 Blister and Nerve Agents

* IBM and Macintosh PC Compatible

Comparison of NBCCS Top OBattene
Model to Requirements ... ft" i

Top Model
Requlrement NUCCI Top Model WMh Modlfioatione

Euterior asaird Yes yes

Interior Hazbrd No Yes

Multiple Matedsl No Yes

* Muiple Off-ge. Ratea i No No

Disorete Loocatons No No

System Geometry No No

Personli Looaston No No

Vedabla Wind Direotion No No

Upwind Agent Conountratlon No No

Blister end Nerve Agents Ye .yes

IBM a.id Macintosh No Yes
Comestibltlty I__ L
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Model Overview 0 Bafleile
Ameigt.r's a redW104

Goal:

*To Provide System Leval Arnilyals and Hazard Evaluation
Using Material Level Approach

Approach:

"* Analysis of Operational, System, and Sovironmebital
Conditions and Sourc. Strength Testing to Determilne
Model Input values

"* FIuw Maidinng Wi1ng Recursive Solutions to Navier-
Stokes Baouiidary Layer Calculatlonit and Physical
Depiction of the Alroraft to Transport Agent Vapors to
User Selected Locations of Interest and (4encrate Dose
Profiles

"* r,2dD~uIywrian1 Using Excel and C Code to Provide a
User Friendly PC Computer Package to Perform
calculatio!ns

Source Strength Testing OBatteile
AMIM-g r~rluwjqy Th I.4t

Low Concentration Exposure Hot Air Decontamination

Resid~ual Hazard Measurement
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Flow Modeling qBatelee

Flow Modeling Using Boundary Layer Flows Provides Analysis
of the Mixing Volume for Off-gassing Agent. This Technique
Accounts for:

9 System Geometry

* Material and Personnel Locations

Wind Direction

* Agent Concentration

-(73

Code Development 0 Baffelle

The Model was Encoded Into a User Friendly Computer Package

for Speed and ease of Operation

"* Incorporates

Interior Hazard
""Exterior Hazard

"* Materials Off-gassing Data
Variable Observer Locations
System Geometry
Flow Modeling (Recursive Solution to Navier-stokes Flow
Equations)
Wind Path Search Algorithm

" Compi~ter Platform

- IBM Compatible Executable C code and EXCEL
- Macintosh Executable C code and EXCEL
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Comparison of RCHEM and Top OBatlelle
Model to Requirements .wk, T. ,o ro.,

NUCCS Top Model
Reqlrementt EModified) RCHEM Model

Exterior Heaard Yes Yoe

Interior Hazard Yes Yea

Multiple MatVrr3a Yes Yoe

Multiple Off.gasilng Rates No Yes

Discrete Locatlone No _, _

System Geometry No Yes

Personnel Locations No yoe

Variable Wind Dlrectlon No Vae

Upwind Agent Conoentration No Yea

Bister and Net,. Agente Yes Yes

IBM and Macintosh Yes Yea
Compatibllty_

Comparison to NBCCS TOP O Baltelle
Model - Results , T..,o V.*,

Using an F-15 Aircraft, a Hypothetical Average Mass Flux of
0.00001 Mg/seln.cell and an Observer Located as Shown Below.
The Two Models, Calculate the Following Doses

Wind Direction Wind Direction

NBCCS TOP Prediction RCHEM Model Prediction
0.025 mg.min/m (10018 mg.min/m 3
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Performance Trade-offs Mameie

Performance

NBCCS

* Dispersion * u Performance
• Predicted

Hazard
•"• F-22

RCHEM Predicted NOPeiformance

HazardNBCCS
"Real" Hazard Design

Features
(weight
and cost)

F-22 Performanoe: Weight, Spsed, Range, Stealth, Cost
NBCCS Performance: Ability to Meet Decontamination Criterion

RCHEM Capabilities Baltelle
ft. t •.llrTN&V ra $Vwk

Current ruturt Additions

Decorptive Off-gaising Evaporation

Worst Cass Predations "Actual oase" predictions
.-BIooaton- By location

-ft3 system

"* "Median case' predictions
- Stochastic environmental

vadability functions
- Distribution function for

observer locatlon

Simplified system geometry Refined system descripdon
- Integration with geometry

models sue'.; as FASTGEN 4.
BRL-CAD, etc.

- Une depositions
- Refined grid

Text input and output , Graphico, representutlons
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Comparison to Existing Models - WBavlelne
Parameters Specific to the F-22 *...•,,k , ,oTo

Additional Capabilities

Variable NECC08 Top I RtHIM 1.0 RCHE"I
I Present Futtire
I. - - -i q w

Geonretry No Simphlifed t hapes Refined Shapes

Wind
* Dirtllon Dirent Seoah for worst cass - bas User W eleat

downwind paith on geauetryimaterla'ilootion

* -elity No No Yes

Ternvrature [to Ir.put parameters only Yes

UaDpstosNo No _ __ younage

Upstream Conontatlions No Yes (otatp fu•atoni Yes
_ .. i(integral)_

Uses OBallelle
*..PWikV Tchm4k Tu WA

AP!pllctlons Example Systems

Ssterm Design Tool Any large system
"personnel must work
on or a~round

Sybfsm Evaluation Tool
- Tvackid Vihlcieu
- Wheelid Vehicles

Expeidmntal Design Tool - Rhalters
Aire; Pft

Instrumentutlion Selection

Decoontam~nation Development
- Tachniques
- Frotocvol,

Op3rational Restrictlotei
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Summary 0 Bavelle
--- •int Tchnow- "y To "Wk&

* Provides Realistic Dcso Predictions For Personnel Close
to the Aircraft

"6 Flexible Process (Allows User Input for Operational and
Environmenta; Parameters)

* Usor Friendly Computer Application

* Provides Permanent Database for the System

* Useful Design Optimization Tool
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ADVANCED TACTICAL FIGHTER (F-22)
CHEMICAL HARDENING PROGRAM

Lt. Jim Gehringer

F-22 Survivability Analyst
F-22 System Program Office
Wright-Patterson AFB, OH
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APPROVED FOR PUBUC RELEASE

F-22 CHEMICAL SURVIVABILITY
4!

Presented Cy: ASC/YFEX
Hugh Griffis/ Lt Jim Gehrlnger
Vuilnorabillty/ Live Fire Test Lead

Presented On: 15 June 1994

APPROVED FOR PUBUC RELEASE

F-22 TEAM MEMBERC.

* F-22 SPO (ASC/YF)
* LOCKHEED (LASC AND LFWC)
- BOEING
* PRATT/WHITNEY
* BATTELLE

- HUMAN SYSTEM CENTER (HSC/YAC)
- DUGWAY PROVING GROUND (JCP)
* EGLIN AFB (16T" TEST WING)
* ACC/DRB
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-F-22 OVERVIEW

"* F-22 PROGRAM OVERVIEW
"* REQUIREMENTS
"* THREAT ALLOCATION
"* F-22 DECONTAMINATION CONCEPT

"* DESIGN CONCEPTS
- EXTERNAL SURFACES
- INTERNAL SURFACES
- PILOT

"* F-1Il CHEMICAL TEST
". RELATIONSHIP OF EFFORTS
"* PROGRESS AND FUTURE PLANS

"* SUMMARY

F.22 PROGRAM OVER VIEW. Z.

"" THE F-22 PROGRAM ENGINEERING ANn
MANUFACTURING (EMD) PHASE BEGAN IN AUGUST
1991

* FIRST FLGHT IS SCHEDULED FOR 197

SAm

* THE F-22 IS THE REPLACEMENT FOR THE F-15 AIR
SUPERIORITY FIGHTER
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F-22 REQUIREMENTS

" OPERATIONAL NEEDS
- OPERATE IN A CONTAMINATED ENVIRONMENT WITH NO LOSS OF

COMBAT CAPABIUTY
- PILOT AND MAINTENANCE CREWS PROTECTED FROM THREAT
- ABIUTY TO DECONTAMINATE THE AIRCRAFT

* . PERFORMANCE REQUIREMENTS
- NO LOSS OF COMBAT CAPABIUTY FOR .L DAYS
- EQUIPMENT DESIGNED TO ALLOW MAINTENANCE ACTIVIlTIES
- Nth PERCENTILE PILOT NOT DAMAVED
- DECONTAMINATION IN .L.HOURS

" THREAT
- 95th PERCENTILE FREE FIELD ENVIRONMENT
- BOTH LIQUID AND VAPOR CHALLENGE

F-22 THREAT ALLOCATION \1N'

"* INTERNAL SURFACES ARE EXPOSED TO VAPOR AGENT
- IF AIR CAN GET TO THE SURFACE, IT IS EXPOSED TO VAPOR
- DRAIN HOLES ALLOW AGENT TO CONTAMINATE BOXES

"* EXTERNAL SURFACES ARE EXPOSED TO LIQUID AGENT

1F1E FIELD AGENT

E~XTERNAL I TI'.NTE.RNAL_
3~uRFACES ISURFACES=

LNIGFRJONG L OS --- laONl ssWHEEL WELLS / "NEXTERNAL ,-IAV-I•,,. E"BA'•] I CREWI IEECE

INGGE4 CATIGS]I OXE STTION1[ AEA



F-22 DECONTAMINATIONCONCEPTS
. SENSITIVE MATERIALS AND AVIONICS CAN'T BE

CHEMICALLY DECONTAMINATED (BLEACH, DS2, ETC.)
* ONLY PHYSICAL DECONTAMINATION IS PLANNED

- EXTERNAL SURFACES: HOT SOAPY WATER OR FLUGHT
- INTERNAL DAYS: FORCED HOr AIR

- MATERIALS MUST NOT BE DEGRADED BY EITHER
AGENT EXPOSURE OR SUBSEQUENT
DECONTAMINATION

F.22EXTERNAL SURFACES
DESIGN CONCEPTS

"- CHEMICAL RESISTANT COATING COVER MATERIALS
- CONDUCTED MATERIALS TESTS FOR MF.CHANICAL AND SIGNATURE

PROPERTIES
FUNCTlONAL DAMAGE

SIGNATURE MECHANICAL]

TRANSMISSION. ONGATION,
REFLECTANCE STRAIN,

CRACKING

* DECONTAMINATE SURFACES WITH HOT SOAPY WATER
AND FLYING THE AIRCRAFT

- MUST DECONTAMINATE FOR BOTH CONTACT AND
OFF-GASSING HAZARD
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F-22 REFLECTANCE TEST

.-.... .......

Fa-22 TRANSMISSION TEST
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INTERNAL SURFACESF22 DESIGN CONCEPTS

"* CHEMICAL RESISTANT COATING COVERED MATERIALS
- EXCEPTIONS ARE TESTED TO SUPPORT A HAZARD ASSESSMENT
- MATERIALS ARE TESTED IN A SPECIAL VAPOR TEST CHAMBER

"* REQUIREMENTS FOR EDGES, CORNERS, AND HANDLES
- MAINTENANCE ACTIVITIES CAN BE PERFORMED WHILE MAINTAINER IS

WEARING CHEMICAL GEAR

"* DECONTAMiNATE SURFACES AND EQUIPMENT
- HOT FORCED AIR INJECTED BY ENGINE START/ AIR CONDITIONING

CARTS
- REPLACE ALL FLUIDS (HYDRAULIC FLUID, FUEL, ETC)
- REMOVE AND REPLACE NON-DECONTAMINABLE EQUIPMENT
- MUST DECONTAMINATE FOR BOTH CONTACT AND OFF-GASSING

HAZARD

F-22 VAPOR TEST SET-UP
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F 22 COUPON
TEST CHAMBER

F-22 PILOT INTERFACE

Fm22 DESIGN CONCEPTS

*FILTER AIR GOING TO PILOT
- FILTER IS INTEGRATED INTO THE AIRCRAFT ENVIRONMENTAL

CONTROL SYSTEM
- FILTER IS ACCESSIBLE TO MAINTAINER IN CHEMICAL GEAR

*PILOT CHEMICAL PROTECTION INTEGRATED INTO THE
COLD WATER IMMERSION ENSEMBLE
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F-22 F-111 HOT AIR
DECONTAMINATION

* STUDIED 3 METHODS OF DECONTAMINATION:
- AVOIDANCE
- IN-FLIGHT
- FORCED HOT AIR

* VAPOR CLOUD GENERATOR

F-22 F-111 HOT AIR

DECONTAMINATION 'low-

* ENGINE INJECTION CONTAMINATION

166
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/:F-1 .11 ,l OT AIR
F`22 DECONTAMINATION

* AGENT CONCENTRATION SAMPLING IN AVIONICS BAYS

F 22 RELATIONSHIP

OF EFFORTS
*BY STUDYING THE F-22 flESiGhl BOTTCM UP AND THE
TESTING THE F-i 11 AIRC•AFT TOP DOWN, WE ARE
OBTAINING THE MAXIMUM AMOUNT OF DATA

AGENTCA CNENTIRATONFOMENAT

AN~ ETERN SU MACERA ATEASTfING

F-. 11 SYSTEM6

LEVEL I, T _.I1
[RSDA CHEMICAL

''ETOCNRTO F-22 BAYSo~..

OBTAININ ETHERNAXIMURFC AMUT AOPOINTA

I cE•cA.=.1o67~



i F-22 PROGRESS AND
FUTURE PLANS

" SYSTEM LEVEL DECONTAMINATION TEST USING AN
F-11l AIRCRAFT HAS DEMONSTRATEU THE F-22
FORCED HOT AIR DECONTAMINATION CONZCEPTT

" OUR GOAL IS TO CORRELATE THE "RCHEM" RESULTS
WITH THE F-1I11 SYSTEM TEST

- r-111 MATERIAL COUPON TESTS USING THE SIMULANT AND TEST
CONDITIONS ARE NEEDED FOR RCHEM ANALYSIS

"* THE F-22 WILL CONDUCT A SIMILAR SYSTEM LEVEL
TEST IN THE ENGINEERING MANUFACTURING 1'
DEVELOPMENT (EMD) PROGRAM

F-22 F-22 SYSTEM LEVEL

"DECONTAMINATION

"" FORCErD HOT AIR IS INJECTED INTO THE AIRCRAFT
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F-22 SUMMARY

THE TEAM HAS MADE GREAT PROGRESS TOWARDS
UNDERSTANDING AIRCRAFT CHEMICAL HARDENIHG
- OPERATIONAL CONCEPT/RESTRICTIONS IDENTIFED
- THREAT ALLOCATED TO REGIONS OF AIRCRAFT
- DESIGN APPROACH ESTABLISHED
- UST OF MATERIALS EXPOSED TO CHEMICAL AGENTS HAS BEEN

DEVELOPED
- MATERIAL COUPON TMST PROCEDURES DEVELOPED FOR VAPOR

THREAT
- r.12 UATERAAL¶S DATA BEING OBTAINED 'OR:

- VAPOR THREAT

- UQUID THREAT
- FUNCTIONAL DAMAGE

- FOPCED OT AIR DECONTAU14ATION METHOD DEMOINSTRATED

- bNALYS15 TOOL DEVELOPED

I-



Intentionally Loft Blank

170



CARGO AIRCRAFT (C-130)
CONTAMINATION CONTROL PROGRAM

Dr. Nlgai Wong

Program Manager
U.S. Air Force Armstrong Laboratory
Crew System CB Defense Division

Project Reliance Team
U.S, Army Chemical and Biological Defense Command

Aberdeen Proving Ground, MD
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CARGO AIRCRAFT CONTAMINATION CONTROL

Ngai M. Wong, PhD
USAF Armstrong Laboratory
Crew System CB Defense Division
Project Reliance Team
CBDCOM
Aberdeen Proving Ground, Maryland

OUTLINE

Requirements

Program

Phase I - Ventilation Trials

Trial Conditions
Flight Configurations
Test Results

* Phase II - In-flight Contamination Trials

Trial Conditions
Flight Configurations
Test Results

Summary
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REQUIREMENTS

* AF SON 004-85

* AMC ORDs

0 0 Aircraft Interior Decontamination

@ 0 Aircraft Interior Detection

PROGRAM

Phase I - Ventilation Trials

Phase II - In-Fight Contamination Control

Phase III - Upload Ground Operations
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"" VPOR CHALLENGE ONLY

"* Concentration of 150 - 200 mg / 3 inside cargo bay

"* Collect concentration data down to 10 - 20 mg/r 3

"" Extrapolat- data to myosis levels, 0.05 mg/m3

Configuration Flight Conditions

1. Pressurized, all doors closed 10,000 Ft and 20,000 Ft altitudes, ambient
temnerature, and cruise velocity

2. No pressure, all doors closed 10,000 Ft altitude, ambient temperature, and cruise
velocity

3. Pressurized, auxiliary vent, all 10,000 Ft and 20,000 Ft altitudes, ambient
doors closed temperature, and cruise velocity

4. No pressure, paratroop door 10,000 Ft altitude, ambient and hut temperatures,
open and 150 KIAS

5. No pressure, ramp & cargo 10,000 Ft altitude, ambient and hot temperatures,
door open and 150 KIAS

6. No pressure, cargo door open 10,000 Ft altitude, ambient and hot temperature,
and 185 KIAS
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Pressurized, all doors closed

200,
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Pressurized, auxiliary vent, all doors closed
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Test Results

* Pressurized to 8,000 Ft at altitudes of 10,000 Ft and 20,000 Ft

09 no significant difference between altitudes

•6 65 - 70 minutes to clear

* No pressurization at 10,000 Ft alttude

00 45 minutes to clear

0 Pressurized, auxiliary vent

so 14 minutes to clear at 10,000 Ft

00 5 minutes to clear at 20,000 Ft

Test Results

* Paratroop doors

09 5 minutes to clear (ambient and hot trials)

* Ramp & cargo door

0o 5 minutes to clear (ambient and hot trials)

0 Cargo door

00 10 minutes to clear, ambient trial

00 5 minutes to clear, hot trial
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Additional Observations

* Flight deck relatively free of contamination

@ • High level of contamination in cargo area
below 5 mg/rn3 in flight deck

* Air leakage from front of aircraft to rear

* Liquid DEM observed on floor

Methyl Salicylate (MeS) 1060 mg/r 3 at 25 °C

HI) 911 mg/m 3 at 25 °C

Typical Trial Conditions of Using MeS

0 Liquid Contaminated Cargo and Off-gassing Challenge

S•0 Liquid concentrations of 5 g/m2 on the cargo

* Collect liquid and off-gassing levels

* Use MIRAN, bubblers, swabs, and swatches for data collection
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Configuration Flight Conditions

1. Forward hatch and paratroop iO.O00 Ft altitude, ambient temperature, and 150
doors KUAS

2. Auxiliary vent 10,000 Ft altitude, ambient temperature, and cruise
velocity

3. Auxiliary vent 10,000 Ft altitude, full on-board heaters, and cruise
velocity

Forward Hatch and Paratroop Doors at Ambient

40

30 _

0 Flight Deck
a Avionics

a Cargo

10raa

0
• . I L I ... t I • I

0 1 2 3 4 5

Time (hr)
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Forward Hatch and Paratroop Doors at Ambient
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A
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Forward Hatch 4nd Paratroop Doors -

at Ambient and 2nd Cover

0.4 -
4-Flight Deck
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.--- Cargo

0.3 6
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Aux Vent at Ambient and 2nd Cover
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Aux Vent with Heat and 2nd Cover
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Test Results

0 MIRAN

@0 shows higher concentrations of contaminants

0 • shows serious problem in adsorption of contaminants

* Bubblers

0 o shows lower levels of contamination but still unsafe

* Liquid sampling of cargo

0 C 2 - 8 g/m2 contamination at start

00 0.8 - 5 g/m2 contamination after one (1) hour weathering

00 0.1 - 2 g/m2 contamination after flight operation

SUMMARY

"* Complex processes observed in ventilation of an empty aircraft

"* Temp and altitude have only small effects on vapor challenge for an
empty aircraft

"* Vapor challenge can be cleared in 5 minutes for an empty aircraft

"* Liquid contamination makes a bigger problem of vapor challenge

0 Off-gassing a serious problem, high levels of contaminawion

"* Airflow patterns keeps contamination near front of aircraft

"* Contamination remains with aircraft after contaminated cargo is removed
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MEETING AGENDA

Wednesday, June 15, 1994

7:00 a.m.- REGISTRATION
8:15 a.m. Edgewood Area Conference Center, Seminar Build!ng, Austin and

Hoadley Roads, Aberdeen Proving Ground (Edgewood Area), MD

8:15 a.m. ADMINISTRATIVE REMARKS
Mr. Louis S. D'Elicio, Chemical-Biological and Nuclear Effects Division,
"U.S. Army Research Laboratory, Aberdeen Proving Ground (Edgewood
"Area), MD

8:20 a.m. INTRODUCTION
Brigadier General Peter Hidalgo, USA (Ret), Chairman, Chemical
Division, American Defense Preparedness Association, Arlington, VA

8:25 a.m. MODERATOR'S REMARKS
Mr. William J. Hughes, Acting Chief, Chemical-Biologicul and Nuclear
Effects Division, U.S. Army Research Laboratory, Aberdeen Proving
Ground (Edgewood Area), MD

8:30 a.m. WELCOME ADDRESS
Brigadier General George E. Friel, USA, Commander, U.S. Army
Chemical and Biological Defense Command, Aberdeen Proving Ground
(Edgewood Area), MD

8:40 a.m. KEYNOTE ADDRESS
Dr. John W. Lyons, Director, U.S. Army Research Laboratory, Adelphi,
MD

9:05 a.m. UPDATE ON NBCCS REGULATORY DOCUMENTS
Dr. William S. Magee, Advocate for NBC Survivability, Office of the
Director for Chemical and Biological (CB1 RDA, U.S. Army Chemical
and Biological Defense Command, Aberdeen Proving Ground
"(Edgewood Area), MD

, 9:20 a.m. OVERVIEW OF MULTIPURPOSE INTEGRATED CHEMICAL AGENT
ALARM (MICAD) PROGRAM
"Mr. Frank Belcastro, MICAD Team Leader, U.S. Army Edgewored
Research, Development, and Engineering Center, Aberdeen Proving
Ground (Edgewood Area), MD

9:30 a.m. MICAD NBCCS PROGRAM PLAN & TEST AND EVALUATION
Mr. Thomas M. McMahon, Head, Chemical Surety, Calspan
Corporation, Buffalo, NY
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10:00 a.m. BREAK

10:20 a.m. OVERVIEW OF THE ARMORED GUN SYSTEM (AGS) PROGRAM
Mr. Albert P. Puzzuoli, Deputy Project Manager, Office of the Project
Manager for AGS, Warren, MI

10:30 a.m AGS PROGRAM NBCCS RISK ASSESSMENT METHODOLOGY
Mr. Francisco Magno, AGS NBCCS Project Engineer, United Defense
L.P., San Jose, CA

10:55 a.m. NBCCS IN THE TACTICAL QUIET GENERATOR (TQG) PROGRAM
Ms. Kelly Alexander, Project Engineer, Office of the DoD Project
Manager for Mobile Electric Power, Springfield, VA

11:35 a.m. NBCCS IN THE 120 MM MORTAR PROGRAM
Mr. Edward Lewis, Project Engineer, Office of the Product Manager for
Mortar Systems, Picatinny Arsenal, NJ

12:05 a.m. NBCCS IN THE MINI EYESAFE LASER INFRARED OBSERVATION
SYSTEM (MELIOS) PROGRAM
Mr. Richard Renairl, Project Engineer, Office of the Project Manager for
Night Vision and Electro Optics, Fort Belvoir, VA

12:25 p.m. LUNCH FOR ALL ATTENDEES
Edgewood Aroa Community CIu•, Aberdeen Proving Ground
(Edgewood Area), MD

1:45 p.m. VAPOR AND LIQUID TRANSPORT AND DIFFUSION MODELING
(VLSTRACK()
Mr. Timothy J. Bauer, Chemical Engineer, Chemical and Biological
Systems Analysis Branch, Naval Surface Warfare Center, Dahlgren,
VA

2:10 p.m. CHEMICAL-BIOLOGICAL EFFECTS MODELING IN ARL
Mr. William J. Hughes, Acting Chief, Chemical-Biological and Nuclear
Effects Division, U.S. Army Research Laboratory, Aberdeen Proving
Ground (Edgewood Area), MD

2:35 p.m. OVERVIEW OF XM56 LARGE AREA SMOKE GENERATOR PROGRAM
Mr. Ray Malecki, XM56 System Manager, Office of the Product
Manager for Smoke/Obscurants, Aberdeen Proving Ground (Edgewood
Area), MD

2:45 p.m. XM56 NRCCS PROGRAM & APPLICATION OF TEST RESULTS
Ms. Kathleen M. Considine, Project Engineer, Chamberlain MRC
Corporation, Hunt Valley, MD
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3:15 p.m. BREAK

3:35 p.m. CHEMICAL RESISTANCE TEST PROGRAM FOR
SELECTION/DESELECTION OF MATERIALS
Mr. We.-delJ. Shuely, Research Chemist, U.S. Army Edgewood
Research, Development, and Engineering Center, Aberdeen Proving
Ground (Edgewood Area), MD

4:05 p.m. OFFGASING MODELING USING BOUNDARY LAYER PHENOMENA
Mr. John S. Moorehead, Research Scientist, Battelle Memorial
Institute, Columbus, OH

4:20 p.m. ADVANCED TACTICAL FIGHTER (F-22) CHEMICAL HARDENING
PROGRAM
Lt. Jim Gehringer, F-22 Survivability Aralyst, F-22 System Program
Office, Wright-Patterson AFB, OH

4:45 p.m. CARGO AIRCRAFT (C-130) CONTAMINATION CONTROL PROGRAM
Dr. Ngai Wong, Program Manager, Project Reliance U.S. Air Force
Liaison Office, U.S. Army Chemical and Biological Defense Command,
Aberdeen Proving Ground (Edgewood Area), MD

5:15 p.m. SYMPOSIUM WRAP-UP AND CLOSING REMARKS
Mr. William J. Hughes, Acting Chief, Chemical-Biological and Nuclear
Effects Division, U.S. Army Research Laboratory, Aberdeen Proving
Ground (Edgewood Area), MD

5:20 p.m. ADJOURN

4
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LIST OF ATTENDEES

Mr. Poa C. Albert Ms. Kell D. Alexander
ERDEC Mobile El ctric Power
ATTN: SCBAD-ASC 7798 Cissna Road, Suite 200
APO MD 21010-5423 S~ringf leld VA 22150
(410) 671-4438 x (703) 355-2779 x

Mr. Joseph A. Andrese Mr. Frank A. Avenoso
US Army Research Lab NAWC/Platform Interface Groupi ATTN: AIBRL-SL-C8/E3331 Naval Air Engineering Station
Room 120 Rt. 547
Aberdeen Proving Or MD 21010-5423 LakeHurst NJ 08733-5000
(410) 671-2045 x (908) 323-7353 K

Mr. Drvid F. Bassett Mr. Timothy J. Bauer
US Army Research Laboratory NSWC- Dahlg rn Division
ATTN: AMSRL-SL-I, Bldg. 433 Code B51, 17320 Dahl ren Road
Aberdeen Proving Ord MD 21050 Dahlaren VA 22448-5100
(410) 278-8624 x (703) 663-8621 x

Mr. Dennis W. Baylor . Mr. John BillfussUS Arm. Desearch Labtory U.S. Army Research Lab
ATTN: AMSRL-SL-CM 2800 Powder Mill Road

Aberdeen Proving Or MD 21010-5423 Adeldhi MD 20783-1197
(410) 671-3952 x (301) 394-2852 x

Mr. Frank J. Belcastro Mr. Marc Bernier
US Army ERDEC French Embassy
ATTN: 8CBRD-CE/MICAD Defense Corp. Office
Bldg. E3549 Rm. C506 4101 Reservoir Road, NW
Aberdeen Proving Or MD 21010-5423 Washington DC 20007-2172
(410) 671-5625 x (202) 944-6461 x

Mr. Andrej Berec COL Rai W. Bills (Ret.)
Army Research Lab Battel e Columbus Operations
AMSRL-SL-CD JN-4
APO MD 21010-5423 505 King Avenue
%410) 671-2260 x Columbus OH 43201-2693

(614) 424-7283 x

Dr. Amnon Biretzvige Mr. Robert A. Blankenbiller
* US Army Edgewood RDE Center USAMSAA

Attn: 8CBRD-AST ATTN: AMXSY-CD
* Aberdeen Proving Od MD 21010-5423 Aberdeen Proving Or MD 21005-5071

(410) 671-8431 x (410) 278-3961 i
t

Ms. Heather D. Brinton Ms. Marguerite E. Brooks
ADPA UTD
Suite 400 3580 Cinderbend Road
2101 Wilson Boulevard Newington VA 22122
Arlington VA 22201 (410) 668-7323 x
(703) 379-9182 x
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Ms. Thea Buchanan Mr. Jack R. Burden Sr.
Kaiser Electronics Cals$an Corporation
2701 Orchard Parkway P 0 lox 1405
MS 65 Springfield VA 22151-0405
San Jose CA 95134 (703) 323-5633 x
(408) 432-3000 x1154

Mr. E. Knight Campbell Mr. Joseph H. Cappello
Tachmatics, Inc. Caispan corporation
Suite 1000, 2231 Crystal Drive 4455 Qenesee Street
Arlington VA 22202 P.O. Box 400
(703) 521-3818 x Buffalo NY 14225-0400

(716) 592-7331 x

Mr. Mikey N. Carroll Mr. Warrete B. Carroll
USAMSAA Battelle Memorial Institute
ATTN: AMXSY-CB 505 King Avenue
Aberdeen Proving Gr MD 21005-5071 Columbus OH 43081
(410) 278-6864 x (614) 424-4743 x

Mr. Ross A. Cuss Mr. William Castner
.8. Army Tank Automotive Command Rautheon Missile Systems Division

TACOM-AMSTH-USS 180 Hartwoll Road
Warren MI 48397-5000 Bedford MA 01730
(810) 574-6386 x (617) 274-3028 x

Mr. Robert Chase Mr. Roger J. Chmura
3M Eltech Research Corporation
6801 River Place Blvd. 625 East Street
Austin TX 78726-9000 Fairport Harbor OH 44077
(512) 984-5688 x (216) 357-4034 x

Ms. Kathleen M. Considine Mr. Fred Crowvon
Chamberlain MRC Asst. Deputy Under SECNAV (S&S)
336 Clubhouse Lane CP 5, R-n. 162
Hunt Valley MD 21030 2211 Jeff Davis HwY.
(410) 527-7527 x Arlington VA 22444-5107

(703) 602-2882 x

Mr. Michael I. D'Andries Mr. Lou D'Elicio
Booz# Allen & Hamilton US Armx Research Laboratory
Airport Square 8S Suite 150 ATTN: AMSRL-SL-NC
891 Elri toe Landing Road Aberdeen Proving gd MD 21010-5423
Linthicum MD 21090 (410) 671-398R7 x
(410) 684-6209 x

Dr. Charles N. Davidson Dr. Adarsh Deepak
USA Nuclear & Chemical AgoncU Science & Technology Corporation
7150 Holler Loop, Suite 101 101 Research Drive
Springfield VA 22150-3107 Hampton VA 23666-1340
(703) 355-25Z6 x (804) 865-1894 x

Mr. Warren Dixon Mr. Norman Dyer
HG TRADOC General Dynamics Land Systems
Dept. of Army P. 0. Boai 2074
AT CO-SB Warren MI 48090-2074
Ft. Monroe VA 23605 (810) 825-7157 x
(804) 727-4413 x
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Mr. Kenneth S. Eng Mr. David M. English
US Armu RD&E Center nptiMetrics Inc.
ATTN: SCBRD-RT/AS1 Suite 209
Aberdeen Proving Or MD 21010-5423 2107 Laurel Bush Road
(410) 671-8206 x Be1 Air MD 21015-5423

(410) 569-0293 x

Mr. Dave A. Ennis Mr. Samuel L. Eure
Raychem Science & Technology Corp
MP 102-7638 101 Research Drive
300 Constitution Drive Hampton VA 23666-1340
Men'lo Park CA 94025-1164 (804) 865-0467 x
(415) 361-7670 x

Mr. Drew B. Farenwald COL James T. Ferguson AUS (Rot.)
US Armg Research Laboratory Technolog2 Marketing
ATTN: AMSRL-SL-Clq PO Box 987
Aberdeen Proving Or MD 21010-5423 Millersville MD 21108-0987
(410) 671-2922 x (410) 987-9111 x

Mr. John J. Franz BO George E. Friel USA
US Army Research Lab Commander# CBDCOM
ATTN: AISRL-SL-CS/E3331 ATTN: AMSCB-CG
Room 120 Aberdeen Proving Or MD 21010-5423
Abordeen Proving Or MD 21010-5423 (410) 671-4361 x
(410) 671-2996 x

Mr. James M. Gehringer Mr. Hugh Griffis
USAF F-22 System Program Office JSAF
ABC/YFEX, 2130 Fifth Street ATTN: ABC/XRESV, Bldg. 450
Wriaht-Patterson AFB OH 45433 2645 Fifth Street
(013) 255-4976 x Wrisht-Patterson AF OH 43433-7003(513) 235-2353 x

Mr. Robert A. Gross LTC James S. Hanson
USAE•A Joint Program Office for Bio. Deo
Health Hazard Assessment Ofc. Attn: SFAE-BD, 5kyline 5
ATTN: H8HB-MO-A Rm 401# 5111 Leesouro Pike
APO MD 21010-5422 Falls Church VA 22041
(410) 671-2V23 x (703) 756-0468 x

Ms. Barbara T. Hegdahl Mr. Hugh A. Herbig
Bell Holicoter Textron, Inc. Computer Sciences Carporation
.0. Box 48 , Dept. 81 MC212

MS #1401 3170 Fairview Park Drive
Fort Worth TX 76101 Falls Church VA 22042-4528
(017) 280-5770 x (703) 641-2522 x

* BG Peter D. Hidalgo USA (Rot.) Mr. Tom Hipenosteele
CSC Professional Services Group Computer Sciences Corporation

.0. Box 333 2107 Laurel Bush Road, Ste 206
Waver& Hall CA 31131-0333 So1 Air MD 21013-8932
(706) 382-3821 k (410) 579-4144 x

Mr. Jeffery S. Hoene W. Bruce Holt
US Armi RD&E Center ADPA
ATTN: 5CBRD-RT/ASM Two Colonial Place, Suite 400
Aberdeen Proving Or MD 21010-5423 2101 Wilson Boulevard
(410) 671-3592 x Arlington VA 22201-3062

(703) 522-1820 x
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Mr. Thomas A. Hrastich Mr. William J. Hughes
P-.-ALSE US ArmuyResearch Lab
ATTN: SFAE-AV-CSE ATTN: AMSRL-9L-C, Bldg E-3331
4300 Ooodfellow Blvd. Room 111
St. Louis MO 63120 Aberdeen Prov Groun MD 21010-5423
(314) 263-9149 x (410) 671-8420 x

Mr. T.R. Hukkala Mr. Matthew 1. Hutton
Titan Corporation SAIC
1900 Campus Commons Drive 626 Town* Center Drive
Reston VA 22091 Suite 205
(703) 758-5741 x Joopa MD 21085

(410) 679-9800 x

Richard M. Jensen Mr. Keith Johanns
US1• Battelle
DRPM AAA Clarendon SO Bldg. 503 King Avenue
3033 Wilson Blvd. Colaimbus OH 43201-2693
Arlington VA 22201-3803 (614) 424-5804 x(703) 696-1122 x

Ms. Jane M. Johnson Mr. Edward Joiner CGE
BMY Combat Sustems Brunswick Defens4
United Defense LP 2000 Brunswick Lane

.0. Box 15512 Deland FL 32724
York PA 17405-1512 (904) 736-1700 x
(717) 225-4761 x2394

Mr. Steven A. Jones Pr. Matthew B. Kaufman
CBIZAC Battelle Edgewood Operation L:.8. Armu Research Laboratory
2113 Emmerton Pare Road ATTN: ASRL-SL-CM
Suite 200 Aberdeen Proving Gr MD 21010-5423
Edgewood MD 21040 (410) 671-3958 x
(410) 676-9030 x

Mr. Richard Keegan Ms. Jennifer L. Kelley
Rautheon Co. US Arm Research Lab
MS/1J7 ATTN: XMBRL-9L-CS/E3331
428 Boston Road Post Room 120
Sudburj4MA 01776 Aberdeen Proving Or MV 2110-5423
(508) 440-3073 x (410) 671-3716 x

Mr. Frank W. Kelly Mr. Michael 0. Kiezewski
QEOMET Technologies, Inc. OptiMetrics, Inc.
20251 Centuru Boulevard Suite 209
Germantown MD 20874 2107 Laurel Bush Road
(301) 428-9898 x Bel Air MD 21015-6181

(410) 569-0293 x

TSGT Robert D. King
US Air Force
Dot 63# ASC
2008 Btumpneck Road
Indian Head MD 20640
(301) 743-6826 x

Mr. Stephen L. Kistner Mr. Robert Lang
US Army EHA Loral Librascope Corporation
ATTN: HSHB-ZA Program Manager
APO MD 21010-5422 833 Sonora Ave.
(410) 671-2307 r Glendale CA 91201-2433

(818) 502-7209 x
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Mr. Edward 0. Lewis Dr. John W. Lyons
US Armu ARDEC US Army Research Laboratory
ATTN: AMCPA-MO 2800 Powder Mill Roal
Plcatinnu Arsenal NJ 07806-3000 AMSRL-D
(201) 724-3977 x Adelphi MD 20783-1145

(30V. 314-1600 x

Mr. William S. Magee Jr. Mr. Francisco Magno
US ArmX CBDCOM United Defense L.P.
ATTN: AMSCB-EO 1107 Coleman Avenue
Aberdeen Proving Or MD 21010-5423 Box 367
(410) 671-3090 x Son Jose CA 95103

(408) 289-0551 x

Mr. John D. Majeski Mr. Timothy D. Mallory
US Armu Research Laboratory Army Research Laborctory
ATTN: AXSRL-SL-CS/E3331 ATTN: AMBRL-SL-I
Room 120 APO MD 21005-5068
Aberdeen Proving Or MD 21010-54&J (410) 279-6999 x
(410) 671-3943 x

Mr. David J. Mangino Dr. William J. Maurits
Calspan Corporation DoP Explosives Safety Board
.0. lox 400 2461 Eisenhower Avenue

4455 geneses St. Alexandria VA 22331
Buffalo NY 14225-0400 (703) 325-8624 x
(716) 592-7331 x

Mr. James L. McKivrigan Mr. Tom M. McMahon
CBDCOM Calspan Coaroration
ATTN: AMSCB-EO P.O. Box 400
AFG MD 21010-5423 4455 Geneses 8treet
(410) 671-3009 x Buffalo NY 14225-0400

(716) 631-6905 x

Mr. James J. McNeely 1LT Julio A. Medina
Battelle-CBIAC Pine Bluff Arsenal
2113 Ehmerton Perk Road ATTN: SMCPB-PCT
Rutte 200 10020 Kabrich Circle
I diewood MD 21040-1037 Pine Bluff AR 71602-9500
.410) 676-9030 x (501) 540-3072 x

Mr. Dennis F. Metz Dr. Warren L. Miller
EAI Corporation Camber Corporation
1308 Continental Drive Suite 403
suite J 200 Valley Road
Abingdon MD 21009-2332 Mount Arlinaton NJ 07856-1320
(4103 676-1449 x (201) 770-1404 x

"Mr. John Miner Mr. Mark T. Mondell
Joint Pro ram Office for io. Def. United Defense LP
SFAE-BD 5111 Leesburg Pike Combat Systems Division
Skuline 5 Rm. 401 P.O. Box 15512
Fe ls Church VA 22041 York PA 17405-1512
(703) 786-0468 x (717) 225-4781 x

Mr. John 9. Moorehead Mr. Malcolm B. Morrison
Battelle Memorial Institute SAIC
305 King Ave. Room 13-4-177 826 Town* Center Drive
Columbus OH 43201-2696 Suite 205
(614) 425-5056 x Joppa MD 21085

(410) 679-9800 x
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Mr. Robert K. Murk Mr. George R. Murnyak
US Army Research Laboratory USAEHA
ATTN: AISRL-SL-CO ATTN: HSHB-MCO-A
Aberdeen Proving Or MO 21010-3423 APO MD 21010
(410) 671-3820 x (410) 671-2925 x

Mr. James J. Muthig Mr. James F. Myers
SAIC US Armu Research Lab
Sikorsky Aircraft ATTN: AMBRL-8L-CO
6900 Main Street M/S 9101A APO MD 21010-5423
Stratford CT 06601-1381 (410) 671-2260 x
(203) 384-6739 x

Mr. James F. Nealon Mr. Dennis S. O'Connor
US Arm Research Lab EOD Training and Evaluation •
ATTN: A#18RL-BL-CS/E3331 Unit Two E-6/Gunners
Room 120 Kate Guns First Class Diver
Aberdeen Proving Or MD 21010-3423 Ft. Story VA 23459
(410) 671-3711 x

Ms. Donna L. Orlando Mr. Oliver J. Ozment
US Armu Research Lab CSC Professional Services Group
ATTN: AMSRL-SL-Cg/E3331 Suite 203
Room 120 3315 Bob Wallace Avenue
Aberdeen Proving Or MD 21010-5423 Huntsville AL 35905
(410) 671-3031 x (205) 534-3510 x

Mr. Shawn H. Park Mr. Walter 0. Parks
McDonnell Douglas Aerospace JAYCOR
Dept. 2LT* M/C 35-95 1608 Spring Hill Road
3855 Lakewood Boulevard Vienna VA 22182-2270
Long Beach CA 90846-0003 (703) 847-4000 x
(310) 593-6460 x

Mr. David Peart Mr. James E. Peavler
.8. Army Dugway Proving Ground Chesapeake Development Inc.

ATTN: NT-TM-CB P. 0. Box 1130
Dugway UT 84022 Sparks MD 21152
(801) 831-5637 x (410) 472-2064 k

Mr. Ed J. Perri Mr. Roland J. Pilie
USAMSAA Calspan Cor oration
ATTN: AMXSY-CB P.O. Box 400
Aberdeen Proving Or MID 21005-5071 4455 Genes*e Street
(410) 679-4548 x Buffalo NY 14225-0400

(716) 631-6895 x

Mr. Robert E. Plank Jr. Mr. Roland A. Polimadei
US Army RD&E Center US Army Research Lab
ATTN: SCBRD-RT/ASM ATTN: AMSRL-SL-CE
Aberdeen Proving Or MD 21010-5423 2800 Powder Mill Road
(410) 671-1888 x Ad p hi MD 20783-1145

(410) 671-3823 x

Mr. Albert W. Price 1LT Lisa Probq
US Army Research Lab Pine Bluff Arsenal
ATTN: AMSRL-SL-CS ATTN: SICPB-HST
Aberdeen Proving Or MD 21010-5423 Pine Bluff AR 71602-9500
(301) 671-3913 x (501) 540-3072 x

200



Mr. Robert J. Puhala Mr. Albert Puzzuoli
US Army Edgewood RD&E Center PEO, Armored 8ystems todernizatio
ATTN: CBR D-AD SFAE-ASM-AO
Aberdeen Proving Or MO 21010-5423 Warren MI 48397-0001
(410) 671-5500 x (313) 574-7714 x

Mr. Richard C. Renairi MAU Michael Resty Jr.
US Army CECOM US Army ODCSLOO
10215 Burbeck Road Pentagon Room iC562
AMSEL-RD-NV-LPD Washinaton DC 20310-0550
Fort Belvbir VA 22060-5806 (703) 697-2557 x
(703) 704-1204 x

Jan R. Roberts Mr. Djnald L. Rowe
SRS Technolgies Naval 9urface Warfare Center
500 Discovery Drive NW Code J42
Huntisville AL 35758 Dahlgren VA 22448
(205) 971-7847 x (703) 663-6802 x

Dr. Robert Rubio LTC Melvin J. Schichtman (Rat.)
ARL Battlefield Environment Dir. U.S. Army Research Lab
ATTN: AMSRL-BE-A AMSRL-CP-T
White Sands Missile Range 2800 Powder Mill Road
WSMR NM 98002-5501 Adolphi MD 20782-1145
(505) 678-3331 x (301) 394-5075 x

Dr. Lawrence D. Schwartz Mr. Wendel J. Shuly"
Raychem Corporation ERDEC Research & Technology
300 Constitution Drive 9CBRD-RTC
102/6535 APO EA MD 21040
Menlo Park CA 94029
(415) 361-3608 x

LTC Melvin Silverman USA,(Ret. ) Mr. Mark A. Silvestrl
315 Tartan Green Court U.S. Army Research Lab
Joppa MD 21085-4324 ATTN: AMSRL-SL-CM
(301) 679-4476 x Aberdeen Proving Or MD 21010-5423

(410) 671-3960 x

Mr. Edudrdo D. Soliven Mr. Jerry W. Steelman
US ArmA Nuclear & Chemical Agency US Army Duaway Proving Ground
ATTN: FONA-CM ATTN: MT-TI
7150 Holler Laoe, Suite 101 Dugway UT 84022
Springfield VA 22150-3107 (801) 831-5241 x
(703) 355-2312 x

Mr-, Gary Stickel Mr. Garrison W. Still
,attelle Army Research Lab
505 King Avenue AMSRL-SL-CS

* JN4 Adelphi MD 20783-1197
Columbus OH 43201-2693 (301) 394-5450 x
(614) 424-7518 x

Mr. Russ Suchy Ms. Debra L. Sutton
Mine 9afaet Appliances Company United Defense
.0. Box 426 MD/WSO

Pittsburgh PA 15230-0428 1107 Coleman Avenue
(412) 733-9272 x Ban Jose CA 95103

(408) 289-3133 x
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Ma0jor Jeff C. Switzer Mr. David Torgerson
Hme U8AomU Test & Evaluation U.S. Army Dugway Proving Ground
Ruanlutcluing ATTN: KT-C
A erdeen Proving Od MD 21005-5057 Duaway UT 84022
(410) 278-1072 x (891) 831-5226 x

Mr. Joseph A. Traino IIn Mr. E. Michael Vogel
Science & Technologu Corp. US Army Research Laboratory
Unit 1 AMSRL-SL-X
2719 Pulaski HIghwav APO MD 21005-5068
Edgewoad MD 21040-1315 (410) 278-5855 x
(410) 272-4161 x

Mr. James J. Wade Mr. Robert T. Walker
US Armu Research Lab CqPress International, Inc.
ATTN: AMSRL-SL/SLAD SuOte 400
WSMR NM EM002-3513 1201 E. Abingdon Drive
(505) 6719-1196 x Alexandria VA 22314-1490

(703) 549-5880 x

Ms. Annetta Watson Mr. Philip Weinber
Oak Ridge National Laboratory Navel Air Systems t ommand
.0.. Box 2008 AIR 516J, JTC G/AS

Oak Ridge TN 37931 1421 Jffeeson Davis Highway
Arlington VA 22243-5160
(703) 325-016Z x

Dr. Ronald A. Weiss Mr. Nat Wang
US Arm .Research Lab U. A. Air Force Armstrong
ATTN: AMSRL-SL-CS/E3331 ATTN: USAF AL/CFBD, Bldg. E3234
Room 120 APO MD 21010-5423
Aberdeen Proving Or MD 21010-5423 (410) 671-3111 x
(410) 671-8429 x

Mr. Charles R. Yarbrough Mr. Daniel K. Yu
Lockheed Ft. Worth Company HO AMC
101 Academyj Blvd. ATTN: AMCCD
Fort Worth rX 76108 Alexandria VA 22331-0001
(817) 935-4511 x (703) 274-9520 x
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LIST OF EXHIBITS

gXHIQBI.O THEME
1) Calspan Corporation Capabilities Overview

2) Battelle Chemical Defense Materials
Database (CDMD) Demonstration

3) Battelle Chemical Warfare/Chemical and
Biological Defense Information
Analysis Center (CBIAC) Resources

41 Battelle Capabilities Overview

i•? DoD Project Manager for Mobile Tactical Quiet Generator
Liectric Power/Camber Corporation

6) Product Manager for XM56 Large Area Smoke Generator
Smoke/Obscurants Static Display

7) U.S. Army CBDCOM Capabilities Overview

8) U.S. Army CBDCOM/Loral Multipurpose Integrated Chemical
Librascope Agent Alarm (MICAD) Operational

Demonstration

9) U.S. Army Nuclear and Chemical Capabilities Overview
Agency (USANCA)

10) U.S. Army Research Laboratory Ballistic Vulnerability and Lethality
Division: BRL-CAD Demonstration

11) U.S. Army Research Laboratory Capabilities Overview: Chemical-
Biological and Nuclear Effects
Division
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NO. OF NO. OF
COPIES OOANJZATION COPIES ORGANIZATION

2 ADMINISTRATOR 1 COMMANDER
DEFENSE TECHNICAL INFO CENTER US ARMY MISSILE COMMAND
ATMN: DTIC-DDA ATIN: AMSMI-RD-CS-R (DOC)
CAMERON STATION REDSTONE ARSENAL AL 35898-5010
ALEXANDRIA VA 22304-6145

1 COMMANDER
COMMANDER US ARMY TANK-AUTOMOTIVE COMMAND
US ARMY MATERIEL COMMAND ATTN: AMSTA-JSK (ARMOR ENO BR)
ATIN: AMCAM WARREN MI 48397-5000
5001 EISENHOWER AVE
ALEXANDRIA VA 22333-001 1 DIRECTOR

US ARMY TRADOC ANALYSIS COMMAND
I DIRECTOR ATTN: ATRC-WSR

US ARMY RESEARCH LABORATORY WSMR NM 88002-5502
ATTN: AMSRL.OP-SD-TA/

RECORDS MANAGEMENT 1 COMMANDANT
2800 POWDER MILL RD US ARMY INFANTRY SCHOOL
ADELPHI MD 20783-1145 ATrN: ATSH-WCB-O

FORT BENNING GA 31905-5000
3 DIRECTOR

US ARMY RESEARCH LABORATORY
ATTN: AMSRL-OP-SD-TlIJ ABERDEEN PROVING GROUND

TECHNICAL LIBRARY
2800 POWDER MILL RD 2 DIR, USAMSAA
ADELPHI MD 20783-1145 ATTN: AMXSY-D

AMXSY-MP/H COHEN
DIRECTOR

US ARMY RESEARCH LABORATORY 1 CDR, USATECOM
ATMN: AMSRL-OP-SD-TP/ ATTN: AMSTE-TC

TECH "UBLISH]NG BRANCH
2800 POWDER MILL RD 1 DIR, USAERDEC
ADELMP MD 20783-1145 ATTN: SCBRD-RT

2 COMMANDER 1 CDR, USACBDCOM
US ARMY ARDEC ATTN: AMSCB-CII
ATTN: SMCAR-TDC
PICATINNY ARSENAL NJ 07806-5000 1 DIR, USARL

ATIN: AMSRL-SL-I
DIRECTOR
BENET LABORATORIES 5 DIR, USARL
AT1N: SMCAR-CCB-TL ATrN: AMSRL-OP-AP-L
WATERWVLIET NY 12189-4050

I DIRECTOR
US ARMY ADVANCED SYSTEMS

* RESEARCH AND ANALYSIS OFFICE
ATIN: AMSAT-R-NR/flS 219-1
AMES RESEARCH CENTER
MOFFETT FIELD CA 94035-1000
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US ARMY ODCSLOO I US ARMY DUOWAY FROVING GROUND
ATTN: MAI MICHAEL RESTY JR ATTN: MT-TQMR JERRY W STEELMAN
PENTAGON, ROOM 1C562 DUGWAY UT 84022
WASHINGTON DC 20310-0550

1 US ARMY DUGWAY PROVING GROUND
DOD EXPLOSIVES SAFETY BOARD ATTN: MT-TM-CB/MR DAVID PEART
ATTN: DR WILLIAM J MAURITS DUOWAY UT 84022
2461 EISENHOWER AVE
ALEXANDRIA VA 22331 2 US ARMY NUCLEAR & CHEMICAL AGENCY

ATrlN: MONA-CM/MR EDUARDO D SOLIVEN
DIRECTOR DR CHARLES N DAVIDSON
US ARMY RESEARCH LABORATORY 7150 HELLER LOOP, SUITE 101
ATTN: AMSRL-D/DR JOHN W LYONS SPRINGFIELD VA 22150-3107
2800 POWDER MILL ROAD
ADELPHI MD 20783-1145 1 COMMANDER

US ARMY ARDEC
DIRECTOR ATTN: AMCPM-MO/MR EDWARD 0 LEWIS
US ARMY RESEARCH LABORATORY PICATINNY ARSENAL NJ 07806-5000
ATTN: AMSRL-BE-A/DR ROBERT RUBIO
WSMR NM 88002-5501 1 COMMANDER

US ARMY TANK AUTOMOTIVE COMMAND
DIRECTOR ATTN: TACOM-AMSTH-USSS/NR ROSS A CASE
US ARMY RESEARCH LABORATORY WARREN MI 48397-5000
ATTN: AMSRL-SLAMR JAMES J WADE
WSMR NM 88002-5501 1 USAF

DET 63, ASC
DIRECTOR ATIN: TSOT ROBERT D KING
US ARMY RESEARCH LABORATORY 2008 STUMPNECK ROAD
ATFN: AMSRL.CP-T/ INDIAN HEAD MD 20640

LTC MELVIN J SCHICHTMAN
2800 POWDER MILL ROAD 1 USAF
ADELPHI MD 20782-1145 F-22 SYSTEM PROGRAM OFFICE

ATTN: ASClYFEXiMR JAMES M GEHRINGER
DIRECTOR 2130 FIFTH STREET
US ARMY RESEARCH LABORATORY WRIGHT-PATTERSON AFB OH 45433
AT1N: AMSRL-SL-CS/

MR GARRISON W STILL 1 USAF
2800 POWDER MILL ROAD ATMN: ASCIXRESV/MR HUGH GRIFFIS
ADELPHI MD 20783-1197 BLDG 450. 2645 FIFTH STREET

WRIGHT-PATrERSON AFB OH 45433
US ARMY CECOM
ATIN: AMSEL-RD-NV-LPD/ 2 ADPA

MR RICHARD C RENAIRI ATTN: MS HEATHER D BRINTON
10215 BURBECK RD MR W BRUCE HOLT
PORT BELVOIR VA 2200-5806 TWO COLONIAL PLACE, SUITE 400

2101 WILSON BOULEVARD
US ARMY DUOWAY PROVING GROUND ARLINGTON VA 22201-3062
ATIN: MTr-C/MR DAVID TORGERSON
DUGWAY UT 84022 1 MOBILE ELECTRIC POWER

A7rN: MS KELLY D ALEXANDER
7798 CISSNA ROAD. SUITE 200
SPRINGFIELD VA 22150
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NAWC/PLATIORM INTERFACE GROUP I CYPRESS INTERNATIONAL INC
NAVAL AIR ENGINEERING STATION ATTN: MR ROBERT T WALKER
ATIN: MR FRANK A AVENOSO 1201 E ABINODON DR& SUITE 400
ROUTE 547 ALEXANDRIA VA 22314-1490
LAKEHURST NY 08733-500

1 NAVAL AIR SYSTEMS COMMAND
2 NAVAL SURFACE WARFARE CENTER AIR 5161, JTC G/AS

DAHLOREN DIVIION ATIW: MR PHILIP WEINBERG
ATIN: TIMOTHY J BAUER/ODE BS1 1421 JEFFERSON DAVIS HIGHWAY

, MR DONALD L ROWEIODE J42 ARLINGTON VA 22243-5160
17320 DAHLGREN ROAD
DAI-.GRBN VA 22448-5100 1 HQ AMC

ATMN: AMCCB/MR DANIEL K YU
2 BATTELLE ALEXANDRIA VA 22331-0001

ATTN: JN4/
COL RAY W BILLS (REr) 1 SRS TECHNOLOGIES
0t1, GARY STICKEL AMTN: JAN R ROBERTS

505 KING AVE 500 DISCOVERY DRIVE NW
COLUMBUS OH 43201-2693 HUNTSVVI.LE AL 35758

2 BATELL1 2 RAYCHEM CORPORATION
ATTN: MR KEITH JOHANNS ATTN: MP 102,6535/DRLAWRENCEJ SCHWARIZ

MR WARREN B CARROLL MP 10216738/MR DAVE A ENNIS
305 KICNG AVE 300 CONSTITUTION DR
COLUMBUS OH 43201-2696 MENLO PARK CA 94029

1UTD 1 MINE SAFETY APPLIANCES COMPANY
ATIN: MS MARGUERITE E BROOKS ATTN: MR RUSS SUCHY
3580 CINDERBEND ROAD P0 BOX 428
NEWINOTON VA 22122 PITTSBURGH PA 15230-0428

SCUNCE AND TECHNOI. ý CORPORATION 1 PEO-ARMORED SYSTEMS MODERNIZATION
UNIT I ATTN: SFAE-ASM-AG/MR ALBERT PU2ZUOLI
ATMN: MR JOSEPH A TRIANO M WARREN MI 48397-O001
2719 PULASKI HIGHWAY
EDGEWOOD MD 21040-1315 1 UNITED DEFENSE LP

ATMN: MD/WS0/MS DEBRA L SUTTON
2 SCIENCE AND TECHNOLOGY CORPORATION 1107 COLEMAN AVE

ATMN: MR SAMUEL L HURE iAN JOSE CA 95103
DR ADARSH DEEPAK

6 101 RESEARCH DR I UNITED DEFENSE LP
HAMPTON VA 23C4&1340 ATIN: MR FRANCISCO MAGNO

1107 COLEMAN AVE, BOX 367
1 OAK RIDGE NATIONAL LABORATORY SAN JOSE CA 95103

ATIN: MS ANNETTA WATSON
PO BOX 2008 UNITED DEFENSE LP
OAK RIDGE TN 37831 COMBAT SYSTEMS DIVISION

ATTN: MR MARK T MONDELL
LOCKHEED PO BOX 15512
ATIN: MR CHARLES R YARBROUGH YORK PA. 17405-1512
101 ACADEMY BLVD
FORT WORTH IX 76106
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UNITED DEFENSE LP 1 CALSPAN CORPORATION
BMY COMBAT SYSTEMS ATrN: MR JACK R BURDEN, SR
ATIN: MS JANE M JOHNSON PO BOX 1405
PO BOX 15512 SPRINGFIELD VA 221510405
YORK PA 17405-1512

2 PINE BLUFF ARSENAL
SAIC ATTN: SMCPB-HST/1LT LISA PROBY l,
SIKORSKY AIRCRAFT SMCPB-PCT/ILT JULIO A MEDINA
ATN: MR JAMES J MUTI-G 10020 KABRICH CIRCLE
6900 MAIN STREET/MS BIO0A PINE BLUFF AR 71602-9500
STRATPORD CT 06601-1381

2 BATTELLE
2 SAIC ATTN: MR JAMES J MCNEELY

ATTN: MR MALCOLM B MORRISON MR STEVEN A JONES
MR MATTHEW I HUTTON 2111; EMMORTON PARK RD, SUITE 200

626 TOWNE CENTER DURVE. SUITE 205 EDGEWOOD MD 21040-1087
JOPPA MD 21085

1 EAI CORPORATION
MCDONNELL DOUGLAS AEROSPACE ATTN: MR DENNIS F METZ
ATITN: MR SHAWN H PARK 1308 CONTINENTAL DR. SUITE J
DEPT 2LT/MC 35-95 ABINODON MD 21009-2332
3855 LAKEWOOD BLVD
LONG BEACH CA 90846-0003 2 JOINT PROGRAM OFFICE FOR BIO DEF

ATTN: SFAE-BD,
EOD TRAINING AND EVALUATION MR JOHN MINER
UNIT TWO E-63UNNERS LTC JAMES S HANSEN
MATE GUNS FIRST CLW S DIVER SKYLINE 5, rM 401
ATTN: MR DENNIS S O'CONNOR 5111 LESBURG PIKE
FT STORY VA 23459 FALLS CHURCH VA 22041

CSC PROFESSIONAL SERVICES GROUP I CAMBER CORPORATION
ATTN: MR OLIVE& J OZMENT ATTN: DR WARREN L MILLER
SUITE 203, 3315 BOB WALLACE AVE SUITE 403, 200 VALLEY ROAD
HUNTSVILLE AL 35805 MOUNT ARLINGTON NJ 07856-1320

JAYCOR I PM-ALSE
ATTN: MR WALTER G PARKS ATTN: SFAE-AV-CSE/
1608 SPRING HILL ROAD MR THOMAS A HRASTICH
VIENNA VA 22182-2270 4300 GOODFELLOW BLVD

ST LOUIS MO 63120
CHESAPEAKE DEVELOPMENT INC
ATTN: MR JAMES E PEAVLER 1 TITAN CORPORATION
PO BOX 1130 ATTN: MR T R HUKKALA
SPARKS MD 21152 1900 CAMPUS COMMONS DRIVE

RESTON VA 22091
4 CALSPAN CORPORATION

ATFN: MR ROLAND J PILIE USMC
MR DAVID J MANGINO ATIN: RICHARD M JENSEN
MR TOM M MCMAHOfl DRPM AAA CLARENDON SQ BLDG
MR JOSEPH H CAPPELO 3033 WILSON BLVD

PO BOX 400 ARLINGTON VA 22201-3803
BUFFALO NY 14225-0400

210

-MEW



NO. OF NO. OF
OPES OROANMZATION COPIS ORGANIZATION

1 R.Al THEON CO 1 TECHNOLOGY MARKETING
ATTN: MR RICHARD KEEGAN/MS-IJ7 ATTN: COL JAMES T FERGUSON, USA (RET)
528 BOSTON POST ROAD PO BOX 987
SUDBURY MA 01776 MILLERSVILLE MD 21108-0987

1 RAYTHEON MISSILE SYSTEMS DIVISION 1 COMPUTER SCIENCES CORPORATION
ATIN: MR WILLAM CASTNER ATTN: MR HUGH A HERBIG/MC 212
"180 HARTWELL ROAD 3170 FAIRVIEW PARK DR
BEDPORD MA 01730 FALLS CHURCH VA 220424528

I ELTECH RESEARCH CORPORATION 1 COMPUTER SCIENCES CORPORATION
ATIN: MR ROGER J CHMURA ATTN: MR TOM HIPPENSTEELE
625 EAST STREET 2107 LAUREL BUSH ROAD, SUITE 206
FAIRPORT HARBOR OH 44077 BEL AIR MD 210154932

1 ASST DEPUTY UNDER SECNAV (S&S) I KAISER ELECTRONICS
ATTN: MR FRED CROWSON ATFN: MS THEA BUCHANAN/MS 65
CP 5. RM 162 2701 ORCHARD PARKWAY
2211 JEFESON DAVIS HIGHWAY SAN JOSE CA 95134
ARLINGTON VA 22444-5107

1 TECHMATICS INC
1 GEOMET TECHNOLOGIES INC ATMN: MR E KNIGHT CAMPBELL

ATIN: MR FRANK W KELLY SUITE 1000, 2231 CRYSTAL DRIVE
20251 CENTURY BLVD ARLINGTON VA 22202
GERMANTOWN MD 20874

1 3M
1 BRUNSWICK DEFENSE ATMN: MR ROBERT CHASE

ATTN: MR EDWARD JOINER 6801 RIVER PLACE BLVD
2000 BRUNSWICK LANE AUSTIN TX 78726-9000
DE LAND FL 3272A

1 CHAMBERLAIN MRC
2 OFIFUETRICS INC ATTN: MS KATHLEEN M CONSIDINE

ATTN- MR MICHAEL 0 KIERZEWSKI 336 CLUBHOUSE LANE
MR DAVID M ENGLISH HUNT VALLEY MD 21030

2107 LAUREL BUSH ROAD, SUITE 209
BEL AIR Mid 21015-6181 1 BOOZ. ALLEN & HAMILTON

AMrN: MR MICHAEL I D'ANDRIES
1 LORAL LIBRASCOPE CORPORATION AIRPORT SQUARE 8. SUITE 150

ATTN: MR ROBERT LANG, 891 ELKRIDGE LANDING ROAD
PROGRAM MANAGER LINTHICUM MD 21090

V' 833 SONORA AVE
GLENDALE CA 91201-2433 1 HQ TRADOC

ATTN: ATCO-SB/MR WARREN DIXON
1 BELL HELICOFrER TEXTRON INC FT MONROE VA 23605

AFFrN: MS BARBARA THEODAHLIMS #1401
PO BOX 482. DEFT 81 1 GENERAL DYNAMICS LAND SYSTEMS
PORT WORTH TX 76101 ATrN: MR NORMAN DYER

PO BOX 2074
1 CSC PROFESSIONAL SERVICES GROUP WARREN MI 48090-2074

ATTN: DO PETER D HIDALGO, USA (RET)
PO BOX 333
WAVERLY HALL GA 31831-0333
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LTC MELVIN SILVERMAN, USA (RET) 47 DIR, USARL
315 TARTAN GREEN COURT ATTN: AMSRL-SL-CIMR WILLIAM J HUGHES
JOPPA MD 210854324 AMSRL-SL-CD/MR ANDREI BEVEC

AMSRL-SL,4CM ROLAND A PC1IMADEI
AMSRL-SL-CM/

ABERDEEN PROVING GROUND MR LOU E'ELICIO (26 CP)
MR DENNIS W BAYLOR

3 CDR, USAARDEC MR DREW B FARENWALD
AT1N: SCBRD-RT-ASM/ MR MATIH-EW B KAUFMAN

MR KENNETH S ENO MR MARK A SILVESTRI
MR JEFFERY S HOENE AMPSRL-SL-CO/
MR ROBERT E PLANK, JR MR ROBERT K MURK

MR JAMES F MYERS
5 DIR. USAERDEC AMSRL-SL-CS/

ATTN: SCBRD.ADAMR ROBERT J PUHALA MR JOHN BEILFUSS
SCBRD-ASCQMR ROY C ALBERT MR JOSEPH A ANDRESE
SCBRD-CZM FRANK J BELCASTRO MR JOHN J FRANZ
SCBRD-ASTMDRAMNON BIRENZVIOE MS JENNIFER L KELLEY
SCBRD-RTCiMR WENDELJ SHUELY MR JOHN D MAJESKI

MR JAMES F NEALON
3 CDR, USACBDCOM MS DONNA ORLANDO

ATIN: AMSCB-CO/BO GEORGE B FRIEL MR ALBERT W PRICE
AMSCB-EO/ MR RONALD A WEISS

MR WILLIAM S MAGEE, JR AMSRL-SL-I/
MR JAMES L MCKIVRIGAN MR DAVID F BASSETT

MR TIMOTHY D MALLORY
3 DIR, USAMSAA MR E MICHAEL VOGEL

ATTN: AWXSY-CB/
MR ROBERT A BLANKENBILLER 1 US AIR FORCE ARMSTRONG
MR MIKEY N CARROLL ATTN: USAF ALXFBD/MR NOAI WONG
MR ED J PERRI BLDG E3234

3 DIR, USAEHA
ATN: HSI&L-MO-Al

MR ROBERT A GROSS
MR GEORGE R MURNYAK

HSHB-ZA/MR STEPHEN L KISTNER

CDR. USAIECOM
ATTN: MAJ JEFF C SWITZER

V

4
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ATMN: b% MARC T•FEMR
4101 RESERVOIR RWAD NW
WASIINGTON DC 2007-2172
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USER EVALUATION SHEET/CHANGE OF ADDRESS

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

1. ARLReportNumbcr ARL-CR-189 Date of Report October 1994

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. Speclfically, how 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.)

Organization

CURRENT Name
ADDRESS ,,,

Street or P.O. Box No.

City, State, Zip Code

V 7. If Indicating a Chamge of Address or Address Correction, please provide the Current or Correct address

above and the Old or Incorrect address below.

I

Organization

OLD Name
ADDRESS

Street or P.O. Box No.

City, State, Zip Code

(Remove this sheet, fold as indicated, tape closed, and mail.)
(DO NOT STAPLE)


