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NONDESTRUCTIVE ASSAY OF BOXED RADIOACTIVE WASTE

William P. Gilles
Westinghouse Hanford Company

P.O. Box 1970
• Richland,Washington99352

RandalJ. Roberts
. Westinghouse Hanford Company

P.O. Box 1970
Richland,Washington 99352

ABSTRACT to these key emitters. Using theseratios, the quantities of ali the
other alpha, beta, and soR gamma-emitting radionuclides present

This paper describes the problems related to the nondestructive in a container are calculated. With this knowledge of the
assay (NDA) of boxed radioactive waste at the Hanford Site and radionuclide inventory, a container can be placed in the proper
how Westinghouse Hanford Company (WHC) is solving the waste category.
problems. The waste form and radionuclide content are
described. The characteristics of the combined neutron and DESCRIPTION OF THE HANFORD SITE'S BOX WASTE
gamma-basedmeasurementsystemaredescribed.

The HanfordSite'sbox wastemay containfailedequipment,

INTRODUCTION concrete, dirt, glass, paper, plastic, steel, wood or lead, or
combinations of them. Boxed waste is divided into two general

Solid radioactive waste must be classified before treatment and categories: newly generated waste, which is either TRU or LLW
disposal methods can be chosen. After treatment and before and retrievably stored TRU and suspect TRU.
disposal, the radionuclide contents of a container must be

certified. Most newly generated LLW is packaged in 208-L drums, in
B-25 boxes, and plywood boxes 2.4 m long, 1.2 m wide, and

The two principal types of radioactive waste at the Hanford Site 1.2 m high. Newly generated TRU waste wall be packaged in
are transuranic (TRU) and low-level waste (LLVO. Transuranic 208-L drums and in standard waste boxes (SWB). The B-25 box

wastecontains> I00nCilgoflong-livedtransuranics.Low-level and theSWB arcconstructedofsteelwithwallsapproximately

wasteattheHanfordSitecontains< 100 nCi/gofTRU and is 4 mm thick.The maximum weightofeachoftheseboxesand

furthersubdividedintoCater,criesl,3, and "greaterthan3." theircontents(FiguresI and 2)islimitedto1,800kg.
CategoryI LLW mustcontain< 10nCi/gofTRU radionuclides,

,, plus meet other limiting requirements for fission and activation Since 1970 aU waste suspectedof being or known to be TRU
productcontent.Categories3 and greaterthan3 contain hasbe,en placedinretrievablestoragependingavailabilityofa
> I0 nCi/g but contain<I00 nCi/g of TRU and greater permanentrepository.RetrievablystoredTRU wasteat the

quantities of fission and activation products than Hanford Site is contained in 208-L drums and in boxes ranging
" Category 1. from as small as a 1 m cube to as large as 6 m long, 2.7 m wide,

and 4.3 m high. Boxes can be constructed of plywood, steel, or
Nondestructiveassayisthe techniqueused to quantifythe concrete.Box weightrangesfrom 100kg toinexcessof

principalactinides,fissionproducts,andactivationproductsina 36,000kg. A singleretrievablebox may containkilogram

wastecontainer.These systemscountthegammas from key quantifiesof thoriumor uraniumand milligramquantitiesof

emitters(typically137Csand eco) and neutronsoriginatingfrom plutonium.Some boxescontainmilligramsofplutoniumandicns

spontaneousand inducedfission.A waste characterization ofCuriesofmixed fissionproducts.Some boxesmay contain
programdevelopsratiosofalltheradionuclidesina wastestream
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FIGURE1. B-25LARGESCALEARRAYWASTECONTAINER.
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FIGURE2. TRUPACTII STANDARDWASTEBOX
STYLE1 - BOLTEDCLOSURE.
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several hundred grams of plutonium with various quantities of THE BOX WASTE ASSAY SYSTEM
other actinides and fLssion products.

Permanent disposal of TRU waste requires the inventory of ali
PROBLEMS WITH BOX NONDESTRUCTIVE ASSAY radionuclides present in a container. Westinghouse Hanford
SYSTEMS Company has embarked upon a program capable of classifying

and certifying the contents of boxed waste. Westinghouse
Drums of waste have an axis of symmetry; they can be rotated Hanford Company has placed a contract with Pajarito Scientific

during assay to help average the effects of distribution and Corporation of Los Alamos, New Mexico to design and construct
heterogeneity. Boxes have no such symmetry, they come in • • box waste assay system (BWAS). This system wiLl combine
greater variety of sizes and weights, and they have a greater passive and active neutron (PAN) measurements, and high
diversity of content and material distribution than drums, lt is sensitivity-low resolution sodium iodide gamma spectral

- for these reasons that the performance of earlier box NDA measurements with high resolution (high-purity gcrrnanium
systems has been marginal. In addition, gamma energy analysis [HPGc]) gamma spectral measurements.
and passive neutron counting do not have the sensitivity to
classify boxes of waste as LLW at the 100 nCi/g level, much less The BWAS will handle boxes as large •s 2 m long, 1.5 m wide,

lP

at the 10 nCi/g point for Category 1 LLW. Active neutron and 1.5 m high, and weighing as much as 4,500 kg. The system
interrogation using the Los Alamos-developed Differential- will make the TRU/LLW determination plus, within the LLW
Dieaway technique was attempted some years •go with mixed classification, the Category 1 and 3 determinations. Tl_e
results. Active neutron interrogation remains the technique of =peeified accuracies for the system are listed in Table 1.
choice for making low-level TRU measurements.

A scanning approach that combines gamma transmission and
THE HANFORD SITE APPROACH TO BOX neutron absorption/moderator corrections of gamma and neutron
NONDESTRUCTIVE ASSAY SYSTEMS data will be used to calculate the quantities of the radionuclides

present in a box of waste. The box will be loaded onto a
In the past, WHC has used portable equipment to make neutron turntable where a computer-controlled conveyor moves it into the

and gamma measurements on boxes. These measurements assay chamber and increments it past the detectors. After the
provided estimates of the fissile content of a box, which was first active neutron and gamma assays are complete, the box is
enough to satisfy safety requirements. Becausethe measurements moved back onto the turntable where it is rotated 180" and re-
were not good enough to permit it, no attempt was made to enters the chamber where the active neutron and gamma assay
classify the waste as LLW. Ali boxed waste that originated in process is repeated. The passive neutron measurement is made
areas where transuranic contamination was likely were treated as last. Figure 4 provides an overall view of the system.
TRU.

For low-density waste (0.2 g/cre3), the total time to complete an
A new portable system is being specified for retrieval assay will not exceed75minutes. The heavierand more difficult

operations. Combined neutron and gamma measurements will be matrices will require more time, but in no case will the total time
made using "slab" detectors. These slabs will measure about be permitted to exceed 2 hours.
1.3 m wide x 1.5 m high x 20 cm thick, will weigh about 600 kg
each, and will be used in pairs. The neutrons are counted using Neutron detectors, consisting of 0.6- and 1.8-m-long 3He tubes,
eight3He tubesineachslab.Gammas arecountedwitha pairof artarrangedinsingleordoublerowswithinpolyethyleneslabs
sodiumiodidedetectorsineachslab.Neutroncoincidencesarc in8-or15-tube"packages."Therewillbethree1.6-mpackages

countedtoseparatetherandom neutronsthatoriginatefroma,n intheroofand floorand two inthewalloppositetheneutron
reactionsfromthoseresultingfromspontaneousfission, generator.There willbe two 1.8-mpackagesand two 0.6-m

packagesinthewalladjacenttotheneutrongenerator.Aliofthe

Inpractice,theslabswillbe placedon oppositeside,sof• box _I¢ tub_ willbecadmium shielded.

and neutronsfrom spontaneousfissionsand gammas willbe

counted.The slabswillbe moved from positiontopositionas Activeneutroninterrogationtechniquesmake thelow-level

the counting process is repeated. This process continues until the (10 and 100 nCi/g) TRU measurements. The box is incremented
wholesurfaceofthebox hasbe,cnsurveyed.When countingin past• pulsedneutrongeneratorthatproduces10s 14-MEV

complete an average will be calculated using algorithms that neutrons per pulse. The neutron generator is housed in a
• considerthepatternsofcountingand theisotopicsoftheknown moderatingassembly externalto the assay cavity. The

TRU constituents.The resultwillprovideimprovedestimate_of moderatingassemblycan be moved verticallyin increments.
radionuclidecontents, however, they willnot providethe Thisverticalincrementingaction,coupledwithsteppingthebox

capabilitytomake LLW/TRU determination.Figure3 depicts pa.stthe=ourc.¢,providesa crudepictureofthelocationofthe

theportablemethod, matcrlak undergoinginducedfission.This "active"phase

provid_a measureofthefissileisotopes(principallyZ_U and

z_'_u)presentineachsegmentofthewaste.
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FIGURE3. SLAB COUNTERAPPLICATION.
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FIGURE4. BOXWASTEASSAYSYSTEMPERSPECTIVE.
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TABLE . BOXED WASTE ASSAY SYSTEM ACCURACY REQUIREMENTS

Measurement method Measurement level Waste contents Measurement uncertainty......

TRU active 10 nCi/g (plutonium) Lab waste (0.1 g/cm 3) ± 5 nCi/g
,,...

TRU active 10 nCi/g (plutonium) Moderate absorber
(0.2 g/cm a) ±7 nCi/g-- ,.

TRU active 100 nCi/g (plutonium) Lab waste ± 40 nCi/g

TRU active 100 nCi/g (plutonium) Moderate absorber ± 50 nCi/g.,

TRU passive 10 g (plutonium) Lab waste ± 4 g., ..

, TRU passive 400 g (plutonium) Moderate absorber ± 75 g=. , ,.

TRU GEA 400 g (plutonium) Heavy matrix
(1.3 g/cre 3) :t:40 g

Fission/active
20 pCi/g (°°Co, 137Cs) Lab waste ± 10 pCi/gProd GEA

Fission/active Medium matrix
2 mCi (°°Co, _37Cs) + 500 pCi/g

Prod GEA (0.2 g/cm 3)

GEA = gamma energy analysis
TRU = transuranic.

Passive coincide:,ce counting, using the 3He detectors, measures from the three different measurement processes in calculating
the spontaneouslyf_s:_ioningactinides.Coincidencecounting TRU contentand todeterminewhich ofthethreetouse.

separates the multiple neutrons originating from spontaneous
fission from single neutrons. The single neutrons originate from The original intent was to use. the BWAS to perform NDA on
a,n re.actions. The passive phase measures the _'=>Pupre.sent in ali retrieved boxes within its size capability. Policies have
plutonium was:e, evolved and because ali retrieved TRU waste must be processed

and rcpackaged to meet new criteria, the requirement for NDA
The gamma energy analysis part of the system will measure aRcr retrieval no longer exists. The BWAS will still have the

gammas with energies from 40 kev to 2 MeV. Gamma measure,- ability to handle a wide range of box sizes and weights, but will
mentswillbe made atthesame timeastheactivemeasurements, onlybe usedforthecertificationofnewly generatedLLW and
asthebox isincrementedthroughthechamber. Sixteensodium TRU (includingreprocessedretrievedTRU) boxedwaste.
iodidedetectors,foureachlocatedon top,bottom,andbothsides

of the chamber, w_ be used to provide broad spectrum and THE BOX WASTE ASSAY SYSTEM TEST PROGRAM
medium resolution, but high-sensitivity measurements of ali

gamma emittersof consequence.One or two movableHPG¢ The BW/kS willbe installedin the U.S. Departmentof

detectorswillbe usedtoprovidehigh-resolutiongamma source Encrgy'sHanfordSiteWaste Receivingand Processing(WRAP)

identification and may aid in the determination of plutonium facility in March 1995. ARcr delivery to WHC, in
,_ isotopic composition. The data from the HPGe detectors also September I993 and before the WRAP installation, the system

will aid the deconvolution of the sodium iodide measurement will be installed in a separate building at the Hanford Site for an
data.Two setsoffourcobaltand cesiumsourceswillprovide extensiveperiod of characterization,qualification,and
horizontaland verticaltransmissioncorrectioninformation, calibration.

Q

The BWAS will, based on the measurements and Tearingwillcovera wide rangeofbox inventories,fromthe

characterizationinformation,calculatethe totalfissionand LLW CategoryI limits,at10 nCi/g,tothehighIoadingswhere

activationproductinventoryof the box. Where gamma box contentmay reachasmuch as300 g ofplutonium.Fission
measurementsindicatethepresenceorabse.nceofradionuclides andactivationproductinventorieswillalsobe variedovera wide
contrarytocharacterizationinformation,theBWAS wig provide range.

noticetotheoperator.The same holdstrueforratiosbetween

thosesuppliedbycharacterizationinformationandthosethatmay The hundred-gramquantitiesofplutoniumrequiredforsystem

be measured.The BWAS willaLsocomparethevaluesderived testingand calibrationpresentedmany practicalproblems,of
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which the most difficult was physical security. To eliminate the
security issue, it was decided to load test boxes with previously
certified drums of TRU waste. These drums will have plutonium
contents ranging from less than a gram to quantities in excess of
a hundred grams or more. As a result of the use of drums of
waste, the testing program has become much simpler and total
test program cost has been reduced.

Discrete sources of cesium, cobalt, and europium, and
multikilogram quantities of uranium will be located in different
places throughout a test box and an assay will be performed.
Drums and sources will then be rearranged within the box and
the assay will be repeated. Many different TRU drums,
containing from milligram to several hundred gram quantities of
plutonium, will be used in different combinations and in three

w different box types. These boxes will be the B-25, the SWB, and
a plywood box measuring 2 m by 1.5 m by 1.5 m. The result
will be a system whose performance envelope is well defined
and, having used known sources, one which is well calibrated.
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