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ABSTRACT

The U.S. Departmentof Energy (DOE),with the U.S. Army Chemical

Research,Developmentand E_gineeringCenter (CRDEC)under the sponsorshipof

the Defense NuclearAgency (DNA), completedtesting of Nondestructive

Evaluation (NDE) technologyon live agent systems. The tests were conducted

at Tooele Army Depot during August 1992. The NondestructiveEvaluation

systemswere tested for potentialuse in verifyingchemical treaty

requirements. Five technologies,two neutronand three acoustic,were

developedat DOE laboratories. Two systemsfrom the United Kingdom (one

neutron and one acoustic)were also included in the field trials. All systems

tested showed the ability to distinguishamong the VX, GB, and Mustard. Three

of the systems (two acousticand one neutron)were used by On-Site Inspection

Agency (OSIA) personnel.
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SUMMARY

The U.S. Departmentof Energy (DOE) and DefenseNuclear Agency (DNA) have

sponsoredthe developmentNondestructiveEvaluation(NDE) technology. The

technologydevelopmenthas focusedupon nondestructivemeasurementsthat will

aid verificationof chemical treaty requirements. Initialfeasibilitytests,

conducted in May 1991, demonstratedthat the NDE systemsunder development
¢

could provide low-cost,low-operationalimpact alternativesto direct sampling

and analysis.

Followingthe initialfeasibilitytests, workshops and peer reviews

evaluatedthe results• Based upon these reviews, the U.S. Departmentof

Energy and the Defense NuclearAgency selected the following key technologies

for furtherdevelopmentand assessmentof their full capabilities.

i. Ultrasonic Pulse Echo (UPE)
- developed by Pacific NorthwestLaboratories(PNL)

2. Acoustic ResonanceSpectroscopy(ARS)
- developed by Los Alamos National Laboratory (LANL)

3. Portable IsotopicNeutronSpectroscopy(PINS)
- developed by Idaho National EngineeringLaboratory (INEL)

4. Ion-tubeNeutron Spectroscopy(INS)
- developed by Lawrence LivermoreNational Laboratory (LLNL)

5. NoncontactingAcoustic/UltrasonicSignatureAnalysis (NAUSA)
- developed by Idaho National EngineeringLaboratory (INEL)

During August of 1992 field trialswere again held at Tooele Army Depot. The

field trials provideddata for evaluatingthe followingissues.

• Quantify the capabilityof NDE technologyto distinguishamong the
chemical agents VX, GB, Mustard and Lewisitein marked storage facility
conditions.

• Demonstratethe use of NDE technologyon fused, burstered and propellant-
filled munitions.

• Evaluate the capabilityof NDE to correctlyidentify liquid versus solid
munitions.

• Evaluate the field use of selectedNDE systems using OSIA operatorsand
gain an operationalperspectivefrom OSIA personnel.



• Evaluatethe synergisticimprovementof using multiple NDE technologies
using surrogatemunitions.

• Evaluate the effects of agent purity on NDE measurementssystems.

• Promote internationalacceptanceof NDE technology by including
participantsfrom the United Kingdom.

q

The test initiallyproposed to accomplishthis measurementwas a "blind"

test designed so that the NDE operatorswould not know the identityof the

munition being tested. Blind testinghas the advantageof being simple to

administerand allows a common analysis for all NDE systems. However, safety

constraintsthat must be used when handling c.hemicalmunitionsmade blind

testing impossible. In particular,it is contrary to Army regulationsto have

more than one type of chemicalmunition a single storagebuilding. Therefore,

a test matrix was developedthat providedthe opportunityto examine replicate

155-mm munitions. Using replicatemeasurementson the 155-mmmunitions

allowed statisticsto be developedfor each NDE system that quantify the

capabilityto distinguishamong VX, GB and Mustard.

Two analyticalmethodswere used to analyze data from the Tooele field

trials. One method of analysiswas the t-test of significance. The t-test

statisticswere calculatedfrom the followingequation.

NI + N2 - 2 "-_i+ -N2

where"

x--I = mean of sample 1
x2 = mean of sample 2
NI = number of observations of sample 1
N2 = number of observations of sample 2
VI = variance of sample 1
V_ = variance of sample 2

_-_2 = hypothesis regarding the difference of the means
w

The second method of data analysis used simple binomial statistics. The

data for some NDE systemsdid not produce intermediatevalues which could

easily be analyzed using a t-test. When this occurred simple binomial
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statisticswere used to provide an estimateof the capability in

distinguishingthe difference among the agents.

The field trials conductedat TEAD includedtesting on surrogate

munitions. A set of thirty 155-mmmunitionswas filled with liquids that

. simulatedthe chemicalmunitions of VX, GB and Mustard. Two basic sets of

simulantswere used. One set simulatedthe chemical elementalratios used in

, agents and was appropriatefor testing the neutron systems. The other set

simulatedthe density and viscosityof chemical agents as closely as possible

and was intended for use with the acoustic systems. Testing at Tooele showed

that the munitionswith the chemical elementalratios worked very well for the

neutron systems (see Appendix IV for comments by the PINS system). Tests

conductedby the acoustic systemson non-toxicliquids that closelymatched

agent densities and viscositieswere not as successful.

CONCLUSIONS

The testing conductedat Tooele Army Depot provided a large engineering

data base that may be used to evaluate the role of nondestructivetechnology

for chemical treaty verificationand aid in developing NDE technologyfor

treaty verification. In addition to providingthe policy communitywith data

on the capabilityof the selected NDE systems,data from this test has been

used by the principal investigatorsto improvedecision algorithms. However,

because no blind testingcould be conducted,the data from this should not be

construedas an accurateestimate of the operationalcapabilityof the NDE

systems.

Specific conclusionsfrom the testingare listed below.

Performanceof NDE Systems

, The general performanceof NDE systemswas good. All systems showed the

capability to distinguishamong VX, GB and Mustard in munitionswith known

, fills with good reliability. The tests demonstratedthe strengths and

weaknesses of each system for a varietyof applications.
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PINS Neutron System

The PINS system showed the capabilityto distinguishamong VX, GB,

Mustard, Lewisite and high-explosivemunitionswith good reliability. The

PINS system also demonstratedthe capabilityto identify chemical agents in

overpacked and storage/shippingcontainers. The PINS system has an important

capabilityof detectingthe actual chemical elements of the container being

tested. However, the PINS system requires approximatelyone thousand seconds
w

for measurements.

The PINS system would best be used to confirmthe contents of bulk

containersand small munitions selected at random.

Ultrasonic Pulse Echo

The UPE system showed the ability to distinguishVX, GB, and Mustard in

bulk storagecontainerswith good reliability. The UPE system also

demonstratedthe capabilityto classifymunitions into like categoriesvery

well using simple time of flight. However, the UPE system as configured for

the Tooele tests was not "user friendly"and created frustrationfor OSIA

operatorswho used the system. The UPE system should be packaged into a

smaller instrumentand the software should be written to automate the data

acquisitionand analysisprocess. The UPE systemwould best be used to

complement the PINS system in identificationof bulk storage containersand

verifyingthe fill level of bulk storagecontainers. The UPE system can also

be used to classifymunitions into categoriesand to simply confirm the

presence or absence of liquid inside a container.

Acoustic ResonanceSpectroscopy

The ARS system demonstratedthe capabilityto distinguishamong VX, GB,

Mustard and high explosivemunitions and bulk storage containers if the system

can develop templates from actual containers. If actual munitions or

containersare not availableto develop templates,the ARS system can classify

munitions into like categories,,The ARS system could also be used to

determineliquid level if a containerwere filled to various levels and used

to provide a calibrationcurve. The ARS system is very "user friendly". The

ARS system would best be used by complementingthe PINS system in verifying

the contents of munitions. The PINS system would confirm the proper chemical
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elements for a few munitionsand the ARS would show that all other munitions

in that lot were the same.

Noncontact Laser Acoustic Resonaoge

The Noncontact Laser Acoustic System showed the ability of to distinguish

- among VX, GB, Mustard and high explosivemunitionswith good reliability.

Like the ARS system, the NoncontactingAcoustic\UltrasonicSignatureAnalysis

, system requires a set of munitionsof known contentsto develop a statistical

base which can then be used to sort unknownmunitions.

SURROGATETESTING

The field trials conductedat Tooele Army Depot included surrogate

munitionswith simulantsfor VX, GB and Mustard. The simulantswere divided

into two groups; one group simulatedthe chemical elementalcompositionof the

three agents and the other group simulatedthe physical propertiesof the

agents.

Surrogatemunitionsthat simulatedthe chemical elementalcomposition

provided very good tests for the neutron systems. The munitions that

simulatedthe physical propertiesprovidedreasonable simulationfor Mustard

and VX, however, the simulantfor GB was not as good. The work with simulants

proves that simulantscan be developed for testing that would allow blind

testing to be conductedwith the NDE systems. Blind testingwould be an

excellentmethod to test true "unknown"munitionsand is recommendedfor

developingan acceptancetest for the NDE systems.
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ACRONYMS

ARS Acoustic ResonanceSystem
CRDEC Chemical Research,Developmentand EngineeringCenter
CW Chemical Warfare
DNA Defense Nuclear Agency

• DOE Department of Energy
GB A chemical nerve agent - Also known as Sarin
H A chemical agent - Also known as Mustard

' INEL Idaho National EngineeringLaboratory
INS Ion Tube NeutronSystem
L A chemical agent - Also known as Lewisite
LANL Los Alamos National Laboratory
LLNL Lawrence LivermoreNational Laboratory
NDE NondestructiveEvaluation
OSIA On-Site InspectionAgency
PINS Portable IsotopicNeutron Spectroscopy
PNL PacificNorthwestLaboratory
TEAD Tooele Army Depot
UPE Ultrasonic Pulse Echo
VX A chemical nerve agent
WP White Phosphorus
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1.0 INTRODUCTION

The U.S. Department of Energy (DOE) and Defense Nuclear Agency (DNA)

have jointly sponsored the development of Nondestructive Evaluation (NDE)

technology. The technology development has focused upon noninvasive methods

' that will aid chemical treaty verificationrequirements. Initialfeasibility

tests, conducted in May 1991, demonstratedthat NDE systems under development

' could provide low-cost,low-operational-impactalternativesto direct sampling

and analysis. The test operationstook place within chemical munition storage

bunkers, the open air bulk containerstorageyard, and the conventional

munitionsstorage area. (See D()Ereport DOE/ID-I0346;Nondestructive

EvaluationTests on ChemicalWeapons and Containers at Tooele Army Depot -

Final Draft, authorAlan Preszler.)

Followingthe Tooele tests, workshopsand peer reviews evaluatedthe

results. Based upon these reviews, the U.S. Departmentof Energy and the

Defense Nuclear Agency selectedkey technologiesfor further developmentand

assessmentof their full capabilities. The NDE technologiesselected for

evaluationare listed below.

I. Ultrasonic Pulse Echo (UPE)
- Developedby PacificNorthwestLaboratories(PNL)

2. Acoustic ResonanceSpectroscopy(ARS)
- Developedby Los Alamos National Laboratory(LANL)

3. Portable IsotopicNeutron Spectroscopy(PINS)
- Developedby Idaho National EngineeringLaboratory (INEL)

4. Ion-TubeNeutronSpectroscopy(INS)
- Developedby Lawrence LivermoreNational Laboratory (LLNL)

5. NoncontactingAcoustic/UltrasonicSignatureAnalysis (NAUSA)
- Developedby Idaho National EngineeringLaboratory (INEL)

During August of 1992 field trials were again held at Tooele Army Depot.

The field trials provideddata for evaluatingthe followingissues:

• Quantify the capabilityof NDE technologyto distinguishamong the
chemical agents VX, GB, Mustard, and Lewisitein marked storage facility
conditions.



• Demonstratethe use of NDE technologyon fused, burstered, and
propellant-filledmunitions.

• Evaluate the capabilityof NDE to correctly identifyliquid versus solid
munitions.

• Evaluate the field use of selectedNDE systemsusing OSIA operatorsand
gain an operationalperspectivefrom OSIA personnel.

• Evaluate the synergisticimprovementof using multiple NDE technologies
using surrogatemunitions.

• Evaluate the effectsof agent purity on NDE measurementssystems.

• Promote internationalacceptanceof NDE technologyby including
participantsfrom the United Kingdom.

The scope of the tests conductedat Tooele Army on NDE systems required

many resources including:

• OSIA personnel (to evaluatethe field use capabilityof the NDE
equipment)

• The followingchemicalweapons (CW) munitionsan,Jb_lk storage
containersat Tooele Army Depot:

• 105-mm Projectiles,GB cartridges (fused/burstered)
• 155-mm Projectiles,VX filled
• 155-mm Projectiles,GB filled High Purity
• 155-mm Projectiles,GB filled Low Purity
• 155-mm Projectiles,Mustard filled
• 155-mm Projectiles,Surrogatesfor VX, GB and Mustard
• 8-inch Projectiles,VX filled
• One Ton Mustard Containers
• One Ton GB Containers
• Lewisite
• MC-I Bomb GB filled
, MC-I Bomb Unknown
• M55 Rocket VX filled
• Spray Tank VX filled
• Surrogate Item

- 3 One Ton Containers*
I Empty
I I/3 full
I Standard fill

• All water fill
- 8 155-mm Projectiles,ethyleneglycol M121
- 8 155-mm Projectiles,empty M121
- 8 155-mm Projectiles,solid (wax filled or sand) M121



- 3 55-gal. drum
Empty
Water (I/2)
Water (3/4)

• High ExplosiveMunitions
- 155mm ProjectileHigh Explosive (Comp B)
- 155mm ProjectilesWhite Phosphorus

All munition testing occurredwith munitions in their normal storage

, condition. No munition handling or movement was requiredexcept that the

shipping containerfor the VX spray tanks was opened to allow the acoustic

systems to examine the VX spray tank.

This report summarizesthe result_of the testing that occurred at Tooele

in August 1992. i

The NDE systemstested at Tooele are configuredfrom commercial

components. These systems use acoustic energy and radiation (neutron)

interactionsto collect informationwhich can aid in identificationand

quantificationof the fill agent. A descriptionof the systems is provided in

Section 4.0.



2.0 PERFORMANCEOF NDE SYSTEMS

Testing the strengthsand weaknessesof the NDE systems at TEAD required

access to a varietyof bulk storage containersand munition configurations.

The items examinedby each NDE system are shown in Tables 2.1 and 2.2.

TABLE 2.1. Summaryof MunitionsTested
#

: :: iL:::::::i:::i:::::::i::!:i::i:!:i:::::_::_i:iii:i:_:i:i:ilili:ili:i:i:i:i:iii1iii!!!iii:!:iiiiii!iiii!i!i1!!iiii!1i!iii!iiii_iiii!_!:i!i!_!!1iii1i!!ii_ii!iii!ii_iiiii!_i!i1ii1ii_iii!iiii!ii!iii_1_i_ii_1iiii!i1iii!i!iii!iiii1_:iii_i11iiii_i_i11!i!_i!i!!i!iiiiiiiiiii1!1i!i!_i!iiii1!!ii!:i:iii_iii!i!iii!iiii!iiiiii!ii!!iii!ii!iTiii!iiiiiii!i!i!iiiiiii!ili!ii:ii!::i!iiiii:i:-i!i!!i>:iiiii::i:!!iiiii:i:ii_i_iii.iiiii::i!i!:i

I ...: I!:::_!ii:i_ii_i::i:.i::i!::i::i::ii!i:::.:.iii!: :i :.":,i::::::i:::ii:::ii:::_::::::::_i:::::i:.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::i'.ii=====================================i"iiii::::_i:::ii'i::::iilii!ii::i::::!::..........i::::i:i"iiii:::!i::::i':::::::::::::::::::::::i::::ii::i::!i:O_::::ii_i.I::!:::::_:::i::i:.ii!

155 mm r.BLow No Test 22 16 No Test

. Purity

155 mm GB High 19 28 16 5 No Test
Purity i

155 mm VX 18 44 16 5 2

155 mmH No Test 39 17 5 2

105 mmGB 51 12 5 2
T i i i

8-inch VX 24 16 No Test

Spray Tank VX 8 50 4 5 2

MC-i Bomb 68 16 5 2

M55 Rocket No Test No Test No Test 5 2

One Ton H 33 58 15 5 2

One Ton GB 26 49 5 2

One Ton L No Test No Test No Test 5 2

155 mm High 5 45 22 5 2
Explosive
(CompB)

i

155 mm White 5 61 22 5 2

Phosphorous



TABLE 2.2. Summary of SurrogatesTested

...._ii:/_:_ii_i:i_.i__:.. ::_:;:i:;.ii_:iiiiiiliU]!_i_iS!SQ::nii!Cililii;_.i!ili!i_!_:.:.i::_:_i_il_::_i_::i::!i/ii!_!_::!:::.i::i;.i!i::_,_.i::!!!i::i::i!i:/:!::::::::::::::::::::::.iillii!i;::_i__::iiii:::i!T!ii:.iii:!::::iiiiiii::i;iiiiiii:/:ii:ii_il__i:iiil;;Ii!i!!:ii_i;ii:iiii i::!i:.iii!i!i::::ii _iilii:il_/:! i!_i:i_:_il;i_i.!_i_i!on!-TU!_:/:_":_i:ih__...... _i:_,_i_i_,i!i iiii!i!!!iiiiiiiiiili::i!ii!!iii!!!_!iii!ili::iiiiiiiiNonclQn_iac_ti!;ii!/iii:.ii!ii:Po_tabl_e._!:ii_ii!._:._:,.

155 mm VX 5 17 5 No Test No Test
Simulant

Property .

155 mm GB 5 15 5 No Test No Test
Simulant

Property

155 mmH 5 17 5 No Test No Test
Simulant

Property

55 Gal. Drum 3 No Test No Test No Test No Test

155 mm 6 No Test No Test No Test No Test
Ethylene
Glycol

155 mm Empty 8 8 No Test

155 mm Sand 8 8 No Test No Test

155 mmVX 3 15 5 1 2
Chemical
Elements

155 mmGB 3 15 5 2 2
Chemical
Elements

,,,,

155 mm H 15 5 2 2
Chemical

155 mm TNT 23 11 5 No Test

1 Ton Water 3 3
Filled .__

One of the major objectivesof the field trials was to quantify the

capabilityof the NDE systemsto distinguishamong VX, GB, and Mustard agents.

A 155 mm munition was selectedto develop the data for this measurement

because all three chemicalagents of interest are used in the munition. Using



a single munition type that was filled with all three agents had the added

advantageof eliminatingpossiblevariabilitydue to munition configuration.

The test initiallyproposedto accomplishthis measurementwas a "blind"

test designed so the NDE operatorswould not know the identityof the munition

• being tested. Blind testinghas the advantageof being simple to administer

and allows a common analysis for all NDE systems. However, safety constraints

. that must be used when handlingchemical munitionsmade blind testing

impossible. In particular,it is contraryto Army regulationsto have more

than one type of chemicalmunition a single storage building. Therefore, a

test matrix was developedthat providedthe opportunityto examine replicate

155 mm munitions. Using replicatemeasurementson the 155 mm munitions

allowedstatisticsto be developedfor each NDE system that quantify the

capabilityto distinguishamong VX, GB, and Mustard.

Since blind testingwas not possible,a test matrix was developedwhich

provideddata that would allow an upper bound estimateof the capability of

NDE systems on munitionsof known fill type. The test matrix had several

constraintsand assumptions. The constraintsplay an importantrole in

evaluatingNDE systems and as detailed below.

I) Constraint: All munitionsare clearly marked or otherwise identifiable
as to chemical content and they cannot be moved.

Consequence: The test cannot be "blind"to the analyst in the field.
Some considerationwas given to separatingthe data acquisitionfrom the
data analysis. However, due to schedulingconstraintsduring the test,
blind data analysiswas not used.

2) Constraint: lt is not feasible,with respectto schedule,to randomize
the order of measurementamong replicatesand fill types. Attempting to
totally randomizemeasurementswould require a team to set up equipment;
measure one replicateof a fill type, say Fill Type VX; take down

. equipment;and move to severalother locations (may be up to 10 miles
away) to measure the random fill type, for example, high explosive (Comp
B).

Consequence: Lack of randomizationwill result in a'possiblebias in the
measurements. For example, if a calibrationerror is occurring during
the measurementof Fill Type GB, that erro,_'will affect each replicateof
fill type GB in the order of measurement. If the replicatemeasurements
were randomized,then this calibrationerror would be randomly
distributedamong the fill types. Consequently,when randomizationis



employed among replicatesand fill types, the calibrationerror cannot
create a bias in the measurements. Other sources of variation include
variabilitydue to operator fatigueand time of day. These could also
act to create a bias in the same way. During testing, randomization
among replicateswill be done to the extent practical.

3) Assumption= Each system produces an "intermediate"value that is used in
the decision algorithm.

Consequence: The "intermediate"quantitativevalues from each system are
used to determinethe precisionof each system. This will be
accomplishedby looking at the variabilityamong replicatesof a given
fill type. Hypothesis tests can be performedto assess the ability of
the system to discriminatebetweenfill types based on the replicate
variability• If an intermediatevalue cannot be determinedfor a system,
then simple binomial statistics(numberof correct classificationsper
total number of samples) are used to determine confidencebounds.

Analytical methods used to quantify the capability to distinguishVX, GB and

Mustard are described in the followingSection. A qualitativedescriptionof

each system's performancein terms of effect of ambient temperature,effects

of munition configuration,and OSIA inspectorcomments is also provided.

2.1 ANALYSIS METHODS

The NDE systemstested at TEAD use energy (eitheracoustic or radiation)

which interactedwith the munition being tested. The interactionof energy

with the munition caused a responsewhich was then measured and analyzed to

determinethe presence and type of fill in the munition. Analyzingthe

energeticresponse that is measured from the munition involvesdetermining

intermediatevalues. Using "intermediate"values and hypothesistesting

allows one to quantify the capabilityof the NDE systems to differentiate

between chemical agents. If intermediatevalues are not reported by the

principal investigator,then simple binomial statisticsare used to analyze

data. A brief descriptionof the analysis techniquesfollows.
l

Data from Tables 2.3 and 2.4 are used to illustratethe two methods of

a_alyzingdata from the Tooele field trials. One method will use

"intermediate"values and the other method will use simple (yes, no) binomial

statistics.

The first method of analysis will illustratethe use of intermediate

values. The ultrasonicpulse echo system measured speed of sound as an

8



intermediatevalue. If one appliesa t-test of significanceto the speed of

sound data in Table 2.4, the speed of sound measurementsmade by both teams

show a differencewhich is significantto the I% level. This means that only

I% of the time would the speed of sound measurementsamong the agents VX, GB,

and Mustard be measured to be the same when in fact the measurementsare

different.

• The t-test statisticswere calculatedfrom the followingequation.

where:

__I= mean of sample 1
x2 = mean of sample 2
NI = number of observations of sample 1
N2 = number of observations of sample 2
VI = variance of sample 1
V2 = variance of sample 2

_i-_2 = hypothesis regarding the difference of the means

A t-test of significanceshows that measuringthe speed of sound can

distinguishamong VX, GB, and Mustard.

The second method of data analysiswill illustratethe use of simple

binomial statistics. If speed of sound is not used as an intermediatevalue

for the pulse echo system, an estimate of the capability in distinguishingthe

differenceamong the agents can be determinedby the followingexample. If

one appliesthe automateddecision algorithmdevelopedfor the Pulse Echo

system (see Supplement I in Appendix A), all of the ton containers and all but

one spray tank would have been identifiedproperly. The results of such an

algorithm are shown in Table 2.3 below.



TABLE 2.3. Results of AutomatedAnalysis for Pulse Echo System

Agent # of Incorrect Number of Lower 95%
Cate_lorizatio.ns Samples ConfidenceBound

GB 0 16 83%
, ,,, -

VX 1 8 53%
, ,,

Mustard 0 23 87% .
L

The lower confidence bound is calculated from binomial statisticsusing

the following equation:

N

NI (P)X(I-P)N-X = 95% Lower Confidence Level
I - _ X_ (N-X)!X-D

where N = Number of Samples
D = Number of SamplesCorrectly Identified
P = Lower ConfidenceBound

The two methods of analysis illustratea problemwhich often occurs in

analyzingtest data and drawing conclusionsbased upon analysis. Data from

both analysis does not seem to be consistent;t-test data suggestthat the

pul.seecho system should have excellentperformanceon large containerswhile

the binomial data appear to indicatethe performance is not really excellent.

The reasons for the apparentdiscrepancyare the assumptionsused in each

analysis. The t-test uses an assumptionthat the speed of sound data are

normally distributed (e.g.,the data followsa gaussian distribution). This

assumptionallows the use of small sample sizes (5-15)to develop the

performancedata for the UT system.

The binomial analysisdoes not make any assumptionsabout the data.

Consequently,the binomial analysis requiresmany samples (55-100)to develop

the same level of confidence (95% probabilityof correct detectionwith a 95%

confidencelevel) as the t-test. Based upon the t-test data, one would expect

that if the pulse echo system had been tested upon a larger sample of one-ten

containers,say 55, the two analysis would be consistent.
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Therefore,when binomial statisticsare used in this report on small

sample sizes, the reader is cautionedthat the lower bound confidence level is

exactly that--thelawest possible performancelevel based upon the small

number of samples that were tested during the field trials. Larger sample

sizes were not used in the field trials becauseof time limitations. Testing

at Tooele took eight days; more time was not availablebecause of impactsto

the normal mission of the storagedepot.

2.2 TEST RESULTS OF THE ULTRASONICPULSE ECHO S_STEM

The basic principleof operationof the pulse echo system is similar to

sonar. A pulse of ultrasonicenergy is propagated into the containerthrough

the wall by means of a transducercoupledto the wall. This pulse of energy

travelsthrough the wall and into the contents of the container. When the

pulse reaches an obstructionwithin the container, it is reflectedback to,

and through, the wall to be detectedby the transducer. The interval between

the time the pulse enters the containerand the time of the return of the echo

is measured. If the container is empty, no echo will be observed since

ultrasounddoes not propagate in air to any great extent. If the container is

filled with a rigid solid, the time intervalwill be very short. However, for

a liquid fill, the intervalwill be relativelylong.

The field trial tests revealed some strengthsand weaknesses of the

present system. For inspectionof large bulk storagecontainers,this

technologyperformedvery well and provided quantitativephysical information

unavailablefrom any other technologytested during this exercise. Both

containerfill level and the speed of sound in the fluid were obtainedwith

high accuracyand with relativeease. A single pulse/echomeasurementwas

needed to obtain the fluid sonic speed of sound. Movement of the acoustic

• transducer along the wall of the shell until the echo signal disappeared

establishedthe fluid fill level. Accomplishmentof all necessary

• measurementsrequired about one minute. Excellentdata were obtained by both

the OSIA team and the PNL team with one-tonMustard and GB containers and with

VX spray tanks. The resu_,tsare summarizedin Table 2.4.
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TABLE 2.4. Average Velocities from Measurementswith One-Ton Mustard
Tanks, One-Ton GB Taviks,and VX-FilledSpray Tanks

• i iilSpe_diii_of!!i_iii!ii!!!l..........i'i S__rd !!_i_ilil!IIIi! ._iiii_ I_3ii.XStandard i

*** PNL TEAM ***

H (30 °C) 0.0544 0.0005 0.0015 {23 samples)

GB 123 °C) 0.0446 0.0006 0.0018 (16 samples)

VX (23 oC) 0.0519 0.0002 0.0006 (4 samples)

• *** OSIA TEAM ***

H 130 °C) 0.0540 0.0006 0.0018 (I0 samples)

GB 123 °C) 0.0443 0.0004 0.0012 110 samples)

VX (23 oC) 0.0507 . 0.00.2 . 0.007 (4 samples)

Mustard, GB, and VX are clearlydifferentiatedbased on the differences

in speed of sound. The PNL team showeddifferentiationout to three standard

deviations,while the OSIA team can distinguishthe three agents at the one

standard deviationlevel. These resultsare particularlyimpressivesince the

velocitiesof Mustard and VX differ by only 5%. In addition,the average

velocitiesmeasured by both teams agreed to within I% in all three cases. The

measured values also agreed within 2% in all three cases with measurements

performed by Dr. Norman of the U.K. (unpublishedresults).

Speed of sound in bursteredmunitions can be measured using two

transducersand a simple triangulationformula. Excellentresults were

obtained in the laboratoryusing this technique. However, the fixtureswhich

were used in the field did not providethe same quality of data.

Table 2.5 summarizesthe resultsof the pulse echo system on 155-mm

munitions using the speed of sound fixture.
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_. Average Velocitiesand Attenuationsfrom Measurements
with 155-mm Shells Filled with GB and VX (23oC)

; i _ i _!:_ l:_i_::ii__zi__i_i_ i_ _

• Speed•of Standardli_iPU]!_se_iEchoIii!Standard _Atten Standard
Sound Devi_tlon I_! _T_!im_i_ ii_liii_Deviation__(dB/m) Deviation

Agent (in/_sec) (in//_sec)_il_ i_(_seC)i_i;i Fi;(msec)(dB/m )

*** PNL TEAM ***
,, ii i i i

GB 0.047 0.003 63.12 0.49 63 6
. ,.,

VX 0.051 0.003 (9 54.75 0.66 67 17
Samples)

*** OSIA TEAM ***

GB O.048 O.004 63.29 O.49 56 8
i i

VX 0.053 0.001 (10 54.26 0.29 61 11

Samplesl

A t-test using the speed of sound measurementsin Table 2.5 shows the

pulse echo system can distinguishbetweenVX and GB at the 5% level of

significarlce(5% of the time GB and VX will be measured the same when they are

different). The pulse echo system was not able to get meaningful data on 155-

mm Mustard munitions, lt is not known exactlywhy no data were obtainable

with Mustard 155-mm rounds. The acoustic signals suggestthat the bursters on

these shells were larger in diameter than usual or that the Mustard fill was

solid. Reflectedsignals from the bursterappeared to lie in the ringdown

signal due to the steel wall, making the signal unusable. Sources at TEAD

indicate that these shells did not have larger diameter bursters. No

resolutionof this questionhas been arrivedat yet. Table 2.5 also shows

that pulse echo time of flight measurementson both agent and surrogate

munitionsmay also be used to classify munitionsas the same or different.

• Very poor resultswere obtained with 105-mm shells, 205-mm shells, and

MC-I bombs, all of which contain a burster. Fixtureswere availableand were

used for the 105- and 205-mm shells. In the MC-I bombs, which have a diameter

of about 16 inches,no fixturewas availableand measurementswere attempted

by simply holding the transducersin place manually. In measurementswith

these munitions, the only truly repeatablesignal we could obtain was the
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pulse echo signal reflectedfrom the burster wall. The pitch/catchsignalwas

often difficult to distinguish.

2.3 ACOUSTIC RESONANCESPECTROSCOPY

Performanceof the Acoustic ResonanceSpectroscopy(ARS) system is also

divided into performanceon 155-mmmunitions and performanceon large

containers.

The ARS system operatesby measuringthe spectrum of a known munition or

containerand using the measured spectrato develop a template. The template

of the known munition or containeris then comparedto the spectra of an

"unknownmunition" to decide if the unknown is the same or different.

Currently,templatesdeveloped by the system that was used in field trials

cannot be extrapolatedto differentgeometries. For example, the template

developed for 155-mm munitions cannot be used for 8-inch munitions. The

principalinvestigatorindicatesthat it may be possible,using mathematical

modeling, to extend the templates'usage to munitions of the same basic

geometry but differentsizes (e.g.,the 155-mmmunition spectra'stemplate

could be used to examine 122-mm or 8-inch munitions).

Performancedata for the ARS system was developedby collecting all data

first, developing templatesfor each munition type, and analyzing all the

acquireddata by a cross-correlationalgorithm. Performanceof the ARS system

on 155-mmmunitions is summarized in Table 2.6.

TABLE 2.6. Summary of ARS Performanceon All Munitions

GB (High Purity) 0 13 79% .

GB (Low Purity) 0 13 79%

Mustard 0 16 83% .

VX 0 15 82%

White Phosphorus 0 23 95%

TNT 0 15 82%
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The 95% lower confidence bound shown for the ARS systemwas developed

using simple binomial statisticsas was done for the pulse echo system. Table

2.6 shows that the ARS system did an excellentjob in categorizinglike 155-mm

munitions into the same class.

. Some additionalperformanceinformationcan be extrapolatedfrom Table

2.6. If one collapsesthe data from all liquid and solid munitions in the

table, the abilityof the ARS systemto distinguishbetween liquid and solid

munitionshas a lower confidencebound of 92%.

The performanceof the ARS system on large containersis summarized in

Table 2.7. Again the ARS systemdid an excellentjob categorizinglike

agent/contaJners.

TABLE ;_.7. 1-Ton ContainerResults

Team; ,!:lil!i:i::;:;i:i:_)p_:,;::::i::C_/,!i'i_,i!T:i:_:?i_i_6_::i!:_ii:/_i_:i:,_,i!::ii!'_]:_ii'/zi:_::(_,_i_B_i)?:_i!:/,_'ilii_;i!'cbniflideheei:::i'?Confidences:=:

LANL Mustard 0 32 93 91

GB 0 24 91 88

OSIA Mustard 0 26 90 89
i, , i

GB 0 21 89 87

2.4 NONCONTACTINGACOUSTIC\ULTRASONICSIGNATUREANALYSIS

The NoncontactingAcoustic\UltrasonicSignatureAnalysis system operates

on the principlethat the contents of a container (liquidor solid) affect the

vibrationalcharacteristicsof the container. Specifically,the vibration

characteristicsthat are of interestare the resonant frequenciesand

amplitudeswhich are affected by the liquid fill. As with the other systems,

the performanceof the noncontact-lasersystemwill be divided into large

• containers and 155-mmmunitions. The performanceof the Noncontacting

Acoustic/UltrasonicSignatureAnalysis systemon 155-mmmunitions is described

below in Table 2.8.
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TABLE2.8. Performance of Noncontacting Acoustic/Ultrasonic
Signature Analysis System

Again, the lower 95% confidehce bound is calculated by binomial

statistics. No data on the performanceof the NoncontactingAcoustic/

UltrasonicSignatureAnatysis system on large containers is available.

2.5 PORTABLE ISOTOPICNEUTRON SYSTEM (PINS)

Neutrons,by their absenceof electricalcharge, are wry penetrating

radiations. The _ow energy neutrons producedby radioisotopicsources,e.g.,

cali;'ornium-252(252Cf)or americium-241-beryllium(241Am-Be),easily penetrate

the steel casing of an artilleryprojectileor chemical storage container.

Neutrons interactwith the fill materials,producinggamma rays characteristic

of the chemical elementswithin the munitionor container. The gamma rays are

also very penetrating. Therefore,they escape the munition; and the element-

specific gamma-rayenergy and intensitysignaturecan be recorded by a

radiationdetector. Thus, the type of fill inside a munition can be deduced

by correlatingthe chemical elementsdetected by neutron activationwith

chemical elements _n chemical agents. Since the PINS system detects chemical

elements by neutron activation,the performanceof the PINS system is

independentof containertype. Table 2.9 summarizesthe performanceof the

PINS system summed over munition/containertype.
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TABLE 2.9• Performanceof PINS System

. i:_.II_:_::::,III .#:!.Cori_eCtby LoweP::i95%_i..... ............ Correct Lower 95%
:: . ::.:_il.:#: " HumanExpert Confidence _: by Confidence

• Acjent_:_ype_:.::::_:!::::Samp.les :;. Ana:l:.ysi:s Bound. • :::Computer .:Bound

GB 13 11 76 11 76

" Mustard 5 4 34 3 19
ii r

VX 9 9 72 9 72

Lewisite 2 2 22 2 22

High 6 5 42 4 27
Explosive

White 2 2 22 2 22

Phosphorus

2.6 RESULTSOF ION-TUBENEUTRON SOURCE

No performancedata in terms of intermediatevalues or ,.,ummarytables of

correctversus incorrectidentificationwere providedfor the ion-TubeNeutron

system. The principalinvestigator'sreport is includedin Appendix E.

2.7 RESULTS OF TESTING ON SURROGATES

The field trials conductedat TEAD includedtesting on surrogate

munitions• A set of thirty 155-mm munitionswas filledwith liquids that

simulatedthe chemical munitionsof VX, GB, and Mustard. Two basic sets of

s',mulantswere used. One set simulatedthe chemicalelemental ratios used in

agents and was appropriatefor testing the neutron systems. The other set

simulatedthe density and viscosityof chemical agents as closely as possible

and was intendedfor use with the acoustic systems. Table 2.10 shows the

simulantsthat were used in the field trials.

. Testing at Tooele showed that the munitionswith the chemical elemental

ratiosworked very well for the neutron systems (see Appendix D for comments

by the PINS system). Tests conductedby the acoustic systemson non-toxic
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liquids that closelymatched agent densitiesand viscositieswere not as

successful.

Table 2.11 compares the measured sound speed for actual agents verse,s the

speed of sound in the simulants. The data in Table 2.11 suggeststhat the

sound speeds are close and could be used for the pulse echo system as

simulants. However, data from the ARS system indicatesthe simulantsdo not

work well for that system. At the time of this writing, it is not clear why

t_e measured response of the simulantsdiffers significantlyfor the ARS

system.

TABLE 2.10. ChemicalSimulantsUsed in Field Trials

:_::::._:i:i!i_ii:::::iiii!i_i:_:_:ii!iii:!_iiiii!ii:i::i_!i!i!_!!iiiii_:iiiii::iiiiii!ii!i_i!!iiiiiiiiiiiii_iiii!iiiiiii!iiiilli!ii!iiiiii_i_iiiiiiii!!iiiiiii!iiiiii!!!!iiii!iiiiiiiiiiiiiiiiii!ii!ili!iiiiiiiiiiiiiiiililliiiiiiiiiiiiiiiiiiiiili!i!iiiii_i:iii!iiiiiliil_!ii!i:i_ii::.:_::::::.:_:::::n ¸ •

Mustard (HD) 2-Chlorophenol 50% Dimethyl Sulfide
50% 1,2 Dicholoroethane

GB Triethyl Phosphate 7% Perfluoro (methyl-
cyclohexane)

73% Triethylphosphite
. 20% Heptane

VX Tributyrin 33% Proplyamine
33% Dimethyl Sulfide

•33% TriethyIpho.sphite
i ,

TABLE 2.11. Comparison of the Physical Propertiesof Simulantsvs Agents

:::::::i i .:iill :iiii:iiiZiiiiiiii:!iiiiiiii!iiii!!iiliiiii!iEi)i!iiii!iiilTi)iEiiii!ili!iliE!Tiiiiiiiiiiiiiiiii:i:i:!ii!)i]iiiii:i;!:iiE!]iiii:.i::i:!:i!iiZiiiiii)!:i:i:)iTi):i:i:i:i:::Ti:iii:Tii:.:i:ii!::i.ii:.::i'i:i.. ii:::..:i:.ii':!::i:::i::_

• : :: ..... : :::::::...............' :::::: :..........................::::::::::::..................::::..... :....:........:.........:.............................'........": .................: " l" .... • S¢OS:_y......
" :: : :: :: .:: _.:::::_:::::::_ _i:::.:i_2O!i()_:!ii!::!i_!:!!!_!_ii:/i_i_::i!!:.:!_!_iii_::_::_iii_i!ii!!i!.:::ii_i::ii_!i_i:i_::T_i_i:::i::_::::!:._:_!:.::::_;_!i_i:i:ii:::::::_:_ !::/::20IC: -:_:_::::.:::"H_:::!: _:

Tri-ethyl .0500 1.063 1.48 GB .0446 "1.094 1.54
Phosphate ..... •

Tributr_,n .0530 1.030 9.6 VX .0522 1.012 12.40

2- .0560 1.241 4.411 Mustard .0556 1.27 4.479

Cholophenol
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3.0 CONCLUSIONSAND RECOMMENDATIONS

The testing conductedat Tooele Army Depot provided a large engineering

data base which may be used to evaluate the role of nondestructivetechnology

for chemical treaty verificationand aid in developingNDE technologyfor
e

treaty verification. As an example, the data from this test has been used by

the principal investigatorsto improvedecision algorithms. However, because

no blind testing could be conducted,the data from this should not be

construed as an accurate estimateof the operationalcapabilityof the NDE

systems. Blind testingof the proposed NDE system is essential for deciding

the ultimate role of NDE technologyin CW verification. Specific conclusions

from the testingare listed below.

3.1 PERFORMANCEOF NDE SYSTEMS

The general performanceof NDE systemswas good. All systemsshowed the

capabilityto distinguishamong VX, GB, and Mustard in munitions with known

fills witl_good reliability. The tests demonstratedthe strengthsand

weaknesses of each system for a variety of applications•

• PINS NeutronSystem - The PINS system showed the capabilityto
distinguishamong VX, GB, Mustard, Lewisite and high-explosivemunitions
with good reliability. The PINS system also demonstratedthe capability
to identifychemical agents in overpackedand storage/shipping
containers. The PINS system has an importantcapabilityof detecting
the actual chemical elements of the containerbeing tested. However,
the PINS system requires approximatelyone thousand seconds for
measurements.

The PINS systemwould best be used to confirmthe contents of bulk
containersand small munitions selectedat random.

• UltrasonicPulse Echo - The UPE system showed the abilityto distinguish
VX, GB, and Mustard in bulk storagecontainerswith good reliability.

• The UPE system also demonstratedthe capabilityto classify munitions
into like categoriesvery well using simple time of flight. However,
the UPE system,as configuredfor the Tooele tests, was not "user

• friendly"and created frustrationfor OSIA operatorswho used the
system• The UPE system should be packaged into a smaller instrumentand
the software should be written to automatethe data acquisitionand
analysisprocess. The UPE system would best be used to complementthe
PINS system in identificationof bulk storagecontainers and verifying
the fill level of bulk storagecontainers. The UPE system can also be
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used to classify munitionsinto categories and to simply confirm the
presence or absenceof liquid inside a container.

• Acoustic ResonanceSpectroscop_o The ARS system demonstratedthe
capability to distinguishamong VX, GB, Mustard and high-explosive
munitions and bulk storagecontainers if the system can develop
templates from actual containers• If actualmunitions or containers are
not availableto develop templates,the ARS system can classify
munitions into like categories. The ARS system could also be used to
determine liquid level if a containe_were filled to various levels and
used to provide a calibrationcurve. The ARS system is very "user
friendly"• The ARS system would best be used by complementingthe PINS
system in verifyingthe contents of munitions• The PINS system would
confirm the proper chemicalelements for a few munitions and the ARS
would show that all other munitions in that lot were the same.

The field trials conductedat Tooele Army Depot demonstratedthat both
acoustic techniquescan be used to rapidly screen large numbers of
declared items; e.g., hundreds of CW artillerymunitions. ARS can
identifyliquid-filledmunitions and can categorizemunitionsof similar
fill type. UPE measurementscan measure the speed of sound in, and can
determine fill level in, bulk storagecontainers. The complementary
nature of the acoustic systemsmakes combiningthe technologiesa
logical recommendation. This recommendationwas made at a workshop
sponsored by DNA in October 1992.

As a result of the recommendationmade during the workshop, DOE and DNA
agreed that DNA would fund developmentof a joint Pulse Echo/Acoustic
ResonanceSpectroscopysystem (an acronym PEAR).

• Noncontact Laser Acoustic Resonance - The Noncontact Laser Acoustic
System showed good abilityto distinguishamong VX, GB, Mustard, and
high-explosivemunitions. Like the ARS system,the Noncontacting
Acoustic\UltrasonicSignatureAnalysis system requires a set of
munitions of known contentsto develop a statisticalbase which can then
be used to sort unknownmunitions.

3.2 SURROGATETESTING

The field trials conductedat Tooele Army Depot included surrogate

munitionswith simulantsfor VX, GB, and Mustard• The simulantswere divided
p

into two groups• One group simulatedthe chemical elemental compositionof

the three agents and the other group simulatedthe physical properties of the

agents.

Surrogatemunitions that simulatedthe chemical elementalcomposition

provided very good tests for the neutron systems. The munitions that

simulatedthe physical propertiesprovided reasonablesimulation for Mustard
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and VX, however, the simulant for GB was not as good. The work with simulants

proves that simulantscan be developedfor testing that would allow blind

testing to be conductedwith the NDE systems. Blind testing would be an

excellentmethod to test true "unknown"munitions and is recommendedfor

developingan acceptancetest for the NDE systems.

o.
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APPENDIX A

REPORTOF ULTRASONICPULSEECHOSYSTEM

Tooele NDEField Trials
' Report of Ultrasonic Pulse Echo System

Dr. Chet Shepard, Aaron Diaz, and Eric Andersen
• Pacific Northwest Laboratory

EQUIPMENTDESCRIPTION

The ultrasonicpulse echo system describedin this sectionmay be used
to determine the speed of sound of an agent and classify munitions in like
categories. The basic principleof operationis similarto sonar. A pulse of
ultrasonicenergy is propagatedinto the containerthrough the wall by means
of a transducer coupledto the wall. This pulse of energy travels through the
wall and into the contents of the container. When the pulse reachesan
obstructionwithin the container,it is reflectedback to, and through, the
wall to be detected by the transducer. The interval between the time the
pulse enters the containerand the time of the return of the echo is measured.
If the container is empty, no echo will be observed since ultrasounddoes not
propagate in air to any great extent. If the container is filled with a rigid
solid, the intervalwill be very short. A liquid fill produces a long
interval. Using two transducersand a triangulationalgorithm,the speed of
sound can be measured independentof munition geometry.

There is other informationavailablethat is useful for detectingthe
case where the contents are granular or in powder form. Here, an echo will
not be present, but the multiple echoes from the internal boundary of the
containerwall will be sufficientlydifferentfrom those obtainedwhen air,
liquid,or solid are presentas to permit a differentiation• When liquid
level is sought,the operator simply moves the transducerupwards until the
echo from the internalobstructiondisappears.

If the container is a munition,the obstructionmay be the burster or
the opposite wall. If it is a bulk storagecontainer,the obstructionis the
oppositewall of the container. Thus, the same system can be used (with
differenttransducers)for both situations. The ultrasonic pulse echo system
may be used on any munition configurationwhere direct access to outside
surface of the munition is possible.

" The equipmentconsists of an assemblageof commercialproducts. The
USD-IO is a rugged, self contained,digital ultrasonic flaw detector that can
be powered from an AC outlet or batterypack. In a single module the unit
contains a pulser, a receiver,and a display. The detector also has a built-
in microprocessorcontroller. Figure A.I provides a picture of the system.
The notebook computer shown in the picture is used for data storageand
transfer.
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As configured for the testing at Tooele, the ultrasonic pulse echo
system measured the followingliquid properties:

• Speed of sound for the fill
• Attenuationof the liquid fill
• Liquid fill level

The informationprovidedby the ultrasonicpulse echo system included:

• Agent fill type
• Fill level of the liquid in munitions or bulk storage containers
• Physical state of the agent (e.g.,liquid or solid)

RESULTSOF TESTING

Tests conductedat Tooele revealed some strengthsand weaknesses of the
present system. For inspectionof tanks this technologyperformed very well
and provided quantitativephysical informationunavailablefrom any other
technologytested during this exercise. Both munition fill level and the
speed of sound in the fluid were obtainedwith high accuracy and with relative
ease. A single pulse/echomeasurementwas needed to obtain the fluid sonic
speed of sound. Movement of the acoustictransduceralong the wall of the
shell until the echo signal disappearedestablishedthe fluid fill level.
Accomplishmentof all necessarymeasurementsrequired about one minute.
Excellentdata were obtainedby both the OSIA team and the PNL team with one-
ton mustard and GB containers and with VX spray tanks. These data will be
reviewedbelow.

Results obtained with bursteredmunitionswere not as favorable. To
determinefluid sonic speed of sound in these munitions,two transducerswere
necessary. A pitch/catchtime of flight measurementwas needed besidesthe
pulse/echomeasurement. A differentfixture for attachingthe transducersto
the munitionswas required for each type of munition. Great care must be
exercised in examinationof the acoustic signals to obtain meaningful results.
Poor acoustic speed of sound resultswere obtained for 105 mm, eight inch, and
MC-I bombs. Good resultswere obtained with 155 mm shells, with which we have
had much more experienceand an improved fixturedesign, lt is clear that
with the proper fixtures,good sonic speed of sound data are possible using
the UT system. However, there is no method for avoiding the use of a fixture
and it is possible that a differentfixturewill be required for each munition
of different diameter. Finally,considerableknowledgeand appreciationof
ultrasonicphenomenawill be requiredof the operator of the instrument.
Besidesmeasurementof ultrasonic speed of sound in the fluids, measurements
of acoustic attenuationwith bursteredmunitionswere made. These measure-

ments, which depend in part on the fluid viscosity,were made to provide a
second signaturewhich could be used for discriminationamong different
agents. However, the data collectedat this test have sufficientscatter in
the measured attenuationto make this discriminationtechnique unusable. The
measured attenuationwill also depend stronglyon munition geometry, and thus
cannot serve as a fluid propertymeasurement independentof the container
holdingthe fluid.
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Fluid fill level was measured for each munition type using the
pulse/echomeasurements,which providedconsistent and reliable timing
informationfor each shell type. Always the shells examinedwere nearly full
and no appreciablevariation in fill level was observed.

Sonic speed of sound within the fluid can be measured for burstered
munitions if carefulmeasurementsare made using properlydesigned transducer

' fixtures and advancedmeasurementdevices. The cost for obtaining this
informationlay primarily in the requirementfor highly skilled and knowledge-
able operators. The complexityof the necessarymeasurementsand the time

• required for the measurementis greater than that for a simple pulse/echotime
of flight measurement,and it seems that this conditionis inescapable. Data
obtainedwith bursteredmunitionsis describedbelow.

.RESULTSWITH ONE-TON CONTAINI[RSAND SPRAY TANKS

Measurementswith these containerswere performedusing only the USD-IO
ultrasonicflaw detector and a single transduceroperated in the pulse echo
mode. All these tanks were in the horizontalposition. Since there are no
obstructionsalong the axis of these containers an ultrasonicpulse introduced
anywherealong the perimeterof a containerwill travel to the opposite wall
and return to the transducerupon reflection. Upon transmissioninto the
fluid, the ultrasonic pulse dispersesinto a broad beam, but the portion of
the pulse which strikes the wall exactly opposite the transducerwill be
returnedto the transducer. Measurementof the ultrasonicspeed of sound in
the fluid becomes very simple. The diameterof the containercan be measured
with a tape measure and the tank wall thicknesscan be measured ultrasonical-
ly, so that the sound path in the fluid is determined. The ultrasonic time of
flight to the opposite wall and back is measured with the USD-IO. Sonic speed
of sound in the fluid is then simply the sound path of ultrasound in the fluid
divided by the flight time. Fill level was determinedby moving the transduc-
er upward along the perimeterof a tank and observingthe return echo on the
USD-IO display screen. This return echo disappearswhen the transducer is
positionedabove the fluid level (ultrasoundwill not propagatethrough air or
any other gas). The location of the transducerwhere the return echo disap-
pears shows the fluid level in the tank.

The method described above works when the fill level is greater than
half full, which was the case for all examined containersexcept one. If the
fill level is less than one half, a return echo from the opposite wall cannot
be obtained. In such cases the best approach is to position the transducer on
the bottom of the container (if possible)and look for a return echo from the
fluid surface. Fluid level can still be determinedby moving the transducer
along the perimeterof the containerand observingchanges in the ringdown

" signal or a reductionof noise irlthe return signal.

A compilationof representativedata obtained for one-tonmustard tanks,
one-tonGB tanks, and VX-filledspray tanks is shown in Tables A.I, A.2, and
A.3, respectively. Table A.4 summarizesthe results. Mustard, GB, and VX are
clearlydifferentiatedbased on the differencesin acousticvelocities. The
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TABLE A.I. UltrasonicVelocitiesin One Ton Mustard Tanks @ 30oC

.......................... ' _:_, , , .

Round Trip Total Ultrasonic
Time of Flight Velocity Fill Level (*)

Tank ID...... (microseconds_ (inches/microsecI inches
t

*** PhL TEAM ***
,, ,==,, , .

D33810 1061 0.0546 9

D36881 1054 0.0550 8.5

D50002 1069 0.0542 6.5
, , ,,., , .

D44664 1061 0.0546 8
,,, ,,,i | .,

D77488 1061 0.0546 7

D45183 1084 0.0534 > 10

D52183 1061 0.0546 7

D43039 1069 0.0542 5.5

D52225 1054 0.0550 9

D46730 1061 0,0546 8.5

D42104 .... , -.... Empty

*** OSIA TEAM ***
i

5 1079 0.0534 6

15 1055 0.0547 7
i ,., ,

11 1068 0.0540 6

14 1050 0.0549 6
.,

13 1080 0.0534 5

10 1074 0.0537 6

8 1056 0.0546 6

12 1086 0.0531 6
,,

16 1062 0.0543 6
,

15 1056 0.0546 6

Wall Thickness = 0.5 inches (4.3 _sec)
Diameter = 30.5 inches (29.5 inches liquid diameter)
(*} Distance is from top of tank to the fluid surface
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TABLEA.2. Ultrasonic Velocities in One-Ton GBTanks @ 23oC

RoundTrip Total Ultrasonic
Time of Flight Velocity Fill Level (*)

Tank ID (mtcreseconds) A ltnches/mtcrosec) ,ltnches)
t

*** PNL TEAM ***
ii i

D75425 1350 0.0438 5
., .. i , i i i i i i

D22442 1310 0.0452 4.5
i i ii,i i, ,

D01635 1350 0.0438 5.5

D84169 1321 0.0448 5.5
i

D51323 1336 0.0443 5.5
i , i i

D43164 1328 0.0446 5.5
,.

D83602 1336 0.0443 < 5.5

D52606 1299 0.0456 7
, i iii ,. i

D81956 1317 0.0449 6
i i ,

D84389 1328 0.0446 5.5

*** OSlA TEAM ***

D86033 1340 0.0439 3

D30818 1330 0.0443 3

D01635 1350 0.0436 5

D22442 1340 0.0439 5
, ,,

D75709 1320 0.0446 5

D77628 1310 0.0449 6

D25104 1330 0.0443 4

D28555 1320 0.0446 4

D21524 1330 0.0443 5

D77228 1320 0.0446 5

" Wall Thickness= 0.53 inches (4.6_sec)
Diameter = 30.5 inches (29.97liquid diameter)
(*) Distance is from top of tank to fluid surface
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TABLEA.3. UltrasonicVelocitiesin VX-FilledSprayTanks@ 23°C

iii i ,i 11 ,,,,., ,iiii,..lii.lli i ii, i i , ,,,, i

RoundTripTotal Ultrasonic
Time of Flight Velocity Fill Level(*)

Tank ID {mlcroseconds). (inches/m!crosec) {inches)

*** PNL TEAM ***

I 864 0.0518 4.5

2 864 0.0518 4.5
i ii ill

3 859 0.0521 4
i|,l i

4 859 0.0521 4.5

*** OSIATEAM ***

I 936 0.0474 ---

2 852 0.0521 ---
i

3 851 0.0522 ---ii
4 865 0.0514 ---

ii i,j

Wall Thickness = 0.1 inches
Diameter = 22.5 inches
(*) Distanceis from topof tankto fluidsurface

TABLEA.4. AverageVelocitiesfromMeasurementswith One-TonMustard
Tanks,One-TonGB Tanks,and VX-FilledSprayTanks

...... I I i ;l StandardI I l 3 X Standard

Agent i ;iVeIpcity; i Deviation I Deviation
(T_m_p;°C) (in/micrOsec)I (in/microsec); I (in/microsec)

*** PNL TEAM ***

H {30°C) 0.0544 0.0005 0.0015123samples)

GB {23 oC) 0.0446 0.0006 0.0018116samples) .

VX {23 °C) 0.0519 0.0002 0.001514 samples)

*** OSIA TEAM ***

H 130 °C) i 0.0540 I 0.0006 0.0018(10 samples>
I I

GB (23 °C) I 0.0443 I 0.0004 0.0012 (10 samples)
VX (23 °C) I 0.0508 I. 0;002 0.007(4 samples)
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PNL team showed differentiationout to three standarddeviations,while the
OSIA team can distinguishthe three agents at the one standard deviation
level. These results are particularlyimpressivesince the velocitiesof
mustard and VX differ by only 5%. In addition,the average velocities
measured by both teams agreed within 2% in all three cases. The measured
values also agreed within 2% in all three cases with measurementsreported by
Dr. Norman of the U.K. (unpublishedresults).

RESULTSOBTAINED WITH FLUID FILLED BURSTEREDMUNITIONS

The results for the determinationof sonic velocities in fluids contained
within bursteredmunitionswere generallyunfavorableexcept for 155-mm
rounds. The goal here was to determinefluid speed of sound without knowledge
of the internalconfigurationof the shell. In particular,no prior knowledge
of the burster diameterwas assumed. Two separate ultrasonictime of flight
measurementsare made. The first is the usual pulse/echomeasurementwith a
single transducerwhile the second is a pitch/catchmeasurementusing two
transducers. Ultrasonicspeed of sound in the fluid can be determined from
these time-of-flightmeasurementsthrough a triangulationcalculation. Good
results for sonic velocitieswere obtained for GB- and VX-filled 155-mm
shells. The data for the GB and VX rounds are presented in Tables A.5 and A.6
and the results are summarized in Table A.8. A t-test using the speed of
sound measurementsin Table A.8 shows the pulse echo system can distinguish
between VX and GB at the 5% level of significance(5% of the time GB and VX
will be measured the same when they are different).

No data were obtained for mustard-filledshells. Good resultswere also
obtainedwith surrogateshells, lt is not known exactlywhy no data were
obtainablewith mustard 155 mm rounds. The acoustic signalssuggest the
bursterson these shellswere larger in diameter than usual or the mustard
fill was solid. Reflected signalsfrom the burster appearedto lie in the
ringdown signal due to the steel wall, making the signal unusable. We have
been advisedthat these shells did not have larger diameter bursters, however.

Data were also collectedon 155 mm shells containinghigh explosives (HE)
and white phosphorous(WP). The most consistent resultswere obtained with
the HE rounds. These shells containedno bursterweil. Pulse echo signals
showed transmissionof ultrasoundthrough the entire munition, and therefore
allowed calculationof the acoustic speed of souna throughthe high explosive.
The resultswere quite consistentfor the four munitionstested. We did not
expect to obtain speed of sound informationon this round, since shrinkageof
the HE fill from the munition walls should make transmissionof ultrasound
impossible. Apparently sometimesthe HE does not separatefrom the munition
to create an air gap. In these cases the ultrasonic speed of sound can be

" accuratelymeasured. The data from the four rounds which were tested are
shown in Table A.7. The calculatedspeed of sound for high-explosivemuni-
tions was 0.064 in./microsec. This measurementdoes not correspondto the
known speed of sound of Comp B (0.122 in./microsec). The experimentalresults
suggest that the munition was a smoke round with a liquid in the round. We
are attemptingto trace the reason for the inconsistentdata.
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TABLE A.5. UltrasonicVelocitiesand Attenuationin 155-mm GB-FilledShells

! ! i i_
iii!Attenuatiion
i IdB_m)i

*** PNL TEAM ***

8 63.4 0.050 67

9 63.8 0.043 52,, ,,,

lC 63.8 0.046 62,,

13 62.5 0.047 70
,i - , -

12 62.5 0.045 65
i ,,,

11 63.4 0.045 69
B _" ,,,,,

I 62.9 0.046 63
,

2 62.9 0.052 57
i i

L 62.9 0.050 60
,,

*** OSIA TEAM ***
i i,

I 63.5 0.052 60
i

2 62.8 0.044 64

3 63.2 0.047 43
i

4 63.0 0.046 61

5 62.8 0.047 43

6 64.0 0.046 48

7 62.6 0.043 61
i|l ,,

8 63.4 0.049 65

9 64.0 0,046 53

10 63.6 0.046 57
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TABLE A.6. UltrasonicVelocitiesand Attenuationin 155-mmVX-FilledShells

i _i!_e!!_ Eiiiiiz_hi_ii!ili)iiii_i _!'_iiliiiiilVb!ociit'y;ii:!_:_'_ AttenUation/
: S,eiiii

*** PNL TEAM ***
, i i, i

2 54.2 0.053 95
p

14 55.1 0.050 52
i

15 54.0 0.053 69
ii

• 10 55.6 0.050 77
.11 i i ,. i. i .

6 55.4 0.049 56
ml. i

9 53.7 0.045 91
i.i , i i

3 55.1 0.055 61
.i =,1

13 54.6 0.053 50
i.i. i i

12 55.1 0.052 60
i . i

*** OSIA TEAM ***
. , ,,

6 54.0 0.054 108
• ,I .

7 54.6 0.053 57
ii 1

2 53.9 0.053 76
i ,i. i

1 54.4 O.050 74
,= ,

3 54.6 0.053 56
, i

14 54.6 0.053 48
, =1 .i i i

15 54.2 0.052 54
,,, ,,

13 54.2 0.053 52
i ii m ,

11 53.9 0.054 70
,, ,,
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TABLE A.7. Average Velocitiesfrom Measurementswith
155-mm Shells Filled with High Explosive

i i

Pul se-Echo ::_i. Ultrasonic
Time of Flight ::: " Veluciity

Shell ID (microsec) . (in/microsec)

I 160.2 0.065

I 161.3 0.064

2 161.3 0.064

3 160.2 0.065

i

TABLE A.8. Average Velocitiesand Attenuationsfrom Measurements
with 155-mmShells Filled with GB, VX, and HE

I: : : ::::::::::::::::::::::::::::::::::.:i:::(ii-:::::::::::_:i:li!::DeV;i_:_i_on_i::::iliiE.chO•T_.ime_:::l::Deviation Standard
I::: :(mi:eros:- Atten Deviation

•** PNL TEAM ***

GB O.047 O.003 63.12 O.49 63 6

VX 0.051 0.003 (9 54.75 0.66 67 17
Samples)

HE 0.064 0.001 (4 160.75 0.63
Samples)

•** OSIA TEAM ***

GB 0.048 0.004 56 8

VX 0.053 0.001 (10 61 11
Samples)

The data obtained from WP-filled shellswere not easily interpretable.
These shellswere equipped with a bursterweil. White phosphorus is expected
to be in solid form at temperaturesbelow about 100 F. Pulse/echomeasure-
ments were obtained on four of these shells,but the resultswere inconsis-
tent. The return signalswere quite noisy. The pulse/echotime of flight,
which proved to be the most reliablemeasurementfor all other munitions,
varied widely for the three shells examined. These munitionswere manufac-
tured from 1954 to 1969, and the ultrasonicflight times ranged from 143

, microseconds(1954 shell) to 113 microseconds(1969 shell). These times
suggest rather slow ultrasonicvelocities,about 0.02 in./microsec. However,
the scatter and noise in our data make this conclusionunreliable. Experience
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with this munition type suggests that the pulse/echomethod should only be
used to tell liquid from solid.

In the cases of WP and HE rounds,fill level could be determinedusing
the pulse echo measurements,just as for all other munitions. For the rounds
examined the shellswere nominallyfull.

• Very poor resultswere obtainedwith 105-mm shells, 205-mm shells, and
MC-I bombs, all of which contain a burster. Fixtureswere availableand were
used for the 105- and 205-mm shells. In the case of the MC-I bombs, which

• have a diameter of about 16 inches,no fixturewas availableand measurements
were attempted by simply holding the transducersin place manually. In
measurementswith these munitions,the only truly repeatablesignal that we
were able to obtainwas the pulse echo signal reflected from the bursterwall.
The pitch/catchsignal was difficultto distinguishin most .cases. The
fixtures designed for use in these tests did not function as well as the one
used with the 155-mm munitions. These fixtureswere constructedlate in this

program and were untested in the laboratorydue to a lack of representative
surrogateshells. Even when clean pitch/catchsignalswere available,
analysisof the data gave velocitieswhich were lower than accepted values by
a factor of two. The deficienciesin these measurementscan most likely be
correctedby constructionof more useful fixtures,using a design similar to
that used for the 155-mm rounds. However,a separate fixturewill very likely
be required for each shell type.

RESULTSOF TESTS WITH SURROGATES

Fifteen surrogaterounds were tested to see if they would serve as useful
alternativesto VX, GB, and mustard. There were five 155-mm shells each of
tri-ethylphosphate (GB simulant), tributyrin(VX simulant),and 2-chlorophe-
nol (mustard simulant). Resultsof measurementsfor the ultrasonicvelocities
and attenuationsare shown in Table A.9. The ultrasonicvelocities as
measured with the fixture have insufficientspread to discriminateamong them
based upon speed of sound. However,the pulse echo times of flight in the
liquids show that a simple time-of-flightmeasurementcan classify all three
liquids as the same or different.

CONCLUSIONS

The most consistent,reliable,and easily obtainable signal which is
- provided by the ultrasonicsystem tested at Tooele is the simple pulse/echo

time-of-flightsignal. This system works extremelyefficientlywith the large
containersor any containernot having a burster. Very reliable and accurate

• speed of sound informationis obtainedwith a single, simple measurement.
Also, fill level can be obtained very easily. No system tested at Tooele
provides as much quantitativeand definite informationfor these large
containers. The resultsobtained with the one-tonmustard and GB tanks and
with the VX-filledspray tanks conclusivelyshow our ability to differentiate
these agents based on the speed of sound of ultrasoundthrough these fluids.
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TABLE A.9. Average Velocitiesand Attenuationsfrom Measurements
with 155 mm Shells Filled with SurrogateLiquids

i . Ii  pu]se _ r

i _!_S_andardili:_Echo _ Standard:Standard
i DeviiationIITime_ Deviation Atten Deviation

_ SurroQate i:i_(iin/_sec)__.i_:,;_(iln/_sec)_:_(_sec)T (/_sec)_ (dB/m) (dB/m)

*** PNL TEAM ***
i

Tri-ethyl 0.051 0.002 52.49 0.52 49 12 •
Phosphate ....

Tributyrin 0.051 0.003 48.73 0.5g 70 11

2-Chloro- O.053 O.002 46.33 O.52 63 8

phenol f 'i_ '

OSIA personnelcan make these measurementswith comparable accuracywith only
minimal training.

Use of this ultrasonicsystem for examinationof bursteredmunitions can
be accomplishedreliably but at the cost of greater complexityof the measure-
ment, and significantlymore operator expertise and familiaritywith ultrason-
ic phenomenaare necessary. A fixture for placementof the transducerson the
munition is necessary, lt is likely that severalfixtures will be required to
cover the entire range of sizes of these munitions. We obtained good data
with the IS5-mm diameter GB- and VX-filled shells,but poor data with 155-mm
mustard rounds and all munitions of other diameters. Our experiencewith the
ISS-mm shells shows that speed of sound measurementswith bursteredmunitions
are possible using properlydesigned fixtures and appropriatetime-of-flight
measurementinstrumentation. While computer automationof the data collection
processwill eventuallydecrease the requiredmeasurementtimes, it does not
appear that these measurementswill ever be of comparable simplicityas the
pulse/echomeasurements. Measurementsof this kind should probably be
performedby highly skilledpersonnel. Measurementof acoustic attenuation
for these munitions does not appear attractive. On individualrounds the
measured attenuationdepends on acoustic coupling and we observed too large a
range in values to provide a useful material signature. In addition,shell
geometry greatly influencesthese measurementsso that results with the same
agent cannot be compared among different shell sizes. Speed of sound measure-
ments, on the other hand, provide a fluid propertywhich is independentof
shelI geometry.

lt is recommendedthat the pulse/echomeasurementmethod be used for
examinationof large containers. This techniquecan be employed almost
immediately. Measurementof ultrasonic speed of sound in agents contained in
bursteredshells should be developedfurtherwith the goals of automation of
the measurementprocess and simplicityand flexibilityin fixturedesign, lt
is probablynot wise to develop this pulse/echo and pitch/catchmethod for use
by general OSIA personnel,but for use by a specializedteam. Measurementof
acoustic attenuationas an agent identifiershould probably be reconsidered

A.12



and discarded unless compellingreason is found for its continuedinvestiga-
tion.
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SUPPLEMENT I.0
ULTRASONIC PULSE ECHO ALGORITHM FOR AGENT SELECTION

The algorithmthat is used by the ultrasonicpulse echo system to decide
agent type using speed of sound data is quite simple. The process is outlined
below in a step fashion.

• Measure the Temperature
• Measure the Time of Flight in the Container and the ContainerWall
• Measure the Diameter of the Container

• Determinethe Speed of Sound in the Container

- The Speed of Sound in a containerwithout a burster is given by:

C = (2,D)/T

where C = Speed of Sound
D = Diameter of Container
T = Time of Flight of Inside Diameter

- The Speed of Sound in a containerwith a Burster is given by"

I'i...o i[{''I II]IIc,- _,__ _,_ L_ -_ cos-5

where C = Speed of Sound of Liquid in Container
D - Diameter of Munition

WT = Wall Thicknessof Munition
TI = Pulse echo time of Flight
T2 = Pitch Catch time of Flight
L = Distance betweenTransducers

• Correct the Measured Speed of Sound to a Standard Speed of sound @ 20
degree C for all three agents using the followingcorrection:

Cc_ = Ct.- (Ag_* (Temp - 20))

where Cct - TemperatureCorrectedSpeed of Sound

Agt - Agent TemperatureCoefficient
-0.000121in//_sec/°Cfor Mustard
-0.000134in//_sec/°Cfor GB
-0.O0010g in//_sec/°Cfor VX

Temp = Temperatureof Munitio,l
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• Compare the "CorrectedSpeed of sound" to the followingTable.

..... ,

i:i_i:.i:Upper Ve]oci:tylLimi:t" iLower Velocity Limit
i II:::IAGENTi:/::iii::iiZ::::ii:i:ii_.iiii:_i::.;i, _iln/_sec in//_sec

Mustard 0.0570 0.0530,,

• VX 0.0528 0.0480

GB O.0460 O.0430
,,,
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APPENDIX B

ACOUSTICRESONANCESPECTROSCOPYSYSTEM

DRAFT REPORT

Resultsof tests carried out at the Tooele Army Depot
during August 19-26, 1992

w

by

Dipen N. Sinha
Kendall Springer

Los Alamos National Laboratory
Los Alamos,New Mexico 87545

EOUIPMENTDESCRIPTION

The Acoustic ResonanceSpectroscopy(ARS) system consists of three
primarycomponents: (1) DSA200 Digital Synthesizerand Analyzer unit, (2)
Notebook computer,and (3) Transducer fixture. The heart of the ARS system is
the DSA200 unit which is a rectangularbox approximatelythe size of a regular
Notebook computer and contains a circuitboard and rechargeablebatteries.
The weight of the DSA200 unit is approximately6 Ibs. includingbattery. The
battery lifetime for continuousoperationvaries between 6 and 8 hours
dependingon the operatingconditionsand the unit can be fully charged in
less than 4 hours• The batterylife can be considerablyimprovedby using
rechargeablezinc oxide batterieswhen they become available in a few months.

We have used two separateARS systems for the tests at Tooele Army Depot
conductedduring August 19 throughAugust 26, 1992. One systemwas indepen-
dently operated by two OSIA inspectorsand the other system was used by the
Los Alamos National Laboratory (LANL)team. lhe Notebook computer used by the
OSIA team was a Zenith Z-NOTE 325L while the LANL system used a Gateway 2000
486DX Notebookcomputer. Both of these systems could be operated using
internal long life Nickel metal hydride rechargeablebatteries. We were able
to carry out the entire day's assignmentswith a fully charged system. At the
end of the day, both the DSA200 unit and the Notebookcomputerswere recharged

• from 110 VAC outlets.

The transducerfixtureconsistedof an aluminum holder, two I/2 inch
• diameter piezoelectrictransducers,and one voltage amplifier. The transduc-

ers were held with metal rings inside a Teflon ribbonwith two holes. The
transducerswere approximatelyI inch apart. The Teflon ribbonwas attached
to the aluminumholder and provided flexibilityfor transduceralignmenton
munition surface. Disc shaped Neodymium-Boron-lronmagnetswere Firmly
attached on the front face of the piezoelectrictransducersand provided easy
coupling between transducersand the item being tested. The transducer
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fixturewas connectedto the DSA200 unit with a 30 feet long electricalcable.
The maximum length of the cable can be as much as 100 feet. One of the
transducerswas used as a transmitterto excite vibrationson the item being
tested while the second transducerdetected the minute resonant vibrations
that resulted. Typical drive signal for the transmitterwas only 0.5 V and
the detected resonantvibration signal was less than 200 mV and corresponded
to vibrationamplitudesof the order of 100 angstroms. The excitationpower
was less than I mW and was distributedover the entire munition being tested
and never localizedat a given spot. The total weight of the entire ARS
system is approximately12 Ibs includingbatteries. The equipment is portable
and, althoughnot specificallydesigned for field use, reasonably rugged. In
fact, the OSIA system survived a severalfoot drop to the ground and func-
tioned normally after that.

We also provided a miniaturevideo (Private Eye) display that can be
worn on the head over a mask. This was specificallydesigned for situations
where bright sunlight affectedthe readabilityof the computer. During our
tests at Tooele,we never encountereda situationwhere we actuallyneeded to
use this miniature video display unit. For a portable system that is
specificallydesigned for one-man operationof the ARS system, this miniature
display could prove to be very useful.

The DSA200 system contains all the necessaryelectronicsand computer
hardware for carrying out the frequencysweep measurements. The Notebook
computer provides the supervisorycontrol functionsand analysisof data
includingdata storage and graphics display. Typical sweep time used for most
of the tests was 25 seconds. When the data analysis algorithms are optimized,
this sweep (measurement)time can be reduced to 15 seconds dependingon the
munition type needed to be tested.

MUNITIONS TESTED

The following is a list of munitionstested by both the LANL and the
OSIA team during the period betweenAugust 19 and August 26, 1992. The
parentheticalnotationsof "property"and "nuclear" in items 16 through 21
refer to surrogateliquids matched for physical property and elemental
characteristicsfor nuclear experiments,respectively.

Index Hunition Type Numbers Tested
LANL OSIA

I 105-mm GB 17 34 .
2 l-Ton GB 24 25
3 155-mm GB (Low Purity) 14 8
4 155-mm GB (High Purity) 13 15
5 MC-I Bomb GB 25 43
6 l-Ton Mustard 32 26
7 155-mm Mustard 17 22
8 155-mm HE M483AI (ICM) 20 14
g MI07 HE 29 16
10 155-mm VX 15 29
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11 155-mmWP 31 30

12 8-inch VX 16 8
13 M106 TNT 17 6
14 Spray Tank VX+Empty 24 26
15 155-m Empty 8
16 155-mmSurrogate GB(Property) 15

• 17 155-mm SurrogateH (Property) 17
18 155-mm SurrogateVX(Property) 17
19 155-mm SurrogateGB(Nuclear) 15

. 20 155-mm SurrogateH (Nuclear) 15
21 155-mm SurrogateVX(Nuclear) 15
22 155-mm SurrogateSand 8
23 l-Ton Surrogate 22

Tota7'#umber of measurements: 426 302

The numbers on the two right hand columns indicatethe number of measure-
ments made. In some cases,multiple measurementswere made on the same item,
in particular,on the surrogateitems. In most cases, however, the number of
measurementscorresponddirectly to the number of munitions tested.

ALGORITHM

The results (usingall data sets) for eight classes of 155-mmmunitions
are presented in Appendix I. We are unable to provide statisticallymeaning-
ful confidence levels to our measurementsat this stage. We would like to
point out that Appendix I contains all data sets and not specially selected
ones. This analysisdoes not includefill-levelvariation correctionand
correction for weight when pallets are piled on top of each other (in some
cases 3 levels of pallets on top). These correctionswill further improveour
analysis but will take time to implement. Even without the necessarycorrec-
tions and refinements,the results presentedin Appendix A are quite encourag-
ing. Please see the sectionon PreliminaryData Analysis for more details.

In the ARS technique,one obtains an acoustic signatureof a CW item
using the frequency sweep measurementand compares the essential features of
that signaturewith those from known template signaturesof various classes of
munitionsto determinewhich template signaturethe unknown signaturebest
correlateswith. This is the mode that the instrumentwas used in Tooele.

• Our goal was to determine if one could classify CW munitions by their acoustic
signatures. We accomplishedthis goal by first developing template signatures
for various classes of munitions and using those templates as the reference

• signature,compared the rest of the data sets from all classes. We then
tabulated the results in terms of correctmatching (correlation)of data sets
from a given class with the template of that class. Alternatively,one could
also pool all the data from different classesof munitions and sort them out
accordingto type based on their unique acoustic signatureproperties.In the
following,we describe the method behind the algorithmwe used.
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The essentialfeaturesof an acoustic signatureconsists of three parame-
ters: (i) the resonance frequenciesover a certain range, (ii) the peak
amplitudescorrespondingto the resonancefrequencies,and (iii) the sharpness
Q (Q is the ratio of the center frequencyto the width of the resonancecurve)
of the resonancecurves. We found that for the case of artilleryshells such
as 155-mm, 105-mm,MI07 rounds etc., we could successfullyclassify the
munition category (in this case, same shell type but containing different
agent types) by using the resonancefrequency informationonly. For robust-
ness, however, one could use all three parameters listed above. For the case
of l-ton containers,we used a slightlydifferent and simpler approach. We
found that the resonanceQs and the number of peaks are very different for
Mustard and GB filled containers. Simply counting the peaks that exceed a
certain threshold amplitudevalue adequatelyclusteredthe two sets of data.
We discuss the algorithmused for the classificationof artilleryshells in
greater detail below.

Basic Concept of the Algorithm: Find best match (correlation)of a set of
resonant frequenciesof unknownmunitionswith those of known munitions
(referencetempIares).

Working Premises:

A given munition item (e.g.,artilleryshell) possessesa set of well-
defined and reproducibleresonant frequencies(acousticspectrum).

A subset of these resonant frequenciescan be excited and detected
depending on the manner in which the excitation is impressedupon the
munition item (e.g., number of transducers,spacing between transducers,
transducerplacement,type of transduceretc.)

Munition items of the same kind (shell type) and fill type have nominally
identicalsets of resonant frequenciesbut can have small variationson a
finer scale that depend on the conditionof the munition.

Making a Template:

This is required to generate a referencesignatureof a certain category
of munition. Data from an unknownmunition is then compared (correlated)
against a whole set of such templatesand the best match is picked. The
following steps describe the procedureused in generating a CW munition signa-
ture template.

I. Acquire ARS data sets on N identical (size, shell type, fill type etc.,)
munition items.

2. Identifyresonant peaks (frequencies)above a thresholdamplitude (noise)
value for each data set and compile those into a single template file: (#
of datasets with resonanceat frequencyf) vs. f in the form of a bar-
code.

3. Replaceeach cluster of closely spaced peaks with a single centrally
weighted peak: choose frequencywindow width to allow for expected
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frequencyvariation (e.g.,due to tolerancevariation,different fill
level, differenttemperature,different loadingetc.,) in individualpeak
frequenciesamong the data-sets (munitionitems).

4. Slide window along frequencyaxis. When the number-of-peakcount within
the window at any given positionexceeds a thresholdcount (a certain
percentageof N), that count value is assigned to the centroid (centerof

• mass) frequency (calculatedwith respect to count distributionwithin the
window).

• Note: Template is not corruptedby inclusionof an accidental bad data-
set because a minimum (threshold)number of data-setsmust have a peak
within the frequencywindow. Consequently,random isolatedpeaks have no
effect on Templategeneration.

The window width is selectedon the basis of a trade-offbetween normal
frequencyvariationaccommodationand sensitivityof discrimination

Munition IdentificationUsing Cross-Correlation:

Determinepeak positions (abovea noise threshold)in the acoustic
spectrumof an unknownmunition item.

Cross-correlatethe above peak positions (unknowndata-set)with template
data derived from multiple munitions (referencedata).

The above mathematicalcross-correlationprocess provides the following
information:

Total number of peaks that are common (withina predefinedfrequency
spread-frequencywindow) to both Template and unknown.

To determinewhich class the unknownitem falls into, the unknown data
set is cross-correlatedwith all the known Templates. The Template that
provides the highestnumber determinesthe class for the unknown item. For a
completelyunknown munition (i.e.,no referenceTemplate availablefor that
class), the highest cross-correlationnumber gives an idea of the best
possiblematch even if it is not the correctone. Similarly,the second
highestnumber provides a measure of the second best guess and so on.

TEST RESULTS

In the followingwe show examplesof typical acoustic spectra (raw data)
for various types of munitions that we tested. We have not includedevery

o type of munition we tested but only the ones we thoughtwould be of interest.
We would like to remind the reader not to take this raw informationand start
comparingevery wiggle in the graphs. A proper analysisof this raw data
involves looking at various parametersof the spectra and not simply compare
wiggles. Importantparametersare the sharpness (Q) of the spectral lines,
subtle frequencyshifts in the right places (frequencies)where the liquid-
shell coupling is the greatest,amplitudetrend at higher frequencies,
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characteristicsof the fundamentalmodes, high frequencycontent which may
appear as noisy signal to the untrainedeye, frequencydependentfrequency
shift, random frequencyshift etc. Taking all these parameters into consider-
ation allows us to account for fill level variationand the effect of loading,
such as palletson top of pallets etc., on the spectra: The simple algorithm
describedabove does not take into accountmost of these parametersand thus
underestimatesthe true potentialof the ARS technique.

Figure B.I shows the comparabilityof the data within a given class. This
figure shows _n overlay of severaldata sets for 155-mm Mustard filled rounds.
Importantto note are the actual frequei_ciesand not the amplitudesor the
nature of the shapa. Eight munitiondata sets were selected randomly in this
case, without paying any attentionto whether or not the munitionswere tested
under identicalconditions such as pallet loading. This provides a kind of
worst case scenario. As can be seen, the spectra are quite repeatable.

Figure B.2 compares the spectraof 155-mmMustard and GB. Note the large
difference in the Q(sharpness)values for an individualpeak: 34 for H as
compared to 268 for GB. The average<Q> values are slightlydifferent from
these figures. Heavier and thickerliquids producehigher damping (lowerQ)
than lighter liquids such as GB. Q depends on a combinationof factorssuch
as viscosity,density and to some extent on the speed of sound in a complex
manner. Also note how the H-data graduallydamps out at higher frequencies.
Another distinguishingcharacteristicis the obvious frequency shift to higher
frequencyfor the lighter fluid.

Figure B.3 presents a comparisonbetween 155-mm VX and GB. The a_'erage
<Q> values show a difference,158 for VX as compared to 221 for GB. The GB in
this case is the high purity GB. The frequencyshifts are also quite obvious.
This frequencyshift, based on limited sampling,appears to be much larger
than the variabilityobserved within a given class. Again, the differentiation
algorithmcan take into account variousother factors besides the simple
frequencyshift.

Figure B.4 shows a comparisonbetween l-Ton mustard and l-Ton GB data.
Followingour discussionabove, it is worth pointing out how the GB data show
higher frequencycontent (noisierdata by naked eye) as compared to the H
data. This is another example of the effect of _,nping by the liquid. The
heavier H damps out a lot of the vibrationalmodes of the front curved face
where the measurementsare made. In the case of the Ton containers it is more
effectiveto simply compare the first spectralmoment of the spectra instead
of comparingeach individualspectral line which will vary greatly. Even by
eye, one can see that the H-data are shiftedto lower frequency as compared to
the GB data. So by examiningeven only these two simple parameters it is
possible to distinguishbetween H and GB in Ton containers. Actual fill level
determinationwill require calibration_nd we have not processedthis informa-
tion yet. Figure B.5 shows the resonancepeak count data for both H and GB in
a histogram _orm. All data sets (see Table I) are included in this histogram.
As expected,the H data are all clusteredon the left side of the plot and
separatedfrom the GB cluster on the ,'ight.This allows for a quick discrimi-
nation of the two types of munitionstested. The large spread observed for
the GB data have various re_ons. For example, the GB containerswere stacked
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four levels as comparedto only two levels for the H. The large pressure on
the very bottom containersmay have resulted in a damping effect on the
vibrationalcharacteristicsof the circular front face and thus produced
somewhatlower count. There also could be some variation in fill level among
all the containers:an emptiercontainerwould produce higher count. A
somewhatmore robust algorithmwill be able to account for such variationsbut
we have not had a chance to implementthem yet. All these deficiencies

• notwithstanding,we were able to achieve 100 percentcorrect classificationas
shown below. These resultsof the l-Ton containerdata are summarizedbelow.
Measurementsfrom both the LANL and OSIA teams are presented. The confidence

• levelswere derived from simpleBinomial statisticswhich significantly
underestimatesthe true value. At the presenttime, we do not have a better
method for estimatinga confidencelevel and associatethat with the simple
algorithmthat we used.

TABLE B.I. 1-Ton ContainerResults

Team Agent Number of Number of 90% Lower 95% Lower
Type Incorrect Samples Confidence Confidence

Categorization (Tested)

LANL Mustard 0 32 93 91

GB 0 24 91 88

i ,,,, ,,, ,

OSIA Mustard 0 26 go 89

ii

GB 0 21 89 87

Figure B.6 shows typical data from MC-I bombs. Most data within the
class show good repeatability. Again, the data analysis here is very similar
to Ton containers. For comparisonwe have presentedthe data taken from the
Lakesidebomb. Simple examinationof this data by eye indicatestwo possible
explanationsfor the large shift in the data toward lower frequencyfor the
Lakeside bomb. lt indicatesthat there is possibly some water inside and, most
likely,the shell has thickenedand also has weakened (becomeless stiff) due

, to extensiverusting.

Figure B.7 presents an interestingcase of the 155-mm HE ICM that
• containsgrenades. The characteristicsof this data are very differentfrom

that of simple HE filled munitions such as Comp-B and TNT that have no
burstercore. The sharp peaks identifiedby arrows correspondto the circum-
ferentialvibrationmodes. The frequencyseparationf between consecutive
peaks show gradual increase. This is due to the fact that the top part of the
shell is tapered (conicai_and thus have graduallysmaller circumferenceas it
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approaches the top. After proper processing of the data, it may be possible
to identify munitions such as ICHs.

An example of spray tank data is shown in Figure B.8. In this case, the
measurements were made on the outside container of the spray tank to see if it
is possible to determine if a spray tank container contains an empty tank (or
no tank) without ever opening the container. The principle behind this is
that a fully loaded spray tank will stress the struts in the container
differently than an empty tank. The effect of this stress should show up as
frequency shifts. Consequently we have taken data on both loaded and unloaded
containers. The data shown are suggestive of the fact that it may be possible
to determine the container loading effect as mentioned above but are insuffi-
cient to allow any definitiveclaims to be made at this stage. We feel it is
worthwhilepursuing this approachmore systematically.

Finally,we would like to point out that we were able to take data on
155-mm shells that were in the interiorof the palette. This was possible
because the probe (transducerfixture)used was quite small and could be
inserted throughthe space availablenear the neck of the munition shells.
This probe size can be reduced furtherwithout affectingthe sensitivityof
the measurements. All measurementswere made without moving the munitions.

PreliminaryData Analysis:

The attached listing (AppendixI) shows the results of our correlation
algorithmfor determining if a munition belongswithin a class and also to
differentiateamong munitionsfrom differentclasses (liquidssuch as H, VX,
GB etc.). The algorithmfirst establishesa baseline informationtemplate
from data taken from known classesof munitions. This template then includes
all the variabilityin the spectra that one observes in the data from real
munitions. Once templatesfor variousmunitions are established,the acoustic
resonancespectrumfrom any unknownmunition then can be cross-correlatedwith
this template quickly. In this listing,we have taken the data files from
our measurementsand run them throughthis algorithmto see how well the
unknown raw data correlatedwith the known templates. At this time, we cannot
provide any quantitativeconfidencelevel to the resultsexcept using simple
Binomial statisticsapproachwhich seriouslyunderestimatesthe true confi-
dence level. The listing providesthe best match (first),the second best
match, and the third best match from the known templates. A completely
unknownmunition will produce resultsthat would pick out a type which it
comes closest to from the known templates. This algorithmcan be significant-
ly refinedand made more robust if proper correction factors for fill-level
variationsand weight on top of munitions (e.g., pallets on top of pallets)
are taken into account. This robustnesscan be further improved by including
the Q-factorsin the correlationalgorithm.

Note: The OSIA results includedata that were incorrectlytaken such as
saturatedpeaks (amplifiersaturation)that make it difficult to identify
peaks. Even then, the correct identificationswere the second choice. With
refined algorithmthe identificationprocess can be made more robust.
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TABLEB.2. 155-mm RoundData

155-mm LANLDATA OSIA DATA

Agent Type Numberof In- Numberof Numberof In- Numberof
correct Samples correct Samples

" Categori zat i on Categor t zat i on ,,

GB (High 0 13 0 20
, Purity)

GB (Low Pu- 0 13 Includes
rity) both Low

and High

Mustard 0 16 2 17

VX 0 15 1 14

II

White 0 23

Phosphorus

TNT 0 15

In Table B.2, we have shown the GB data in two differentways. The LANL
data were tested with a sharperdiscrimination(frequency)window that enabled
the distinctionbetween low and high purity GB. lt is a simple matter to
widen the discriminationwindow and only retain the ability to discriminateGB
from other agents. This was done with the OSIA data as an example. In other
words, it is quite simple to make the ARS discriminationless sensitivefor
broader classificationcapabilitiesbut it does have the abilityof much finer
discrimination.

In the Table B.3, we summarizethe data from various 155-mm shells and
combine the data taken by the LANL and OSIA team. We have also discarded the
known bad data sets (as describedabove) from the OSIA data list.

, lt is worth pointingout that the templates for each class of munition
tested (specificallythe 155-mm rounds), are almost entirely interchangeable
between the LANL and OSIA data. This is notwithstandingthe fact that the OSIA

. team only took half as many data points than the LANL team (1000 vs 2000).
Consequently,the OSIA team acquireddata twice as fast. Normallythe
frequencysweep speed affects the measurementof sharp resonanceQs but we
found this to be minimal enough that it did not affect the final results.
This gives us some confidence in the algorithmand the proceduresadapted for
the ARS measurement. We believewith furtherrefinement of the algorithm,a
template referencelibrary of various classesof munitions can be reliably
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TABLE B.3. Combined LANL and OSIA data for 155-mm rounds

Agent Type Number of Number of 90% Lower 95% Lower
Incorrect Samples Confidence Confidence

Categorization (Tested)
i

Mustard 0 31 93 91

II I ¢

GB 0 46 95 93

II i ,, ,,, ,

VX 0 28 92 go

TNT 0 15 86 82

I ''

White 0 23 go 88
Phosphorus

generated even if the data are obtained from differentsources and different
people operating the equipment.

Surrogates" The data from the surrogatesare classified as separate catego-
ries from the real agent-filledmunitions by our algorithm. This impliesthat
the property matched surrogatesused do not representthe real munition. On
close visual examinationof the data we found the reasons for this discrepan-
cy. FiguresB.g and B.IO, respectively,compare the VX and H surrogatedata
with the real munition data. In the VX data, the resonanceQs are reasonably
matched but the frequenciesare way off. Figure B.g overlays multiple data
sets to show that there is a systematicdifference. In Figure B.IO, the
Mustard data shows that the resonancefrequenciesare reasonably close but the
resonanceQs are dramaticallydifferent. In the case of the Mustard data, we
do not know the real physicalconditionof the agent, lt is possible that the
agent has physicallydegraded and significantlythickenedand the shell wall-
liquid interfacepropertiesare alteredto a large degree than what could be
expected from fresh agent. This effect cannot be reproduced by the surro-
gates. These are mere speculationssince we do not have any direct knowledge
of the exact state of the agent inside the rounds. On the face of the
availableinformation,we have to conclude that the physical property matched
munitionsdo not representthe real ones from the ARS point of view. This
also impliesthat the ARS technique is reasonablyresistantto spoofing.

ApplicationMatrix" We feel that the particularstrength of the ARS technique
is in rapidly screeninga large number of munitionsto determine a given
class. Because of the nature and the sensitivityof this techniquethis
techniquecan also be used for safety check in munitions and also for quality
control. For instance,it may be possible to detect voids or detachmentof
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contents such as Comp-B, TNT etc., from the inside wall. We have not explored
all differentpossibilities. We do not want leave the impressionthat we can
ever image the contents of munitions.

Our currenttest system is comprisedof two separateunits, lt is rather
straightforwardto combine both these units into one The system can be
operated by a single person as it is designed but two-personoperation in the
field is recommended.The weight of the entire ARS system can be as little as
10 Ibs includingbatteries.For much longer continuousoperation,however, an
additionalbattery pack may be requiredwhich will increasethe weight by 2-4

• Ibs. This battery weight can be significantlyreducedwhen the new high-
efficiencyzinc-air rechargeablebatteriesare available. The present system
has the built-in design for wirelessdata communicationbetweenthe DSA200
unit and the Notebook computer. For situationswhere some treaty limited
items need to be monitoredfor a long duration such wireless communicationmay
be desirablefor remote monitoring. The power consumptionof the DSA200 unit
is low enough that it can be operated from a commerciallyavailable I foot-
square size solar cell power generationunit.

The ARS system,in its present implementation,does not provide fill
level informationdirectly. However, such informationcan be extracted if the
system is calibratedagainst known fill levels. We are currentlyworking on
developingalgorithmsto derive universalfill-levelcalibrationthat can be
used for given type (shape)of munitions such as 105-mm, 155-mm,MI06, MI07
etc. All l-Ton containers thus can have a single calibration. For 55-gallon
drums, the situation is slightlydifferent. Because of the fact that the
metal skin of the drum is very thin compared to the artilleryshells and the
l-ton containers,it is possibleto directly determinethe fill level in such
drums by moving the transducerson the outer surfaceof the drum vertically.
The local mechanicalvibrationsdamp out severely when there is liquid present
on the other side. In this case the frequencysweep is done very fast because
detailed resonanceinformationis not required. The same magnetically
attachedtransducersare used.

The ARS techniquedoes not directly determine physicalproperties of
chemical agents but primarilydetermines if the acoustic spectra from a known
baselinematches the spectrum from an unknownmunition. For completely unknown
munitions,however, it is still possibleto determinethe general nature of
the fill such as solid, liquid or gel without having known baseline informa-
tion. From our modeling efforts,we feel that it may be possible to scale
informationfrom one size of munition to the other. This improvementwill
take time to develop and verify on real munitions.

CONCLUSIONSAND RECOMMENDATIONS

We found the exercise at Tooele very useful, lt provided us with a lot
of importantinformationthat we did not have before regardingthe nature of
the acoustic signaturefor differenttypes of munitions. Also, it was very
importantto have the feedback from the OSIA inspectorsregardingthe opera-
tion of the system under realisticconditions. This will help us improvethe
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system further. The extensiveamount of data that we were able to gather will
help us significantlyin refining our algorithms.

Based on our preliminarydata analysis,we were able to differentiate
betweenVX, GB and Mustard and also betweensolid and liquid fill. In
additionwe found the ARS techniqueto be sensitiveenough to provide informa-
tion beyond that. Once we have completedprocessingall our data, we will be
able to provide a list of capabilitiesof this system.

We feel the system is not ready for field deploymentyet and requires a
certain amount of hardware and softwaremodifications. Some of these modifi-
cations are straightforwardand can be carriedout in a relativelyshort
period of time. The algorithmsneed also be furtherrefined to minimize false
positives. Achieving full potentialof this techniquewill requireat least
one more year's worth of R&D effort. Based on the results so far, we are very
optimistic that the system can be improvedsignificantlyso that it can become
a truly reliable tool for chemical weapons treaty verification. Simple
variationsof the ARS techniquecan produce instrumentsthat can be very
useful in treaty verification.In particular,we feel that a very simple
(hand-heldcalculatorsize) system can be built that can, in less than 5
seconds, determine if a munition is solid or liquid filled. Based on our
laboratory studies, it appearsto be possibleto directly probe the chemical
agent insidemunitions and receive informationregarding both chemical and
physical nature of the agent. The techniqueis another variationof the ARS
technique. If this is realized,it may be possible to test unknownmunitions
without being affected by munition size, shape, or wall thickness. The
developmentof this techniquewill require at least a year's worth of effort.
Our recommendationwill be to not field the ARS system immediatelywithout the
improvementsmentioned. In any case, we recommend that complimentarytech-
niques be used in conjunctionwith the ARS technique. For example, the ARS
techniquemay be used for quick screeningof munitionswhereas other tech-
niques such as PINS can be used on a small sample to determinethe chemical
nature of the agent. For fill level measurementin bulk containers,UPE is a
better solution at the present time.

SUMMARY

Same templatesworked for both LANL and OSIA data althougheach team used
differentnumber of data points and widely different sweep rates.

Measurementtime between 15-20 secondsand 1000 or less data points in a
data set seem quite acceptable. A typicaldata set can be -2 kByte. This
impliesthat approximately60,000 measurementscan be stored in a typical 120
MByte hard disk drive of a Notebook computer and 1,000 data sets in a high-
density floppy diskette.

Majority of the munitionstested at Tooele produced good quality data and
the data were well behaved and as expected.A few bad cases were found but
there was no way to determinewhy they were bad without actually opening up
the munition. There was no way to verify the nature of the contents.
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lt was possibleto discriminatebetweenreal munitions and surrogate-
filled (physicalpropertymatched liquids) munitions. This indicatesthat the
ARS technique is reasonablyresistantto spoofing. Further studies are
required.

Contents (GB, H) of l-ton containerscould be discriminatedregardlessof
fill level and other variations.

ICMs have unique characteristicsand can be easily discriminated.

• The results of the spray-tankcontainerloadingare inconclusivebut the
method does show some promise and deserves further investigation.

Determinationof fill-level in bulk storagecontainerswill require
modeling and f,urther analysisof the data.

Besides identifyingseven differentfill types, this techniquewas
successful in discriminatingbetween high and low purity GB.

Determinationof physical properties (speedof sound, density, and
viscosity)of chemical agents is possiblewith the ARS techniquebut will
require further study.

A simpler system (hand-heldcalculatorsize) adapted from the presentARS
techniquecan be built that can provide rapid ('2 second)discrimination
between conventional(solid)and chemical or biological munitions.

Configurationdependentpattern in the acoustic signature could be
identifiedfrom the data gathered at Tooele. lt may be possible to use this
informationin scalingdata from unknownmunition types to match against known
templates. This approach looks promisingand deserves further study.

The recent exercise at Tooele showed that the ARS technique can be fine
tuned to determinethe state of the agent fill such as solidification,
stratification,degradationetc., but would require systematic study before
such features can be implemented.

With furtherrefinementof the algorithmand improvedhardware (transduc-
ers and electronics)the ARS techniquecan be made very reliable. The Tooele
tests helped identifyseveral specific improvementsthat need to be made to
the existing system before it can be fielded.
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APPENDIXB. 1

CORRELATIONALGORITHHRESULTS

Nomenclature:

The first four letter designationof munition type in binary munition data
below (Ist Column). Example:GH550601 refers to 155-mm High Purity GB and
".bin" refers to the fact that it is stored in binary form in the computer

w

GH55: 155-mm High Purity GB (GB-hi)
GL55: 155-mm Low Purity GB (GB-low)
H055: 155-mm Mustard (H)
VX55: 155-mm VX (VX)
WP55: 155-mm White Phosphorous (WP)
TNT6: MI06 TNT (TNT)
S55G: 155-mm SurrogateGB (PhysicalProperty) (GB-Sur)
$55H: 155-mm SurrogateH (PhysicalProperty) (H-Sur)
$55V: 155-mm SurrogateVX (PhysicalProperty) (VX-Sur)

Best Second Best Third Best Number of
MunitionData Correlation Correlatlon Correlation Peaks used

GH550601.bin Ist: GB-hi 2nd: VX 3rd: H-Sur (87)
GH550702.bin Ist: GB-hi 2hd: GB-low 3rd: GB-Sur (73)
GH550503.bin Ist: GB-hi 2nd: GB-Sur 3rd: H-Sur (58)
GH55XXO4.bin Ist: GB-hi 2nd: GB-low 3rd: WP ( 60)
GH550305.bin 1st: GB-hi 2nd: GB-low 3rd: H-Sur ( 94)
GH550806.b n Ist: GB-hi 2nd: WP 3rd: GB-Sur ( 68)
GH550107.bln Ist: GB-hi 2nd: GB-low 3rd: WP ( 64)
GH550208.bln Ist: GB-hi 2nd: WP 3rd: GB-Sur ( 54)
GH550aO1.b_n Ist: GB-hi 2hd: H-Sur 3rd: GB-low ( 54)
GH550cO2.bln Ist: GB-hi 2hd: GB-Sur 3rd: WP ( 59)
GH550dO3.bln Ist: GB-hi 2nd: WP 3rd: GB-low ( 53)
GH550gO4.bln Ist: GB-hi 2nd: GB-low 3rd: H-Sur ( 82)
GH550nOS.bln Ist: GB-hi 2nd: VX-Sur 3rd: WP ( 75)
GL551301.bln Ist: GB-low 2nd: VX 3rd: GB-hi ( 58)
GL551502.bln Ist: GBulow 2nd: VX 3rd: GB-hi ( 80)
GL551603.bln Ist: GB-low 2hd: GB-hi 3rd: H ( 52)
GL550904.bln Ist: GB-low 2nd: GB-hi 3rd: WP ( 52)
GL551105.bin Ist: GB-low 2nd: WP 3rd: GB-hi ( 36)
GL551006.bin Ist: GB-low 2nd: GB-hi 3rd: VX ( 64)
GL551407.bln Ist: GB-low 2hd: WP 3rd: TNT ( 50)
GL551208.bin Ist: GB-low 2nd: VX 3rd: TNT ( 70) •
GL550aOg.bln Ist: GB-low 2nd: VX 3rd: GB-hi ( 78)
GL559b10.bln 1st: GB-low 2nd: GB-hi 3rd: VX ( 76)
GL550c11.bin Ist: VX-Sur 2nd: H-Sur 3rd: WP ( 40)
GL550dO1.bin Ist: GB-low 2nd: WP 3rd: VX ( 55)
GL550eO2.bin Ist: GB-low 2nd: WP 3rd: VX ( 55)
GL550fO3.bin Ist: GB-low 2nd: GB-hi 3rd: H-Sur ( 67)
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HO551001.bin Ist: H 2nd: WP 3rd: VX-Sur ( 11)
HO551302.bin Ist: H 2nd: VX-Sur 3rd: H-Sur ( 13)
HO551403.bin Ist: H 2nd: GB-Sur 3rd: H-Sur ( 17)
HO551604.bin Ist: H 2nd: VX-Sur 3rd: GB-Sur ( 13)
HO551505.bin Ist: H 2nd: H-Sur 3rd: WP ( 16)
HO550406.bin Ist: H 2nd: TNT 3rd: H-Sur ( 14)
HO550607.bin 1st: H 2nd: H-Sur 3rd: VX-Sur ( 15)

• HO550508.bin Ist: H 2nd: VX-Sur 3rd: H-Sur ( 21)
HO550109.bin Ist: H 2nd: H-Sur 3rd: VX-Sur ( 17)
HO551110.bin Ist: H 2nd: H-Sur 3rd: TNT ( 12)

• HO550211.bin Ist: H 2nd: VX-Sur 3rd: H-Sur ( 13)
HO550312.bin Ist: H 2nd: H-Sur 3rd: VX-Sur ( 12)
HO550813.bin Ist: H 2nd: VX-Sur 3rd: H-Sur ( 15)
HO550914.bin Ist: H 2nd: VX-Sur 3rd: TNT ( 12)
HO550716.bin Ist: H . 2hd: H-Sur 3rd: VX-Sur ( 11)
HO557c17.bin Ist: H 2nd: H-Sur 3rd: VX-Sur ( 15)
VX551401.bin Ist: VX 2nd: GB-low 3rd: TNT ( 67)
VX551302.bin Ist: VX 2nd: TNT 3rd: GB-low ( 47)
VX551503.bin Ist: VX 2nd: GB-low 3rd: H ( 68)
VX551104.bin Ist: VX 2nd: TNT 3rd" GB-hi ( 48)
VX551005.bin Ist" VX 2nd: TNT 3rd" H ( 64)
VX551206.bin Ist: VX 2nd: GB-low 3rd: VX-Sur ( 57)
VX550907.bin Ist: VX 2nd: GB-low 3rd" GB-hi ( 55)
VX550808.bin Ist: VX 2hd: GB-low 3rd: TNT ( 53)
VX550709.bin Ist: VX 2nd: VX-Sur 3rd: TNT ( 66)
VX550510.bin Ist" VX 2nd: TNT 3rd" GB-low ( 57)
VX550411.bin Ist: VX 2nd: GB-low 3rd" GB-hi ( 49)
VX550612.bin Ist: VX 2nd" H 3rd" GB-low ( 60)
VX550313.bin Ist: VX 2nd" GB-low 3rd: VX-Sur ( 67)
VX550214.bin Ist: VX 2hd" GB-hi 3rd: GB-low ( 66)
VX550101.bin Ist" VX 2nd: TNT 3rd" VX-Sur ( 53)
WP550401.bin Ist: WP 2nd: GB-low 3rd: TNT ( 41)
WP550502.bin Ist: WP 2nd: GB-low 3rd: GB-Sur ( 42)
WP55XXO3.bin Ist: WP 2nd: TNT 3rd: VX-Sur ( 33)
WP551504.bin Ist: WP 2hd: H 3rd" GB-low ( 24)
WP550807.bin Ist: WP 2nd" GB-low 3rd: GB-hi ( 37)
WP550708.bin Ist: WP 2nd: VX-Sur 3rd: GB-hi ( 42)
WP550609.bin Ist: WP 2hd" H-Sur 3rd: GB-hi ( 40)
WP551010.bin Ist: WP 2hd: GB-hi 3rd: GB-low ( 45)
WP550911.bin Ist: WP 2nd: GB-Sur 3rd: H ( 33)
WP551212.bin Ist: WP 2nd" GB-low 3rd" GB-hi ( 30)
WP551313.bin Ist" WP 2nd: TNT 3rd: H ( 15)
WP551314.bin Ist: WP 2nd: VX-Sur 3rd: TNT ( 34)
WP551915.bin Ist: WP 2nd: GB-low 3rd" H ( 40)
WP551816.bin Ist: WP 2nd: GB-low 3rd: VX ( 36)
WP552017.bin Ist" WP 2nd: GB-hi 3rd: GB-Sur ( 35)
WP551718.bin Ist: WP 2nd: H 3rd" GB-low ( 42)
WP550019.bin Ist" WP 2nd: GB-hi 3rd" GB-Sur ( 50)
P550120.bin Ist" WP 2nd" GB-hi 3rd" GB-low ( 40)
WP550221.bin Ist" WP 2hd" H 3rd: TNT ( 34)
WP550a22.bin Ist: WP 2nd" VX 3rd" GB-hi ( 45)

WP550gO1.bin Ist: WP 2nd: GB-hi 3rd" GB-low ( 34)
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WP550hO2.bin lst: WP 2nd: GB-hi 3cd: H ( 5)
WP550tO3.bin lst: WP 2nd: GB-hi 3rd: GB-low ( 33)
TNT6OIOI.bln Ist:TNT 2nd:WP 3rd: VX-Sur ( 46)
TNT60303.bin Ist:TNT 2nd:VX-Sur 3rd: GB-Sur ( 50)
TNT60404.bin Ist:TNT 2hd:VX-Sur 3rd:H-Sur ( 25)
TNT60505.bin Ist:TNT 2hd:VX-Sur 3rd:GB-Sur ( 45)
TNT60606.bin Ist:TNT 2hd:H-Sur 3rd:VX-Sur ( 34)
TNT60707.bin 1st:TNT 2nd:H-Sur 3rd:H ( 33) •
TNT6OBO8.bin Ist:TNT 2nd:VX-Sur 3rd:H-Sur ( 47)
TNT6OgOg.bin Ist:TNT 2nd:VX-Sur 3rd:H ( 35)
TNT61010.bin Ist:TNT 2hd:VX-Sur 3rd:GB-Sur ( 45) .
TNT61111.bin Ist:TNT 2nd:VX-Sur 3rd:H-Sur ( 38)
TNT61312.bin Ist:TNT 2hd:VX-Sur 3rd:H-Sur ( 44)
TNT61213.bin Ist:TNT 2hd:VX-Sur 3rd: H-Sur ( 41)
TNT61414.bin Ist:TNT 2nd:VX-Sur 3rd: GB-Sur ( 38)
TNT61615.bin Ist:TNT 2hd:VX-Sur 3rd: H-Sur ( 42)
TNT61516.bin Ist:TNT 2nd:WP 3rd: VX-Sur ( 47)
S55GO301.bin Ist:GB-Sur 2nd:VX-Sur 3rd: H-Sur ( 77)
S55GO302.bin Ist:GB-Sur 2nd:H-Sur 3rd:TNT ( 61)
S55GO403.bin Ist:GB-Sur 2nd:WP 3rd: VX-Sur ( 56)
S55GO404.bin Ist:GB-Sur 2nd:GB-low 3rd:GB-hi ( 65)
S55GO105.bin Ist:GB-Sur 2hd:GB-hi 3rd:WP ( 53)
S55GO106.bin Ist:GB-Sur 2hd:WP 3rd:GB-hi ( 49)
S55GO207.bin Ist:GB-Sur 2nd:H-Sur 3rd:H ( 50)
S55GO208.bln Ist:GB-Sur 2nd:H-Sur 3rd:H ( 53)
S55GOSOg.bin Ist:GB-Sur 2hd:GB-hi 3rd: VX-Sur ( 46)
S55GO510.bin Ist:GB-Sur 2nd:WP 3rd: H-Sur ( 55)
S55GO301.bin Ist:GB-Sur 2nd:TNT 3rd: H-Sur ( 82)
S55GO402.bin Ist:GB-Sur 2hd:GB-hi 3rd: VX ( 50)
S55GO103.bin Ist:GB-Sur 2nd:WP 3rd: GB-hi ( 50)
S55GO204.bin Ist:GB-Sur 2hd:H-Sur 3rd: VX-Sur ( 56)
S55GO505.bin Ist:GB-Sur 2nd:VX 3rd: H ( 49)
S55HO201.bin Ist:H-Sur 2nd:H 3rd: VX-Sur ( 54)
S55HO202.bin Ist:H-Sur 2nd:VX-Sur 3rd: H ( 58)
S55HO103.bin Ist:H-Sur 2hd:VX-Sur 3rd: GB-Sur ( 49)
S55HO305.bin Ist:H-Sur 2nd:VX-Sur 3rd: H ( 42)
S55HO306.bin Ist:H-Sur 2nd:VX-Sur 3rd: H ( 61)
S55HOSO7.bin Ist:H-Sur 2nd:VX-Sur 3rd:TNT ( 60)
S55HXXO8.bin Ist:H-Sur 2hd:VX-Sur 3rd:H ( 63)
S55HO509.bin Ist:H-Sur 2nd:VX-Sur 3rd:H ( 70)
S55HO410.bin Ist:H-Sur 2nd:VX-Sur 3rd:H ( 47)
S55HO411.bin Ist:H-Sur 2hd:VX-Sur 3rd:H ( 53)
S55HO301.bin Ist:H-Sur 2nd:VX-Sur 3rd: H ( 37)
S55HO302.bin Ist:H-Sur 2nd:VX-Sur 3rd: H ( 76)
S55HO203.bin Ist:H-Sur 2nd:VX-Sur 3rd: GB-low ( 78)
S55HO104.bin Ist:H-Sur 2nd:GB-Sur 3rd:TNT ( 54) .
S55HO405.bin Ist:H-Sur 2nd:VX-Sur 3rd: H ( 67)
S55HO506.bin Ist:H-Sur 2nd:VX-Sur 3rd: GB-low ( 62)
S55VO501.bin Ist:VX-Sur 2nd:H 3rd: TNT ( 46)
S55VO502.bin Ist:VX-Sur 2nd:H-Sur 3rd: GB-Sur ( 68)
S55VO503.bin Ist:VX-Sur 2nd:H-Sur 3rd:TNT ( 50)
S55VO204.bin Ist:VX-Sur 2nd:H 3rd:H-Sur ( 72)
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S55VO405.bin 1st: VX-Sur 2nd: H-Sur 3rd: TNT ( 51)
S55VO406.bin 1st: VX-Sur 2hd: H-Sur 3rd: TNT ( 43)
S55VO307.bin 1st: VX-Sur 2nd: H-Sur 3rd: H ( 55)
S55VO308.bin 1st: VX-Sur 2nd: H-Sur 3rd: TNT ( 62)
S55VO109.bin 1st: H 2nd: VX-Sur 3rd: H-Sur ( 48)
S55VO110.bin 1st: VX-Sur 2nd: H 3rd: H-Sur ( 42)
S55VO511.bin 1st: VX-Sur 2nd: H 3rd: H-Sur ( 66)

• S55VO112.bin Ist:VX-Sur 2nd:H-Sur 3rd:H ( 62)
S55VOSO1.bin Ist:VX-Sur 2nd:H-Sur 3rd:H ( 45)
S55VO102.bin Ist:VX-Sur 2nd:H 3rd:H-Sur ( 42)

• S55VO303.bln Ist:VX-Sur 2nd:H-Sur 3rd:H ( 48)
SBSVO404.bin Ist:VX-Sur 2hd:H-Sur 3rd:TNT ( 52)
S55VO205.bin Ist:VX-Sur 2nd:H-Sur 3rd:H ( 46)
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APPENDIX C

NON,CONTACTINGACOUSTIC/ULTRASONICSIGNATUREANALYSISSYSTEM

Draft Report of Preliminary Results
• from the Tooele Fteld Tests

Conducted August 1992

• David M. Tow
Idaho National EngineeringLaboratory

September4, 1992

EQUIPMENTDESCRIPTIONAND LIST OF MUNITIONSTESTED

Exerciseswere conductedat the Tooele Army Depot (TEAD)during the
period August 9-27, 1992 for the purposeof testing and evaluatingchemical
weapon inspectionsystems. The systems involved in the exerciseswere
developedwith funding from the Office of Arms Control for treaty verification
use.

The Laser-Acousticsystemdeveloped at Idaho National Engineering
Laboratory (INEL) includedthe followingcomponents:

a. a helium-neonlaser vibrometerfor detectingmotion in munitions

b. an audio amplifierand loudspeakerfor inducingmotion in muni-
tions

c. a portablecomputer with specialdata acquisitionand analysis
circuit boards for acquiringand analyzingmunition vibration
information.

The INEL inspectionsystem operates on the principlethat the chemical
content of a container affectsthe vibrationalcharacteristicsof the contain-
er in an understandableway. Containersof interest in this work include
munitions,such as artilleryshells and bombs, and chemical agent storage
containers. An example of a vibrationalcharacteristicaffected by fill type
is resonant frequency;vibrationalresonancesof liquid-filledcontainers
shift in frequencyin responseto changes in the specificgravity of the
liquid. Other physical propertiesaffectingvibrationalcharacteristics
includematerial state (i.e.,liquid, powder, solid, etc.), viscosityof
liquids, and elasticityof solids. Affected vibrationalcharacteristics

• include resonant frequencies,damping rates, and vibrationalamplitudes.
t

The INEL Laser-Acousticinspectionsystem employed during the 1992
Tooele tests was configured to acquirevibration spectra informationover the
frequencyrange of 800 Hz to 20 kHz. Test objectswere excited to vibrate by
broadband (white)noise emanatingfrom a loudspeaker. The resultingsurface
motion was sensed using a noncontactinglaser vibrometer. The vibrometer
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signal was digitizedat sample rates in excess of the Nyquist rate and Fourier
transformedin real time. A runningsum of the magnitudes of the frequency
componentswas maintained until a specifiednumber (usually50 or 100) of
Fourier transformshad been calculated. The length of the Fourier transforms
was typically2048. The typical sampling frequencywas 50 Khz. The length of
time required to compute a single spectrum by averaging 50 Fourier transforms
was approximately3 seconds. Standardprocedureduring the Tooele tests was
to collect 4 spectra from each measurementpoint; two spectrawere collected
with a loudspeakeron and two with no loudspeakerexcitation. Data acquisi-
tion at a single measurementpoint was thereforecompleted in approximately12
seconds.

A varietyof munitions and containerswere inspectedduring the Tooele
tests. A summary appears in the table below.

if , r , ,, ,, ,

• :: : ,_ :i::::'"_':_:::,:'-:" " :.':: " .... ........ Number
:: Item Description:: Location Inspected Date" " " ' i ' ii ii ii " i ii ii ii i ii i ,,, i • i i i i, i i i ,

155 mm artilleryshells con- Bldg. 5118 53 8/13
taining a variety of surro- 8/19
gate fiIIs 8/20
........ 8/21

Surrogate-filledton con- Bldg. 5118 3 8/20
tainers

, ,,

VX spray tanks 4 8/20

Mustard ton containers Mustard zard 15 8/21

Fused/burster105 mm GB Bldg. 1531 12 8/21

155 mm VX and 8-inch VX Bld_l.2112 16 8/22

155 mm GB Bldg. 15_37 , 16 . 8/22

MC-I GB bombs Bldg. 143,,7 16 8/22

155 mm mustard Bldg. 2301 ..... 17 8/24

155 mm VX Bld_l.2112 16 . 8/24

155 mm GB Bldg. 1537 16 8/24

M107 HE {comp B) 22 8/25

MI06 TNT ....... 11 8/25

155 mm white phosphorus : 22 8/25 "
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TEST RESULTS

A preliminaryanalysisof the 155 mm VX and GB data has been completed.
A thorough analysisof the remainderof the data will require a considerable
amount of time and effort. The 155 mm VX and GB data were studied first
because a data base alreadyexists of the vibrationalcharacteristicsof
similarmunitions• During the 1991Tooele tests, seven 155 mm VX artillery

' shells and eight 155 mm GB artillery shellswere inspected• A 3-nearest-
neighbor clustering algorithmwas found that differentiatedbetweenthe VX and
GB shells with 100% accuracybased on the 15 vibrationspectra. That same

. algorithmwas appliedto the new VX and GB spectra• Using the old spectra
(sevenVX and eight GB) as a training set, the clustering algorithmcorrectly
identifiedall 16 of the recently acquired GB shells, but only 10 of the 16 VX
shells were correctlyidentified;i.e., 6 VX were incorrectlyidentifiedas
GB. Adding the 32 newly acquiredspectra to the training set, however,
resulted in 100% accuracy in identifyingboth GB and VX in cross-validation
experiments. A total of 47 spectrawere availablefor use in the training
set. In cross-validationexperiments,the unknown spectrum is not included in
the training set, so the size of the trainingset is actually 46.

The classificationalgorithmuses informationabout the frequencyof
four resonance peaks. Inspectionof the recent VX data reveals that one of
those four peaks (near 4 kHz) is missing or questionablein the spectraof
several VX shells. Four of these shellswere included in the six that were
incorrectlyidentifiedwhen the old (1991)data was used as a training set.
The 4 kHz resonancewas present in these four VX shells; it was just not
detected, lt may not have been detected because the meas,lrementpoint was too
close to a nodal point. Or the 4 kHz resonancemay not have been adequately
excited. A more automaticdata collectionmethod that ensures the presence of
resonancepeaks of interestwould result in better classificationperformance.
In spite of the missing resonance peaks, the classificationalgorithmwas 100%
accurate when the larger training set was allowed. With this training set,
the importanceof the missing peak was apparentlyreduced.

CONCLUSIONSAND RECOMMENDATIONS

Differentiationbetween 155 mm VX and GB munitionswas 100% accurate
using the 3-nearest-neighborclusteringalgorithm. Preliminaryinspectionof
155 mm mustard spectra suggests that the classificationapproachwill also
work for mustard artilleryshells. The INEL Laser-Acousticinspectionsystem
would benefit from the developmentof automaticdata collection features that

• would, as a minimum, ensure the completenessof the data before moving on to
the next specimen•
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APPENDIX D

PORTABLE ISOTOPICNEUTRON SYSTEM

Performance of the INEL PINS Chemical Assay System at the 1992 Tooele NDE
• Field Trials: Draft Report

A.J. Caffrey,R.j. Gerhke, and K.M. Krebs
. Idaho National EngineeringLaboratory

31 August 1992

INTRODUCTION

Field trials of selected nondestructiveevaluation (NDE) equipment for
verificationof the proposed treatieslimiting chemical weapon (CW) agents was
conductedat Tooele Army Depot, in Tooele, Utah, from 10 to 27 August 1992.
The field trials were conductedwith surrogates,actual chemical agents, and
high explosive (HE) munitions.

lhe stated evaluationcriteriaI for each NDE system at the field trials
are:

i. capabilityto correctly identifyselected chemical agents
ii. suitabilityfor field use
iii. identificationof possibilitiesfor synergisticimprovementsusing

multiple NDE technologies.

• The Idaho National EngineeringLaboratory (_[NEL)PINS Chemical Assay
System, a neutron-basedidentificationtechnique,_ was included in the field
trials. Two complete PINS systemswere tested at Tooele. One system was
operated by INEL physicists,to study and refine the system'sperformance.
The second system was operated by military personnel from the U.S. On-Site
InspectionAgency (OSIA),to evaluate its performancein the hands of non-
expert users. OSIA will assess the PINS system in an independentreport.

EQUIPMENTAND TEST METHODS

OPERATING PRINCIPLES

Neutrons,by their absenceof electricalcharge, are very penetrating
radiations The relatively lowoAnergyneutrons produced by radio_otopic

• sources,elg. californium-252(_Cf) or americium-241-beryllium(_'Am-Be)
easily penetrate the steel casing of an artilleryprojectileor chemical
storagecontainer. The neutrons interactwith the fill materials, producing
gamma rays characteristicof the chemical elements within the munition or
container. The gamma rays are also very penetrating,hence they escape the
munition and the element-specificgamma-ray energy and intensitysignaturecan
be recordedby a radiationdetector.
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NEUTRON SOURCE

PINS employsa microgram-strength(millicurieactivity)californium-252
fission source,which produces about one million neutrons per second. The
source is doubly encapsulatedin concentricstainless steel capsules,and it
is certifiedas "specialform" by the U.S. Departmentof Transportation(DOT)
for the InternationalAtomic Energy Agency (IAEA). The source is transported
in a DOT-approvedtype A, specification7A five-gallondrum. This type of
source is routinelyshippedworldwideby common carrier.

GAMMA-RAY DETECTOR

The gamma-raysproduced by neutron interactionsare counted by a high-
purity germanium (HPGe)detector. This type of detector providesenergy
res lution better than 0.15 % at 1332 keV, to resolve gamma-ray lines closely
spaced in energy. The efficiencyof the detector is 40% relativeto a 3" x 3"
sodium iodide (NaI[Tl])detector at 1332 keV. The detector is mounted in an
all-attitudecryostat for portability,and it weighs about 10 pounds. The
cryostat holds a 24 hour supply of liquid nitrogen. The HPGe detector
produces electrical pulses proportionalin voltage to the gamma-rayenergy
depositedwithin its sensitivevolume.

ELECTRONICS

The pulses from the detector are amplified,sorted into an energy
spectrum,and stored in the memory of an EG&G Ortec Nomad PortableMultichan-
nel Analyzer (MCA) coupled to a Compaq notebook PC. The computer displays the
gamma-ray spectrumas it is acquired and serves as a flexible control panel
for the instrument. The MCA unit is packaged in a briefcase-sizedZero-
Halliburtonaluminum case and weighs 23 pounds. The MCA also provides high
voltage and preamplifierpower to the HPGe detector,with a battery lifetime
of six hours. Both the MCA and computer can also operate from AC line power.

COMPUTER

The notebookcomputer stores the complete gamma-ray spectrum from 0.1 to
11.0 MeV on the computer's hard disc for subsequentanalysis and archiving.
While the system is acquiringdata, the MCA software performs nearly instant
chemical element identificationof operator-selectedgamma-raypeaks, includ-
ing energy and intensity. An off-lineanalysis softwarepackage is run after
completion of data acquisitionto analyzethe complete spectrum,and its
output includes a list of the chemicalelements identifiedand the assay
results, in plain English. The analysis takes about one minute. A separate
analysis file is also written to disc.

MODERATOR/DETECTORSHIELD/SUPPORTSTAND

A 4" x 4" x 4" polyethylenemoderator block is used to slow the neutrons
from the 252Cfsource, increasingthe probabilityof capture reactions. Two
2" x 4" x 4" bismuth blocks are placed between the moderator block and the
HPGe detector,to "shadow shield"the detector from gamma rays produced in the
source and moderator. An additional4" x 4" x 4" bismuth block, bored out to
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the diameter of the detector,provides shieldingfrom gamma radiationCompton
scatteredfrom the floor or munition casing. A boron carbide plate I/2" x 4"
x 4" is placed between the two shadow shield blocks to minimize thermal
neutrons reaching the HPGe detector, anotherboron carbide plate is placed at
the front of the collimatorblock for the same purpose.

The source/shadowshield/detectorassembly is supportedby an aluminum
• stand with interchangeablealuminum legs. For measurementsnear the ground,

short leg sections of I" 2" 4" 8" and 16", , , , are provided, and these sections
may be combined to provide any length between I" and 31". For measurements

• that require raising the equipmentabove 31", three aluminum photographer's
monopods provide continuousadjustmentfrom 28" to 84" above the floor.

AGENTS/CONTAINERSAND MUNITIONSASSAYED

TABLE D.I. Items Assayed

i |ll i i i

Munition or Container Fill Comment

i ii

105 mm projectile GB fused, burstered

155 mm projectile GB M122
HD M110
HE MI07, M483A1 (ICM)
surrogates (3)
VX MI21AI
WP M110

M55 rocket VX

MC-1 bomb GB
unknown "lakeside"

TMU-28/B spray tank VX

DOT 500X ton container GB
HD
L

llwi i

TI_STRI_SUL,TS

The results summarizedbelow in this sectionreflect the on-line
observationsof the experimenterswhile the measurementswere in progress, lt

• is possible that in a few cases the resultswill change following a more
extended off-line review of the data.

One of the INEL research aims in the 1992 Tooele NDE Field Trials was to
identifythe minimum counting time to collect sufficientstatistics in the
relevantgamma-ray peaks for automaticidentificationof the contents of a
given munition or container. To this end, data were collected for typically
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I00, 200, 500, and 1000 seconds for nearly all munitions. A few runs were
extended to 2000 and 4000 seconds,to provide even better statistics.

GB-FILLED ITEMS

Assays were performed on nerve agent GB-filled 105 mm and 155 mm projec-
tiles, MC-I bombs, and ton containers. The presence of GB was inferred from
_he detectionof characteristichydrogen and phosphorus gamma rays, and from °
the absence of sulfur gamma rays, which distinguishVX from GB. The expected
gamma rays were detected in all items assayed.

P

Special mention should be made of the GB-filled 105 mm projectile. This
was one of the only two fused munitionsassayed by the PINS system, lt was
also the most difficult item to assay, since it contains but 1.6 pounds of
agent. The first attempts to assay this projectilewere not quite _uccessful,
even with 4000 second counts. However, by changing the counting geometry from
the standardconfigurationto a new arrangement,with the source, shadow
shield,and detector alignedwith the long axis of the projectile,a spectrum
correctly identifyingthe fill was recorded in 1000 seconds.

An attemptwas made to assay a pallet of GB-filled105 mm cartridges
inside their shipping boxes. The attemptwas unsuccessful,as might be
expected, since the position of the projectileswithin the wooden shipping
boxes is not marked externally.

HD-FILLEDITEMS

Assays were performedon mustardgas or agent HD-filled 155 mm projec-
tiles and ton containers. The presence of HD was inferred from the detection
of characteristicchlorine,hydrogen,and sulfur gamma rays. These gamma rays
were detected in both items assayed. The chlorine gamma rays provided an
exceptionallystrong signal,easily recognizablein about 50 seconds.

HE-FILLED ITEMS

Assays were performedon high explosive 155 mm projectiles and a set of
155 mm cannon propellingcharges or "powderbags" insidetheir shipping tube.
The standardCompositionB-filledMI07 projectile,comparable in size and
shape to the chemical-filled155 mm projectiles,and the RDX-filledM483A1
ImprovedConventionalMunition were both assayed. The presence of HE was
inferred from the detectionof characteristichydrogen and nitrogen gamma
rays. These gamma rays were detected in all items assayed.

L-FILLEDTON CONTAINER

Assays were performedon lewisite or agent L-filled ton containers. The
presence of L was inferred from the detection of characteristicchlorine, and
hydrogengamma rays, and from the absence of sulfur gamma rays, helping
distinguishL from HD. The expectedgamma rays were detected in both ton
containersassayed.
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SURROGATE-FILLED155-MM PROJECTILES

Assays were performedon inert 155 mm projectilesfilled with GB, HD,
and VX surrogatesby Dugway ProvingGrounds. The gamma ray signatureswere
quite simidarto those recorded from actual 155 mm chemical-filledmunitions.

VX-FILLEO ITEMS

Assays were performedon nerve agent VX-filled 155 mm projectiles,M55
rockets, and TMU-28/B spray tanks. The presence of VX was inferredfrom the

' detection of characteristichydrogen,phosphorusand sulfur gamma rays. These
gamma rays were detected in all munitionsassayed.

The M55 rocketswere the other fused munitions examinedwith the PINS
system At first the automaticenergy calibrationroutine, part of the
analysis software package,did not run, due to the absence of iron3 in the
aluminum-bodyrocket and its fiberglassshipping/firingtube. By lining up
the HPGe detector on a steel band holdingthe rockets to the pallet,the iron
gamma rays were detected with sufficientintensityto perform the auto
calibrationand analysis. A small piece of iron, say I/4" x 4" x 4", will
suffice for this purpose in the future.

The spray tank is enclosed by a large shipping container. A measurement
was performed inside an open shippingcontainer,with the detector a few
inches away from the spray tank. The VX agent was easily identified. An
assay was also performedoutside a shippingcontainer. Again the agent was
identified, lt is not necessary to open the spray tank's shippingcontainer
for a PINS assay.

UNKNOWN-FILLeDMC-I BOMB

An assay was performedon an MC-I bomb of unknown fill. Only hydrogen
and iron capturegamma rays were observed in a 2000 second count. The gamma
rays of chlorine,phosphorus,and sulfurwere not observed. The assay results
indicatethat no blister agents, nerve agents,high explosive,or white
phosphorus is present inside the "lakesidebomb."

WP-FILLED PROJECTILES

Assays were performedon a white phosphorusor WP-filled 155 mm projec-
tile. The gamma ray signature is striking,and easily identifiablein 100
seconds. The 2233 keV phosphorus inelasticscatteringgamma-raypeak is

' observed just above the 2223 keV hydrogen peak, with equal intensity.4
Other phosphorusgamma rays are also observed.
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R{COMMENDATIONS

SOFTWARE IMPROVEMENTS

The analysis packagedid not always identifythe agent within a
containeror munition correctly. For example, the identificationof mustard
gas in ton containers,a fairly easy case for the PINS system, failed because
of interferencebetween a strong chlorine peak and an iron peak used for the
energy calibration. The softwarewas modified to use an alternate peak for
energy calibrationif the interferenceis detected, and the modified analysis
code correctlyanalyzed all of the mustard yard assay data.

The softwarewill be modified to operate reliably with all of the
agent/munitioncombinationsassayed at Tooele in 1992. In addition,we will
expand the analysis routineto includemethyl phosphonyldifluoride (DF, one
half the fill of the binary projectile),nitrogenmustard (agent HN), phosgene
(agentCG), and smoke pots (HC).

HARDWARE IMPROVEMENTS

We will explore the feasibilityof using a faster analog-to-digital
converter (ADC) in the MCA, to reduce system dead time, and hence, permit
faster assays. Also, a temperature-dependentfault in the high-voltage
shutdown circuit needs attentionfrom the MCA manufacturer.

We expect to replace the presentCompaq notebook PCs with another model
with a faster processorand better screen visibility in direct sunlight.

The supporttable will be modified slightly to allow faster set up and
simpleradjustmentof the source/detectorgeometry.

APPLICATIONVECTOR

lt would be inappropriatefor investigatorswho did not observe the
performanceof the other systemsin detail to fill out the complete applica-
tion matrix. Insteadwe contribute a column vector for the PINS system,with
the vector componentslabeled as in the matrix example.

TABLE D.2. NDE TechnologyApplicationVector

J

Application PINS

Empty munitions yes

Liquid vs. solid no

Determinationof chemical agent on yes
known munition geometry
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Determination of chemical agent on un- yes
known munition geometry

determination of fill level yes for tanks, ton containers*

determine if all munitions are the same yes, but slow

• currently fieldable by unskilled opera- yes
tor

weight 86 pounds, excluding shipping con-
' tainers

number of pieces in test system 12, counting as follows:
HPGedetector (1)
source (1)
moderator (1)
shadow shield (4)
col ] imator (1)
support table (1)
MCA(1)
computer (1)
cable set (1)

total (12)

measured abilityto differentiatebe- yes
tween GB, VX, H as found at Tooele

number of people to carry and operate two
system

f i i i ii ii i i i

*Level measurementusing PINS was demonstratedat the 1991 Tooele test.
UltrasonicPulse Echo is really the method of choice for level measurement.

CONCLUSIONS

The PINS system detected the expected gamma ray signaturefor every
agent/munitioncombinationtested at Tooele in 1992. As in 1991, VX nerve gas
was clearly distinguishedfrom GB nerve gas, and from distilledmustard gas,
agent HD. Lewisite (agent L) and white phosphorus (WP) were measured for the
first time in 1992 with the PINS system,and, as expected,their gamma ray
signaturespermit clear distinctionbetween each other, and agents GB, HD, and
VX, and high explosives (HE). Measurementswere also performedon three
differenthigh explosives: CompositionB, R_X, and the propelling charge for
155 mm cannon, again yielding a distinct signaturethat cannot be confused
with any of the chemical agents. Two of the munitionsassayed, the GB-filled
105 mm projectileand the VX-filledM55 rocket are fused.

The automatic analysissoftware package operatedcorrectlymost of the
time. An importantfeature is an automaticenergy calibrationroutine, useful
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both to OSIA inspectorsand nuclear physicists. Ironically,most of the
automaticanalysis software problems can be traced to the improvedsignal-to-
noise ratio provided by the redesignedshadow shieldingof the detector.
Several analysis routine problemswere fixed and tested at Tooele. The
remainingproblem cases will be addressedin a new version of the analysis
routine.

Minor upgradesto the experimentalhardware are also suggestedby the
experiments.
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NOTES

I. E. Wood, T.T. Taylor, and T. Clark, "ChemicalWeapons (CW) Treaty
VerificationTechnology Research and Development:IntegratedTest and
EvaluationPlan," Volume I, EAI Corporationreport CI/92/003F,August
1992.

2. For a technicaldescriptionof the PINS Chemical Assay System see A.J.
Caffrey, J.D. Cole, R.J. Gehrke, and R.C. Greenwood, "ChemicalWarfare
Agent and High Explosive Identificationby Spectroscopyof Neutron-
InducedGamma Rays, submittedto IEEE Transactionson Nuclear Science.

3. Since iron is common, and indeed plentiful, in most munitions and
storage containers,the auto energy calibrationroutine looks for the
7631 and 7645 keV iron capturegamma rays to check the energy
calibrationof the spectrum.

4. There is little hydrogen insidethe WP round, and about one-tenthof one
percent of the hydrogen capturegamma rays that arise in the
polyethylenemoderator block leak through to the HPGe detector.
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APPENDIX E

ION-TUBENEUTRON SOURCE

Neutron Interrogationto IdentifyChemical Elements
" with an Ion-Tube Neutron Source (INS)

at the Tooele Army Depot, August 1992

• R.A. Alvarez and M. R. Rowland
LawrenceLi_armoreNational Laboratory

Livermore,California

SUMMARY

We have used a portable,electric ion-tubeneutron source (INS) and
high-rosolutiongamma ray detector to identify,nondestructively,the key
constituentelements in a number of munitionsand storagecontainers at Tooele
Army Depot, and from the elementalmakeup, infer the types of agent within
each. The high energy (14 MeV) and pulsed cJ,aracterof the neutron flux from
an INS provide a method of measuring,quantitatively,the oxygen, carbon, and
fluorine content of materialsin closed containers,as well as the other
constituentsthat can be measured with low-energyneutron probes. The broad
range of elements that can be quantitativelymeasuredwith INS-basedinstru-
ments provides a capabilityof verifyingcommon munition fills, as in the
Tooele scenario; it provides the greatest specificityof any portable neutron-
based techniquefor determiningthe full matrix of chemical elements in
completely unrestrictedsample scenarios. The specific capabilityof quanti-
fying the carbon and oxygen content of materials should lead to a fast
screeningtechniquewhich, with room-temperaturedetectors,can discriminate,
in measurementtimes on the order of a minute or less, between high-explosive
and chemical agent filled containers. In this more limited application,
Lewisite and mustard agents should also be readilydistinguishablefrom one
another, as well as from nerve agents, lt may also be possible,with this
method, to distinguishVX from GB. This generaltechnology should have
applicationsfor rapid screeningof other classesof organic based materials.
The productionof short lived radioactivenuclides by the high energy neutrons
should be particularlyapplicableto monitoringthe flow of hazardousmateri-

' als in pipes.

' INTRODUCTION

Neutron interrogationto identifychemical elements (NIICE)makes use of
the characteristicgamma rays emitted by atomic nuclei when certain interac-
tions with these penetrating,unchargedparticlesoccur. The energy spectrum,
and/or the temporalcharacterof the gamma ray emissions, is usually unique
for each type of atom. These gamma rays from the bombarded target sample can
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be used to identify, nondestructively, the atomic elements present. By
applying the appropriatespectralpeak fittingtechniques it is possible to
infer,quantitatively,the atomic ratios for the target material.

In the case of high explosives (HE) and chemical weapons (CW), the
quantitativeratios of the common constituentsof organic materials,oxygen
(0), carbon (C), and hydrogen (H), are sufficientlydifferent to distinguish
betwee_these two classes. Other more "exotic"elements are also present in
these materials: relativelyhigh concentrationsof nitrogen (N) in the
explosives;and chlorine (Cl), sulfur (S), phosphorous (P), fluorine (F), and
arsenic (As), as well as N, in differing amounts, in each of the CW agents--
see Table E.I. Identificationof the combinationsof these elements in a

sample is adequate not only to distinguishthe CW materials from high explo-
sives, but also to distinguishthe CW agents from one another. For each of
these elements there is one or more type of neutron interactionthat generates
one or more characteristicgamma rays that can be used for identification.

Both portable isotopicneutron sources (PINS) or ion-tube neutron
sources (INS) can be used to excite enough of the exotic component elements of
HE and CW agents to perform the necessarynondestructiveevaluations (NDE)
among the restrictedset of materials in the Tooele scenario. The measure-
ments reported here utilized an INS, together with a high-puritygermanium
(HPGe)y-ray detector to identifythe contents of several types of munitions
and storagecontainers at Tooele Army Depot (TEAD),Utah during approximately
two weeks of measurementsin August, 1992.

The NIICE/INStechnique of nondestructiveevaluationdiffers from the
PINS approach in two importantways:

I. The neutrons from a typical INS are more energetic--slightlyabove 14
MeV kinetic energy--thanthose from a PINS. Like neutrons from a PINS,
they are emitted essentiallyisotropically. The higher neutron energy
opens interactionchannels other than neutron capture,which is the
predominantmechanism by which low-energyneutrons generate characteris-
tic gamma radiationwhen interactingwith matter. In particular,the
neutrons from an INS can generate characteristicgamma rays through
inelasticscatteringand particle exchange processes. These are the
only neutron interactionsthat can be used for fast measurementsof the
carbon and oxygen contentof materials. A requirementto correctly
identify arbitraryunknownmaterialsposes a unique opportunityfor the
INS approach. The systematicfalse alarm rate will be much lower with
ion-tube sourcesbecause nf the superior ability to identify the more
completematrix of elementalconstituents. "

2. The INS is electricallydriven. Its neutron output can be turned on and
off rapidly, either manually or under computerc_ntrol. When an INS is
in the "on" state, neutrons are emitted in pulses with approximatelya
10% duty factor. For example, neutronsmay be emitted for a 10-/_s
burst, followed by a go-/_sintervalduring which no neutrons emerge,
followed by another 10-/_sburst, etc. One can take advBntageof this
pulsed nature of the neutron emission to reduce the complexity of the
detected gamma ray spectra,and to separate identicalor similargamma
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ray spectral peaks which come from differentreaction mechanisms. The
abilityto controlthe on/off state of the INS--particularlyunder
computer control--isa featurethat can also be exploitedto detect some
elements in a target sample via the characteristicenergy (and possibly
the characteristiclifetime)of radiationfrom short-livedisotopes
produced by neutronbombardmentof the sample. Positive identification
of fluorine may depend on the use of this capability.

EOUIPMENTAND TEST METHOD

A simplifiedblock diagram for the experimentalapparatus is shown in
Figure E.I. The INS and a HPGE y-ray detector (with pre-amplifier)were
placed adjacentto the target sample. For most measurementsa "shadowshield"
of lead, typically8 inches thick, was placed between the neutron source and
the detector to reduce the direct flux of neutrons from the source striking
the detector. The INS was a MF PhysicsModel A-320 unit. lt was a modified
version of an off-the-shelfsystem designed for neutron well-loggingapplica-
tions, capableof operatingat pulse repetitionfrequencies(PRF) of up to
10,000 Hz. The y-ray detector was an ORTEC Model GMX-45200-P (45% N-type),
with a 3-I liquid nitrogen reservoir. The HPGe pre-amplifiervoltage was
provided by a battery.

The PRF of the INS is variable. On the first measurementsat TEAD (Run
Nos. 100-128) the PRF was 5000 Hz; on the later measurements (Run Nos. 129-
176) the PRF was 10,000 Hz. The duty factor was always fixed at the manufac-
turer-specified10%. The maximum time-averageneutron output of the INS was
calibrated by the manufacturerto be 1.4xi0° n/s at a PRF of 1000 Hz. This
value is nominally independeptof PRF, i.e., the pulse yield should be 1.4xi04
n/pulse at 10,000 Hz, 1.4xi0° n/pulse at 1000 Hz, etc. In practice,the
averageyield decreasedsomewhat at the highest PRFs.

In most runs a fast scintillationdetector was placed at a fixed
location near the neutron source to act as a relative flux monitor. Neutron
signals from the scintillator,above a fixed threshold amplitude,were
recorded on a fast scaler; the number of recorded counts served as a measure
of the total neutrons from the source during the run. These neutron generated
pulses, displayedon a TektronixModel 7104 oscilloscope,could also be used
to verify the timing of the gamma-raygates. Since these were the first
measurementsmade with this data collectionsystem,the neutron monitorwas a
great convenience,but is generally not a necessity.

For most measurements,the neutron source,shadow shield, y-ray detec-
tor, and neutron monitorwere maintained in a fixed geometry in a wooden jig.
In a few measurementsthe source and detectorwere positionedon opposite
sides of the target,which, in effect,replaced the shadow shield.

Signals from the HPGe pre-amplifierwere brought to an amplifier;the
amplifieroutput was fed to two pulse-heightanalyzers (PHA) which were on
cards in the data acquisitioncomputer. Another card in the computer--a
multichannelarbitrarywaveform generator (AWFG)--wasprogrammed to generate
independenttime gates for _he two PHAs, as well as the driw pulses for the
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neutrongenerator. The measurementduration, gate widths, PRF, and appropri-
ate delay times betweenthe neutrondrive pulse and the two PHA gate pulses,
were softwarecontrolled. There was a delay of approximately50 /_sbetween
the neutron generator drive pulse and the productionof the neutron burst.

The amplifier,control/data-acquisitioncomputer,and the INS control
chassiswere located in the LLNL nuclear instrumentationvan. The van, which
was equipped with a gasoline powered AC generator, could be located up to
about 100 ft from the neutrongeneratorand y-ray detector. Electric power
from the munition storage iglooswas used for the experimentalapparatus,
except for three sets of measurements(on the Ton HD container,the WP
artilleryrounds, and the ICM rounds) in which the AC generator was utilized.
The INS and the data-collectionsystem each require 3-5 amps of AC power at
115 V.

Each measurementwas bc..Inand halted, and the two PHA spectrawere
recordedto a disk, by the computer. An emergency "kill" switch was attached
by a 100-ft cable to the interlockconnectionon the INS control chassis, lt
could be used to shut off the neutron generatorprior to the scheduledend of
a measurementif required for personnelsafety reasons. One of the assigned
TEAD safety escorts maintainedcontrol of the kill switch during each measure-
ment.

The acquisition/controlcomputerwas a Kontronlaptop model, which could
accommodateup to five cards for data acquisition,memory, etc. At TEAD, four
of these slots were utilized for the two PHA boards,the waveform generator,
and a memory board, lt had not been possible to assembleand test all of the
componentsof the Kontron systemwith the neutrongenerator, detector, and
other electronicsprior.to the Tooele experiments.

The gating of the two PHAs is illustratedschematicallyin Figure E.2.
Gate I (the "promptgate" to the pulse height analyzerA) was open during most
of the neutron pulse, while high-energyneutrons were strikingthe target.
Gate 2 (the "delayedgate" to PHA B) was opened several tens of microseconds
after the beam pulse ended. The delay assured that virtually all high-energy
neutronswere absent from the target during the gate. Many neutrons that
underwentmultiple scatteringand thermalized,would still be present in the
target and undergoingcapture reactorsduring Gate 2; they would tend to
diffuse out of the target before the next fast neutron pulse occurred. Gate 2
was shut off well before the next beam pulse to assure that no photons
generatedby fast neutronswould be recorded in PHA B.

Gamma rays from inelasticscatteringevents (as well as some prompt
photons from particle exchange processes)were recorded only in analyzer A.
Gammas from thermalneutron capture were recorded preferentiallyin PHA B;
since some thermalizedneutrons remained in the sample until the following
pulse, however, there was some "leakthrough"of neutron capture gammas in PHA
A. Activation productswith lifetimeslonger than the inter-_'ulseinterval
emit gamma rays at essentiallythe same rate during both gates; they populate
the spectra in both PHAs in proportionto the two gate lengths.
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The rate at which neutrons thermalizeand diffuse out of a target sample
depends on the size and compositionof the sample,particularlyon its
hydrogencontent. In principlethe delay and length of Gate 2 can be opti-
mized to enhancethe detectionefficiencyfor capturegamma rays in PHA B. In
fact, since the dual-gatesystem had not been operatedprior to the Tooele
measurements,no optimizationwas done; Gate 2 was arbitrarilyset at a width
of approximatelyhalf of the inter-pulseinterval,and was positionedso that
it closed approximately10 microsecondsbefore the followingneutronpulse.
The leakthroughof capturegammas into PHA A could have been reducedby
operatingat lower repetitionrates, but dead time and pile-upin the prompt
gate would then have increased.

An approximatemeasure of the capturegamma leakthroughinto Gate I
could be obtainedby using a third PHA with a gate the same length as Gate I
but positionedjust prior to each neutronpulse (representedas Gate 3 in
Figure E.2); it would record approximatelythe same number and spectrumof
capturegamma rays as Gate 1, but withoutthe contributionof inelastic
gammas. We were unable to incorporatethe complexityof a third PHA into the
system during the Tooele exercises.

For some samples,delayed spectra(with the neutrongeneratorshut off)
were collectedfollowinga generator-onrun. These neutron-offruns were made
to look at gamma rays from relativelylong-livedactivationproducts. Some of
these gamma rays may be useful in identifyingkey elements, such as arsenic,
in the target. Others can give informationabout backgroundprocesseswhich
an aid in the data analysis.

Since the INS can be turned on and off under computercontrol, it can,
in principle,be operated in a sequencedmode to look for signaturegamma rays
from short-livednuclides producedby neutronbombardmentof a target. This
is particularlyattractivewhen the half-lifeof the nuclide is on the order
of a minute or less; it appearsto be ideallysuited for identifyingfluorine
by looking at the 197.1 keV photonsfrom IBo (269. S half-life)generatedby
(n,p) reactions. This was not done at Tooele becausethe softwarefor
controllingthe neutrongeneratorand data collectionboards for the sequenc-
ing operationshad not been developed.

We did, in some later runs, look in the prompt gate for the same 197.1
keV photonsdue to inelasticscatteringin fluorine. A peak was observed at
that energy in those cases (both actualmunitions and surrogates)in which
fluorinewas expected. Neutroncapture in Ge (the principaldetectorcompo-
nent) can lead to a line at nearlythe same energy. While this processwould
be suppressedin the prompt gate, it cannot yet be completelyruled out as a

the observed line. lt would not contributeto the source-offcontributorto

i spectrum,however.
- SAMPLES INVESTIGATED

Lewisite (L), sulfur-mustard(HD), and the nerve agents,GB and VX, were
examinedwith the INS system. The L samplewas in a steel-walledton contain-
er. The HD sampleswere in 155-mmartilleryrounds,as well as in a ton
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container. The GB was in 105-mmrounds, an MC-I bomb, and a ton container.
VX was in 155-mm rounds,a spray tank, and M-55 rockets;the latter two
munitionshad aluminumshells,whereas all other munitionsand containerswere
steel-walled. In addition,we examineda 155-mmwhite-phosphorous(WP) round,
an MC-a bomb with unknownfill, and a conventional(ICM) 155-mm artillery
round containinghigh-explosive. The chronologicalorder in which these items
were measured is shown in Table E.2.

TA__BLEE.2. Munitionsand StorageContainersMeasured

No. Target
TarQet Sample

I Sulfur-Mustard(HD)
155-mm rounds

,,

2 MC-I Bomb
Unknowncontents

3 VX
155-mmrounds

4 Sarin (GB)
105-mmrounds

Iboxed,with propellant,bursters, fuses

5 vx
Rockets

, , ,,

6 Sarin (GB)
l-Ton Container

7 Sulfur-Mustard(HD)
l-Ton Container

....

8 VX

Spray Tank

9 Lewisite (L)
l-Ton Container

10 Sarin (GB)
105-mmrounds lhorizontalpallets)

J

11 High Explosive(HE)
155-mmrounds IICMI

12 White Phosphorous(WP)
155-mmrounds

, ,, ,

13 CW Surrogates
155-mmrounds
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In order to simplifythe safetymanagementof the neutron-basedmeasure-
ments, the INS measurementswhich were carriedout in storageigloos were done
at the same time that PINS measurementswere being made on similaritems in
the same igloos. Although the INS and PI_ISexperimentswere generally
physicallyseparatedsufficientlythat the small backgroundfrom one source
causednegligiblebackgroundfor the other measurement,there were a few post-
irradiationmeasurementswith the INS shut off, in which thermal capture
eventsgeneratedby PINS neutronscaused a large background;those measure-
ments were generallyrepeatedwith the PINS removedfrom the igloo.

EXPERIMENTALRESULTS

IDENTIFICATIONOF CHEMICALELEMENTS

Some of the more prominentgamma rays that shouldbe useful for element
identificationare listed in Appendix E.I. Most of these have been identified
(at least tentatively)in HPGe spectra in laboratoryexperimentsat LLNL
and/or in measurementson munitionsor surrogatesat TEAD. Some of these
lines have only been observed in relativelylarge target samples. Lines seen
by inelasticscatteringmay also be detectableas activationlines, at exactly
the same energies,from (n,p) reactions;a daughter nucleusmay beta-decay
back to the original nucleusin the same state that is excitedby inelastic
scattering.

IDENTIFICATIONOF CONTENTSOF MUNITIONSAND STORAGECONTAINERS

For the limitedset of materialsat TEAD (withthe possible exceptionof
the unknown bomb) the identityof the fill can be inferredfrom the detected
elements accordingto the followingalgorithm:

1. If a strong Cl signal is present,the material is either L or HD.
(WeakerCl signalshave been seen from impuritiesin GB munitions.)
Oxygen signal also small or absent.

a. If sulfur is also detected,the material is HD.
b. If no sulfur is detected,the material is probably L; this is

confirmedby detectionof As, and by low hydrogensignal (in fact,
relativelylow signal of all neutroncapturereactions,especially
Fe, due to limitedneutronenergy thermalization).

c. If neither of the above criteriaare met, the Cl signalmay be
suspectedto come from an impurity.

2. If no Cl (or weak Cl), the material is HE, WP, or nerve agent.

a. If N is present,but no phosphorous,fill material is HE.
b. If P is present,but no F or S, the material is WP; the hydrogen

signal should also be relativelyweak.
c. If P and S are presentthe material is VX; hydrogen signal also

very prominent.
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d. If P and F are presentmaterial is GB; hydrogen signal strength
intermediatebetweenVX and WP.

Table E.3 lists the subset of items at Tooele for which a qualitative
analysishas been carriedout. Some of the gamma ray lines by which the
presenceof the key elementalconstituentsare identifiedare listed in the
table. In some cases, notablychlorine,many additionallines could be
identified. Some of the assignmentsare tentative;furtherquantitative
analysisof the spectra,which are in process,are needed for a positive
identification. The above algorithmappliedto the elementsfor each item
yields a result consistentwith the known contents.

An alternativeapproachcan be used when only the broad categoryof the
fill (i.e.,explosive,nerve agent,or blister agent) is required it is only
necessaryto measurethe relative amountsof O, H, and C in the materials. An.
experimentaladvantagewould be the much shortertimes requiredto obtain data
than is required for identifyingF, P, and S. With slightlylonger measure-
ment times, the relativeamount of N can also be determined,and somewhat
better discriminationobtained. An added advantageof this approach is that
the relative amountsof O, H, C, and N can probablybe measured using a room
temperaturebismuthgermanate(BGO) detector. The separationof various types
of He and CW agents is illustratedin Figures E.3a and E.3b. lt appearsthat
Lewisitecan be easily identifiedby this method, and it may even be possible
to distinguishVX from GB. Quantitativeanalysisof the O, H, C, and N by
fittingthe relevant spectralpeaks is required for this approach. Since we
have only recentlyacquired an adequatepeak-fittingprogram,we have not yet
carriedout an analysisof the existingdata using this approach.

HE materials,on the basis of their O/H/C/Nratios,are in fact separa-
ble from most common organicmaterials. The screeningapproachoutlined above
is applicableto detectingexplosivesin a much broadercontextthan HE and CW
discrimination. Although the separationsof other classesof organicsmay not
be as clean as for the HE case, the generalmethod may be useful as an initial
fast screeningstep for other types of materials.

RECOMMENDATIONS

Exploitthe strength of the INS-basedNDE technology,that is the broad
range of interactionsit can access,which results in greaterspecificityin
determiningthe matrix of elementalconstituentsin unknownsamples. Its
abilityto determinethe carbon and oxygencontent of materialsshould be

" particularlyexploited.

RECOMMENDEDHARDWAREMODIFICATIONS

The neutrongeneratorcan be made more user friendly. The manufacturer
has indicatedthat the controlchassiscan be built on a card that can be
incorporatedinto the controlcomputer. This would reducethe system to three
compact units (exclusiveof ac power source): generator,detector unit
(includingstand and shielding),and data acquisitionsystem (whichwould be
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TABLE E.3. Element Identification/Gamma Ray Energies

Gate 1 (*Inelastic") Gate 2 (*Capture* Residual Activation

Run Energy Energy Energy
No. _ Source/PFtF _ Element _ _ _ Element ._.omments

109 HD on15,000 2230 S 841 S
155-mm ProJ. 5421 S

6111 CI Many other CI
7414 a lines. "
8578 a

128 GB on/S,000 1255 P 3522 P
1-Ton Container 2233 P 6785 P

1347 F* "Wesk lines
1357 F* No S observed

134 HD onllO,000 2230 S 841 S
1-Ton Container 5241 S

1155 CI Many other CI
1951 CI lines.

1959 a
9790 Cl

138 VX on/10,000 2230 S 2380 S

Spray Tank 2931 S
3220 S
5421 S

2233 P 636 P" "Tentative lD

144 L onll 0,000 6111 CI Other CI line=
1-Ton Container 7414 CI

No S observed

Weak H line

147 L off/10,000 559 As* *Tentative lD
1-Ton Container

151 GB onl10,000 1266 P

105 mm Proj. 2233 P
197 F" "Tentative lD

1357 Ft" tWeak line

153 HE (Comp B) on/lO,O00 2313 N H relatively

155 mm Proj. (ICM) 5106 N weak.
7O28 N

159 WP on/lO,O00 1266 P H and 0 rel-

155-mm Proj. 2223 P atively weak

E.12





E.14

............... I ...................................................................... "I NI.IIU11!,HIPPH1_IllRIIIliIIiill li _1_II'|Ul liIIIIBIraIIPIrollI_NIInnI__11_mmm191_ mMI lm nimnmpiHepplelpiiiii_1_11_i' Jl_lln mill II liIII_ iqIU lPIINININ_IIIII II INelIRI_IIIIRMII_IIIIIRI! IflWNllplllllqI|q'llllllllJqll_l_llHHII_IIWIlII_II_IIIIIIHIIIqiI_IIIIIliI_III



suitcasesized). Where AC power is not readily available,the neutron
generatorcould operate from a 5-amp portablegene_.a_or.The data acquisition
system could operate from rechargeablebatteriesor a small generator.

(The manufacturerhas also indicatedthat ion-tubehousingcan be made
shorter if it is made a slightlylargerdiameter. Such a shape modification
may be useful for some applications.)

A faster analog to digitalconverteris desirable,particularlyfor PHA
A to reduce the system dead time. Digital stabilizationshould be incorporat-
ed in the system for applicationswhere high-resolutiondetectorsare re-
quired.

The detector shieldingshouldbe improved.

Gate timing and operatingparameters(e.g.,PRF) should be optimized.

Use of a room-temperature,bismuthgermanate (BGO) detector should be
pursued, lt appearspossibleto get adequatemeasurementsof the C, O, H, and
N compositionof materialswith an INS and a BGO detectorto distinguishamong
the classesof materialswith irradiationtimes of a minute or less.

RECOMMENDEDSOFTWAREMODIFICATI.ONS

Softwareneeds to be developedto automatethe data collectionprocess,
includingdetectorcalibrationand on-line peak fittingof signaturegamma
lines. The system should automaticallyrun in a pulse sequencemode where
that operationis indicatedby acquireddata or by operatorinput. Key
elements (or element ratios)should be measured,and the probableagent
material identified.

CONCLUSIONS

We have thus far performeda qualitativeanalysisof the data from at
least one type of each material (VX, GB, HD, L, WP and high explosive)for
which measurementswere made at Tooele. For this specifictype of chemical
weapon discriminationscenario,the electric INS-basedNDE technologycorrect-
ly categorizedthe four chemical agents (GB, VX, HD, and L), as well as HE,
and WP.

A more detailed analysis of the matrix of chemical components of the
items investigated in these tests is under way. This type of quantitative
determination of the chemical ratios, combined with the ability of the high-

" energy neutronsto excite a wide range of elements,can be appliedto the
identificationof unknownmaterialsin less restrictivescenarios.
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APPENDIXE. 1
IDENTIFICATION OF KEYELEMENTSOF CONVENTIONALANDCH MUNITIONS

SIGNATUREGAMMA RAY ENERGIES

Fluorine

The capture cross sectionfor fluorine is extremelysmall; no capture
lines are useful for element identification.

Inelasticpeaks have been observedat 197, 1240, and 1357 keV.

Activationlines shouldbe visible at 6130 keV due to (n,e) reactions
(7.1 s half-life),and at 197 keV and 1357 keV due to (n,p) reactions
(27 s half-life). The 6130 keV activationcan also be generatedby 14
MeV neutronsthrough (n,P) reactionsin oxygen.

Phosphorous

Phosphoroushas several significantcapturegamma ray lines, including
636, 2154, 3900, and 6785 keV.

There are inelasticpeaks at 1266 and 2234 keV. The latter is very
close to a sulfur inelasticpeak, which has a larger cross sectionand
may dominatewhen both S and P are present. The presenceof both peaks
can be qualitativelyidentifiedwhen both elementsare present in
similarquantities,however,and can be quantitativelyseparateby
appropriatecurve fittingtechniques.

There is an activationline at 1779 keV with a half-lifeof 2.25 m, from
the beta decay of ZBAlproducedby (n,e)reactionsin phosphorous.
Although this process is fairly strong,2BAlcan also be producedby
neutron capturein naturalaluminumand/or by (n,p) reactionsin
silicon,both of which elementsmay be present in floors, support
structures,the experimentalapparatus,etc. The contributionto the
1779 keV activationline from Al and Si can be inhibitedby appropriate
shielding,and can, in principle,be measuredand subtractedout using
their other characteristicgamma rays.

Sulfur

• Sulfur has fairly strong capturepeaks at 841, 2380, and 5421 keV, and
severalothers that can be identifiedin some cases. When there is iron
in the target sample the 841 keV peak may be difficultto resolve,

• visually,from the large activationpeak from iron at 846.8 keV, but the
contributionfrom the latter can be separatelydetermined,as noted in
Sec III. Peak fittingmethods can also be employedto get the separate
contributionsdirectly from the spectrumof PHA B.

Sulfur has severalpeaks due to inelasticscattering,the strongestof
which is at 2230 keV. As noted above,this line is difficultto
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resolve,visually,from the 2234 keV peak in phosphorous, lt is also
close to the 2223 keV hydrogencapturepeak. Althoughthe latter is
suppressedin the promptgate in which the inelasticsulfur peak occurs,
it is so strong, in some cases, that the leakthroughcan dominate the
sulfur inelasticsignal. A peak-fittingprocesscan be used to sepa-
rate, quantitatively,the contributionsof all three elements in the
2223-2234keV region.

There is no useful activationgamma ray line from sulfur.

Chlorine

Chlorine has a numberof strong capturegamma ray lines from 517 keV to
7790 keV. Perhaps the most prominentis at 6111 keV, and the high energy
of these gamma rays allows them to penetratethe walls of the munitions
or containers. The whole suite of strong Cl capture lines provides fast
and easy identificationfor that element.

There are some inelasticlines from chlorine,but they will not general-
ly competewith the very strong capturegamma ray lines as a means of _'_
element identification.

Arsenic

Arsenic has a lot of relativelyweak prompt capturegamma ray lines.
The strongestlines, at 165 keV and 1534 keV, were not identifiedin the
Lewisitecapturedata in the TEAD measurements. (The 165 keV line was
below the energy thresholdset for the B pulse-heightanalyzer.)
Becauseof the toxicityof arseniccompounds,we have not yet.performed
experimentson As at LLNL.

Arsenichas severalweak inelasticlines, none of which have been
unambiguouslyidentifiedin the analysisof the TEAD data thus far
carriedout.

There are activationlines for arsenic at 559 keV (26.3 h half-life)due
to neutron capture, and at 596 and 635 keV (17.8day half-life)due to
(n,2n) reactions.

Hvdroqen

There is a very strongcapture line for hydrogenat 2223 keV. There are
no inelasticor activationlines.

Oxyqen

The capturecross sectionin oxygen is extremelysmall. There are no
useful capturegamma ray lines.

There is a strong inelasticscatteringline at 6130 keV. The same line
appearsfrom an activationproduct,with a 7.13 s half-life,due to
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(n,p) reactionsin 160;it can also be generatedby (n,e) reactionsin
fluorine.

Carbon

The carbon capture cross section is very small; there are no useful
prompt capturegamma rays.

There is a prominent,broad line at 4439 keV due to inelasticscatter-
ing.

There are no useful activationproductsfrom carbon. The 4439 keV
activationline (20_2 ms half-life)due to (n,p) reactionsin carbon has
too high a thresholdto be seenwith 14 MeV neutrons.

Nitroqen

The capturecross sectionfor nitrogenis fairly small. The strongest
capturelines are at 1885, 5269, 5298, 5533, and 6322 keV. The slightly
weaker line at the higherenergy of 10829 keV may providea better
signature,since there is little or no backgroundin that energy range.

There are fairly strong inelasticpeaks at severalenergies,including
1632, 2313, 5106, and 7028 keV.

The only significantactivationproduct is 13N (9.97m half-life;posi-
tron decay) which can be producedthroughthe (n,2n)reaction. The only
significantgamma ray from this product is the 511 keV positronannihi-
lation photon,which is not unique in energy,but the reactioncould be
identifiedby a lifetimemeasurement.

BackgroundElements

Iron: There are numerousstrong capturelines from iron, and several
strong inelasticscatteringlines,particularlyat low energy. Some of
these are close to signaturelines of the HE and CW componentelements
listed above, but most are adequatelyseparatedin high-resolution
detectors. The activationline at 846.8 keV interfereswith a key
sulfur captureline, but that situationcan be resolved by methods
previouslynoted.

Aluminum: The principalbackgroundproblemwith Al is the 1779 keV
activationfrom neutroncapture,which, as noted above, is identicalto
the (n,e) signatureline from phosphorous. Aluminumgeneratesseveral
other lines that can be used to evaluate its backgroundcontribution,
includinglines from activationproducts,capture lines at 4133, 4260,
4734, and 7724 keV, and inelasticlines at 843, 1013, 1719, and 2210
keV.

Silicon" Silicon, like aluminum,producesa 1779 keV activationback-
ground. Like aluminum,its contributioncan be evaluatedfrom its other
signaturelines. There are capturelines 2093, 3539, and 4934 keV, and

E.i9



at severalother energies. The 1779 keV line also occurs in the inelas-
tic scatteringchannel,and there are severalother additionalinelastic
lines.

Lead: Lead was used as a shadow shield betweenthe neutron source and
the gamma detector. Neutroncapture in lead generatesphotonsat 6736
and 7367 keV, and (n,2n)reactionsgive activationlines (800 ms half-
life) at 569 and 1063 keV. Backgroundfrom lead has not been a problem
in identifyingother key elements.

Boron: Boron was used in neutronshieldingmaterial on some measure-
ments, lt producesa strong,broad line at 478 keV from the l°B(n,e)
reactionto an excitedstate in 7Li.

Germanium: Germaniumbackgroundarises from neutron interactionsin the
detector, itself. There are capturelines at 175, 596, 868, and 3028
keV, and broad inelasticlines around 596 and 693 keV, and severalother
energies.
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APPENDIXF

COMMENTS FROM OSIA PERSONNEL

Comments from On-Site InspectionAgency Personnel

Personnelfrom the On-Site InspectionAgency were requestedto partici-
pate in the field trials. Their participationhelped assessthe development

, of the UltrasonicPulse Echo, AcousticResonanceand PortableIsotopicNeutron
systemsfrom a user viewpoint. As Dr. Caffreynoted in his acknowledgements,
OSIA personneltook the time from their busy schedulesto participatein the
field trialswith "great care and good humor".

As part of the OSIA evaluation,personnelwere requestedto fill in an
equipmentevaluationform. A copy of the evaluationform is provided below
and the commentsthat OSIA personnelmade concerningthe equipmentthey used
follow.

QUESTIONNAIREFOR EQUIPMENTEVALUATION

NDESYSTEM:

OPERATOR: Date:

I. Was the trainingtime and instructionadequate? What recommendationsdo
you have?

2. What equipmentor equipmentoperationproblemsdid you have?

3. Estimatehow long the equipmentwould last in the test environment
before it would have to be repaired/replaced.

4. How could the equipmentbe made to operatebetter in the field?

5. How could the equipmentbe made more user friendly?

6. What was your average setup time?

a. What was your averageoperationtime per munition?

, b. What was your average cleanuptime?

7. Other comments:

F.I
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QUESTIONNAIREFOR EQUIPMENTEVALUATION

NDE SYSTEM: ARS

OPERATOR: 1 Date: 25 Aug 92

1. Was the trainingtime and instructionadequate? What recommendationsdo
you have? Trainingtime was adequate. Two hours with instructors,then
time for hands-ontraining. An operatorsmanual would be useful when
P.I.s are not present. A troubleshootingguide for equipmentfailures
also would be useful.

2. What equipmentor equipmentoperationproblemsdid you have? Cables and
connectorsshouldbe stronger. Some minor software problemsoccurred.
Overall, fairly reliable.

3. Estimatehow long the equipmentwould last in the test environment
before it would have to be repaired/replaced.With minor improvements
with cables and connectors,and an improvedcarrying case, n__oomajor
problems should be expected in months of use.

4. How could the equipmentbe made to operatebetter in the field? A
strongertransducercapableof being decon'd is required.

5. How could the equipmentbe made more user friendly? Already very user
friendly,an easy-to-followmenu currentlyappearson the screen.

G. What was your averagesetup time? Less than 10 minutes.

a. What was your averageoperationtime per munition? 24-40 seconds -
dependingon type of munition. This includesoperator comments.

b. What was your averagecleanup time? Less than 10 minutes.

7. Other comments: The equipmentperformedup to expectations, lt was
very user friendly. Would be beneficialduring inspectionsis used in
conjunctionwith equipmentcapableof determiningvolume and in conjunc-
tion with a method of determiningtype of agent fill.
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QUESTIONNAIREFOR EQUIPMENTEVALUATION

NDE SYSTEM: ARS

OPERATOR:2 Date: 25 Aug. 1992

I. Was the training time and instructionadequate? What recommendationsdo
you have? Training time was sufficientto learn operationof the

• equipmentand collectionof data. More time could be spent on under-
standinghow to tell if one is collectingthe best data.

2. What equipmentor equipmentoperationproblemsdid you have? Minor
problems with cables were experienced.

3. Estimatehow long the equipmentwould last in the test environment
before it would have to be repaired/replaced.N/A. This equipment
would be "toughenedup" beforedeployment.

4. How could the equipmentbe made to operatebetter in the field? Longer
cables.

5. How could the equipmentbe made more user friendly? Making the program
WINDOWS compatiblewill make it more versatileand adaptableto use in
the inspectionregime.

6. What was your averagesetup time? 5 minutes

a. What was your averageoperationtime per munition? 20 seconds

b. What was your averagecleanuptime? 5 minutes

7. Other comments: The Los Alamos personneltook an active interest in
preparingthe OSIA personnel,even to the extent of customizingthe
data-collectionprogramto meet our needs. All their effortswere
greatly appreciated.
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QUESTIONNAIREFOR EQUIPMENTEVALUATION

NDESYSTEM: PINS

OPERATOR:3 Date" 24 Aug 92

I. Was the trainingtime and instructionadequate? What recommendationsdo
you have? Total trainingtime of 18 hours was adequate. A more
substantialdiscussionof health physicswould be appropriate.

2. What equipmentor equipmentoperationproblemsdid you have? No
particularproblemswere noted with OSIA personnel. The P.I.s MCA
exhibitedan electronicmalfunctionwhich shut down the high voltage.

3. Estimatehow long the equipmentwould last in the test environment
before it would have to be repaired/replaced. The equipmentperformed
well for 80+ hours of data collection. There's no reason to believe the
equipmentwouldn't last for many months before repair is required.

4. How could the equipmentbe made to operate better in the field? The
relianceupon H and Fe peaks may not be appropriatefor all agents.
Find other lines as appropriateor includea Fe calculationslug for
configurationsw/o Fe.

5. How could the equipmentbe made more user friendly? The equipment is
about as user-friendlyas it can get. A computerwith a screenthat can
be seen in the sun would help.

6. What was your average setup time? -15 mins

a. What was your average operationtime per munition? -30 mins

b. What was your average cleanuptime? -10 mins

7. Other comments. The countingtechniquerelies heavilyupon geometry,as
does any gamma spectroscopyendeavor. This can introducea slot of
variabilityinto the data. This subjectshould be explored in more
depth in the training. Also, the auto analysis routineneeds a lot of
work.

F.4



TABLE3

QUESTIONNAIREFOREQUIPMENTEVALUATION

NDE SYSTEM: PINS

• OPERATOR:4 Date: 25 Aug 92

I. Was the training time and instructionadequate? What recommendationsdo
you have? Yes, some of the trainingcould be automated. I'd like to
see a self-pacedsoftwaretutorialon reading spectra.

2. What equipmentor equipmentoperationproblemsdid you have? Coax
connectorsused in cablingwere threaded, lhese came loose occasionally
and should be replacedwith the crimp type.

3. Estimatehow long the equipmentwould last in the test environment
before it would have to be repaired/replaced. I have no clue. At least
a year.

4. How could the equipmentbe made to operatebetter in the field? The
set-up table for the source and shadow blocks is unnecessarilylarge and
complicated. Holes in the poly block for the should be tapered. The
computer screen is difficultto read in the sun and should be replaced.

5. How could the equipmentbe made more user friendly? The Maestro
software (Ortec)needs work. Besidesbug fixes the "soft"controls for
the MCA are very easy to unintentionallydisturb. This can result in
wasted operator time.

6. What was your average setup time? 5 min.

a. What was your averageoperationtime per munition? 40 min.

b. What was your averagecleanuptime? 5 min.

7. Other comments: Do no oversimplifyPINS. While the auto-analysis
software is one of the most attractivefeatures,its not as good as a
skilledoperator. I would like to see a strong operatortraining
program.
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QUESTIONNAIREFOR EQUIPMENTEVALUATION

NDE SYSTEM: UPE

OPERATOR:5 Date:

I. Was the trainingtime and instructionadequate? What recommendationsdo
you have? Trainingwas adequate in that it was similar to the amount of
time we would have to train inspectorsintendingto use the equipmentin
Russia. The training showed us that the equipmentis not user friendly
enough and trainingdemandsmuch more time than allowed. Recommenda-
tion--trytrainingpeople on the equipmentpackage PNL says they'llhave
ready in approximatelyone year or drop the funding.

2. What equipmentor equipmentoperationproblemsdid you have?

a. Psion computer'ssoftwaredoesn't allow operatorto go back and
corrector change data after screen has been changed. No new data
can be added to an existingfile after data acquisitionand data
cannot be recomputed;e.g., operatoracquireswaveform and TOFs
for munition and later discoversmunition diameter_s slightly
off. Informationcannot be amended. The computer should also be
much more automatedso the operatordoesn'thave to input repeti-
tive info for each acquisitionfile (name,munition,origin,team,
etc.). Computermust also be shut off after each data acquisition
which is time consumingand operatorsmay not input changesto
USDIO while Psion is taking data from it. Hitting USDIO buttons
causes Psion to crash - time consumingand annoying. Many buttons
are too small, operatorhas to use a pen to push buttonswhen in
gloves.

b. USDIO o'scopeseems designedto be set up and used for long-term
data acquisitionwithoutchanging amp gain, displaywidth, etc.
Operator must toggle throughmany fields to make changeswhich is
time consumingand a hasslewith gloves on. This could be made
easier if all commonly used buttonsshowed on the screen,but they
are interspersedwith displayswhich remain constant (language-
English). Our PI told us the USDIO softwarecannot be changed as
item was bought "off the rack."

c. Transducerswork quite well individuallybut bands to place around
small munitionsare difficultto manage. Operatormust fiddle
with transducersto get readingsand must be able to view o'scope
while adjustingband. Bands currentlyin use bend easily,cannot
be used for munitionslying horizontally. When using bands, fill
level is registeredonly as being to point where munitionbegins
to form nose cone. When using only one transducerto measure fill
level of large tanks, measurementis rough becausedistance from
fill line to top of munition is measuredwith tape measure.
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3. Estimatehow long the equipmentwould last in the test environment
before it would have to be repaired/replaced.Psion, USDIO, and cable
would last a long time. Bands to hold transducersget bent out of shape
easily - 3 days to 2 weeks.

4. How could the equipmentbe made to operate better in the field? Using a
flexible,expandableholder for transducerswould make receivinga

• signal easier. Magnetsmight work, a wrap-aroundtransducer is very
awkward. Streamlinesoftwareto header info is automaticallyrepeated.
Combine equipmentcomponentsof Psion and o'scope. Allow for data
corrections.

5. How could the equipmentbe made more user friendly? Requirefewer
buttonsto be pushed on Psion. Keep frequentlyadjustedvariables (dB,
freeze on/off,displaywidth) together to lessen toggling. Fix the
transducerproblem.

6. What was your averagesetup time? 10 minutesto ch,,'..kUSDIO inputs,
start up Psion, and calibratesystem.

a. What was your averageoperationtime per munition? Varieswidely; 5-30
minutes

b. What was your averagecleanuptime? Very brief; 2-3 minutes

7. Other comments:

!
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QUESTIONNAIREFOR EQUIPMENTEVALUATION

NDE SYSTEM: UPE

OPERATOR:6 Date:

I. Was the training time and instructionadequate? What recommendationsdo
you have? No - the instructionwas good but there are a lot of factors
to take into considerationwhen operatingthe system. For the most
part, we were trainedon 155-mm surrogatesso it was trial and error
when operatingon spray tanks or MCIs and 105 mm. I would recommend
that after seeing the storageconfigurationof the differenttypes of
chemicalweapons, trainingshouldencompassall types and not just 155
mm because it is differentto operatefor each kind.

2. What equipmentor equipmentoperationproblemsdid you have? The screen
on the USDIO is really hard to read when exposedto sunlight.

In order to save data, you have to reboot the system each time and if
you want to review your data, you have to go into DOS. Seems like you
should be able to do that from the main menu. Also if you make a
mistake on the keyboardand you go on to the next screen,you can't go
back and change it so now that whole data sheet is useless.

We found out that the cart has to be really close to the person operat-
ing the transducers. I think the cables for the transducersneed to be
longer.

3. Estimatehow long the equipmentwould last in the test environment
before it would have to be repaired/replaced. I think it would last for
quite some time in a test environment,providingit is shielded from
sunlightand rain.

4. How could the equipmentbe made to operate better in the field? lt
needs a better screen. You can't see the USDIO screenoutside.

5. How could the equipmentbe made more user friendly? There needs to be a
help key so if you run into problemsduring operationyou could press
the help key. Should also be able to go back and change data in case of
mistakes. Right now if you read the wrong peak and punch that into the
computerand then realize it was wrong, you can't go back to change it
so that means you have bad data. Should also be able to bring up all
your data from the menu insteadof having to go into DOS. Should also
be able to operatorthe USDIO and the Psion at the same time.

6. What was your average setup time? 5-10 minutes

a. What was your averageoperationtime per munition? lt depends on the
type of munition. I ton containersonly took a couple of minutes.
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becausethere is less involved in obtainingdata, but the lOS-mm tooW_
10-15 min becauseit was more trial and error due to storageconfigura-
tion.

b. What was your averagecleanuptime? Clean up is easy and it doesn't
take very long at all. Only a couple of minutes.

, 7. Other comments: The UPE is a systemthat the more I used it, the more I
liked it. lt got easier the more time you spent with it. There is the
problemof interpretation. But I think if I spent more time training
with it, then that problemcould be solved. The fixturesfor the
differentmunitionsneed to be changed, it is too hard to play with the
fixtureto figure out what is a good peak and what is a bad peak. I
think this is a system that could be very useful in the futurewith
continueddevelopment. I think the Pis have a better view of how
munitionsare stored and can develop from there rather than just
trainingon 155-mm surrogates. I also think that trainingwith the
equipmentshouldbe in gloves to get a better feel of how the equipment
would actuallybe used. I don't think the UPE is ready to be fielded.
There were problems in gettingreadingswith 155 mustard,8 in VX, 105
GB, etc but the Pis saw the problemsand should be able to develop from
there.
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