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ABSTRACT

At the Idaho National EngineeringLaboratory(INEL),the Stored Waste

ExaminationPilot Plant (SWEPP)was developedto providenondestructive

examinationand assay techniquesfor examiningand certifyingTRU wastes

without opening the waste container. This technologywas developed,

primarilyfor stored TRU waste, to evaluatewaste package compliancewith

Waste DisposalAcceptanceCriteria and Transportationrequirementsprior

to shipment. These techniquesincludereal-timex-ray radiography,

passive and active neutronassay, and ultrasoniccontainer integrity

examination. These techniquesprovide the necessary informationto ensure

safe transportation,handling,and disposalof the waste at the Waste

IsolationPilot Plant (WIPP).

INTRODUCTION

A major objective of the U.S. Department of Energy (DOE) Defense Waste

Management Program is the proper management of defense-generated

transuranic (TRU) waste. Transuranic waste is defined as material that

has negligible economic value and is contaminated with alpha-emitting

transuranium radionuclides with an atomic number greater than 92 with a

half-life greater than 20 years and in concentrations greater than

100 nCi/g. The Defense Waste Management Plan (1) provides the strategy

for achieving permanent disposal of newly-generated TRUand that currently

in interim storage at several DOEsites.

a. Work supportedby the U.S. Departmentof Energy AssistantSecretary
for DefensePrograms,Office of DefenseWaste and Transportation
Managementunder DOE Contract No. DE-ACO7-761D01570. ,T,,._ , ....
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The Waste IsolationPilot Plant (WIPP), a deep geologicalrepository

in the southwesternpart of the United States near Carlsbad,New Mexico,

will be a research and developmentfacility for demonstratingthe safe

disposal of newly-generatedand stored defense-generatedTRU waste.

Beforethe waste can be shippedto WIPP, it must be certified as meeting

the Waste AcceptanceCriteria (WAC) and the TRUPACT-IIAuthorized Methods

for Payload Control (TRAMPAC),which ensure the safe disposal and

transportationof the waste. These requirementsincludelimits on the

amountof respirableand dispersiblefines in a waste package, free liquid

restrictions,pyrophoric materialrestrictions,fissileinventory,waste

form, layers of containment,and labelingrequirements.

The Idaho National EngineeringLaboratory (INEL)is a major storage

site for defense-generatedTRU wastes. At the end of 1987, 62,967 m3 of

contact-handled(less than 200 torero/h)TRU waste were in storage awaiting

retrievaland examinationbefore shipment to WIPP. To support evaluation

of waste containercontentsto ensure compliancewith the WIPP-WAC, the

StoredWaste ExaminationPilot Plant (SWEPP)was developedto provide

nondestructiveexaminationand assay capabilitiesfor examining and

certifyingthe storedTRU waste withoutopening the waste containers.

Nondestructiveexaminationis a cost-effectivemethod to ensure that

worker radiologica_exposure is as low as reasonablyachievablewhile

ensuringthat all waste acceptancecriteria are met.

The primarynondestructivetechniques used for certifying INEL stored

TRU waste consist of real-timex-ray radiography(RTR),passive and active

neutronassay, and containerintegrityexaminationof each waste

container. These techniquesare describedin this paper. Other processes

and techniquessupportwaste certificationbut are not discussed in this

= paper. These includeweighing,radiologicalsurveys,waste container

labeling,samplingprogram, and the data managementsystemwhich supports

waste containertracking,maintainsdata collectedfrom the nondestructive

examinations,and preparesthe waste data package.
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WASTE CERTIFICATIONAPPROACH

The approach to certifying stored TRUwaste, some of which has been in

storage since 1970, is based on a combination of information.

I. Waste Records: The TransuranicWaste Data Base is a computerized

system that provides a base source of informationfor each waste

containerplaced into interimstorage.

These data, which includea contentcode describingthe physical

contentsof a waste container,are used to initiallyscreen the waste

for expectedcontentprior to nondestructiveexaminationand assay.

2. Waste ContentCode Assessment: Each waste contentcode, which

describesthe physicalcontentsof a waste container,was evaluated to

determinewaste form, packaginginformation,and compliancewith the

waste form requirementsof the WIPP-WAC. This assessmentidentified

the presence,or potentialpresence,of free liquids,sludges,

pyrophoricmaterials,explosives,compressedgases,respirable or

dispersiblefines, toxins,and corrosivematerials in the waste

package. Based on this assessment,a determinationwas made as to

whether the content codewould meet the WIPP-WAC and TRAMPAC. This

informationis used by the technician operatingthe nondestructive

examinationequipmentin evaluatingwaste containercontents.

3. Nondestructive Examination Data: These data are obtained from

real-time radiography (RTR), an assay system, and a container

integrity system. These techniques, described in this paper, are the

o primarytechniquesused to nondestructivelyverify that the contents

of a waste packagemeet WIPP-WAC and TRAMPAC requirements.

4. Sampling Program: A samplingprogram provides qualitycontrol of the

waste certificationprocessand verifiesthat WIPP-WACand TRAMPAC

requirementsare met. Waste packages certifiedas meetingthese

requirementsare selectedusing a statisticalrandom samplingmethod,

opened,and visuallyexaminedto ensure waste form compliancewith the

WIPP-WACand TRAMPAC.
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NONDESTRUCTIVEASSAYINGANDCLASSIFICATIONTECHNIQUES

Real-TimeFCadioqraphv(RTR)

The RTR system is a commerciallyavailablex-ray system that permits

internalexaminationof waste packagesand avoids the need for waste

packageopeningand examination. The systemcombines x-ray radiography

and fluoroscopywhich allows the image of the object to be displayed in

"real-time"while the examinationtakes place. The RTR examinationis

used to verifythe physical contentsof the waste container,the assigned

content code, and determine if the waste meets WIPP-WAC and TRAMPAC

requirements. Specifically,it identifiessuch materialsas free liquids,

respirableand dispersiblefines, sealed containers> 1 gallon, and

pressurizedcontainerssuch as aerosolcans.

During developmentof RTR as a nondestructiveexaminationtechniqueat

the INEL, a samplingprogram was conductedto determinethe adequacyof

RTR for certifyingwaste and to verify the Waste Content Code Assessment

results for waste form compliancewith the WIPP-WAC. Over 200 waste

packages were sampled. Each waste packagewas first examined by RTR.

Then the packagewas opened, and its contentsvisually inspectedfor

compliancewith the WIPP'WAC. The results of the visual examinationwere

then comparedto the results obtainedduring the RTR examination.

Sampling programresultsdemonstratedthat RTR is an excellenttechnique

for verifyingthe contents of a waste container. In addition,the

sampling programverified the accuracyof the Waste ContentCode

Assessmentsand provided valuableinformationfor developing specific

requirementsfor the TRUPACT-II certificationand the RTR operator

qualificationand training program.

The RTR systemconsists of a 420 kVp constant-potentialx-ray head and

an imagingsystem that includesmonitors,a recorder,and video
L

processor. The x-ray source and imagingsystem are housed in a

lead,shielded,light-tightenclosure. The enclosuremaintainsradiation

levels to less than 0.1 mrem/h. A cart and turntableassemblytransports

waste containersin and out of the enclosure. The turntableassembly
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permits rotation of three drums during the examinationprocess. Removal

of this turntableassemblyallows one waste box (up to 1.2 x 1.2 x 2.1 m)

to be examined. Figure I provides an overview of the system.

The 420 kVp constant-potentialx-ray head is a standard,commercially

availableunit with an output dose rate of 11,000 R/min at 200 mm. The

voltageof the unit can be varied from 90 to 420 kVp. The currentcan be

varied from 0 to 10 mA at the maximumvoltage.

The imaging systemconsistsof a fluoroscopicscreen and a low-light

level Isocon (tradename)Closed-CircuitTelevision(CCTV)camera. The

camera is mounted insidea shieldedlight-tightenclosureto protectthe

lens and electroniccomponentsfrom radiationdamage. The camera has five

lenses in a turret arrangementwhich permitsremote selectionof image

sizes from 0.50 to 2X magnification. The lenses point at a first-surface

mirror mounted at a 45o angle, which in turn views the fluoroscopic

screen. The fluoroscopicscreen is 81.3 cm high by 61.0 cm wide and is

coveredwith a gadoliniumoxysulfidecoating approximately12 mils thick.

The output from the imagingsystem is suppliedto two CCTV monitorsat

the operator's station. One monitor always presentsthe images directly

from the camera. The operatorcan use the secondmonitor to view a

processed image. The processingconsistsof videotapingand adding

printeddata on the videotapevia a charactergenerator.

Assay System

A DrumAssay System and a Box Assay Systemwere developedby the Los

Alamos National Laboratoryfor measuringthe fissilematerialcontent and

total TRU contentof a waste package. Both systemsuse a differential

die-away,active neutroninterrogationtechnique(DDT) and passiveneutron

counting. In DDT, a pulse of fast (14-MEV)neutrons introducedinto a

polyethylene-and graphite-linedchamber is thermalized. These neutrons

have a characteristiclifetime,called the systemdie-away time. If

fissilematerials are present in the chamber, some of the neutronscause

fissions. Promptneutronsfrom these fissionsare detected in specially

designed 3He neutrondetectorsthat are sensitiveonly to fast neutrons.
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The Drum Assay System (Figure2) is a rectangularassay chamber

approximately1.52 m wide by 3.25 m high and is designed to assay waste

drums up to 314 L. The assay chamberwalls are constructedof 25 cm-thick

polyethylene,containedin steel jacketsand lined with 10 cm-thick

graphite. The polyethylenereducesneutron radiationlevels and moderates

the fast neutrons. The graphite servesas both a moderatorto thermalize

neutrons and as a neutron reflector. A neutron generatorprovidesd

I x 106 neutrons/pulsewith an energyof 14 MeV. The 3He neutron

detectorsare locatedin the polyethylenesurroundingthe assay chamber.

Detectorsused for counting fast fissionneutrons are shieldedwith a

cadmium shieldwith a borated rubberlining to absorb thermalized

neutrons. Two flux monitors are used to monitor neutronflux for

normalizingdetectorresponseand for determiningthe effectsof neutron

absorption by the waste matrix. A computer system collectsand analyzes

data obtainedduring active and passiveassays. Algorithmshave been

establishedfor evaluatingthe data based on waste form and isotopic

composition.

The fissile contentof a waste drum is determinedby active neutron

interrogation(DDT) as well as passiveneutron counting. The active assay

provides 'thegreatestaccuracyfor low fissile inventories;tilepassive

assay is more accuratefor the higherones. Hence,data from the two are

used accordingly. The thermalpower density and total TRU content are

derived by countingnonfission(single)neutrons producedby (_, n)

reactionswith elements such as 0-.I8or F-19 within the waste matrix and

by Pu-240 spontaneousfission. The amountof single neutronsindicates

total alpha activity. Since the averageenergy depositedper alpha decay

is known, the thermal power can be calculatedbased on the total alpha

activity. For non-alpha-emittingisotopes,such as Pu-241,the amount of

these isotopespresentis calculatedusing isotopicratios. The total TRU

contentmeasurementis used to identifywaste containerswith less than

100 nCi/g TRU activity. These wasteswill be disposedof as low-level

waste.
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Drum Assay System Exterior Drum Assay Console

Figure 2. Drum Assay System
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ContainerInteqrity

The third NDE system is the containerintegritysystem as shown in

Figure 3. The purposeof this system is to ensure that a metal waste drum

has not significantlydeterioratedduring interimstorageand can be

safely handled for transportand disposal at WIPP. The drum metal wall

thicknessis measur,._dultrasonically. The measurementsand detected

abnormalitiesare recordedwith on-line data processingequipment.

A waste drum is placed in a tilt-rotationstand and tiltedapproximately

30° from the uprightpositionto maintain contactwith the drive rollers

and ultrasonictransducers. A recirculatingwater systemprovideswater

couplant to each sensorassembly. This system is capableof providing

approximately3.8 L per minute to each ultrasonicdetector. A reservoir

catch basin in the base of the stand collects the water. The water is

filteredthrough a 125 #m and 10 #m filter before being returned

to the detectors.

'Thecontainerintegritysystem includesan eight-channelmultiplexed

ultrasonicdigital thicknessgauge, bubbler-typesearch unit holders,

analog and digital recording,and digital data processing. Each search

; unit, which is mounted on the tilt stand to measurepreselecteddrum

locations, includesan ultrasonictransduceroperatingat 10 MHz to

measure the containerwell thickness. The 10 MHz searchunits were found

to be less sensitiveto water path and angle changesthan other search

units evaluated. A measurementis obtained at 0.102 cm incrementsof drum

travel for each of the eight search units. The recordedmeasurementsare

fed to a strip chart recorderand to a microcomputer. Approximate!"

15,000measurementsare taken. The microcomputeris programmed to

calculatethe average thickness,standarddeviation,and the minimum

thickness readingfor each inch of drum travelfor each search unit. A

data summary of this informationis used to determine if the waste drum

still meets U.S. Departmentof Transportation(DOT) Type A specifications.

The minimum allowableType A wall thicknessis 0.11 cm. Drums not meeting

Type A specificationswill be overpackedinto an approvedType A container

prior to shipmentto WIPP.



Container Integrity System Bubbler-Type Search Unit

Figure 3, Container Integrity System
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Waste Classification

After completionof all nondestruc'tive_examinations,the data are

reviewedby the Waste CertificationSpecialist. Wastes are classifiedand

segregatedinto the followingcategories" (a) TRU waste certifiedas

meeting WIPP-WAC and TRAMPAC requirements,(b) uncertifiableTRU waste

that will requirefuture processingto meet WIPP-WAC TRAMPACrequirements,

and (c) low-levelwaste (containingless than 100 nCi/g TRU activity).

Wastes certifiedas meetingWIPP-WAC and TRAMPAC requirementsare stored

for future shipmentto WIPP. Waste shipmentsare scheduledto begin in

October 1990.
,,

_ SUMMARY

The above describednondestructiveexaminationand assay techniques

have also been established,or are in the process of being established,at

several other DOE sites. These techniquesare an integralpart of the DOE

strategy for ensuringpropermanagementof newly-generatedand stored

defense-generatedTRU waste.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any Ici-al liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof'. The views

and opinions of authors expressed herein do not necessarily state or reflect those of thf;

United States Government or any agency thereof.
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