AD-A286 041 O
RGENERIARAN

ARMY RESEARcH LABORATORY

: Proceedings of the Symposium on
Nuclear, Biological, and Chemical
Contamination Survivability (NBCCS)
Developing Contamination-Survivable
Defense Systems
Charles Braungart
BATTELLE
Louis S. D’Elicio
U.S. ARMY RESEARCH LABORATORY
ARL-CR-189 October 1994
prepared by B éf:‘é .-gu n— f?:i
Battelle M%‘i O r“'_’\{:':-;-;\
. 2113 E rton Road, Suite 200
1 Emmorion Rond, Sue 200 Sgon 041994{,
‘ under contract
DLAY00-86-C-2045 DTIC (IIALITY Temms gy

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION IS UNLIMITED.

WRha-34226
\\\\\\N\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ !

4 11 8 0cg




NOTICES

Destroy this report when it is no longer needed. DO NOT return it to the originator.

Additional coples of this report may be obtained from the National Technica! Information
Service, U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161.

The findings of this report are not to be construed as an official Department of the Army
position, unless so designated by other authorized documents.

The use of trade names or manufacturers’' names In this report does not constitute
indoreement of any commercial product.




Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this coliection of Information 1 estimatad to average 1 hour per responie, Including the time {or reviewing ingtrycions, searching existing data sources,
gathenng snd meintsining the data ded, and P Q and re 'g the collection of information. Send comments regarding this burden estimate or any other aspect of thiy
collection of informeti iuding wqg 10¢ reducing this burden. to Washington Headauarters Services, Directorate for Information Operatiors and Reports. 1218 Jetferson
Davis Highway, Suite 104, Arlington, VA 22202-4302, and to the Otfice of Management and Budget, Paperwork Aeduction Project (0704.0188), washington, OC 20503.

7. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
' - October 1994 Final
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Proceedings of the Symposium on Nuclear, Biological, and Chemical .
C ination Survivability . C: DLA900-86-C-2045

6. AUTHQRIS) .
Charles Braungart* and Louis S. D'Elicio

7. PERFORMING ORGANIZATION NAME(S) ANO ADDRESS(ES) . 8. PERFORMING ORGANIZATION
REPORT NUMBER
. U.S. Army Research Laboratory
. ATIN: AMSRL-SL-CM ,
Abexdeen Proving Ground, MD 21010-5423
9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. i:a%:féena% aqro:fggge
US. Army Research Laboratory
ATTIN: AMSRL-OP-AP-L ARL-CR-189

Aberdeen Proviag Ground, MD  21005-5066

11. SUPPLEMENTARY NOTES
*Charles Braungart is employed by Battelle, 2113 Emmorton Park Road, Suite 200, Edgewood, MD 21040.

0t 4t A
124. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

L ———— Y ———
13 ABSTRACT (Maximum 200 words)

The 1994 Nuclear, Biological, and Chemical Contamination Survivability (NBOCS) 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 cobosted by the U.S. Army Research Laboratory (ARL) and the
US. Army Chemical and Biological Defense Command (CBDCOM),

The objective of the symposium was to provide a forum for the cxchange of information on how to successfully execute
an NBCCS program within the context of the item/sysiem development and fielding program. Key to this exchange was
. the participation of both U.S. Govemment and industry members ¢f the research, development, and acquisition commaunity.
. 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 wittout "killing" a program.

mqmpaichmmnwdﬂmdmifmtmmmmmmm“udddgnmdmtingfo:NBCCSof
military systems, This process can be attributed t0 a strong govemment-industry team effart thai must continue i this
aspect of survivability is to be achieved on the battlefield.

14. SUBIECT TERMS £ Num:nlg; PAGES
symposia, NBC contamination survivability, nnclear warfare, biological warfare, SR
chemical warfare )
Ty Y S —— P A S ——— e ———————— S ity
17. SECURITY CLASSIFICATION ] 18. SECURITY CLASSIFICATION [19. SECURITY CLASSIFICATION ] 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
;;e.u:‘r&g.d by ANSI Std 239.18

1



INTENTIONALLY LEFT BLANK.

il




EXECUTIVE SUMMARY ... .. B I
PRESENTATIONS

WELCOME ADDRESS
Brigadier General George E. Friel, USA
Commander, U.S. Army Chemical and Biological Defense Command
(CBDCOM), Aberdeen Proving Ground, MD .. ...................

KEYNOTE ADDRESS ... ... ...ttt it ttneneonetnansoinoensansas
Dr. John W. Lyons
Director, U.S. Army Research Laboratory (ARL), Adelphi, MD

UPDATE ON NBCCS REGULATORYDOCUMENTS ....................
Dr. William S. Magee
Advocate for NBC Survivability, Office of the Director for Chemical
and Biological (CB) Research, Development, and Acquisition,
CBDCOM, Aberdeen Proving Ground, MD

OVERVIEW OF MULTIPURPOSE INTEGRATED CHEMICAL AGENT ALARM
(MICAD) PROGRAM ... ... .. ...ttt otronnnnentoonnenasan
Mr. Frank Belcastro
MICAD Team Leader, U.S. Army Edgewood Research, Development,
and Engineering Center (ERDEC), Aberdeen Proving Ground, MD

MICAD NBCCS PROGRAM PLAN & TEST AND EVALUATION ............
Mr. Thornas M. McMahon
Head, Chemical Surety, Calspan Corporation, Buffalo, NY

OVERVIEW OF THE ARMORED GUN SYSTEM (AGS) PROGRAM .. ........
Mr. Albert P. Puzzuoli
Deputy Project Manager, Office of the Project Manager for AGS,
Warren, M|

AGS PROGRAM NBCCS RISK ASSESSMENWT METHODOLOGY ...........

Mr. Francisco Magno
AGS NBCCS Project Engineer, United Defense L.P., San Jose, CA



NBCCS IN THE TACTICAL QUIET GENERATOR (TQG) PROGRAM ......... 57
Ms. Kelly Alexander
Project Engineer, Office of the DoD Project Manager for Mobile
Electric Power, Springfield, VA

NBCCS IN THE 120 MM MORTARPROGRAM . ... .. .. ... . e v e 69
Mr. Edward Lewis
Project Engineer, Office of the Product Manager for Mortar Systems, .
Picatinny Arsenal, NJ -

NBCCS IN THE MIN! EYESAFE LASER INFRARED OBSERVATION SET .
(MELIOS) PROGRAM . . .. .. ..ttt ittt sttt e sotanseas 75 *
Mr. Richard Renairi
Project Engineer, Cffice of the Project Manager for Night Vision and
Electro Optics, Fort Belvoir, VA

VAPOR AND LIQUID TRANSPORT AND DIFFUSION MODELING (VLSTRACK) . 87
Mr. Timothy J. Bauer
Chemical Engineer, Chemical and Biological Systems Analysis Branch,
Naval Surface Warfare Center, Dahlgren, VA

CHEMICAL-BIOLOGICAL EFFECTS MODELINGINARL ................. 929
Mr. William J. Hughes
Acting Chief, Chemical-Biological and Nuclaar Effects Division, ARL,
Abardeen Proving Ground, MD

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

XM56 NBCCS PROGRAM & APPLICATION OF TEST RESULTS
Ms. Kathleen M. Considine
Project Engineer, Chamberlain MRC Corporation, Hunt Valley, MD

CHEMICAL RESISTANCE TEST PROGRAM FOR SELECTION/DESELECTION
OF MATERIALS

Mr. Wendel J. Shuely

Research Chemist, ERDEC, Aberdeen Proving Ground, MD

OFFGASING MODELING USING BOUNDARY LAYER PHENOMENA
Mr. John S. Moorehead
Research Scientist, Battelle Memorial Institute, Columbus, OH




ADVANCED TACTICAL FIGHTER (F-22) CHEMICAL HARDENING PROGRAM . 157
Lt. Jim Gehringer

F-22 Survivability Analyst, F-22 System Program Office,
Wright-Patterson AFB, OH

CARGO AIRCRAFT (C-130) CONTAMINATION CONTROL PROGRAM

...... 171

Dr. Ngai Wong

Program Manager, U.S. Air Force Armstrong Laboratory, Crew System

CB Defense Division, Project Reliance - Team, CBDCOM, Aberdeen

Proving Ground, MD
MEETING AGENDA . .. ... ... i i ittt i it i e ittt 187
LISTOF ATTENDEES . ....... ..ttt iiiitetrrnennnionnennnns 193
LI ST OF EXHIBITS . .. .. . i ittt ittt ittt iianrsesnnnnos 203

’Lccuaion Yor

-

NTIS GQRARI &
DTIC TAB O
Unanvouncod d

Juotificat Lon

By o i e e = o]

C\eed . wa .
Llestiatics)
kel

Av it ity Jocon

USRIV

iooancSor

Vst B coral

oML




INTENTIONALLY LEFT BLANK.




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 Chemica!
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 Canter, 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 .loint 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 providad 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 | want to join with Dr. John Lyons, of the U.S. Army Research
Laboratory, and welcoms you to the third NBC Contamination Survivabiiity
Symposium. I'd like to express my thanks and appreciation to the American
Defanse 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. | also Would note that this is a true Joint DoD
effort. | am especially pleased to welcome the other services 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. | believe the maturing of the U.S. Army Chemical and Liological
Defense Command and ths 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 wiil update you on the NBCCS regulatory documents and provide
you with highlights of survivability from some of your and our most important
pregrams. 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.
Wae are here to discuss how we - the developers, the testers, the evaluators, the

users - can ensure maximum readiness for our forces.

| 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



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.




KEYNOTE ADDRESS

Dr. John W. Lyons

Director
U.S. Army Research Laboratory
Adelphi, MD
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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
Cornmand for co-hosting this meet}ng with the Survivability/l.ethality Analysis
Directorate of the Army Research Laboratory, and to the American Defense
Preparedness Association for their help.

It is a pieasure to welcome all of you te 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 Deseit
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. |t becams a first priority to ensure that
the equipment soldiers use would not fail them in hazardous situations -- nuclear,
chemical, biologicai.

NBC contamination survivability was initiated to examine the effects of
potential agents and decontamination procedures on materiei, to look at the
problem of dacontaminahility, and to ensure that the soldier can perform the
required operational and maintenance tasks in the MOPP IV ensemble.

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

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



properties of material are affected by the contamination and decontamination of
materiel.

We hope that soon we will be abi'e 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 importani job has juct been
made, if not easier -- then certainly more synergistic, by the coliocation of ARL's
Survivability/Lethality Directorate here in Edgewood, in close working proximity to
tha 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 Septembai 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 |
call a critical mass to concentrate on thess 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 nine other (and soon
to be ten) technical directorates focussed on research and technology
development, which is a primary business area for ARL. However, SLAD's
mission is analysis and assessment of Army-systams and materiel to ensure that it
survives and prevails. Like the rest of ARL, SLAD’s primary customer is the
materiel development community. Itis SLAD’s role to be involved throughout the
acquisition process to assist the materie! developer in building systems and
equipment which have the required hardnass characteristics, that can be
decontaminated without damage, and that soldiers can use effectively in full

chamical protactive gear.




The cagability 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 aséistance, it appears ever more likely that we may
face situations in hostile territory that cou.'d find an opponent using what we might
consider "old" technology or technology qucifically 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 | am here today to say that we, coilectively, must not let
this happen.

| 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 orly oriented
toward the incorporation of NBCCS characteristics into the end item configuration,
Lut 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.

| have several objectives for you. First, | want you to use this opportunity to
communicate your technical accomplishments, problems, and the opportunities you
see ahead. Second, | 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 tn ensure system survivability in a

contaminated environment.




R

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 |

can. Have a profitabie symposium.




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 Belcastro

MICAD Team Leader
U.S. Army Edgewood Research,
Development, and Engineering Center
Aberdeen Proving Ground, MD
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MULT! - PURPOSE INTEGRATED
CHEMICAL AGENT ALARM

 ®-MICAD

: BY:
FRANK J. BELCASTRO
(.HEMICAL AND BIOLOGICAL NEFENSE COMMAND
(CBDCOM)

MICAD DESCRIPTION

o MIC:AD Is A Real Time NBC Warning
And Reporting System

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

Provides Alarm To Individual Soidier
Provides Inside/Outside Vehicle Sampling
Provides RF Link For Remote Detection

Employed In Area-Warning, Combat

And Armored Vehicles, And Tactical
Vans And Shelters

21




Hardware Used

MICAD Systém Curréntly In 6.4 Development

o Display Control

- CPU W/Touch Panel Sceen
- Interface Between Sub-systems
And Communications Network

o Samyle Transfer Systen

- Provides Inside/Outside Air
Sampling

Hardware Used

MIGAL System Currently In 6.4 Development

o Inlemetry Link
- Remote Detection Using RF

* Alert Device
- Individual Warning

e Inlerface Option Cables

- Contain Logic To Link Sub-system
1o Display Control

22
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Design Philosophy

* True Concurrent Engineering
* Key Design Considerations

- Design To Unit Productlon Cost
- Reliability

- Maintainability

- Producibility

- Human Engineering

- Value Engineering

- Environmental Survivability

- Electromagnetic Compatlblllty

- NBC Survivability

Summary

. Aggresivé NBC Survivability Program

¢ 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. Thormas M. McMahon

Head, Chemical Surety
Calspan Corporation
Buffalo, NY
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The MICAD Natccs Program ( sopgpey  causean)
a
CALSPAN WaRAL, CC FMC

MICAD NBCCS PLANNING, ANALYSIS,
DESIGN AND TESTING PROGRAM

by

Thomas M. McMahon
and
Roland J. Pilie’

CALSPAN CORPORATION
Buffale, New York

Presented at NBCCS Symposium at APG, 15 June 1994

. LORAL.
Ubrascope
The MICAD Nnccs Program [ owypmex  causmun |
CALSPAN e, CC FMC
| ENGINEERING SUPPORT & TESTING |
' '
BCCS Analysis STS Design
and Design Enhancment
{ i improved goalgn §TS
CCS CCS BCCS Functional COmponont and Bread
Preliminary Material Plece Part and Board Teating
Hardness Decontaminabllity Component '
Testing Testing Testing {

LORAL-Team 6.4 STS
Functional Testing

Ir PRODUCTION PROVEOUT TESTING I

Y y
BCCS Testing of MICAD Functional Testing of Final
System Functional Design STS Integrated Into
Components MICAD System
\ LORAL
uhlw
29
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== a
Al CALSPAN Lol C5C FMC

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

2. Achieve all NBCCS characteristics throughout
design. :

NBCCS Tradeoff Priorities:
ia. Hardness to Contaminants
1b. MOPP IV Compatibility

2. Hardness to Decontaminants
3. Decontaminability

The MICAD NBtOCS Program
a
CALSPAN

MICAD NBCCS PROGRAM ACTIVITIES

» Engineering Support
— Vulnerability Analysis
— Materials Database Search/Selection
-~ Hardware Design Enhancement
¢ Programmatic Support
— Start of Work Meeting (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 LORAL

30
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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

~ ' LORAL
Libcascope

= | The MICAD NBCCS Program caLERaN
at CoC FMC

A 7 NEC Dotoovon & Werning New § 2158 Contury CALSPAN % y

SURVIVABILITY ANALYSIS APPROACH FOR MICAD

System
Familiarization
Y
Threat Definition
| ) S
. RNo urvivable
Accessible (Accept for PPT)
y Yes
Mission Critical i Decontaminable MTest
y Yo Yos
Uncertain f No Survivable N
Test «——  Susceptible (Accept for PPT)
y Yo
Vulnerability | _ o1, Redesign <—
Exists
- LORAL

Ubrascope
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The MICAD NBCCS Program ( oapyng au.smﬂ
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CALSPAN — )

SUSCEPTIBILITY ANALYSIS APPROACH

« Decompose components to pieceparts; and pieceparts to materials

« Consult databases on materials/agents, decontaminant interactions, resulting
property changes and deccntaminability problems

» Examine influence of material property changes on ability of piecepart to
- function properly .

- Interact with designers to seek substitute for problam materials

- Recommend materials and/or pieccpart tests whers data are
inadequate

« Examine infiuence of degradation of piecepart function or: the ability of each
component to function properly

— Interact with designers to correct proolems that are uncovered
- Recommend component tests where uncertairty exists

» Examine component configuration, assembly, bonding, and seal methcds for
potential hardness and/or decontaminability problems

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

LORAL.

Lilrascape

The MICAD Natccs Program [ cpmmer  casmn )
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NBC Dotostion & Waming Now & 318 Condury
-

Table 1B
SUMMARY OF BASELINE DATA ON ENCLOSURE MATERIALS

Name of Material Data Reference Data Summary 8Becs
Recommaendation

Uttem CBIAC Formulation number not specified. Samples
not wetted by 10 to 15 pl drops of GD, HD or
VX. No apparent effect after 3888 hours im-
mersed in D52 at 25°C.

Uitem 2000 - No reinlorca-  |Calspan:  Javelis Matarials Hardness and Decontaminabilfty demon-
ment Decontaminability Tests strated. (HD/DS2, VX/DS2, TGD/DS2)

Javelin System Tests Crazing occurred at stress points with Do not use
sxposure to HD anc D82 and progressed

with VX snd TQT testa.
Ultem 2300 -- 30% fiber Caispan;  MICAD Prelim, No major hardness problems. Slight texture | Test for Decontaminability
glase Hardness Tesis chanQes produced by HD, discoloration
(Original Housing Material) DS2. Decontaminability data are not acquired

in these wesls.
Ecobond Adhesive Caispan:  MICAD Pretim. Tested butt-joint bonded Ultem. No hardness (Use
Hardness Tests problems were observed.
Calspan: Mock Box Tests Ecobond joints were hard to all apents

and decontaminable.
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P EEi = = CRITICAL DESIGN REVIEW cogumngy  cALmRaN)
. UNIVERSAL INTERFACE UNIT (UIU
| Tl Key oesin 1ssues. O | wamau, €3¢ #MC )
« NBC SURVIVABILITY
* LOW COST
* RELIABILITY
* MAINTAINABILITY
« EMVIRONMENTAL SURVIVABILITY
-THERMAL -
- SHOCK AND VIBRATION
« FLEXIBILITY
* ELECTROMAGNETIC COMPATIBILITY
« HUMAN ENGINEERING
- LORAL
Ubrascape
The MICAD Nntccs Program ( swgmer  caLsran |
a -
CALSPAN LERAL OO FMC
DISPLAY/CONTROL CONSOLE
=3 WU MU B
\/ \/ H
A= =
Battery Access 6.00
Cover
S 6.75
\ LORAL.
Librascope
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Libt dscope

Phowograph of MICAD Mock Assembly Box # 1 with Insest Skexch of 1A Connectors
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The Test Sequence

Baseline Performance Test.

Contaminate with Biological Simulant.
Decontaminate with 2.5% Sodium Hypochlorite.
Performance Test.

Contaminate with HD, 10 g/m2.

Deconlaminale using Methods Prescribed by PM.
Contact Hazard Measurements.

Desorption (Offgassing) Measurements.

. Contact Hazard Measurements.

10. Performance Test.

11. Repeat 5 through 10 with VX.

12. Repeat 5 through 10 with TGD.

©CENOO~ LN

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

\ LOIRAL.

Librascope

at
CALSPAN

The MICAD NECCS Program [nnm CALSRIN

Component Plece Part Test Articles

Part Name/Test Description Part Number Location Functional Measurements

IA* Connectors, Female w/Male Caps 13,045 |D38999726WD35SN__[Mock Box #1 Pin-to-Pin Insulation Resistance

1A Connectors, Male w/Female Caps, 13,14 15 D3I8999/26WD3ISPN  |Mock Box #2 Pin-to-Pin Insulation Resistance

Power Conncctor #1 D38999/24WBSPN Mock Box #1 Contact Resistance

Power Connector #2 |DJB999%WBSPN *Mock Hox #2 | Contact Resistance

Puwer Connector #3 D38999/24WB3PN___ |Mock Box #3 LContact Resistance

LEDs, Style 1, #1.42,43 M19500/519-02 Mock Box #1 Luininosity

LEDs, Style 2, #1243 M19500/519-02 Mock Box #2 Luminosity _

Binding Posts #1, 92,43 M35149/8-PB 08N Mock Box #3 External-to-Uround Resistance
Exiemal-to-Intemal Resistance

In-Line Power Connector #1, Smooth Plastic GC4B16ANF15-35-15 |Separate Contact Resistance, Pin-to-Pin
Insulation Resistance

in-Line Power Connector #2, Texrured Plastic GCAB16ANF135-33-13 |Separate Contact Resistance,Pin-to-Pin
Insulation Resistance

in-Line Power Connector #3, Steel GC4816ANF15-35-15 |Separate Contact Resistance, Pin-10-Pin
Insulation Resistance

\ LORAL

Librascope
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Typical Contact Hazard Test Data
CONTACT HAZARD TEST RESULTS - VX
sample! article | condition | sdmple¢ lecation test¥ {uL| wug Ing/emA2
VX:1_[P.C.H] [post DS2  [wiepped wound harness on spposise side of in-fine sonnecier G3T4[10] <025 [ <10
VX-2 [F.CHI [post DS2  [wrapaed areund harons just above in-lins sunmertes GiT4110] 10 404
VX-1 IP.CHI |post DS2  [wrapped around in-line sonnecior G3T4]10] 08 324
VX~ [P.C.42 [posi DS2__[wrapped aroved harnwms on oppoti s of ining canmeetor GIT4 | 10] 0.79 | 316 | .
L VXS 'P.C.HE 1post DS2 |weapped areund harmeu st sbove in-lins senneciat G3T4 101 2,75 110 .
VX6 _P.CH2 |post DS2  |wrapped around in-line corwctor GIT4 1101 7.58 302
VX-1_ P.C.H1 |post offgass [wrapped around harness on epposse side of in-line connactar GIT4 1 10| <028 | <10
X8 P.C.AL ipost offgass (wrspped sround harmess just shove in-line connscter G374 1 10] <0.25 | ¢ 10
VX-9 P.C.H1 [post offpass |wrapped wound in-line connecrar G3T4 1101 <0.25 | ¢I0 N
VX-10 -P.C.42_ post ofTgass lwrappsd weund harnews an epposiie side of in-Jiw eonnecter GIT4] 101 <0.25 ] ¢ 10 -
VX141 P.C#1 | Poit Ofass lwrapped aroumd harmew jum shove in-ling sennpcior GIT4 | 10] <0.25 | <10
VX-12 :P.C.#2 |post offgass {wrepped mound inline connector GIT4110] <025 | <10
VX131 'P.C.H) jpost DS2  [wrnpped wound harmess on eppomite wde of in-fim. GIT6 | 10| <0.28 | <10
VX-14 'P.C.13 Ipost DS2 pped around harmess just above i-line Cenectar G3T6 110! 1.54 60.4
VX-15 P C.#3 ipost DS2 __ urapped wound in-binw comecter. G3T6 1101 2.69 | 102.6
y_)(_l.@_MUﬂllpole 2 luampter sccvou LUDA #) ad £2 G316, 100 0.32 | 128
VX417 M.BH2jpost DS2  jswmpisr wrapped around sl 6ap on n-line sonctor J3 GIT6 25, 583 | 9128
VX:18 M.B #2iposi DS2 Iw«wummm n Q3T6 | 10 0.70 28
VX.19 M.B.#liposi DS2 n cenuar of lop surface of box GIT6! 5: 877 | 1016
VX-20 M.B#1iposi DS2  |sampler sccvoss LEDs #2 and #) 1Q3T7 110, <028} ¢10
VX:21 M-BA1ipost DS2 __liampier wropped asound bisch con un in-line 34 'GIT7i10: 9.52 [ 2808
YN N B ¥1[posi DS fampies wiapyed wrund e comenar 31~ T IGITT 00 10981 430
1 LGITZ 20 640 ]
. LORAL.

tibrascape

The MICAD NBCCS Program [ ffs  casa )
B Rt s at CALSPAN woRAal, (50 FMC )
THE DESORPTION RATE MEASUREMENT
PROCEURE
Test Cell
/
¢ MiniCAMS™
ClanVenl ) | TestAricle | | Vent Air Out :
D :
\
Mixing Fan
an _v e -5 - L
L{t)=C (R +K)
| LORAL J
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Typlcal Desorption Rate Data

Test Uem: MockBox# = = _ Date: 3904
Ageat: vX '
Flapsed Mame Valume Ventilation  Desorption  Cumslative
Time Detected . Sampled Rate Rate Dase
thours) i) L1} 1V /melmi {upimiin) le
0.09 146.26 188 % 4.2) 21
0.59 182.7¢ 119 120 1439 43)
1.09 B4 on 120 16.47 939
159 04 an 70 1142 1362
m 2381 0.2 ‘120 10.9% 169
239 2243 033 120 %13 196]
309 1991 032 120 8.00 2203
339 17.38 0.32 120 1.16 - 2418
409 16,05 032 120 6.42 2611
499 14.70 032 120 3.9 2788
s 1359 032 120 $.4) 2951
3% 1244 0.32 120 .00 3
(A1, ] 11.66 0.32 120 4.6) 3240
639 10.89 0.32 120 n 3170
109 1007 0.3 120 4.0 3490
7.59 9.56 032 120 . I
L) 9.02 032 120 1.57 37
L% 1] | % ] 0.3 129 in 2
9.09 si8 032 120 )20 %08
93¢ .84 0.5 120 Jon 4000
10,09 kAL 032 120 2.92 40RR
10.59 697 [} 120 2.713 41
109 6.68 032 120 262 4249
1139 6.33 032 120 .49 4324
\ 1209 397 032 120 2.6 4394 Lum J
LUbrascope
-
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SUMMARY OF OFFGASSING DATA FOR
MOCK BOXES
o Amia = 0. 2
Test Arlicle]| Agent Test |12 Hour Inte.| Worst Case| Pass/Fail Worst Case
Designation Date | grated Mass | Exposure Crlterin Corrected fur
(mg) mg miniwd mg min/md |Wind Flectuations
mg miin/md
1) It 32194 [ 50 0.7
92 3/1194 9.8 v.e
1) 2/28/94 15.9 1.8
vl vX | 310794 7.8 .23 0.5
[} 3/9/94 4.4 0.18
3 3/10/94 3.3 0.21
€1 GD [3/17/94 1.6 Wil 2.5 017
[ 1] 3/16/94 0.6 = 0.7 0.04
#3 317194 1.2 1.5 0.08
SUMMARY OF OFFGASSING DATA FOR
IN LINE PIN CONNECTORS
A - 4 m3 .
[Test Article Agent Test |12 Mowr Inte- -\laom Case| Pass/Fail Worst Case
Designation Date | grated Mass | Exposure Criterla Currected for
(mg) g min/m? [mg min/m3 | Wind l-‘luctuu;l«m
— mg minm- |
[1] [} 3738794 0.81 19.2 50 0.10
(2] 311794 1.54 36.6 0.8
(1) 3/1/94 0.27 6.4 1.03
[1] vX 3/8/94 0.84 pokid i) 0.28 6.10
2 3/8/94 0.72 e 0.0%
(k) — 3/9/94 0.78 0.09
[1] [H] 3/18/94 s.79 1.5 0.69
" 3/ 18/%4 0.85 0.7
243 3/16/94 1.07 0.1)
— LORAL.
Librascope
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FUNCTIONAL PERFORMANCE TEST RESULTS
Mock Box #2

BIOLOUICAL HD vX TGD
UASELINE PORT post DURING rosT DURINO PrOST POST DURING ProsT
TesT | orco | DECON._J CONTAM | OFFaAs | coNTAM | OFrOASS | OFraas | contan | ormruas
TEST# GIT) Q3ITé GITI0
DATE: 1/18/94 | 12494 1 22094 | 3294 | 33094 1 39094 | 31094 | 31894 | 3116/94 | 3171194
CELL#¥ ) 2 3

LA CONNECTOR PIN TO PIN INSULATION RESISTANCE TEST RESULTS
R (megohms)

PIN 1| _>300k 1.0k 300k »300k 2300k | 300k 73 17k 12k I.l_ll_

L PIN2| >300k 92 300k >300k { >J00k | >300k [] 2% 43k 19k

J3 . PIN3| 500k 0k 300k Ik | >Jouk | >300k 2.3k 3k 33k 25k
J4  PIN >300k >3O0k > 300k > U0k > 00K >0k 4.0k | $0k >300k S0k
14 PINZ[ »300k"| >300k | >300k_| >300k | >)0ok | >300k | J0k | 130k | >300k | 300k
)4, PIN > 300Kk >3J00k >300k > 0k )00k >INk _Il J00K 1 SUK 00%
S PINI1| >300k ] >300k | >300k ] >300k | >)00k | >3O0k 187 $0k >300k 00k

$ PIN2| >0k | »300k | >300k ] >300k | >)o0k | >300k 200 00k >300k 12k

IS . PIN 3| >3u0k >300k >100k >300k >300k >300k 3.9k S0k | $0k 150k
FS Lvolu 00 ) 00 00 (LY 300 MU JOU IOV 00

LED LUMINOSITY TEST RESULTS
pholoingier outpul {Volis)
LED #) 0.93 0.92 0.8 functions] 0.94 | functions| 0.9 0.9 functions| 0.9
LED #2 1.8 1.8 K] functions 08 _Ifuncions 69 69 | functions! 1.78
LED #3 1.66 1.89 A4__] funclions 31 functions K1} 48 | functions] 1.5)
LORAL

Ubrascope
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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,
¢ DISTORTION OF THE Ni FILLED EPDM GASKET AND SERIOUS LEAKAGE INTO
BOX #1
LORAL.
Ubrese o
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BCCS TEST RESULTS - HARDWARE
* 1A 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
- LORAL.
Ubrasseape
(718) 831-8908
A ARVIN
CALSPAN CORPORATION ,
ADVANCED TECHNOLOGY CENTER
. P.0. Box 400, Butfalo, New York 14226 ;
. Thomas.M. McMahon
. Head, Chemical Surety Section

Phyalcal Sciences Dept,
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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, Ml
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ARMORED GUN SYSTEM
PROGRAM OVERVIEW

MR. ALBERT PUZZUOLI
DEPUTY PROJECT MANAGER
ARMORED GUN SYSTEM

15 JUNE 1994

/7 AGSMISSION: "\

PROVIDE DIRECT FIRE BUPPORT FOR

LIGHT FORCES WHERE TANKS ARE
NOT AVAILABLE ...

RAPID STRATEGIC DEPLOYABILITY

- %

CONTINGENCY FORCE AREAS
OF OPERATION

NS

IR TRANSPOR

AIRBORNE; LIGHT INFANTRY; READY TO FiG,

LIGHT ARMOR FORMATIONS

N

fwnAT AGSIS...

LIGHT WEIGHMT HOBILE GUN
IYSTIM INTENDED TO REPLACE
THE M851 SHERIDAN

R DEPLO' - AIR
LOW VELOCITY AIR DROP

MORE LETHAL, BURVIVABLE, DEPLOYABLE &
SUPPORTABLE THAN M851

53 _é

__

DESIGN BASED ON PROVEN
NON-DEVELOPMENTAL (NDJ)

TAI IPONENTS & TECHNOLOGIES

REASONABLE SURVIVABILITY

CONDUCT OPFENSIVE AS WELL
AS DEFENSIVE OPERATIONS :'! .-!'.-.
{3

R

PROVIDE CAPABILITY TO DEFEAT
TANKS IN CONJUNCTION WITH
\LONO RANGE ATGMs

WHAT AGS IS NOT...
A MAIN BATTLE TANK

o

e

FIGHT TOE-TO-TOR WITH
HEAVY TANKS ALONE!

\

HAT AGS CANNOT DO...




AGS - STREAMLINED ACQUISITION

/ (NOT BUSINESS AS USUAL)
L ..,

_l_RISK & COST MANAGEMENT PLAN l_q

. MARKET 8V IRM AGS RFP ACQUISITION
NDINOT PSIV:IY cETInED STREAMLINING

: S10Lvap * TAGOM SENIOR LEVEL

- PERFORMANCE + 0130, C141 ROMO SCRUB -

+ DEPLOYARIITY “ ::V”N::'W {105mm} © TWO AMC SCRUBS

. - DA OVERBIGHT
- LETHALITY - FURFYSS

o SURVIVABILITY . -
TAILORED ACQUIBITION .
- SUSTAINABILITY « REDUCED DATA

» TAILORED DCLIVERABLES
URGENCY » MINIMIZED REQUIREMENTS

+ ELIMINATE UNIQUE MANAGEMENT TOOLS
AND REQUIREMENTS

BALANCING COMPETING
PARAMETERS

'DESIGN ¢ VEHICLES
-PROTOTYPES Bss
1- STING CERTIFICATION

* [DEPLOYABILITY

* C130 Low Valocity Air Drop
(LVAD) at Lavel 1
* C130/C141/C17/C8 Roll-on/Roll-Off ‘s

N

SURVIVABILITY

SUSTAINABILI TY

Armored Mobility Greater Than
o 8388 I - M881
. O.ﬂ: 0,;3:1100.\::my - Three Levels of
Readiness e 1O Passive Modular Armor -
. o Countermeasures -
Standardization Crew Survivability
oiis— e

LETHALITY

* 105MM Main Gun
* NATO Standard/AEl Capable
s M1 Typs Fire Control

A TANPO M ADLA SLib Y T8 RERT
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AGS PROGRAM (FUE FEB 99)

3] e . AR} MR EIRIE)

Ve L4 vee
TECORACT

SYSTEM INTEORATION/ 1L 8
joRSNN A PAS

Light.
weghl
Titaum
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NEC APPROACH
(Not Business As Ususl)

* Streamiined Acquisition Strategy
{To Include NBCLS)

* No Davelopments! NBCCS Hardware

¢ Standard Collective Protection Componsnts
o Standerd Detection/Waming Devices

* MOPP IV Protective Over Garments
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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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A Ground Systems Division
aRsisanta Clara

Armored Gun System
Vulnerability Analysis
Methodology

¥ oToTotolotog
15 June 1994
by

Francisco Magno
AGS NBCCS Project Engineer

RESHLEAEIE Ground Systems Division
N senta Clara

Presentation Focus

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

¢ To show how the analysis works
» To show the benefits of our analysis

* To gain NBCCS community acceptance

49




~ Analyses Used to Support
NBCCS Requirements

<

CENTNIDEE Ground Syetems Division
R\ Sante Clara

Susceptibility Analysis History
Developed under
the United Defense \‘

ASM Subc

Presented by
%Unltcd Defense at the

nd 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




EERERRIE Ground Systems Division
o Santa Clara

Key Features of the AGS
Method

¢ Modeled after MIL-STD-1629a reliabillity
analysis FMECA (Fallure Modes Effect and
Criticality Analysis).

¢ Rank orders NBCCS risks by mission
criticality and probabllity «i damage
occurring .

¢ Takes into account realistic threat levels.

IRNERERSROEN Ground Syuomo Division
R Sa s Clara

Key Features of the AGS
Method (contmued)

 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 ploco-pu

- Msthod allows us to use information generatsd by

reliabliity (functional block diagrams and p ndlclod
modae of failures).
- Feedback is given at all stages of the design 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




B
W Santa C

Ground Syum Division

Process Flow Diagram

............. i
[“Befins bystom Threat | Lt
I T “

uummmmu 'ummumml

*.?lem
LGN AR

[ identify Petential Damage |
Wimmnmmh .unmumnu

IO .mummum 1
¢‘lqlxc-|n

W ,m;"mu

mmu

IIHHH(!HHNI

Performanae and

nncl Dulgn
Rl|Program Objectives

|m omonts

i l“" IO, ""l"ﬂ"il""‘ FHIL U H
[l"l Hyt i 1) e IIHI' ippes N’ eyl
il NI( Bl nhm 0 «"lu thrante

S PN T

AR

Ground Systemas Division
Sants Clare

AGS Threat Levels

‘A A

AA‘AA»\AAA

- AAAAAAAQI\QAA
OO0
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Ground Systema Division
Santa Clara

How is the | |What are the
item beling [ historical
exposed? damages?

Prediction of Damages

caues a hm"r‘:go.r List
affect fit, form, or [# Predicted
func{lon?' 7 Damages

what extent?

What Is the level of agent exposure?

Wil it be In contact with decon and to

- FM 3-5 specifies 2 90 minv* deliberate decon
time In which 10 minutes is dedicated to interior

decontamination applicatica.
[l Ground Systems Divieion
Banta Clara
Criticality Analysis
Effect on Effect on Assign Criticallty
Plr):crl?:t?:n B tem ~p»{ Miesion | Basedon
(Local Effect) |(End Effect) Ground Rules

¢ Ground Rule Example

- Crew has ampls time to don protective gear to continue
mission !n a contaminated anvironment, meaning that agent
desorption affects availability and degrades follow-on mission.

¢ Use FMECA data

» Categorize damages according to end effect:
| - Catastrophic - causes death or weapon system loss
I - Critical - mission abort/loss
(Il - Marginal - delay/loss of avallability or mission degradation
IV - Minor - results in unscheduled maintenance or repair
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SEEEREEEN Ground Systams Division
RO iGanta Clara

Assignment of Probability
(Index) of Occurrence

Agent Dacon Exposurs | | Test Data ' Assign
Exposure Based on Probability
Leve! | [Location & FM3.5| [Mterpretation ] = iex)

Level A - Insured: 100%

Level B - Frequent: 70% < Prob Occ < 100%
Level C - Reasonable: 40% < Prob Occ < 70%
Level D - Occaslonal: 10% < Prob Occ < 40%
Level E - Remote: 1% < Prob Occ < 10%

Level F - Unlikely: Prob Occ < 1%
NOTE: use indax to uvoid the misisading definition of Probability

ERNTRETE Ground Systema Division

REa N Santa Clare

subart [y foomagel o Ty g [ End o, [r [Mtigationf o)
Name Mode Effect Oca Plan

Power Eles | mat Apply | vapor
Dist Unit / VA «trioity [degrad, Ero:i ﬂ::?:o\ 1 lo Raychem | only.
Elect not forbad Powsr lWeapn Haal Shrk | Decon
Harness passed |design P for P3| pxp low
Poawer Viten Crew
Dist Unh /| Sheath. emain

Elec’ | 8llicons Absorp | Agent [Oft-gas in miece Same | Same
Harness | Potting MOPP

Power Crew
Dlglmltl N/A  Frapping] Agent [Off-gas "":‘"" 11} F Sams | Same
Harness MOPP
 All columns not required for pre-assessment :

¢ Sort by severity and probabllity of occurrence
¢ Add column to list system function by priority
el Y8, See. Sho 01, Suryive, Communicate. TOW




AR Ground Systems Divislon
A S e Clara

impact of Susceptibility
Analysis on AGS senan

Changed from sliicon to EPDM for sealing
applications on hatches and electronics Exposury

* Relocatad turret exhaust fan to lower threat leve

in autoloader compartment

* Performed DS2 testing on armor tile adhesive
because of its high priority

« Designed seat cushions to be easily re

moval

» Elevated importance of scheduling NBCCS
electrical design changes into pre-production
improvement stages: protective heat shrinks,
switch covers, EPDM seals, parylene coated
panels, and NBCCS-tested switches.

EEBUTHE Ground Systems Division
ke Santa Clara

Lessons Learned

* Presentation of analysis results should be
scheduled to provide input before key design
decisions are set.

o GFE and NDI may have an adverse effect on
the system’s NBCCS because it |5 difficult to
incorporate changes to the design.

* A test program is imperative to posliively
identity and eliminate NBCCS risk areas
because of the lack of usabie 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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- Bl Ground Systems Division
(EiRRt L Bants Clara

= .
Summary of Analysis

Key Points
* The method evolved from a need to cost-
effectively identify NBCCS rigsk of complex
system.

* The anelysis 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
almed at the most critical areas impacting the
system survivabllity.

* Acceptance of an analysis method is required to
standardize NBCCS approaches.
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NBCCS IN THE TACTICAL QUIET
GENERATOR (TQG) PROGRAM

Ms. Kelly Alexander

Project Enginzer
Office of the DoD Project Manager
for Mobile Electric Power
Springfield, VA
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 Brief On.3-60kW _

Tactical Quiet Generator Sets
NBC Contamination Survivability

to
American Defense Preparedness Association
15 June 1994

Kelly Alexander
Project Engineer, PM-MEP

TUAMEP on9der

_ Tactical Quiet Generators:
_'"quuired Operational Capability (ROC)

e 3kW Through 200kW

o Multi-Fuel (JP-8, JP 4, JP-5, DF-1, DF-2, DF-A)
* Reduced Noise and IR Signature Levels

e More Reliable

e Less Weight

e HAEMP Protected

* Reduced Fuel Consumption

¢ Total Package Fielding (Logistically Supportable)
¢ Power Units/Power Plants

¢ Less Cost (Procurement, Support, Cost)

¢ Transportable (EAT, § & 10 kW, Air Drop etc.)

Increased Wa, Fighting Capabilities for Commanders:
Combat Multiplier Offsetting/Battlefield Deficiencies

[ENXTHENTITE
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- _ Total TQG Program

o Ge' v2tors
N - 12. ~dels Replace 31 5
_;—?;.—; * Power Units/Power Plants
m - 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-Q01194-3

Material Release Nov 93

First Unit Equipped ~ Fort Bragg E Dec 93

Fielding - Fort Drum Jun 94

Fielding - Fort Camp Aug 94

. J

FLMEP-001/94-4
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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-MEP{0INI.4

¢ 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)
e Brief NBCSC Quarterly
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Approved 15 Jun 92; Rebuy Aug 93

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

Required After Milestone Il IPR

- Vulnerability Assessment

- Live Agent Test ASAP

- Get Well Program

Interim Solution

- Manual Changes

Cocrdinate with CRDEC, TECOM, Natick,
and USANCA Regarding Design and
Material Changes

OECTA
Brief NBCSC Quarterly

13-MEP-001/94-4

,’.’.\v\ Uiy,

W5 2\

Vulnerability Assessment
, !

| Findings

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

13-MEP.001/94-8
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Chemical Contamination

«._Survivability Test Plan

Phase |
Dynamic Liquid Simulant

¢ MES Appliad 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 Operation)

o Electrical Performance Test Conducted

T3-MEP-0011939

~

Chemical Contaminatioh
Survivability Test Plan

Phase Il
Static Decontamination

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

¢ One Cycle of DS2 Sprayed on TQG with
M11 Apparatus

* Electrical Performance Test Conducted
Between Cycles

13-MEP-00 1194104
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Chemical Contamination
Survivability Test Findings

After Phase | (Simulant Application)

e Both Sets Operating Within Specified
Electrical Parameters

e Internal Contamination

[After 8 Hours of Operation

e Both Sets Operating Within Specified
Electrical Parameters

¢ Internal Contamination Measured by
Minicam Reduced by a Factor of 10

s All Swab Samples Measured Zero
Contamination

13-M EPOOI/VL 19

- Chemical Contamjnation

~ Survivability Test Findings -

After Decontamination Cycles

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

60 kW Non-Mission Capable due to Failure of Yoltage
Regulator

Both sets had Problems with CARC Peeling and Corroding
Polyurethane Foam Coating Degraded, Pe¢ling, Sagging
Switch Box Inoperable

Lettering on Fault Indicator Panel Erased

Rubber Seals Around Doors Damaged

13.MEP-001/34.20




‘Operational Effectiveness and

 Cost Trade-off Analysis

Purpose

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

¢ Provide Recommended Solutions to
Deficiencies Resulting from Simuiant Test at
DPG

13-MEP-Q0I93- 1}

.Comparison Techniques Used

for Trade-off Analysis

¢ Operational Effectiveness (Weight,
Performance, Size, Mobility, Power)

¢ Potential Survivability Enhancement

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

1-MEP-(CG194-12
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¢ Status Quo

e Contamination Avoidance

¢ Harden Vulnerable Areas of Generator Set

13-MEP-001/94-12

Recommendations to NBCSC

¢ Alternative Il - Contamination Avoidance
- Aerodynamic Filter
- Cover Over Control Panel

Issue as Field Installable Kit
e ‘“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)

VLMEP-QUUd 17
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& Ko ey

for Recommendations

e Compatible with NDI Approach
o Cost Effective
»  Operationally Effective

* Easily Implemented

TUMEPGHAY. |8

implementation of Recommendations

¢  Protective Cover and Air Filter Being Designed

¢ ECPs in Process io Substitute
Sealant, Seals, l.ettering on Fault @
Indicator Panel, and Glass Dial §
Covers

\_ _J

1-MEP-D01N4 21
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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

IV-MEP-m/94-21
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NBCCS IN THE 120 MM MORTAR PROGRAM

Mr. Edward Lewis

Project Engireer
Oftice of the Product Manager
for Mortar Systems
Picatinny Arsenal, NJ
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L

120MM BATTALION
MORTAR SYSTEM

; e NUCLEAR, BIOLOGICAL AND \
CHEMICAL CONTAMINATION
SURVIVABILITY
SYMPOSIUM

MR. EDWARD LEWIS
PROJECT ENGINEER
PM MORTARS

- )

{ PROGRAM HISTORY ]

/ « SYSTEM CONTRACT WITH MULTIPLE OPTIONS FOR RDTE AND \
PRODUCTION PERMITTING:
* PURCHASE & TEST QF FOREIGN NQI WEAPONS &

AMMO (FY88-90)
* LIMITED OFF-SHORE PRODUCTION BUY TO FIELD THE 9TH
. INF DIV (FY $0)
*« ENHANCEMENT OF AMMO TO INCREASE

PERFORMANCE (FY88-90)
* CONUS PRODUCTION OF ENHANCED AMMUNITION (FYD‘I;
s ALL SUBSEQUENT WEAPON PRODUCTION ON-SHORE BY
WATERVLIET ARSENAL

- ()
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NBC REQUIREMENT

ROC-MUST BE NUCLEAR AND NBC SURVIVABLE IAW AR 70-680

NBC CONTAMINATION SURVIVABILITY IS REQUIRED. TME
SYSTEM IS MISSION ESSENTIAL.

- =)

S

NBC WAIVER

®

WAIVER OBTAINED APR 21 FROM NUCLEAR AND CHEMICAL
SURVIVABILITY COMMITTEE WITH TWO STIPULATIONS:
* TEST THE BMS 120 AT DPG TO DETERMINE ACTUAL
RESIDUAL HAZARD LEVELS USING.STD FIELD DECGN
PROCEDURES AND PROVIDE RESULTS TO USER REPS
AND COMBAT DEVELOPERS.
* ENSURE DOCTRINE AND UNIT STANDING OPERATIONAL
PROCEDURES EMPHASIZE CONTAMINATION PREVENTION FO
THE BMS 120 WITH USE GF CHEMICAL PROTECTIVE COVERS.

FM MORTARS

N

R

12




120MM MORTAR
NBC EFFORTS

®

: " /' + ALTERNATE MATERIELS FOR WORST CASE MATERIELS \

* DBECONTAMINATION TEST ON BIPQD
* NBC COVER STUDY
* LOGISTICS CHANGES

*M67 SIGHT UNIT COATING

N () /

LESSONS LEARNED

8
D
\

® D

» ADDRESS NBC REQUIREMENT AS EARLY AS POSSIBLE
IN ACQUISITION CYCLE.

+ UTILIZE EXPERTISE AND INFORMATION AVAILABLE
FROM NSt COMMUNITY. DO NOT REINVENT THE WHEEL.

. « VIEW 17y, SURVIVARILITY COMMITTEE SECRETARIAT
, AS AN ALLY.
- \
.\"‘ ] o W
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NBCCS IN THE MINI EYESAFE LASER INFRARED
OBSERVATION SET (MELIOS) PROGRAM

Mr. Richard Renairi

Project Engineer
Offtice 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

77




MELIOS PROGRAM HISTORY

¢ LOA APPROVED = = = == ===~ == JUN 81

o ADVANCED DEVELOPMENT = =~ - « = SEP 83 - SEP 88
- 2 TECHNOLOGIES, BOTH SUCCESSFUL

* ROC APPROVED === ==== ===~ DEC 87

» DPPO GONTRACT AWARDED = = = = - SEP 88

e DT/OT-llemommmconceenann JAN - SEP 91

o C/VAM DEVELOPMENT = = = == = = = APR 91 - OCT 98

e MILESTONE Il REVIEW = = = =« = = = DEC 91

* PRODUCTION OPTION EXERCISED - ~MAR 92
e C/VAM MILESTONE lii REVIEW - - « -MAR 94
e C/VAM PRODUCTION OPTION EXERCISED - - APR 94
o 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/WMM MODULE ——

MLRF

OPERATOR VIEW
C/VAM MODULE
N[ @

MLRF ~\

AN/PVS-6 MELIOS
MLRF MODULARITY

wmem G/VAM MODULE

ELECTRONICS MODULE




MELIOS PERFORMANCE

M

PABAMETER BQC REQUIREMENT  DEMONSTRATED
_EYE SAFETY EYESAFE AT APERTURE EYESAFE AT APERTURE
OPTICAL HARDENING HARDENED HARDENED

MINIMUM RANGE 50 M RQD, 30 DESIRED 60 METERS

MAXIMUM RANGE 10,000 METERS 9996 METERS

RANGE ACCURACY  +/- 5§ METERS +/- 6 METERS

DISPLAY IN EYEPIECE IN EYEPIECE

COMPASS +/-10 MILS AZ & VAM  +/- 10 MILS AZ & VAM

MELIOS PERFORMANCE

m

PARAMETER
BATTERY

RANGINGS PER BATTERY
LOW BATTERY INDICATOR
CARRYING CASE
SHIPPING/STORAGE CASE
OPTICAL CROSS SECTION

BQC REQUIREMENT DREMONSTRATED
ONE STANDARD #RMY BB-516 NICd
3,60C W/COMBAT BAT 600 WITH BB-518

VISUAL IN EYEPIECE  VISUAL IN EYEPIECE

REQUIRED PROVIDED
REQUIRED PROVIDED
MINIMIZE MINIMIZED




MELIOS PERFORMANGCE

PARAMETER BOC REQUIREMENT DEMONSTRATED

RETICLE VARIABLE ILLUM - VARIABLE ILLUM

DEPLOYMENT TIME '

- HAND HELD 20 SEC RQD, 10 DESR 17 SECONDS

- TRIPOD MOUNTED 70 SEC RQD, 60 DESR 41 SECONDS

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

CONOPS (RANGINGS/MINUTE)

- SUSTAINED RATE 6 RQD, 9 DESIRED 8 RANGINGS/MINUTE

- BURST RATE 9 RQD, 16 DESIRED 10 RANGINGS /MINUTE

MELIOS PERFORMANCE

PABAMETER BOC REQUIREMENT  DEMONSTRATED
SECURITY NO VISIBLE LIGHT NO VISIBLE LIGHT
INAUDIBLE AT 80 M INAUDIBLE AT 76 FT
RAM - MRBOMF 23,000, 34,990
- MEAN TTR (DS) 1.0 HOURS " 0.2 HOURS

NUCLEAR SURVIVABILITY HIGH ALTITUDE EMP MET

ADVERSE WEATHER AND WORK IN HOT, BASIC GAN RANGE TO
SMOKES/OBSCURANTS 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

_* MELICS ROC REQUIREMENT
= NBC CONTAMINATION SURVIVABILITY 18 REQUIRED

o 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

e ——
* HUMAN FACTORS

¢ MAINTAINABILITY

* HEMP SURVIVABILITY

¢ CHEMICAL SURVIVABILITY
¢ COST

¢ WEIGHT
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AN/PVS-6 MELIOS
MATERIALS SELEQTION CRITERIA

+ CRDEC MANUAL CD-87033-. NUCLEAR, BIOLOGICAL,
AND CHEMICAL SURVIVABILITY METHODOLOQY,
USED AS GUIDANCE FOR MATERIALS SELECTION

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

¢« NON-ESSENTIAL PARTS OF SYSTEM MAY BE THROW-AWAY

AN/PVS-6 MELIOS
MATERIALS USED

* OPTICS MODULE HOUSING - - - - A366.0-T6 ALUMINUM ALLOY
* OPTICS MODULE TOP COVER- - - AB061-T6 ALUMINUM ALLOY
* 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 RESISTANCE

« GASKETS ~----=---=-=-v~-- CHLOROPRENE RUBBER
¢ ALL OUTSIDE SURFACES COATED WITH CARC
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AN/PVS-6 MELIOS
DECONTAMINATION CCONCEPT

« DECONTAMINATE MLRF WITH DS-2

« 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 DUGWAY PROVING GROUND
JAN 90 TO DEC 91
~ TECOM PROJECT NO 8-EE-PV8-006-004
~ DOC!''MENT NO DPG-LR-91-371

* REPORT CONCLUSIONS: =

D82 WiLL DESTROY RUBBER EYECUP -

STB WILL PIT ALUMINUM ALLOY A366

MODULAR DESIGN WILL TRAP AGENTS ANL DECONTAMINANTS
RECOMMEND REDESIGN TO AVOID RECESSES

¢« DEVELOPER RESPONSE:
- REPLACE EYECUP RATHER THAN DECONTAMINATE
= ALUMINUM HOUSING IS COATED WITH CARC
- PAINT FASTENERS WITH CARC AFTER ASSEMBLY




AN/PVS-6 MELIOS
USANCA RECOMMENDATIONS

¢ USE M-295 KIT FOR DECONTAMINATION INSTEAD OF DS-2
oS

¢ CARC OVER FASTENERS ACCEPTABLE

¢ TEST OPTICS FOR HARDNESS AND DECONTAMINABILITY

« LIMITED WAI\./EH TO FIELD GRANTED PENDING TEST RESULTS

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

M

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

* DEFINE HARDNESS REQUIREMENT AND DECONTAMINATION
PHILOSOPHY IN OPERATIONAL REQUIREMENTS DOCUMENT

* ESTABLISH DECONTAMINATION GRITERIA AT BEGINNING OF DPPO

* 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

* 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
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UNCLASSIFIED

CHEM-BIO SYSTEMS ANALYSIS BRANCH
K INTRODUCTION

'VLSTRACK

THE U.S. NAVY'S CHEMICAL/BIOLOGICAL AGENT
VAPOR, LIQUID, AND SOLID TRACKING
COMPUTER MODEL

by Timothy J. Bauer

Naval Surface Warfare Center
Dahigren Division, Code B51
17320 Dahigren Road
Dahligren, 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

—Bre=a5s———————UNCLASSIFIED
' “ ' Y CHEM-BIO SYSTEMS ANALYSIS BRANCH
MODEL FEATURES

DAHLGREN DIVISION

Current Versions Lgent Type

VLSTRACK 1.5.1 Persistent Chemical

VLSTRACK 2.0 Thickened Chemical
Dense-Vapor Forming

Computer System Dusty

UNIX Workstation E Blological Organism or Toxin

DOS-PC

Macintosh Il Munition Type

VAX/VMS Small Projectile

Other (FORTRAN compiler) Bomb

Bulk-Filled Missile

S_{;_Le_e_n_m_sle_u Missile Containing Submunitions
X-Window Input/Output Sprayer
NDP Grex Input/Output User-Defined

Tektronix Graphics Output

ASCII Character Input/Output Qutput Type

Par Dosage In Ltx. EGix, mg-mir
ameter Input osage In X, ECtx, mg-min/m3

Mouse/Kevboard- Windows Concentration in particleslma

Keyboard- Numbered Menu Hazard at Detector Arrays

UNCLASSIFIED




Naval Nt fuie Warfare Conter

DAHLGHEN DIVISION

UNCLASSIFIED
CHEM-BIO SYSTEMS ANALYSIS BRANCH

MODEL FEATURES (continued)

Dispersion Coordinates
Single Munition at Origin
Gaussian Random
Uniform Rectangular Random
Uniform Elliptical Random
ix AL Tnﬂea From File

Z, T) Puff Property Read

Meteorology Input

Constant (Screen or File)
Time Variable (Screen or File)
Vertical Profile+Time Variable

Output Generation
Cumulative From Attack Time
Periodic For Each Time Period
Grid Sized to Contain Hazard

Fixed Geographic Region

Hazard Representation
Four Scaled, Rotated Color
Contours Plus Uncertainty Brackets
Four Shaded Character Graphics
Contours
Hazard Values Written to Output File

(File)

Geo raphic Location+Time

ariable (Files) Passive
Full Space+Tlme Variable {Files) A'tétive With Attack Information

nown
or es Active With No Other Information
Degrees
DDDMM.M
UTM Coordinates
UNCLASSIFIED
UNCLASSIFIED
’T‘"”" & CHEM-BIO SYSTEMS ANALYSIS BRANCH
ot sistace Wt Connr COMPUTATIONAL LIMITS

*DAHLGREN DIVISION

* 2500 Munitions or Bomblets

* 30 Detectors

» 201 by 201 Qutput Grid Points )

¢ 72 Hours Total Hazard Prediction Time

¢ 24 Meteorology Forecast Time Periods

¢ 1 Minute to 24 Hours Time Period Duration
* 1530 Geographic Meteorology Locations

* 25 Vertical Meteorology Levels

* 25,000 Meters Height of Release

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

UNCLASSIFIED
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- UNCLASSIFIED
MM’ CHEM-BIO SYSTEMS ANALYSIS BRANCH

ot et g e CURRENT STATUS

DAHLGHREN DIVISTON

2167A Documentation

Operational Concept Document (OCD)
Software Requirements Speeification (SRS)
Software User's Manual (SUM)

. Software Design Document {SDD)

- " Software Test Description (STD

Software Test Report (STR)- to be Written

- mds?n.endgm.y_e:ms.amn_anmnmlﬂn.ﬂl&ﬂ
- Verification Against a Matrix of 221Runs

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

UNCLASSIFIED
CHEM-BIO SYSTEMS ANALYSIS BRANCH

Soval Surfier Warfaer €onter

DAHLGRE N DIVISION . CURRENT STATUS (conﬂnued)

NEW PC Versgion 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 (NAYOO):
Tactical Environmental Support System ﬂ'ESS (382)- v2.0
Mobile Oceanographic Su'waort System {MOSS)- v1.2
. Baliistic 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
91
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VLSTRACK 1.5.1 673794 Naval Surface Warfare Conter,Dahlgren, VA 22443-5180

enter input file name (reaturn=ULSTRACK.DAT)
(end with .ANB for ANBACIS NBC-2/NBC-3 mossages)
VLSEXANP .DAT_ -

CURSER MOVEMENT AND PARAMETER SELECTION:

LEFT HOUSE: select parameter by clicking on region
RIGHT MOUSE: help on parameter region

RIGHT MOUSE BUTTON=RETURN in alphanumeric entries
KEYBOARD: ENTER=choose ragion or selection
TAB=next column SHIFT-TAB=previous column
PG-DN=next row PG-UF=pravious row
DN-ARROW=next selaction UP-ARROW=previous sel.
Fizhelp on selectad iten

{.>=dirsctory on &, » {.EXT>=directory on *.EXT

VLSTRACK 1.5.1 673794 Naval Surface

Varfare Conter,Dahlgren, VA 22448-5160

Fi=help on ltem f Tzkeyboard commands
Munition Output Mode
~108kg Bomb Cunulative RUN PROGRAM
Chem/Blo figent Butput File Prefix [Attack/Met. Opt Window)
LSEXAMP Options Selected
) l_

Date P Scale Output/Comp Opt Window
gust 2 {1l Screen Options Selected
Local Attack Time Range Munition Prop. Window

1900 Dusk Low ! Daf ined
High!

eographic Location Solections Metcorology Window
Dag La{/Long

.8008N 78 . 0800V Not Def nad
True Trajectory Angle Detsctor Window ]
45.8 dog None Def ined

)

iGround 3urface Tyy. -
Grass

tput Type
Deposition

RECORD INPUT FILE

EXIT PROGRAM

UNCLASSIFIED
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ULSTRACK 1.5.1 673794 Naval Surface Warfars Center,Dahlgren, Ua 22448-5109

Those are the choemical and biological agents contained in the
chemical/biological aggnt yarameter f§le ULSAGN.PAR. Other agents
or variations can he added by editing the ULSAGN.PAR file.

Prass any key to continus

UNCLASSIFIED

VLSTRACK 1.5.1 673794 Naval Surface Warfars Conter,Dahlgren, VA 22445-51088

F1=help on iten — HETEOROLOGY VINSOU T=keyboard commands
iMeteoroloyy Input File
LSEXANP .MET CONTINUE

Starting Forecast Tim
1888 Next Time Pariod

Time Poriod

2out of 3 Provious Time Period
- Teue Wind Bearing Range

» Low: B
- igh: 359

Wind Speed Selections
. 18 kn/hr

Pasquill Stab. Cat.
Deternined by Progranm

Air Temperatura
25 C

loud Cover
artly Cloudy

UNCLASSIFIED
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VLS?RACK 1.5%.1 &73794 Naval Surface Warfare Center,Dahlgren, VA 22448-5180
Fizhelp on lter RONTYION PROF . UTHOOU ¥=keyboard conmands

CONTINUE

MNumber of Munitions
16

Rate of Fire -
imultaneous Bursts . -
Hafght of Releage Rangs
13,80 n Low :
igh: -

ENTER=choose ragion
TAB=next column
SHIFT-TAB=previous col
PG-DN=next row
PG-UP=pravious rou

press any key to continue

UNCLASSIFIED

ULSTRACK 1.5.1 63794 Naval Surface Uarfare Center,Dahlgren, VA 22448-5108

F1=help on item ATTACK/HET, OPY UTHDOW  ¢=ksyboard commands
Detonation Coordinates| Met. Cond. Duration
Gaussian 1.6000 hrs N CONTINUE

Transition Times
wn' 8680 Day: 68688
Dusk: 1888 Night :2800

teorology Hode
Time Variable

Range
Low: -
High:
Detector Alarm Selections .
Passive .
fnd Meazsurement Ht.
5.8 n
Mind Dir. Sensitivity
+ or - 15.1 deg
UNCLASSIFIED
94
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ULSTRACK 1.5.1 673/94 Naval Surface Warfare Center,Dahlgren, VA 22448-5108

Fi=help on iten OUTPUT/CORF OPT WINDOU  7=Keyboard commands
# of Grid Points
61 by 41 CONTINUE

rid Sizing
alf-AdJjusting

1 Range
Low:
- High:
L ]
Contours {(mg/e2) Randam Number Seed Selections
ist 100.80 2nd 10,80 349875
3rd _ 1.80 4th 0.10

jOutputs/Met. Time Per.| [Wind Meander Sead
i 63085

Plot Pause Mode
No Pause

UNCLASSIFIED

ULSTRACK 1.5.1 673794 Naval Surface Warfare Center,Dahlgren, VA 22448-5100 ]
=help on Item "UITNDOW T=keyboird commands

Detector File

Le petor CONTINUE

Detector Numbe

lg :3:3: l"3 r Next Detector (new)

Detector Location

39.8028N 70.832M _ Previous Detector
: Range Clear Detertors
- Low ! and Continue

tgh'

. Detector Duration

60.8 nin

0.0108 ng/n2

‘D:tector Threshold

UNCLASSIFIED
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UNCLASSIF IED Deposition (mgomZ):  16-"100kg Bomb £111=GD (Soman)

\

=
e.18
1.44G9L+85 n2

Output Tine
Begin: 1800
End: 1800

Max imun .
Deposition
5.22008K+04
CnE/na2?

18 .00 farget
7.31252+04 n2 oy
38 . 088ON

78 .00bd8K

X
Deteotor
100 .00
4,5313K+04 n2

return to ocontinue UNCLASS IFIKD

ULSTRACK 1.5.4 673794 Naval Surface Warfare Center,Dahlgren, VA 22448-5100

QUIT A

RESTART

S—

Li{CLASSIFIED —
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RN R

AT A Y
RNT o

h
L i S

g Al e
¥ Run Program 3
*

po. Maltio
_~132 Artillery

R tu_.i 39.000] N Long 78000 W *
. Comicauegatagat il Touk Tesory Ange T owwrueres
R, i B

cldacilademda Il

Date ~ ’

: Mont un ooy 3

0000[ (0600) ZULXJ Night

Estiniated Run Thine v appfoxhnately 24 Minuies

MAIN ATTACK MENU UNCLASSIFIED
0-RUN PROGRAM (check all parameter values first)
1-munition= ~100kg Bomb
2-chem/bio agents GD (Soman)
3-month= August
4-days 2
5-local attack times= 1900

time of daye= dusk
6-geoqraphic unitsw deg lat/long
7-attack latitudes 39.0000N
g-attack longitudew 78.0000W
9-t.rue trajectory angles 45.0 deg

10-ground surface type= grass:
11-output type= deposition
12-output modes= cumulative
13-uutput file prefixe= vlaexamp
14 -map scale= f£ill screen
15-ATTACK/MET. OPTION MENU (options selected)
16 -OUTPUT/COMP. OPTION MENU (options selected)
4 17-MUNITION PROPERTY MENU {defined)
18 -METEOROLOGY MENU (not defined)
- 19-DETECTOR MENU (none definec}
20-RECORD INPUT FILE
21-END PROGRAM
enter number
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UNCLASSIFIED Deposition (mg/m2): 16-"100kg Bomb £ill=GD (Soman)
o >=  100.00 B > 10.00 % »e= 1,00 i »m 0.10
500.0.......

475.0..... ~.....output time
M50, 00 0. sennnnnsessnsrm e

tiestiieeeas..begin: 1900
tiestreeeese..@nd; 1900

825.0. 0. iieeisinrtotonrrese s ettt oanen
Q00,00 0 iioeeiianrraroesssorotarnrsaarrsnonssaanss

T

350.0.....
325.0.....
300.0.....
27500040
250.0.....
225.0........
200.0........
175.0........

oo, mAaximum
.... deposition
vevs 5,7200E+04
vees {mg/ni2)

CRCERY *

150.0........ [ B e B st edet . L i . -
125.0....... e
100.0... e
75.0... ‘s

50.0... caes .
25.0... ....orientation -

0.0... iie umEEREER)

-25.0.....

veve  315,0 deg
-50.0..

-75.0.. e
-100.0 e
-125.0, e
-150.0 veas

-250.0.. ORI
-275.0.. RN

Detector
X 0 1

P R N I BRI IS I
.

R i - T
“400.0.0viennienan
“425.0 0 i i
~450. 0. 0 iveiiininnenns X unitss m
- T O 2 L T8 T ;)

B3 111 Ry B R R R R R R R R R R R R T I O

-175.0 ~50.0 75.0 200.0 325.0 450.0 575:0
Contour area coverages (m2): 4.5313E+04 7.3125E+04 1.1250E+05 1.4469E+0S
dx= 12.50 m, dy= 25,00 m UNCLASSIFIED

.
PRI AT I ST AT R TPV AP AP I AP
PR S I

R R R I R I I A A S A S

secis s raen

‘.
D R O N I I IR A P A S R S I AR A I
.
PeL s et u e e s e
.

DI R S P T I A A

D R N N R N I R R R




CHEMICAL-BIOLOGICAL EFFECTS MODELING IN ARL

M:. William J. Hughes

Acting Chief, Chemical-Biological and
Nuclear Effects Division
Survivability/Lethality Analysis Directorate
U.S. Army Research Laboratory
Aberdeen Proving Ground, MD
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/,“.l Army Research Laboratory )

Survivability/Lethality Analysis Directorate

Chemic..)-Biological
| And
Nuclear Effects Division

)
AN

freies

Army Ressarch Laboraiory i ' ' ~ " Sarvivablity/Luhalley Analyss Direcarae

® Provide Objective Vulnerabiiity/Survivability And Effectiveness Analyses
Of Chemical(Including Gbscurants), Biological, And Nuclear Threats To
Weapon Systems, And To The Individual Soldier

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

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

® Serve As The Army/Services Focal Point For Technical Advice On CB&N Matvers

® Develop And Maintain State-Of-The-Art Tools, Equipment, And Methodologies To
Support CB&N VLS Analyses Of Weapon Systems And Personnel

N )
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 znd  CBNED MODELING TAXONOMY ]

<2 Jv
Detailed Event Models
ar .
Standard Data Set ‘

ansport/Diffusion
Models

nﬂl' -
Mechanism ¥ ._dels / . qm% &) .‘lAveN ™ ;.\
Databfs ‘- simaged Components. ('m“\ \, Comba!. Utﬂlty
T T— .. Capabllites -
4
: - R =L ! Level Of Traffic
- —— - Message Delays,
Delg(:ﬂd:dl 1 maged! © Iocreased -
& Destr-3yed Fault Tr .
Operators Components ault Trees Transmit Routing !

suda  SLADSLV TAXONOMY vs MSE

EWD BVLD . CBNED
Jammer MET b R
Level 0 7 ERP I X AN
T - Yeild N
Threat Wavelorm - \ .
Event \
—~~ v
\__/
Level 1
Initial m
Conditions e
S/N. Signal Processing Frag Size/Velocity, Ballistic °"'°“&- “MP
Proctetion Concentration Crerturning
N CB Protection Cruching

- Components Jammed Links ' Destroyed Links ..Dmr;(_,‘dl mew/
Killed Destroyed
Operators Components
peve! 3 Reduced Level Of Traffic Handling, Increased Message Delays,
Capabilities Hraffic Handling, nerease
Level 4 _
Cumbat

——

.
Utllity

o e S~
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OVERVIEW OF XM56 LARGE AREA
SMOKE GENERATOR PROGRAM

Mr. Ray Malecki

XMb6 Engineer
Office of the Product Manager
for Smoke/Obscurants
Aberdeen Proving Ground, MD
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) XM56 Smioke Generator System m—T
@ i §
, “fb“':"q ' e P | R A

£

»

DESCRIPTION:
‘ 0 Modular design
Gas turblne engine powered
Visual screenmg
- 1.33 gal/min fog oil
—~ 1 hour operation
Infrared scféening
— 10 tbs/min
—-.30 mlnules operation .

1x5 kllomeler screen wdh

il =

LR LR RN VTN N2 T ) J

\Ill'..‘{. 1) lul;‘r ' . - ’
%1.)“.):7 ("\Z .- » . . ]

Visual infrared- Millimeter Wave

X (P31)

.

ADIIZI RN B4 17186 J




EMD Contract” Award .

Design/Fabricate PPT
Hardware ~

PPT {/
EUTE / ’

Design/Fabricate PPQT
Hardware

PPQT
10TE N
TC Standard -

Production Contract
Award ‘

PQT .
NMR

AD3I2 9311 US4 Y 17182




XM56 NBCCS PROGRAM &
APPLICATION OF TEST RESULTS

Ms. Kathleen M. Considine

Project Engineer
Chamberlain MRC Corporation
Hunt Valley, MD
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Chamberiain MRC/PM Smoke

ics
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Chamberlain MRC/PM Smioke

XM56 NBCCS
Program Overview

Program conducted with Calspan Corp.,
Buffalo, NY

1. Employ NBCCS design guidelines

2. ldentify Mission Essential Components
. Define/Assign Exposure Codes
. Reference available data
. Deveiop/conduct surety test
. Apply results to Final Design and TDP

XM58 NBCCS
Contract Deliverables

Frogram Plan
Test Flans

Tost Reports
pasign Parameters Report

Assurance Pian
Maointenance Flan
iral Report




1 TP TIT I I TI TWIT IV YT TV Wi vYwThYe

Component Testing

Ail tests performed at Calspan
Corporation's facilities

XM56 Systern components

Housing/mounting of electrical
components tested

Tested in triplicate
o Established operational parameters

Test Results
Incorporated in Design

Design Parameters Report identifies
design enhancermenis iIncorporated and
improvements to be implemented
Original design of Main Control Panel
retained

Specify protective boot over switches to
improve sealing

Plug socket heads on exposed lifting
rings to eliminate collection point




WK WO AN IVINVW T IVE JITIRE

Test Results
Incorporated in Design

ey

-

5
L2

,,
=
o
SR

.-.«m',:%?v:-
55 A’;é:
2

e
25

5%

200

Incorporate DCNS tubing/adhesive
assembly process to all harnesses

= [ncorporate pressure test for
acceptance of panel lights

Impact on TDP
Drawing Package

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

"This (item, feature, material) has been
(tested, evaluated) for NBCCS. Any
modification to this feature may impact the
System's Survivability, as designed.”



MIRG/FM Smoke .

Impact on TDP
Drawing Package

Applied to:

: L - Gaskets (tested mounting ccnfigurations
L 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

Exampie:

. o Subienrapooeast NBE RPacarneder & gunsrarin
Hiaderehal Yeahooie

HOPE Mawia Compliaie

Aniot Coriroliae Assy, | Sealad Unil Cemlisanon of
spray tight st
MILLBTD




WNampeddin viku/rm SmMoKe

a
A

,,

3

T
Fssisasies

Lz

s
St
227
e

e

7

mpact on TDP
Maintenance Plan

A8t
2

| Pl .
Direct impact on System Maintenance . :
Manuals by specifying Preventive Maintenance |
Procedures and Decontaminations Instructions .
(remove, repiace tasks)
Exampls:
Fae, e .
LT Fafowing .
CASEIERRET aftack. aftar de raplase ay patiof
1L Proeature.
. v inadded in TH
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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oL namesiEain MIRL/FM SINoxe .

g%

535

NBCCS
Future Research

(o P
4357

Sorses

f%l
%:

i
T
Rl

SR

A
AR A
A
13 aa e

Increase material and component
testing

Expand material and component
database

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

Chamberilain MRC
NBCCS Point of Contact: B

Kathleen M. Considine
Project Engineer
Chamberiain MRC
336 Clubhouse Road
Hunt Valley, MD 21031
BPhone 410-527-7527
EAX 420-771-0088
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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
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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

- Integratud Material Ssiection for NBCCS Chemical-Material Compatibility
- Predictive and Experimeantal Methodology
- Interface and Planning

+ Summary
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BACKGROURD REPORTS ON MATIRIALS SELECTION
TOR NBC CONTAMINATION SURVIVABILITY

Shuely, Wendel J., and McNeely, James J., Naterisl Selection Guide Derived from a
Naterial~Chemical Compatability Databassa: Peasibility Based on Datadase and Predictive
Model Bvaluation, CRDEC-TR-397, September 3992, KTIS MNo. ADA 266088,

Shuely, Wendel J., ":ntoizntion of Test Methodology, Material Database, and Naterial
Selaction/Deselsction Btrategies for a Chemical-Naterial Compatibility Bysteam" in
Procesdings of the Fourth Intarnationzl Symposium on the Computerisation and Use of
Nateriala Proparty Data, NIST/ASTN, Gaithersburg, Nb, Ootobar 1993.

sShuely, Wendel J,, “"Test Mathodology for Davelaopment of Corrosion Resistant Polyuderic
Materials: Predictiva and :xzori-ontll Methods for Cheamiocal Lesistanoe Scresning" in
1 VY

Proceadings of the 12¢b Biennial symposium on Managing Corrosion with Plastics. November
1993,

Shuely, Wendel J. and Ince, B.8., "Thermogravimetric Method for MNeasurements of
Eguilibrium and Transpoxt Prcperties Relevant to Chemiocal-FPolymer Compatibility
Evaluation" in the Proocecedings of the 22nd Couference of NATAS, p 234-289, Saptember 1993.

fShusly, Wendel J., Fredictive Methodology for Svaluating the Interaction of Polymaric
Naterials with Caemicals Based on Computer-Stored Phase Diagrams, in Procsedings of the
Sojentific Confersnce on Chamical Defcnse Research, Movember 1993, CRDEC-3P.

Shuely, Wendal J., EBxparimental Nethodology for Bvaluating Polymer=Chemical
Interastion Based on a Polymer Solubility Determination in Proceeding of the Sclentitic
Conference on Chamical Defense Research, Movember 1993. CRDEC=8P.

Integrated Material Selection
fqr 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- '
Materiai Database with File Transfers.from PC Test
Report Databases

Objectives

 GIVEN a database of historical chemical-material
test property ata that functions at the simple
retrieval level, convert/enhance/evolve the datahase
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




Methodology Rationale

* Numerical Data (Not Bibliographic)
* Absolute Value's (Not Relative/RatIo)-
* No Classification Judgements (i.e.. Good, Poor)

* Increased Standardization to Support Search,
Compars, 3ort, and Rank Strategles -

Methodology Rationale (contd)

« Emphasis on equillbrium properties (vs. transient)
for single chemical-polymer pairs at single
exposure time-temperature pairs to prevent data
obsnlescence due to changes or evolution of
chemical fcrmulations, exposure times,
temperatui s profiies, etc.

« 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 Matsrial-Chemical Compatibllity Database: Feasibility
Based on Database and Predictive Model Evaluation, CRDEC TR 397,
September 19982, NTIS No. ADA 266058)
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Computerized Format Modules for Documentation of
Liquid Effects on Matarial Properties

MATERIAL IEST LiQUID
ASTM E1308 Format ASTM E4D Furmat for ISO 175,1817/ASTM
for Identification of . Computerizatinn of : 0543,0471,0896 Liquid
2 2Test Datn . | Descripiora
Chamical Protective 80 175,1817/A8TM 'cmmlcnl Protective and
and Resistant Material 0543,0471,08968 Lata Format for Reaistent Tatabase Liquid
Descriptor Form Material-Liquid Exposure Descriptor Form
Conditions
Chamical Protective and | Q
Resistant Databass Test
Deacriptor Form Liquid Properties

Database(s)

A !

Electronic Transmittal, integration, and QC of Computerizec Formats

Entry into Chemical Protective and Resistant Materials Database

Dirsct Test-to-Database

PROPOSED TRADITIONAL
f - ir A B
TEST
INGTRUMENT —— | P eoson Te DELAn e
DISKETTE g- PRINTQUT LITERATURE BEARCH,
BELECTION OF DATA SETS,
ENTER DATABABE QUEUE
p DRAFT !
PUBLICATION
INVESTIGATOR )y PRE: & AT% N KNOWLEDGEABIE
REVIEW AND DATA
TRANSFEN TO DATA | MaMT
CAPTURE FORMS
| PG BUFK!A 8ERVER | (80-80% OF COST)

COMPUTER
DATABASE

4

KEY, EDIT,
PROOF
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AJTN B €9 Tormais for IdantiZication of Polymeriv Materiale and Yormats I~r Recording

Geasratad by Stundard Tests.

AFTH R 49 Pormat fous
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esternal
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4
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Material Test Development Strategy: Initial
Screening Test

CANDIDATE MATERIALS

yes NON-H!P'I'.AGIA! E Yes
L 4 ¥
EFFECTS OF EFFECTS OF
MATERIALS ON PASS SCRRENING pass | LIQUIDS ON MATERIAL
LIQUID/VAPOR “‘3.::“‘."'“0 | PERFORMANCE/
MASS TRANSPORT PROPERTIES

FAIL

MATERIAL DATABASE
DOCUMENTATION

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

EFFECTS OF MATEAIALS ON LIQUID/VAPOR MASS TRANSPORT

L4 »

DESORBED VAPOR. HAZARD PEAMEATION (P)
TESTING
Y
1L U
. EQUILIBRIUM DE¥SORAPTION DIFFLIBION (D)
BOLUBILITY (8) COFFICIENT
b - ¥ 3
ASTM D471/D8e /DSOS * P =f(08)
j 3
R 2
ELASTOMERS PLASTICS ADHESIVES
ASTM Da71 ASTM D43 ASTM Daps
ISO 1857
127



MTD Strategy: Effect of Chemicals on Material
Properties

EFFECT OF CHEMICALS ON MATERIAL PROPERTIET

MECHANICAL ELECTRICALJ THERMAL OPTICAL
_ DIELECTRIC AESISTIVITY
CRAZING MAZE
TENSILE | | INDENTATION INTERPHAGE/
ADHESICN

Schemc for Use of a Generic Chemical Exposure

Method with Any Test
TENSILE FLEXURE ANY
SPECIMEN 8PECIMEN SPECIMEN
PREPARATION PRAPARATION PREPARATION
l I
'S
GENERIC CHEMICAL EXPOSURE METHOD, ASTM D471/D543/D896

v
CONVENTIONAL SPECIMEN CONDITIONING

< 1 ‘
TENSILE FLEXURE ANY
TEST MECHANICAL
TEST HANI
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Predictive and Experirhentai Msthodology
for NBCCS Material Selaction

PROCEDURES
Experimental Polymer Solubility
Predictive Polymer Interaction
Rationale Based on Phase Diagrams
Volume-Fraction vs Temperature
Polymer Solubility Phase Disgrams
2-Parameter

3-Parameter

Systems. Software and Hardware
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Figure 2. Exsmple of a Polymer Solubility Phase Diagram for Screening of
Material-Liquid Compatibllity: Polylimethyl methacrylate)-co-
sihylacryizte-co-butylacrylate]
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Y
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SOLUBILITY PARAMETER, HILDEBRANDS

FIGURE . POLYMER BOLUBILITY PHASE DIAGHAM OF A POLYURETHANE'®
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SOLURILITY PARAMETER, HILDESAANDS

Figure . Polymer Solubility Phase Diagram, Two Paramete
Styrenated Polyester (Alkyd).
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Predictions

Flow Chart of Polymer-Liguid Solubllity Databases Based on
Polymer Cohesion Parameter Diagrams (ASTM D 3132):

Liquid State

‘l

20-PCPD: ASTM
(>200 Rolymon]

:

Propertiss/Parameters

!

|

3D-PCPD: LSER

3D-PCPD: Hansen

 [> (100+200) Polymen] [~ | [>100 Polymers]

FOLYMER SOLUBILITY DB: 300 PCLYMER x n 14 LIQUIDS

Soluble-insoluble
Experimental-Predicted
interaction Vector Ratio

;

Statistical Report Generation

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

Statistical Report Generation

Polymer Solubility Database
Statistical Report Generation

vy

'

Based on 81 Columns

w w |
sn
Sat

v

' Histogram Histogram
ort Vector Sort 8/l 8sts
Ratios




Caloulste Print Flle Table Quit

Parametors
Statistics
Prediction
PRINT TO SCREEN
PRINT TO HPJET 1l OR il
PRINT TO PANASONIC
PRINT TO EPSON
GENZRIC PRINTER
PRINT TO FILE
Solubllity-by ave ratln
Solubllity-by class
Solutllity-highest/lowest
Solubllity-class fractions
P/E Comperison-by Hquid
P/& Comparison-incorrect
P/E Comparison-sol by ciass
Current status tables
Uquid to Uquid
Unaliks Pradictions
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RESULTS

Chemical-Polymer Interaction from Computer-Stored Phase Diagrams

Two-Parameter Predictive Method

Three-Parameter Predictive Method

Distribution Analysis of Interaction Vectors

Predictions for Resistanca with Several Chemicals

Predictions for Concurrent Resistance with Muitiple Chemicals by

Logically .ANDED. Searches

Generalized Differential Soivent Parameter Analysis

Table 3. Interaction Prediction for: DIETHYLENE TRIAMINE (Computer Printout,
Truncated) DS: 16,80 PS: 13.30 HS: 14.30

Polyethylene, chiorosulfonated
(Hypalon 20)

Polyethylene, chlcrosuifonated
{Hypalon 30)

Poly(tetrafiuoroethylens)
(Teflon 8L2)

Poly(vinyichloride) (Vipin KR)

Poly(ethylene terephthalate)
8% OH (Desimophen 661)

Chemical
Resistance Rank  Vactor Ratio  Polymer
1 3.86
2 3.06
3 2.98
4 2.61
113 0.44
114 0.43

Methylated melamine
{Dynomin MM9)
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Table 2. Polymer Compasition varsus Chemical interaction Vector Batio by 2-Paramater Precictive Method:
snd/or Experimental Solubliity Classification by 2-Faramater Pradictive Method: Computer
Printout. Pege 1, for 8 Chamicals (Truncated)

Liquid T8PO MeCl! EGME DETA F113
Polymer Class Name RatioP/Z Reto P/E  Ratio P/E  Retlo P/E  Ratio P/E
AC Acryloid B-68
(MMA/BMA 082§ 1151 >1NRI >1NRI 2.021
- copolymar) :
M AC Agrylold 8-72
(EMA/MA copolymar) 1038 1.091 >1NRI >1NRI 1.631
AC Actylold §-82
. {EA/MMA copolymer) 1038 1181 >1INRI »1 NAI 2.021
- AC Acrylold K120N 08ss 1.09! >1NR! >1 NRI 1.631
AC Polv(butyl 0388 0548 0.24 8 0948 0938
aerylate)
AG Poly(isobutyl
maethacrylate) 0828 1.181 1.101 2,281 2021
AC Poly(n-butyl
methscrylate) 0188 0808 1,101 2.281 1.111
AC Poly(ethyl 0838 1.18) 1101 2,281 2.02!
, methacrylate}
' AC Poly(maethacrylic >1 NRI >1NR: 2,381 a1 »1NRI
acig)

Table 6. Polymer Compositicns Veraus Chaminsl intsraction Vector Ratio and Predicted (P} and
Experimental (E) Solubllity for a 8at of Several Chemicsls (Computer Printout Excamt)

Chemiocal HD a | vx N (¢]2]
(Solubliity, {21.2,P) (18.6. M) {(18.1. M) {20.6. M) (17.4, M)
Hydragan Bonding
Parametars)
Polymar Retlo | P | & [ Ratlo || [Ratio | Pl & [ Ratlo [P [ ERatio|P |
CE | Ethy! Cellulose, 08618 0088 017 |8 | 8| 040 |8 0208
N-22
CE | Etiiyl Cellulooe, 2.80 | ) 0.17 | 8 002 |8 096 |8 022(8
710
o CE | Ethyl Hydroxy- 098 |8 018 | 8 035 |8|1!1]|047 (8 061| 8
. | __| ethyl Celiulose
CE | Nitro-celiuiase, 191 |1 066 |8 0728|8043 |8 0778
v RS. 28 cpe.
. CE | Nitro-oeliuiose, 191 || 068 |8 072 |8 043 | 8 077 | 8
88, 0.5 sec. ]
EP | Epon E-72 077 | 8 027 (8 01218 080 |8 0.04 |8
EP | Epon 812 023 | 8 0668 072186 043 | 8 077 8
EP | Epon 864 048 | 8 084 | 8 0918 089 | 8§ 008718
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Tsbis 8. 8caling end Ranking of Chemical Resistance Besed on Logically "ANDED" Predistions ci Solubiity/insolubliity for
Rive Hazerdose quu{do and Beversl Hundred Polymeric Materials {Computer Printout Excerpt)

Pulymer Polymer Ciass Qty of Qty ot i Average Ratio
inanlubles Solubles

40% Adipic, Glycerol Phthalats AR ] 0 1.478

Callyioss Acstate, LL-) CE 4 1 1.478

Dathylena diycol Phthalate NP 3 0 1.476

Sursn F-220 (Poly(vinylidens chioride)) vl 4 1 1.838 -

Tristhylenie Glycol Muisate NP ] 0 1.612 *

78 Isobamyl MA/25 € AC 4 1 1758 |

Lexan 100 Pulycarbonats Resin Ml 3 2 1,744 -
[ Loasn 108 Polyearionate Resin M 3 2 1,744 *

$oluble Miars (BG-Tecephthalate-48002) | 1] 3 2 1.744

Versamid 100 AN 2 3 { 1.'153_

INTERFACE AND PLANNING

- Test Methodole gy Sub-Group of NBCCS TWA
- Futurs Test Method Developmer
. Enhancemant of the Chamical Defenss Materiels Database

. Completion and Transition of Current NBCCS Tast Mathods




NBCCS TWG TEST METHODOLOGY SUSBROUP ACTIVITIES

Reviewed Frogress and Status at NBCCS TWG Mestings
Voted to accept 7 methnds for final development [4-0: ERDEC, ARL/MD, NATICK, DPG)

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

1994 NBCCS WORKSHOP

- Previous 1982 en¢ 1993 Workshops Yransitlonad Resuits and Maethods to Chemioa!l Surety
Material (CSM) Labs

. 1994 Workthop will emphasize pianning to apply the materisi seiscion and test methods
tu several typicsl NBUCS material salection exerclues that will be ongoing in 1986,

- Attendees will be sslucied bases? on feasibliity of collaborstive projects in 1995
determined through a survey

- September 1984 st ERDEC




CANDIDATE MATERIAL-COMPONENT CORRELATION FOR A POLYMER-CHEMICAL
COMPATIBILITY TEST PROGRAM: NBCCS DECONTAMINABILITY CRITERION

- Materia! Selection/Desselection Scrasning Tests

- Immarsion Sorption/Desorption ASTM D471/D543

- Droplet Weathering/Desorption

. Decontamlmblllty. Ceil: one-sided parmeation cell or decontamination cell
- Chambu., Wind Tunnsl Panel Teats

- TOP 8-2-111 NBCCS Smal} items

CHEMICAL-MATERIAL COMPATIBILITY TEST METHODS FOR IMMEDIATE DEVELOPMENT

ELECTRICAL

ASTM D 3838 (INTERNATIONAL ELECTROTECHNICAL COMMISSION (IEC 112)
Comparative Wet Tracking Index, surface electrical tracking for liquid surfaces wetted by
contamination or condensation on electronics or dielectrics. Ammonium chloride can be
substituted with DS2 and/or HF acid splked phosphatas.

THERMOCHEMICAL/THERMOMECHANICAL TESTS

ASTM/ISO Micro thermal-mechanical tests under development within DoD composite
asrospace workgroups
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CANDIDATE CONCEPTS FOR CHEMICAL-MATERIAL COMPATIBILITY TEST
"METHODOLOGY FOR NBCCS

FEASIBILITY
CONCEPT MODELING TEST METH{OROLOGY
Material Operating Limit High to Modarete Yeos
Plasticization Feasibls Yeas
Permaation/solubliity/ Fessible Yes
diffusion corralations
Coramercial Model Chemicais Statistics! Yes

THE PREDICTIVE METHOD RESEARCH PLAN

Compiete publication tor Dol verrfuns of predictive methods fov apent-poiymer intsructions.

Conve.t material documantation of 300+ pelymers from the vague mainframe formut to
ASTM E1308 fcrmai (the industry standerd),

Complets the first phaee fui the integrated computationul databass tor chemical-polymer
nteraction predictions with the assistanos of database programmaers.

Compare predictive vs sxperimentel resuits and provide guidelines on use of prediotive
methods.

{nitiate development of predictive methods for mixtures, e.g. DS2 and related
decontaminetion solutions .

Craft gonoda' SOW for NBCCS program. use of p;sdictive methods and results I matarial
scresning end decelestion.
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pres

THE RESEARCH PLAN FOR EXPERIMENTAL SCREENING METHODROLOGY

Drsft and'publich *Unlimited” and Dol only veralons cf the rationals for screening test
methodology.

Submit the ASTM D3132 drafi to ASTM.

Obtat: resdback from colisborutive iabs on the use of 1 ml specimen volumes for hazardous
ligulzis,

Adu sdditional control specimens tc cover a few missing observation code classes.

Submit the computerized test report to the CBIAC to implement diract fils transfer of test
results.

Obiain fsedback from other douved Test Report usars and revise formats as rawded.

Obtain foedbeck from oga recesrchers on solubllity observation codes and revise as nseded.

Draft a generic SOW tor including screaning in a NBCCS material test program.

Systematic Stratagy for a Materials Science Approéch to
Enhanslng the Capabilities of a Materials Database

* Programmed Self-inventory
- Occurrence/Nonoccurrence of Data
- Tally Functions

* Programmed Selt-Critique
- Deviation from Standard Test Parameters
~ Material Spscimen Documentation
~Test Vorsus Property identifier
- Disclaimers, Warnings
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Systematic Strategy for a Materials Science Approach to
Enhancing the Cajabllities of a Materials Database (cont)

* Programmed Seif-Evaluation
- Define Equivaisnce/Nonequivalence
~Trends

* New Search Strategies
~Matsrial Salection
--Material Ranking
--Material Bencha. ark Sorting

SUMMARY

- An inter-relste. scheme of NBCCS test methods has been dulgﬁed and integrated into a
shemical-inetsrial compatibiiity databasa.

- A polymer solubility test successfully screens out or deselects most nonresistant pol,meric
materials.

- The candidate resistan: m:aterials are submirted to further testing, eitner for the effect of
chemizais on materlals or the efiect of the material on chemical transport in/around/
through the polymer.

- A computarizert tcat rapert hes beon davelojed and linked to an ASTM E 1308 vile to
documsnii the material tost spscimen.

- These PC da‘abase reporis can then be merged and transmitted to the mainfraiie
materials databaze to provide a dirgct papariess trensfe: mechanism.




PREDICTIVE METHODOLOGY FOR RANKING CHEMICALLY RESISTANT MATERIALS

The rationsle for the pradictive methuds was documented in NACE, NATAS, and NIST
publications.

The format was finslized for documenting the prydiciive results in the mainframe Chemical
Detenss database. Over 1500 predictions were transferred to the CBIAC PC bufter for the
masinframe (5 sgents x >300 polymers).

Collsborated with CBIAC on documentation of manufacturers, copolymer content, ASTM
codes, and other material documantation data for xhe mainframe for each of the 300 +
polymeric materia's in the prediotions.

A comprehensive plan was designed for intagrating the disconnscted code to produce s
modulsr comnutational dutabase system for chemical-polymer interaction predictions.

EXPERIMENTAL METHODOLOGY FOR SCREENING MAT IRIALS FOR NBCCS CHEMICAL
RESISTANCE: ASTM D3132

The rationsle for screaning tests in an integratad test schame was developed and published.

The minimization of test liguid volume and manipulation was tested v)lth over 3 specimens and
specific liquid volumes and test intervals were standardized.

ASTM D3132 was rewritten to add the objective for screening for nonsolvents, l.e. chamically
vesistant polymer-liquid pairs.

Saveral sources of standard control materiais were procured and stcokpiled as test controls; 4
wete commaercisl sources and 2 wara NIST SRM sources (polystyrene and polyisobutyle:ne).

An NBCCS Chemical Resistance Screening Test Report (4STM D 3132) was computerized on .
dbase4; a Summary Test Report was extracted for flie transfer to the Ci.em Defense Datsbase.

Solublility cbsarvation comparisorn from independent determinations were ~ompleted for over 20 .
specimens. Further test validation studier were arranged with 0GA/commercial labs.

A plan for transition of this method to Chemical Surety Material (CSM) iabs was revised to Include
stipulstion that only storage fume hoods bs used, based on fesdoack obtsinad at ARL sponsored
warkshops.




’ A NBCCS DECONTAMINABILITY TEST METHOD HAS BEEN DEVELOPED

- Based on Immaersion equllibrium sorption follawed by desorption diffusion
- As adaptation of ASTM D471 for elastomaers and ASTM DE43 tor thermoplastics
- Corrslatable to the single droplet desorption geometry

- And over 30 polymaeric materials have been tested and documentud in the COMD
using 3 agents.

A NBCCS HARDNESS TEST METHOD HAS REEN DEVE!LOPED FOR CHEMICAL EFFECTS
. ON MECHANICAL PROPERTIES -

- Based on immaersion exposure of standard tensile cracimens

- As an adaptation of ASTM D543/D838 for thermoplustics or ASTM D471/D412 tor
elastomars :

- Providing a measurement of chemisal sorption

- And two materisis have been tested to evaluate/validate the method using a varlety of
decontamination solutioiis at other independent labs.
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OFFGASING MODELING USING
BCUNDARY LAYER PHENOMENA

Mr. John S. Moerehead

Research Scientist
Battelle Memorial Institute
Columbus, OH
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{}Battelle

- » Pulting Technology Th Whk

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

Residual Chemival Hazard Model (RCHEM)

John S. Moorehead

++ + Pulting Technology To Wik

User Requirements {3 Battelle

NBCCS

¢ Design Requirements of Future Weapons Systems
Must Reduce Personnel Risks




Weapon System Requirements 43 Bailelle

+ .+ Putting Technolagy To Viwl:
¢ F.22 Advanced Tactical Fightor (ATF} Has a Svatem
Level Requirement to Demonstrate Deconiaminabllity
to Negligible Risk Levels
- System Decontamination Process
-- Forced Hot Alr (Interior)
- Hot Soapy Water (Exterior)
- Analysis Determinud Most of the
Hardware Was Accessible to Agent Vapor
- Operational Scenario includes
Maintenance Personnel Working on arid
Close to the Alrcraft
- Cost and Weight Conatraints Require
Designing to s Realietic Threshold for CW
Survivabllity
Performance Trade-cffs | $Battelle
v+ + Pulling Tochiolegy To Work
L
Performance
NBCCS
e =" | Performance
”
F-22
Parformance
NECCS Desigr
Features

|’(Wolght and Cost)

This Graph lllustrates the Trade-off Beétwesr NBCCS
Performance (Wolight and Cost) and Aircraft Performance
as NBCCS Design Features are Added

148




Model Requirements {)Battelle

+ 1+ Puliing Technokagy To Work

Computer Model to Predict Dose Genarated Close to a Large Contam!nated
System

*  Models
- Exterlor Off-gassing Hazard
= Interior Off-gassing Hazerd

. ¢ Accounts for
. = Multiple Materials and Off-gessing Rates at Discrete Locations
~  System Geometry

*  Parsonne! Location
<« On or Under Aircraft
- Within 1 Meter of Quter Mold Line

¢ Variable Wind Dirsction
! ¢  Upwind Agent Concentraticn
: ¢ Blister and Nerve Agents

¢ IBM and Macintosh PC Compatible

Comparison of NBCCS Tep {4Baticile

Maodel to Requirements - Puaing Technolegy To Work
L Requirement NBCCS Top Model W:mTl?&pom:g::lom
Exterior Hazard Yoo Vas
interlor Hazurd No You
Multiple Materials *Nn Yes .
. Muitiple Otf-gassing Rates No No
* Discrete Locations No No
- System Geomatry No No
* Personna! Loocations No No
Variabla Wind Direction No No
Upwind Agent Cancuntration No No
8lister and Nerve Agents Yes Yes
1BM s:id Macintosh No Yes
Compatibllity
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Model Gverview §pBatlelie

« v+ Puttiog Technology Yo Wk

Goal:

¢ To Provide System Leval Analysis and Hazard Evaluation
Using Material Level Approach

Approach:

e Analysis of Operstional, System, and Environmetal

Conditions and Source Strangth Testing to Deterinine
Mod#! input values

* Flow Modsling Uzing Recursive Solutions to Navier-
Stokes Bouidary Layer Calculations and Pliysics!
Depiction of the Aircraft to Transyport Agent Vapors to
User Selocted Locations of Interest and enerate Dose
Profiles

e Coda Devalopriant Using Excel and C Code to Provide a
Usor Frisndly PC Coraputer Package to Perform

Calculations
Source Strength Testing {3 Ballelie
.+ « Putting Techrology To Work
L. ' - T AR ]
Low Concantration Exposure idot Air Decontamination

Resiciual Hazard Measurement
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Flow Modeling O Battelle

 « + Pulting Technology To Work

Flow Modeling Using Boundary Layer Slows Provides Analysis

. of the Mixing Volume for Off-gassing Agent. This Technique
. Accounts for:

¢ System Geometry

¢  Material and Personnel Locsations

¢ Wind Dlrection

¢ Agent Concentration

- =r=
—— e

Code Development #¥Battelle

v+ o Pulinig Technology To Wock

The Model was Encoded into a User Friendly Computer Package
for Speed and Ease of Operation

* Incorporates

interlor Hazard

Extarior Hazard

Materlals Off-gassing Data

Variable Observer Locations

System Geometry

Flow Modeling (Recursive Solution to Navier-stokes Flow
Equations)

- Wind Path Search Algorithm

¢  Computer Platform

- IBM Compatible Executable C code and EXCEL
- Maclintosh Executable C code and EXCEL
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Comparison of RCHEM and Top
Model to Requiremeants

{$Balielle

« -« Pulting Technology To Wewk
NBCCS Top Model
Raquiremant (Modified) RCHEM Modal

Exterior Hazard Yoo _ Yes
Interior Hezard Yes You
Multiple Maturials Yeos Yes
Multiple Off-gassing Rates | No Yes
Disorate Locations No Yad
System Geomatry No Yes
Pergonnel Looations No You
Varlable Wind Direction No Yos
Upwind Agent Concentraton No Yoo
Biister and Nerve Agents Yeos Yos

1BM snd Macintosh Yes Yes
Compatibiiity

Comparison toc NBCCS TOP

Model - Resuits

§#Battelie

v+ + Plting Teohv.alogy To Work

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

Wind Direction

NBCCS TOP Prediction
0.025 mg'min/m*®

Wind Direction

RCHEM Modal Prediction
00018 mg-min/m3
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Performance Trade-offs §4Battelie

« + + Pulling Technology To Work
Performance
A
. NBCCS
‘_—’—
. Dispersion \\ Performance
. Predicted bm “--‘_)(""
Hazard \
Sy,
\ F-22
RCHEM Predicted L, 1 Peiformancse
Hazard
"Real” Hazard gsgg:’
_ Features
7 (waight
and cost)

F-22 Performance: Welght, Spead, Range, Stealth, Cost
NBCGCS Performance: Abliity to Meet Decontamination Criterion

RCHEM Capabilities fJBalleile
« « « Mulling Technology Tn Wawk
Curmeni Future Additons
Dezomptive Oif-gazsing Evaporation
Worst Case Predictions “Actus] case™ predictions
- - By location - By iocation
- 3y system [ -

"Moedian cass" predictions
- Stochastic environmental
- variabiilty functions
. - Distribution function for
aobserver lgcation

Simplified system geometry Refined system descripdon

- Integration with geometry
models suct. as FASTGEN 4,
BRL-CAD, etc.

- Line depositions

- Refined grid

Text input and output Graphlcs) represantations
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Comparison to Existing Modeis -
Parameters Specific to the F-22 t”gggﬁ!ﬁgm

R

Additional Capabilities

Varlable NECCS Top RCHEM 1.6 RCHE
. Present Future

Geon otry No ’ Simplifisd Bhapes Refined Shapes

Wind

- Dirvetion Dirent Search for viorst cuss - based User select
downwind path | on geometry/meiarial/iocation

= “elacity No No Yos

Temperature Iriput parameters only Yes

Line Depositions No Yas

Upstrasm Conoentrations Yeus (otep funation) Yes
{Integral}

{¥Rattelle

« v« PAting Technology Tu Wak

Applications Examplo Systems

——r

System Design Tool Any largs system
personnel must work
on or nround

Systam Evaluation Tool
- Treckad Vshicies
- Wheelad Vehicles
Experimantsl Design Tool » Shalters

- Airginft

Instrumentstion Selection

Decontamination Deveiopmen?
- Tachniques
- Frotocols

Oparstivnal Restricilons




Summary {¥Battelle

* .+« Putting Technology Tn Work

* Provides Realistic Dcsu Predictions For Personnel Close
e to the Alrcraft

¢ Flexlble Process (Allows User Input for Operational and
Envircaimenta: Parameters)

* Uscr Friendly Computer' Application
* Provides Permanent Database for the System

¢ Useful Design Optimization Vool
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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 PUBLIC RELEASE

F-22 CHEMICAL SURVIVABILITY

ASC/YFEX
Hugh Griffis/ Li. Jim Gehiinger
'y Vuinerabiilty/ Live Fire Test Lead

Pressnted On: 15 Juna 1994

Presented Cy:

APPROVED FGR PUBLIC RELEASE

F=22 TEAMMEMBERS ‘@i —

« F-22 SPO (ASC/YF)

* LOCKHEED (LASC AND LFWC)
+ BOEING

+ PRATT/WHITNEY

« BATTELLE

i « HUMAN SYSTEM CENTER (HSC/YAC)
. « DUGWAY PROVING GROUND (JCP)
- « EGLIN AFB (16™ TEST WING)
' « ACC/DRB
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F-22  OVERVIEW Nl

« F-22 PROGRAM OVERVIEW

« REQUIREMENTS

* THREAT ALLOCATION

« F-22 DECONTAMINATION CONCEPT

+ DESIGN CONCEPTS
~ EXTERNAL SURFACES
~ INTERNAL SURFACES
- PiLOT

« F-111 CHEMICAL TEST

- RELATIONSHIP OF EFFORTS

« PROGRESS AND FUTURE FLLANS
« SUMMARY

F-22 PROGRAMOVERVIEW g/

+ THE F-22 PROCRAM ENCINEERING AND
MANUFACTURING (EMD) PHASE BEGAN IN AUGUST
1991

« FiRST FLIGHT IS SCHEDULED FOR 1397

oy

« THE F-22 IS5 THE REPLACEMENT FOR THE F-15 AlIR
SUPERIORITY FIGHTER
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F-22 REQUIREMENTS _\g/

« OPERATIONAL NEEDS

. ~ OPERATE IN A CONTAMINATED ENVIRONMENT WITH NO LOSS OF
. COMBAT CAPABILITY

- PILOT AND MAINTENANCE CTREWS PROTECTED FROM THREAT
-~ ABILITY TO DECONTAMINATE THE AIRCRAFT

+ PERFORMANCE REQUIREMENTS
= NO LOSS OF COMBAT CAPABILITY FOR x DAYS
- EQUIPMENT DESIGNED TO ALLOW MAINTENANCE ACTIVITIES
- 95th PERCENTILE PILOT NOT DAMAC.CD
- DECONTAMINATION IN y HOURS

+ THREAT
~ 98th PERCENTILE FREE FIELD ENVIRONMENT
- BOTH LIQUID AND VAPOR CHALLENGE

F-22 THREAT ALLOCATION g/

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

+ EXTERNAL SURFACES ARE EXPOSED TO LIQUID AGENT

FREE FIELD AGENT
ENVIRONMENT

= et ]
EXTERNAL INTERNAL
3URFACES SURFACES

{ CONDENSATION |

. QU

-~
WHEEL WELLS / |[EXTERNAL | TAvioNics | [BaYs ][ CREW |[<ELECTED
LANDING GEAR || COATINGS | | BOXES STATION || AREAS
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DECONTAMINATION : § 4
F -22 CONCEPTS
» SENSITIVE MATERIALS AND AVIONICS CAN'T BE
CHEMICALLY DECONTAMINATED (BLEACH, DS2, ETC.)

« ONLY PHYSICAL DECONTAMINATION i€ PLANNED
- EXTERNAL SURFACES: HOT SOAPY WATER OR FLIGHT
~ INTERNAL DAYS: FORCED HOT AIR

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

EXTERNAL SURFACES
F-22 DESIGN CONCEPTS —W—
» CHEMICAL RESISTANT COATING COVER MATERIALS
~ CONDUCTED MATERIALS TESTS FOR MECHANICAL AND SIGNATURE

PROPERTIES
I FUNCTIONAL DAMAGE l

[SIGNATURE] [MECHANICAL]

TRANSMISSION. | | ELONGATION,
REFLECTANCE STRAIN,
CRACKING

+ DECONTAMINATE SURFACES W!TH HOT SOAPY WATER
AND FLYING THE AIRCRAFT

- MUST DECONTAMINATE FOR BOTH CONTACT AND
OFF-GASSGING HAZARD
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=22 REFLECTANCE TEST
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INTERNAL SURFACES § i ﬁ
F '22 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/ A!R 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 __\g/
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COUPON
F-22 +estcHAMBER —Saé—

PILOT INTERFACE
F-22 DESIGN CONCEPTS #
¢ FILYER 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-111 HOT AIR N
F-22 DECONTAMINATION %54
e STUDIED 3 METHODS OF DECONTAMINATION:
- AVOIDANCE

~ IN-FLIGHT
- FORCED HOT AIR

* VAPOR CLOUD GENERATOR

F-111 HOT AIR
F-=22 becoNTAMINATION N

* ENGINE INJECTION CONTAMINATION
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F-111 HOT AIR
F-22 DECONTAMINATION gl

. AGEN'f' CONCENTRATION SAMPLING IN AVIONICS BAYS

RELATIONSHIP '
F-22 OF EFFORTS v
* BY STUDYING THE F-22 DESIGN BOTTCM UP AND THE

TESTING THE F-111 AIRCRAFT TOP DOWN, WE ARE
OBTAINING THE MAXIMUM AMOUNT OF DATA

[CHEMICAL ENVIRONMENT |
/ \
/ F-22 COUPON
MATERIAL TESTING
F-111 SYSTEM
LEVEL TEST |

RESIDUAL CHEMICAL
HAZARL MODEL (RCHEM;
//

AGENT CONCENTRATION FF:iDM BAYS
ANY) EXTERNAL SURFACE AT A POINT
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e PROGRESS AND
., F-22 =uTURE PLANS —W--—-—
I « SYSTEM LEVEL DECONTAMINATION TEST USING AN

F-111 AIRCRAFT HAS DEMONSTRATED THE F.22
FORCED HOT AIR DECONTAMINATION CONCERPT

+ OUR GOAL IS TO CORRELATE THE “RCHEM” RESULTS
WITH THE F-111 SYSTEM TEST
- F111 MATERIAL COUPON TESTS USING THE SIMULANT AND TEST
CONDITIONS ARE NEEDED FOR RCHEM ANALYS!S
* THE F-22 WILL CONDUCT A SIMILAR SYSTEM LEVEL
TEST IN THE ENGINEERING MANUFACTURING
DEVELOPMENT {EMD) PROGRAM

. F-22 SYSTEMLEVEL ' /
F '22 DECONTAMINATION W

"‘ . FORCEG HOT AIR IS INJECTED INTC THE AIRCRAFT

L (oot Wand) Lwluuml mwj
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.99 SUMMARY AWV

- S
+ THE TEAM HAS MADE GREAT PROGRESS TOWARDS
UNDERSTANDING AIRCRAFT CHEMICAL HARDEN!MG
- - OPERATIONAL CONCEPT/RESTRICTIONS IDENTIRIED
- THREAT ALLOCATED TO REGIONS OF AIRCRAFT
~ DESIGN APPROACH ESTABLISHED

, = UST OF RATERIALS EXPOSED TO CHEMICAL AGENTS HAS BEEN
DEVEL.OPED

- m& COUPON TEFT PROCEDYRES DEVELOPED FOR VAPOR

~ £-22 MATEHIALS DATA BEING OBTAINED ¥OR:

» VAPOR THREAT

» LIQUID THREAT

» FUNCTIOMAL DAMAGE
~ FORCED HOY AIR DECONTAMINATION METHOD DEMGSTRATED
~ PNALYSIS TOOL DEVELOPED
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CARGO AIRCRAFT (C-130)
CONTAMINATION CONTROL PROGRAM

Dr. Ngai Wong

Pragramh Manager
U.S. Air Force Armstrong Laboratory
Crew System CB Defense Division
Project Reliance Team
L.S. Army Chemical and Biolcgica! 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 IT - In-flight Contamination Trials
Trial Conditions
Flight Configurations

Test Results

Summary
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REQUIREMENTS

AF SON 004-85

AMC ORDs
0@ Aircraft Interior Decontamination

@ ® Aircraft Interior Detection

PROGRAM

Phase I - Ventilation Trials

Phase II - In-Flight Contamination Control

Phase Il - Upload Ground Operations
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Diethyl Malonate (DEM) 1922 mg/m® at 25 °C

GD

3922 mg/m® at 25 °C

Typical Trial Conditions of Using DEM

@ VAPOR CHALLENGE ONLY

®  Concentration of 150 - 200 mg/m’ inside cargo bay

® Collzct concentration data down to 10 - 20 mg/m®

® Extrapolats data to myosis levels, 0.05 mg/m’

Corfiguration

. Pressurized, all doors closed
. No pressure, ali doors closed
. Pressurized, auxiliary vent, all

doors closed

. No pressure, paratroop door
open

. No pressure, ramp & cargo
door open

. No pressure, cargo door open

Flight Conditions

10,000 Ft and 20,000 Ft altitudes, ambient
temperature, and cruise velocity

10,000 Ft altitude, ambient temperature, and cruise
velocity

10,600 Ft and 20,000 Ft altitudes, ambient
temperature, and cruise velocity

10,000 Ft altitude, ambient and hot temperatures,
and 150 KIAS

10,000 Ft altitude, ambient aud hot temperatures,
and 150 KIAS

10,000 Ft altitude, ambient and hot temperature,
and 185 KIAS
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[ Pressurized, all doors closed
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Pressurized, auxiliary vent, all doors closed

Time (min)

No pressure, paratroop doors open
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Test Results
Pressurized to 8,000 Ft at altitudes of 10,000 Ft and 20,000 Ft
@@  no significant difference between altitudes

oe 65 - 70 minutes ic clear

No pressurization at 10,000 Ft altitude

(Y ) 45 minutes to clear

Pressurized, auxiliary vent
o0 14 minutes to clear at 10,000 Ft

L 1 S minutes to clear at 20,000 Ft

Test Results
Paratrcop doors

(1 5 minutes to clear (ambient and hot trials)

Ramp & cargo door

®® 5 minutes to clear (ambient and hot trials)

Cargo door

(1 10 minutes to clear, ambient trial

L L S minutes to clear, hot trial




Additional Observations

® Flight deck relatively free of contamination
. @0  High level of contamination in cargo area
’ below 5 mg/m’ in flight deck

®  Air leakage from front of aircraft to rear

® Liquid DEM observed on floor

Methyl Salicylate (MeS) 1060 mg/m® at 25 °C

HD 911 mg/m®at 25 °C

Typical Trial Conditions of Using MeS
® Liquid Contaminated Cargo and Ofi-gassing Challenge
. ® Liquid concentrations of 5 g/m? on the cargo
® Collect liquid and off-gassing levels

® Use MIRAN, bubblers, swabs, and swatches for data collectior
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Configuration

. Forward hatch and paratrenp

doors

. Auxiliary vent

. Auxihary vent

Flight Conditions

10,000 Ft altitude, ambient temperature, and 150
KIAS

10,000 Ft altitude, ambient temperature, and cruise
velocity

10,000 Ft altitude, full on-board heaters, and cruise
velocity

[MeS] (mg/m3)

Forward Hatch and Paratroop Doors at Ambient

30 }

20

10

Flight Deck
Avionics
Cargo

»




Forward Hatch and Paratroop Doors at Ambient

—o— Flight Deck
—a&— Avionics
—8— Cargo

MeS] (mg/m3)

0\\

1 2 3 4 6 7
Time (hr)

Forward Hatch and Paratroop Doors
at Ambient and 2nd Cover

Flight Deck
Avionics
Cargo

[MeS} (mg/m3)

Time (hr)
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Forward Hatch and Paratroop Doors !
at Ambient and 2nd Cover
04 |
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0.3 & ~— .
&é‘ \A
? A .
e’ 0.2 = o
7
£ o
0.1
a
i - a
L 1:\\
oof STy
0 1 2 3 4 5 6 7
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Aux Vent at Ambient and 2nd Cover
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1.6

1.4

Aux Vent with Heat and 2nd Cover

—o— Flight Deck
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o) —&— Cargo
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Test Results
® MIRAN
@8  shows higher concentrations of contaminants

@8  shows serious problem in adsorption of contaminants

. ® Bubblers

e shows lower levels of contamination but still unsafe

® Liquid sampling of cargo
®s 2.8 g/m? contamination at start
®e® (.8 - 5 g/m? contamination after one (1) hour weathering

®e® (.1 -2g/m®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
. ® Off-gassing a serious problem, high levels of contamina‘ion

® Airflow patterns keeps contamination near front of aircraft

® Contamination remains with aircraft after contaminated cargo is removed
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MEETING AGENDA

Waednesday, June 15, 1994

7:00 a.m.-
8:15 a.m.

8:15 a.m.

8:20 a.m.

8:25 a.m.

8:30 a.m.

8:40 a.m.

9:05 a.m.

9:20 a.m.

9:30 a.m.

REGISTRATION
Edgewood Area Conference Center, Seminar Building, Austin and
Hoadley Roads, Aberdeen Proving Ground (Edgewood Area), MD

ADMINISTRATIVE REMARKS

Mr. Louis S. D’Elicio, Chemical-Biological and Nuclear Effects Division,
U.S. Army Research Laboratory, Aberdeen Proving Ground (Edgewood
Area), MD

INTRODUCTION
Brigadier General Peter Hidalgo, USA (Ret), Chairman, Chemical
Division, American Defense Preparedness Association, Arlington, VA

MODERATOR’S REMARKS

Mr. William J. Hughes, Acting Chief, Chemical-Biclogicul and Nuclear
Effects Division, U.S. Army Research Laboratory, Aberdeen Proving
Ground (Edgewood Area), MD

WELCOME ADDRESS

Brigadier General George E. Friel, USA, Commander, U.S. Army
Chemical and Biological Defense Command, Aberdeen Proving Ground
(Edgewood Area), MD

KEYNOTE ADDRESS
Dr. John W. Lyons, Director, U.S. Army Research Laboratory, Adelphi,
MD

UPDATE ON NBCCS REGULATORY DOCUMENTS

Dr. William S. Magee, Advocate for NBC Survivability, Office of the
Director for Chemical and Biological (CB} RDA, U.S. Army Chemical
and Biological Defense Command, Aberdeen Proving Ground
(Edgewood Area), MD

OVERVIEW OF MULTIPURPOSE INTEGRATED CHEMICAL AGENT
ALARM (MICAD) PROGRAM

Mr. Frank Belcastro, MICAD Team Leader, U.S. Army Edgewor.d
Research, Development, and Enginaering Center, Aberdeen Proving
Ground (Edgewood Area), MD

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.

10:20 a.m.

10:30 a.m

10:55 a.m.

11:35 a.m.

12:05 a.m.

12:25 p.m.

1:45 p.m.

2:10 p.m.

2:35 p.m.

2:45 p.m.

BREAK

OVERVIEW OF THE ARMORED GUN SYSTEM (AGS) PROGRAM
Mr. Albert P. Puzzuoli, Deputy Project Mansager, Office of the Project
Manager for AGS, Warren, Ml

AGS PROGRAM NBCCS RISK ASSESSMENT METHODOLOGY
Mr. Francisco Magno, AGS NBCCS Project Engineer, United Defense -
L.P., San Jose, CA )

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

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

NBCCS IN THE MINI EYESAFE LASER INFRARED OBSERVATION
SYSTEM (MELIOS) PROGRAM

Mr. Richard Renairi, Project Engineer, Office of the Project Manager for
Night Vision and Electro Optics, Fort Belvoir, VA

LUNCH FOR ALL ATTENDEES
Edgewood Areca Communitv Cluk, Aberdeen Proving Ground
(Edgewood Arga), MD

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

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

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

XM56 NBCCS PROGRAM & APPLICATION OF TEST RESULTS
Ms. Kathieen M. Considine, Project Engineer, Chamberiain MRC
Corporation, Hunt Valley, MD
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BREAK

CHEMICAL RESISTANCE TEST PROGRAM FOR
SELECTION/DESELECTION OF MATERIALS

Mr. Weadel J. Shuely, Research Chemist, U.S. Army Edgewood
Research, Development, and Engineering Center, Aberdeen Proving
Ground (Edgewood Areaj, MD

OFFGASING MODELING USING BOUNDARY LAYER PHENOMENA
Mr. John S. Moorehead, Research Scientist, Battelle Memorial
Institute, Columbus, OH

ADVANCED TACTICAL FIGHTER (F-22) CHEMICAL HARDENING
PROGRAM

Lt. Jim Gehringer, F-22 Survivability Aralyst, F-22 System Program
Office, Wright-Patterson AFB, OH

CARGGC 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

SYMPOSIUM WRAP-UP AND CLOSING REMARKS
Mr. William J. Hughes, Acting Chief, Chemical-Biological arid Nuclear

Effects Division, U.S. Army Research Laboratory, Aberdeen Proving
Ground (Edgewood Area), MD
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