
PNL.8223

' UC.721

____ k

II LII I I I IIIIL[III II 1 J

DecontaminationTestingof
Radioactive-Contaminated
StainlessSteelCoupons
Using A Ce(IV) Solution

L. A. Bray R, J. Elovich
M. R. Elmore G.M. Richardson
KoJrCarson L, D. Anderson

August1,992

Preparedfor the U.S. Department of Energy
under Co,nlrad DE-AC06-76kLO 1830

Pacific Northwest Laboratory
Operated for the U.S. Department of Energy
by Battelle Memorial Institute

b_EI'Ft,|BLTRONOF TH,18DOCUMENT tS UNLIMITED



DISCLAIMER
i

Thisreportwas preparedasan accountof worksponsoredby an agencyof the
UnitedStatesGovernment.NeithertheUnitedS_atesGovernmentnoranyagency
thereof, nor BattelleMemorial Institute,nor anyof their employees,makesany
warrant/, expressedor implied,or_sumesanylegal liabilityor re_ponsibil|tyfor
theaccuracy,compBetene.,or usefulnessofanyinformation,apparatus,product,
orprocessdl,sc|o_ed,or'representsthatitsusewouldnot infrlnseprivatelyowned
rights.Referenceherei,_toanyspecificcommercialproduct,process,orserviceby
tradename,trademark,manufacturer,orotherwisedoesnotnecessarilyconstitute
or imply its endorsement,recommendation,or favoringby the United S_ates
Governmentor anyagency thereof,orBattelleMemorial Institute.Theviewsand
opirlionsof authorsexpressedhereindo not necessarilystateor reflect|hoseofthe
United StatesGovernmentorany agencythereof.

PACIFIC NORTHWEST LABORATORY

operated bY
BATTELLEMEMORIAL INSTITUTE

for the
UNITED STATESDEPARTMENT OF ENERGY

under Contract DE-ACO6.76RL O 1830

Prk_ted in the United States of America

Av&tl&ble to DOE and DOE contractorl from the

Office of Scientific and Technicai Information, P.O. Box 62, O_k R_dse, TN 37831;
prices available from (615) $76444)1. FT$ 626._401.

Available to the public from the National Technical Information Service,
U.S. Dc,_rtment of Commerce, 52BS Port RoyaJRd., Springfield, VA 22161.



, 1:t¢-.-8223

DE92019802

DECONTAMINATIONTESTING OF RADIOACTIVE-
CONTAMINATEDSTAINLESSSTEEL COUPONS
USING A Ce(IV) SOLUTION

L. A. Bray R.J. Elovich
M.R..Elmore G.M. Richardson
K. J. Carson L.D. Anderson

August 1992

Prepared for
the U.S. Department of Energy
under Contract DE-ACO6-76RLO1830

b

PacificNorthwest Laboratory
Richland,Washington 99352

/V  ASTEB........
IDISTRIB;U_ONOF THtS DOCUMENT tS UNLIMITED



S_UM

The current HanfordWaste VitrificationPlant (HWVP)referenceprocess

for canisterdecontaminationdescribesan air-atomizedfrit/water slurry

blasterdevelopedfor the DefenseWaste ProcessingFacility(DWPF). West-

inghouseHanford Company (WHC) identifiedincentivesto evaluate potential

. HWVP cost savings from adaptingthe Ce(IV)/HNO3 canisterdecontamination

approachbeing developedfor the West Valley DemonstrationProject (WVDP)at

West Valley,New York. Developmentstudieswere recommendedby WHC to address

issuesrelated to furtherassessmentof the adaptationof the Ce(iV)/HNO3

decontaminationsystem to HWVP, and to resolvea number of technical

uncertainties.

Laboratorystudies at the PacificNorthwestLaboratory(PNL) were per-

formed to provide furtherdata to supportthe selectionof an effective

flowsheetfor the Ce(IV)/HNO3 decontaminationof HWVP stainlesssteel (SS)

vitrificationcanisters. The results reconfirmedthe predictabilityof this

unique chemical milling and decontaminationprocess. The resultswere equiva-

lent to those found in Bray_s initial WVDPstudy (1988). A thin layer (2.5 to

5 _m) of oxidized SS metal surface was effectively removed from 304L coupons

by chemical milling with a 0.5 M to I _MHNO3 solution containing -1.4 to

2.7 moles of Ce(IV) per square meter of surface area to provide adequate

radioactive surface decontamination. Nitric acid treatment alone was not

sufficientto provide adequatedecontaminationin eitherstudy. A chemical

milling contacttime of 6 h at 65°C was adequate to decontaminatethe coupons

to levels below the Waste AcceptancePreliminarySpecifications(WAPS) (DOE

1990) of <2,200 disintegrationsper minute (dpm) gamma of smearablecontamina-

tion per 100 cmz of surface.

. The decontaminationprocessdeveloped in the laboratorywill be scaled

up by a factor of 5,000"I and tested in FY 1992 by the WVDP at West Valley

using uncontaminatedfull-scaleglass-filledcanisters. An engineeringuncer-

tainty remains to be resolvedconcerningthe removalof a layer of loosely

held oxide, some of which may remain on the SS surfaceafter removal of the

iii



canister from the decontaminationsolution. In this laboratorystudy, low-

pressurewater from a standard laboratorywash bottle was used to rinse the

surfacesof the test coupons. WVDP will test a series of jet nozzles to thor-

oughly wash the decontaminatedcanister. Data obtainedfrom the full-scale

WVDP test programwill includeconfirmationof the required soak time, tem-

perature,Ce(IV)/HNO3 concentration,and design of the decontaminationequip-

ment. These resultswill be monitored and evaluatedfor applicabilityto HWVP b

canisterdecontamination. Ultrasonicagitationhas been a suggestedalterna-

tive or additionto spray nozzles for rinsing but has not been selected for

the initialseries of full-scaletests.
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I.0 INTRODUCTION_

The Hanford Waste VitrificationPlant (HWVP) is being designed to pro-

vide a vitrificationfacilityto immobilizeHanford high-levelwaste (HLW)

into a borosilicateglass matrix. The HLW will be pretreatedand transferred

to the vitrificationfacility as a feed slurry. In the HWVP, the waste is

. concentrated,chemically adjustedto create melter feed, and then convertedto

glass. The glass productwill be sealed in stainlesssteel (SS) canisters,

which are then decontaminatedto remove smearablecontaminationand stored
w

on-site until shipped to a federalrepository. During the fillingprocess and

canister-handlingoperations,the outer surfacesof the canisterswill become

contaminated•

The currentHWVP referenceprocess for canisterdecontaminationuses an

air-atomizedfrit/waterslurry blasterdesigned for the Savannah River Defense

Waste ProcessingFacility (DWPF). Severalother methods of canister decon-

taminationhave been investigated,includingelectropolishing,abrasive slurry

blasting,high-pressurewater washing,ultrasoniccleaning,and more recently

the Ce(IV)/HNO3 chemicalmilling process"(Bray 1988). An earlier evaluation .

by WestinghouseHanford Company (WHC) identifiedincentivesto evaluate poten-

tial HWVP cost savings from adapting the Ce(IV)/HNO3 canisterdecontamination

approach (Bray 1988; Bray and Seay 1988) being developedfor the West Valley

DemonstrationProject (WVDP)at West Valley,New York. Developmentstudies

were recommendedby WHC to addressissues related to furtherassessmentof the

adaptationof the Ce(IV)/HNO3 decontaminationsystem to HWVP, and to resolve a

number of technicaluncertainties.

The primary objectiveof this test was to determinethe adequacyof the

Ce(IV)/HNO3 decontaminationprocessto remove smearableradioactivity(137Cs)

• from radioactive-contaminated304L SS coupons that ha',ebeen fully oxidized by

a simulatedcanister-fillingheat treatmentcycle.
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2.0 C_ONCkUSIONSAND RE.COMMENDATIONS_

2.I CONCLUSIONS

° Resultsof these tests corroboratedresults of earliersimilar
tests. As discussedelsewhere in this report,earlierwork com-
prised testingwith oxidized but uncontaminatedcoupons and testing
with contaminatedbut unoxidizedcoupons. The purposeof these
latter tests was to determine if there might be any different

" responsewith coupons that had been contaminatedand then oxidized
to simulatecanister fillingwith molten glass. The numberof
individualtests was limited,but no significantdifferencewas
noted betweenthe results of these and earliertests.

° A concentrationof 1.4 moles to 2.7 moles of Ce(IV) per square
meter of coupon surface area was adequateto decontaminatethe cou-
pons to below the Waste AcceptancePreliminarySpecifications
(WAPS) limits of 2200 dpm gamma/t00cmz of smearablecontamination
(DOE 1990). This concentrationof Ce(IV) was adequatewhen used in
conjunctionwith a soak time of 6 h, a soak temperatureof 65°C,
and in a solution of 0.5 _Mto 1.0 M_HNO3.

° Nitric acid alone at 0.5 M was insufficientfor decontaminatingthe
coupons.

• With a solutionof 0.5 M HNO3 and 0.02 M Ce(IV) at 90°C, a white
precipitatebelieved to-be an insolublecerium salt was observed,
and duplicatecoupon resultswere inconsistent. A solubilityprob-
lem with the Ce(IV) may exist at this high cerium concentrationand
temperature°

2.2 RECOMMENDATIONS

° Closelymonitor full-scaletestingto be conductedat WVDP. A need
for additionalengineeringtests may be identifiedbased on these
results.

° Low-pressurewater rinsing of certaincoupons after Ce(IV) decon-
tamination in the laboratorytests appeared inadequateto fully
remove loosely held oxide film from the coupons. Althoughtest

• resultsdo not indicate a direct correlationof remainingsmearable
contaminationand remaining loose oxide, further investigationof
more energeticrinsing techniquesafter completionof the engi-

• neeringtests is recommended.

• A better understandingof cerium solubility in nitric acid solu-
tions is needed. Further investigationof the suspectedretrograde
solubilityat higher temperaturesis recommendedto providea more
detailed understandingof the process.

2.1



3.0 BACKGROUND

The WVDP selectedthe Ce(IV) canisterdecontaminationprocess based on

data obtained from PacificNorthwest Laboratory(PNL)(a)laboratory-scale

testing. The decontaminationprocesshas been tested on SS coupons hung on

the outside of canistersand contaminatedduring actual HLW processingthat

involved the PNL RadioactiveLiquid-FedCeramicMelter (RLFCM). Data were

obtained during canisterproductionfor the FederalRepublicof Germany (FRG)

during FY 1987 (Thomasand Bray 1987).(b) The surfacesof the tested SS

couponswere not oxidizedduring the FRG test. Therefore,the decontamination

process had not been tested for decontaminationof radionuclides(i.e.,137Cs)

from the surface of SS that had undergonethe canister heating oxidation

cycle. However, fully-oxidizedcouponswithoutradioactivecontaminationand

radioactivelycontaminatedcouponsthat have not been fully oxidizedhave been

successfullydecontaminated.

To summarize Bray's previous (1988)tests, a thin layer (1.5 to 3 _m) of

metal was effectivelyremovedfrom the surfaceof 304L SS coupons by chemical

millingwith a 0.5 M HNO3 solution containing-0.65 to 1.4 moles of Ce(IV) per

square meter of surfacearea (0.06 to 0.13 moles of Ce(IV)/ft2). For contami-

nated (but unoxidized)coupons, it was necessaryto remove only -2 to 3 _m

(about 0.1 mil) of the SS surface to provideadequatedecontamination. Nitric

acid treatmentalone was insufficientin both cases. Based on the information

in Bray (1988),chemicalmilling contact time was inverselyproportionalto

the temperature. Contact times from 3 to 6 h at 65°C were adequateto decon-

taminate the FRG/RLFCMcoupons to levels below the WAPS (see Figure 3.1).

Preliminaryexaminationof coupon photomicrographsusing a scanningelectron

(a) Pacific NorthwestLaboratory is operatedby Battelle Memorial Institute
for the U.S. Departmentof Fnergy under Contract DE-ACO6-76RLO1830.

(b) Thomas, N. M., and L. A. Bray. 1987. Summar.yof RLFCM Canister Con-
i_aminationTestinq. WVST 87-263B, preparedfor West Valley Nuclear Ser-
vices Co., Inc.,West Valley, New York.

3.1
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FIGURE3.1. Effect of Cerium Concentration on the Dissolution of Stainless
Steel, 65°C (Bray ]988)

microscope (SEM) showed that the surfacedissolutionwas essentiallyuniform

with minimal intergranularattack at Ce(IV) milling, or surface penetration,

of less than-6 _m (Bray 1988).

Additionalwork conductedby PNL for WVDP determinedthere was no impact

on the canister label and welds (Westerman1991),(a)and that even extensive

metal removal (four-foldabove that required)by the Ce(IV) decontamination

method had no stress corrosioncracking-inducingeffecton the canister

(a) Westerman, R. E. 1991. Leqibi!itvof CanisterWeld Bead Labels Follow-
inqSimu!ated DecontaminationTr.eatments.WVSP 91-047, prepared for
West Valley Nuclear ServicesCo., Inc., by the PacificNorthwest
Laboratory,Richland,Washington.
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material tested (Pitmanand Westerman1990;(a)Westerman1991).(b) Micro-

scopic analysisof test coupons that had undergone"extensive"metal removal

up to 11 /_m(-0.4 rail)o'7surfacepenetrationshowed some preferentialattack

at grain boundaries,as expected. However,the attack appearedas blunt

grooves at the grain boundaries,rather than deep, narrow cracks into the

metal structurethat are typicallyassociatedwith stress corrosioncracking.

• During FY 1992 the WVDP plans to perform Ce(IV)/HNO3 decontamination

tests on full-sizeglass-filledcanistersthat are not radioactivelycontami-

• nated. Data obtained from these tests will includeconfirmationof required

soak time, temperature,Ce(IV)/HNO3 concentrations,and will aid in the design

of the decontaminationequipment. These tests will be monitored,and results

will be evaluatedfor applicabilityto HWVF canisterdecontamination.

(a) Pitman, S. G., and R. E. Westerman. 1990. Evaluationof the Potential
• SusceptibilityQf AISI Type 304L StainlessSteel Waste Canistersto

S.t._rressC_Q.rr__oosi.onCracking.(SSC) from HNO_-Ce(IV)Decontamination- An
InterpretiveLiteratureSurvey. WVSP 90_-034,preParedfor West V-alley

" Nuclear Services Co., Inc., by the Pacific NorthwestLaboratory,
Richland,Washington.

(b) Westerman,R. E. 1991. A_n!nvestiqationof the Potentialfor a HNO_-
Cerium(IV)D_eco_ntaminationTreatmentto InduceStress-CorrosionCracE-ing
in CanisterMaterials. WVSP 91-042, prepared for West Valley Nuclear
Services Co., Inc., by the PacificNorthwest Laboratory,Richland,
Washington.
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4.0 __CRI[ PTIOI_

4.1 I_tI_BIB_E_

This sectiondescribesthe stepsrequiredto test fully-oxidizedcoupons

contaminatedwith radioactive137Cs.The experime_ntalworkwas completedin

five phases. The laboratoryprocedurefor eachtestingphaseis described
below.

4.I.I P.J_e_.j_L_.P.!c_arationof SS Co_

Stainlesssteelcoupons=easuringI in.x 0.6 in. x 0.06 in.thick

{-g-cre2 sul,facearea)were cut froma singlesheetof 304Lstainlesssteel.

The 304Lwas procuredwith a standardmillfinis;h,b_Jtotherwisethe surfac._

was freeof oxide. The followinginformatiot_was obtainedfor_eachcoupcn:

CertlflcatlonNo. of SS and HeatNo.

Size: I in, x 0.6 in.x 0,06 in.thickwith 0.12-in.hole for hanging

Note: The dimensionsof ten randomlyselectedcouponswere
measuredwith micrometers.Thsaverag_dimensionsfrom

thesemeasurementswere then usedto determinea surface
area (8.806cm ), whichwas usedfor la,tercalculations.

Weight: -.4.5g usinga five-placebalance

Marking: Eachsamplewas markedwith an Identificationnumber.

Beforeuse,each couponwas washedwith alcoholto,removecuttingoil.

4,I, 2 _{_JL.,IL.__C.e_dZ_LQnof _3_CsControl:_t_L_ELC_

The couponswere contaminatedwith radioa_ctivecesiumchloride.This

was accomplishedby soakingeachcouponfor 24 h in 10 mL of distilledwater

containing137Cs,followedbyalr drying. The 137Cssolutionwas preparedby

. dilutinga stocksolutioncontaining9..68mCi/mLI:_7Csto a "workingsolution"

containing0.002m(:I/mL137Cs.A separatebottlecontaining10 mL of this

. workingsolutionwas preparedfor eachcoupon.

The radioactlvecontaminatedcouponswelreheat treatedin a furnaceat

600"Cfor 16 h, in an fir atmosp.here.Thisprocedurewas firstusedby

4,.I



W. N. Rankin (1982)to producean oxide layer on SS similarto glass-filled

canister surfaces, The heat-treatedcouponswere then cooled, reweighed,and

countedto determinetheir oxidizedweight and residual radioactivity(Appen-

dix, Table A.I and A.4). During surface oxidation,the coupons were suspended

in the furnaceon SS wires.

4.1.4 Phase 4: Decontamlna.t,ionof ContaminatedC_

Twenty-four137Cscontaminatedand heat-treated(600"Cfor'16 h) coupons

were each decontaminatedusing 120 mL of Ce(IV)/HNO3 test solution (136 L/m2).

One aCditionalcoupon was tested in 0.5 M HNO3 with no cerium. The coupons

were tested under 12 conditio'nsby varyingthe Ce(IV)/HNO3 concentration

(0_005_ to 0.02 M Ce(IV)/O.2_ito I M HN03), the contacttime (3 to 12 h),

and temperatu_'_(25" to 90°C), (Appendix,Table A.2), The Ce(IV) solutions

were prepared by diluting from a concentratedCe/HNO3 stock solution. Prior

to testing, the stock solutionwas oxidized in an electrochemicalcell to

ensure complete oxidationof cerium ion to Ce(IV).

' Using Teflon pipe tape, 'thecoupons were each suspended in 120 mL of

decontaminationsolutioncontainedin 250 mL..glass bottleswith screw caps.

The bottles were placed in a temperaturecontrolledwater-bathshaker-tableto

maintain the assigned temperature. The couponswere removed from the solution

and rinsed thoroughlywith distilledwater from a laboratorywash bottler The

washed coupons were then allowed to air dry for 24 h. The loss in coupon

metal and oxide weight was determinedusing a five-placeanalyticalbalance

(see Table A.I). The loss of surfacer_dioactivecontaminationwas determined

by gamma c6untingthe coupon surfacebeiForeand after decontamination. Each

face of each coupon was then smear test,sdto determinethe decontamination

efficiency as a functionof test conditions.

4.1.5 Phase_5:_ SmeBr Tests _f DecontaminatedC___o_u.p.q.D._

Smear tests of the decontaminatedSS couponswere performedby wiping

both sides oi'the coupon with circular (4.5 cm dia.) adhesive-backedpaper

swabs (radiationmonitoringtechnicalsmear pads).(a) The swabs were then

(a) RadiationSpecialtyProducts, Inc., Dothan,Alabama 36302.

4.2
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gama counted to determine the decontamination efficiency as a function rOf the

test conditions, as compared to WAPSacceptance criteria (<2,200 dpm gamma/

100 cmz of surface).

4.2 SHEAR TESTING

In practice,smear testing is not a well-definedprocedure. The purpose

• of smearingmost objects is to determinewhether or not any removableradio-

active contaminationexists o_ its surface. Becausethe object is typically

wiped with a hand-,heldsmear swab, the pressure appliedand the area smeared

are not preciselyknown. In the HWVP canister decontaminationprocess, how-

ever, smear testing of decontaminatedglass-filledcanisterswill be performed

remotelyby mechanit:a]means. The variableswill thereforebe better defined

and more consistentthan is usuallypossible. To determinethe conformanceof

test specimensto thl WAPS, a hot-cellmechanical processwas approximatedas

closelyas possible b._using a speciallydesigned smear tool in a predeter-

mined procedure. The specifictechniqueto be used for HWVP canister smear|
testing is yet unknown,but for this test was assumedto be similar to that

anticipatedfor the DWPF cahistersmear testing (i.e., smearinga known area
-|

of the canister surfacewith a smear pad applied at a known and constant

| pressure).

This smear tool consistedof a hard rubber disc attachedto the end of a

i spring (Figure4.1). The spring was housed in a tube long enough to permit

°" compressionof the spring and allow the smear swab to wipe the coupon's sur-

face with 2.03 Ibs/in.2(a)of force. The diameter of the rubber disc was!

B
sized to fit an adhesive smear swab.

The smear tool used two plates, one upper and one lower. The upper

plate was the same thicknessas the coupon, and had a rectangularhole cut

through it just large enough to fit the coupon inside. The second plate was

solid (no hole) and fit beneaththe upper plate during the smear test. The

• smear test was performedas follows:

-

_

(a) Informationprovided by SavannahRiver Site.

4.3
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Holder_

.
R '

SmearSwab_=_,.,,...._-i-j.,,.jT_.......'-,.-'_'__ LI:P::rP;laattee i
i

Identification---------'----_
Number Coupon in Upper Plate

39111084.1
_ ill_

FIGURE 42. Smear Tool for Ce(IV) DecontaminationTesting

I. One smear swab was adhered face-upto the center of the lower
(solid)plate. The upper plate (with the rectangularhole) was
placed directly above the lower plate, allowing the smear swab to
be exposedthrough the rectangularhole. The decontaminatedcoupon
was then placed in the hole, so that its identificationnumber
faced up. A second adhesive smear swab was attachedto the rubber
disc on the smear tool.

2. The smear tool was then held verticallyand placed entirelyto one
side of the coupon. Next, the smear tool was pressed down until
the housingwas in contact with the upper plate, and the spring and
disc were compressedwithin the housing. While the springwas com-
pressed, the tool was drawn across the plate (with coupon)in a
straightline until the smear swab was completelyon the opposite
side of the coupon.

3. The used smear swab was removedfrom the disc and placed in a plas-
tic snap-lid sample vial. The coupon was then picked up with tongs
and turned over to expose the back face in the slottedplate. A
clean smear swab was then attachedto the smear tool.

4. Step (2) was repeated to smear the second side of the coupon.

4',4



5. The smear swab used in step (4) was removedfrom the rubber disc
and placed on top of the first smear swab (step 3) in the plastic
snap-lid sample vial. The smear swab underneaththe top plate was
also removedand added to the snap-lidsample vial, All three
smear pads were storedtogether in the sealed containerfor gamma
counting.

6. Both plates and the smear tool were decontaminatedwith alcohol and
water and surveyedbefore reuse.

' 7. _count!ng standardwas prepared by absorbingand drying a known
_°'Cssolution on a smear swab and placingthe swab in a plastic
snap-lid sample vial. The prepared standardwas countedwith the

• samplesto correct the unknown sample values for vial geometry.

4.5



5.0 RESULTSAND DISCU_

A test programwas completedto provide furtherdata to supportthe

selectionof an effective flowsheetfor the decontaminationof HWVP vitrifica-

tion canisters. The resultsreconfirmedthe predictabilityof this unique

chemicalmilling and decontaminationprocess. For contaminated(but unoxi-

dized) coupons (Bray 1988), it was necessaryto remove only -2 to 3 /_m(about

0.I mil) of the SS surface to provideadequate decontamination. For contami-

nated oxidized coupons in this study,removal of 2.5 to 5 /_mof the SS surfacem

provided adequate decontamination. Nitric acid treatmentalone was insuffi-

cient to provide adequate decontaminationin either study. A chemical milling

contact time of 6 h at 65"C was adequateto decontaminatethe coupons below

the Waste Acceptance PreliminarySpecifications(WAPS,DOE 1990).

Actual radioactive-contaminatedSS canistersor coupon samples,fully

oxidized by a canister-fillingheat treatmentcycle,were unavailablefor this

study. As outlined in Section 4.0, test couponswere fabricated,contaminated

with 137Cs,and heat-treatedat 600"C for 16 h in air to simulatethe surface

of HWVP vitrificationcanisters. Twenty-four137Cscontaminatedand heat-

treated (8.8 cm2 of surface)couponswere subjectedto variousconditions

using 120 mL of solution for each coupon (136 L/m2). Couponswere tested

under 12 conditionsby varying the Ce(IV)/HNO3 concentration[0.005M to

0.02 M_Ce(IV)/0.2_Mto I M HN03],the contact time (3 to 12 h), and the solu-

tiorltemperature (25° to 90°C). The loss in couponmetal and oxide weight was

determined using a five-placeanalyticalbalance (Appendix,Table A.I). The

loss of surfaceradioactivecontaminationwas determinedby gamma counting the
_m

coupon surface before and after decontamination(Appendix,Tables A.3 and

A.4). The coupons were then smeared on both sides to determinethe decontami-

nation efficiency as a function of test conditions (comparedto WAPS) (DOE
o

1990) (Appendix,Table A.4).

. The test conditions for coupons 15 and 16 were assumedto be the "base

---_ case" to which all other conditionswere compared. The "base case" conditions

_ were previously selected (Bray 1988) as the minimum conditionsto adequately

_ decontaminatethe SS canisters. Those conditionswere 65°C, 6 h, and

m

_

" 5.1
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1.4 moles of Ce(IV)/mz (0.01 moles of Ce(IV)/120mL/8.8cmz)to remove 3 pm of

SS surface. The "base case" was tested against four variables: contact time,

temperature,Ce(IV) concentration,and HNO3 concentration.

In certain cases, a layer of loosely held oxide remainedon the SS sur-

face after removal of the coupon from the test solution. Low-pressurewater

from a standardlaboratorywash bottle was used to rinse each coupon,usually

removing the loosely held oxide. In several tests that were not "base case,"

the oxide was only partiallyremovedor not at all. Effectiverinsing

requirementsis an area of engineeringuncertaintythat will be resolvedwhen

the decontaminationprocess is scaled up by a factor of 5,000:1by the WVDP

and tested in FY 1992 at West Valley using full-scaleglass-filledcanisters.

West Valley will test a series of jet nozzles for washing the decontaminated

canister free of any loose oxide and decontaminationsolution. Ultrasonic

agitationhas been suggestedas an alternativeor an addition to spray noz-

zles, but has not been selected for the initial series of full-scaletests.

5.1 EFFECT OF Ce(IV)CONCENTRATION

The results show (at a contacttime of 6 h, a temperatureof 65°C, and

at an acid concentrationof 0.5 M HNO3) a direct relationshipbetween the

Ce(IV) concentrationand the Cs decontaminationfactor (DF), the wipe results

(dpm/100cmZ), and the penetrationdepth (/_m). These results are presented in

Table 5.1 and Figure 5.1. A concentrationof 0.01M Ce(IV) satisfiesthe goal

of <2,200 dpm/cm2 with the chemicalmilling of >2 /_mof SS.

5.2 ]_FFECTOF TEMPERATUR.E

The rate of SS dissolutionis directly dependenton the solutiontemper-

ature after 6 h of contact, at 0.01 .MCe(IV)/O.5M HNO3, between25° and 65_C
u

(Table 5.2). The results for tests at 25° and 45"C exceededthe smear limit

of <2,200 dpm gamma/t00 cm2 (Figure5.2). The results at 90°C, although

meeting the smear limit, are inconsistentwith the other resultsand may be

due to a precipitatefound in the final solution (Appendix,Table A.3).
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.T_.LLJ._. ce(IV) Concentration (Constant: 6 h, 65"C, 0.5 _ HN03)

Coupon No. C_e___M _ dDm/100 cmz Penetration,Lcm

35 0 6 5.2E4 0.05

25 0.005 16 6.3E4 1.2
26 11 1.4E5 1.1

" 15 0.01 1,113 772 2.5
16 977 783 2.4

• 23 O.02 2,296 NDA(a) 4.7
24 2,003 NDA 4.9

(a) No DetectableActivity (Detectionlimit for this size
and geometrx of coupon is estimatedto be approximately
I dpm/100cm_.)
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2206dpm1100e.' /I_ fe+O03
=. /13

t[
!e*O02 / 1

/
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11t+001 • , ,I ! ! 0
0.090 0.005 0.010 0.015 0,020

Ce(IV) Initial Concentration,M

. FIGURE 5.1. Smear Count (dpm/100cm2) and Penetration(/_m)as a Function of

the Ce(IV) Concentration. Conditions: contact time, 6,h;60o.C5MHN03; volume, 120 mL; surfacearea, 8.8 cm2; temperature



.T_.L.fj_. • Temperature [Constant: 6 h, 0.5 _ HNO3, 0.01 H Ce(IV)]

CouoonNo. Temperature, oC 137Cs DF dam/lO0 cmz Penetration, _,,

11 25 3 3.7E5 0.36
12 3 4.8E5 0.35

13 45 421 2.8E3 1.8
14 10 2.1E5 1.6

15 65 1,113 772 2.5
16 977 783 2.4

17 90 1,096 977 2.0 "
18 391 1,340 1.5

te,O0? 4

te*O06

0

*'_ le,OOS
o E

C:) , ...lP- .. 2 m._" 10.004 ¢_ "'0" Smear Counls

PS 0 - _ _' 0co WA "_'

_ lo+003 2200¢;x.ttO0_' h ..... _ %_0 _'-(_ " • -- Penellalion
¢1 #e 0 _ 2 C:

E t a..
o. I

"0 1e*002 I
I l

I
1e+001 I

0

te+O00 * ": " .... ' 0

0 25 50 75 1O0

Temperature, °C

FIGURE5,2. Smear Count (dpm/lO0 cmz) and Penetration (_) as a Function of
Temperature. Conditions: contact time, 6 h; 0.5 M HN03; 0 01 M
Ce (IV); volume, 120 mL; surfacearea, 8.8 cmz - " -

5.3 _ ACID CONCENTRATION.

Previouswork (Bray 1988) had not _evaluatedthe effect of acid concen-

tration. In 'Lhisstudy, the acid concentrationwas varied from 0.2 to

I M HNO3 (Table 5.3). The test solutionscontaining0.2 _MHNO3 were very

5.4



TABLE 5,13. Acid Concentration [Constant: 6 h, 0.01 M Ce(IV)]

CouponNo. _!_Q3____R _ dpm/lO0 cm2 P_enetration, _m

21 0°2 7 1.3E5 0.19
22 7 1.5E5 0.25

15 0.5 1,113 772 2.5
16 977 783 2.4

19 1.0 1,852 193 2.5
20 1,914 NDA(a) 2.5

(a) No DetectableActivity (detectionlimit-I dpm/100 cm2).

cloudy. Based on visual observations,the coupons appearedto have been

coated with a cerium salt precipitate,resultingin a poor Cs DF and a lack of

SS dissolution. Cerium does appear to have limited solubilityin diute HNO3.
Additionalwork is needed in this area. lt is recommendedthat the acid con-

centrationbe maintained at 0.5 to I M HNO3 (I M HNO3 conditionsgave the best

results).

5.4 .EFFECTOF CONTACTTIME

The solution coupon-contacttime was varied from 3 to 12 h at 65°C and

0.5 M_HNO3, for 0.01 and 0.02 H Ce(IV) (see Table 5.4). Under all conditions,

the couponswere determinedto be decontaminatedto <2,200 dpm gamma/t00cm2

(Figure 5.3). The SS dissolution(penetrationdepth) was constant after 6 h

(Figure5.4).
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T__AB_I_.____..Contact Time (Constant: 65"C, 0.5 M HNOa)

CouponNO_. _Contact Time, h _ 137Cs, DF _l)m/lO0 _m2 Penetration, um

27 3 0.01 1,512 386 2.2
28 I,258 NDA(a) 2.I

15 6 0.01 1,113 772 2.5
16 977 783 2.4

29 12 0.01 242 NDA 2.5
30 2,537 NDA 2.5

31 3 0.02 1,840 125 3.2
32 1,220 NDA 3.3 '

23 6 O.02' 2,296 NDA 4.7
24 2,003 NDA 4.9

33 12 0.02 939 NDA 4.8
34 935 NDA 4.6

(a) NDA - No DetectableActivity (detectionlimit -I dpm/100 cre2).

lo.006

le.008

oo.lt WAPS

o,..o.i......,oo  o,,ooco.0 _ .,.,,-, _.,.,. Smlll' Co@fl|8

..- \ \_..__.__.__ o.o,_"c.

m ,- _ Smear Countedl,E 10.002 0.02 M GeE

"t:) 10.001 * _

*_ee

t,,ooo ii i "" "-"

1o-001 -- ,..... J A __ *
0 3 0 0 12

Time, h

FIGURE 5.3. Smear Count (dpm/100cm2) as a Functionof ContactTime.
Conditions: 0.5 M HNO.;volume, 120 mt; surface area,
8.8 cm2; temperature, _5 °C. Curves shown are least-squares
fit of power curve to data°
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FIGURE5.,4 Calculated Penetration (/_m) as a Function of Contact Time.

Conditions: 0.5 M HNO_;volume, 120 mL; surface area,8.8 cm2; temperature, 65 °_. Curves shown are least-squares
fit of log curve to data.
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TABLEA.I. CouponWeightValuesBeforeandAfterDecontamination

Loss _,f
Initial Welght Weight Veight Initial Oxide Pene-
Weight, After of After Weight, Weight, Contact Tempera- Ce(IV), HNO._, tratlon,

_wa_ _.¢_. _ _ Ce(zr).a _._q_...._t____ )ure."C I_ _ .&___.__

11 4.26441 4.26914 l.el1473 4.26187 m,m0254 !).H727 6 25 m.gl (b) 0.5 g.36
I2 4.2846_ 4,28942 1,0948il 4.28218 g.Di)244 B.H724 0.35

L3 4.285?7 4.29141 |.H564 4.27294 il.i11283 g.|1847 6 45 ii,Bl g,5 1.8
14 4.24138 4.24556 1l.¢_418 4.23H5 1.01133 B,¢1551 1.6

15 4.Z5295 4.2575| ¢.llk455 4.23537 i.11758 i1.112213 6 65 |.Bl B.5 2.5
16 4.282X 4.2'8487 I.Ir_87 4.26481 I.I17211 |.|211117 2.4

17 4,23388 4.23795 t. N417 4.21969 |.11419 |.lle;26 6 9ll I.II i).5 2.9
18 4.231'34 4.23595 |,|1461 4.22M2 11.11152 I.II1!;13 1,5

I9 4,31276 4.31770 II.t)|494 4.29536 (Y.111749 @,12;_34 6 65 ¢.|1 1.i 2.5
29 4.31)168 4.3D584 g,01)416 4.28396 9.01772 11.|2188 2.5

Z1 4,24492 4.24887 i.|1485 4.24267 1.00135 il. Jg620 6 65 II.Bl e.2 9.19
22 4,16721 4.1714g I1.i_|419 4.16543 !1.H178 g,IH)597 g.25

23 4.24872 4.25363 II.U491 4.21541 _1.113331 1,13822 6 65 I.|2 (c) ii.5 4.7
24 4,3|233 4°31596 |.N363 4.26757 1.13476, 1l.¢3839 4.9

25 4.27682 4.2&1114 I.H332 4_26839 llolNI043 1,11175 6 65 g.015 e.5 1.2
26 4,25924 4.26418 11,01)494 4.25131 |.U793 6.91287 I.I

27 4.31231 4,3162g ID,H389 4.296._6 g,g1535 il.g1924) 3 65 0.11 g.5 2.2
28 4,28i)31 4.28368 ¢,i)1)337 4.26547 (I.g1484 g.lI1821 2.1

2'9 4,29865 4.30344 I_.gf/,479 4.28133 g.J1732 g.g2211 12 65 g,gl 9.5 2.5
3e 4,2'9,443 4.2'9841 iJ,i_e398 4.2768,8 0.g1755 Q1.(_2153 Z.5

31 4.23578 4.23982 _.i_B41N 4.21288 g.gZ29g g,g2694 3 65 g.g2 g.5 3.2
32 4.31t_87 4.3_631 1,09544 4.28772 (J.12315 i).02859 3.3

33 4,19898 4.29465 0.eg}567 4,16536 e.¢3362 i_.@13929 12 65 _._2 g.5 4.8
34 4,24.933 4.25422 ¢.i)i)489 4o2171Z i).93221 g,¢371g 4.6

35 4.19397 4 ,,]985¢ g,_QdS3 4.19359 g.Hi_38 li. t}1_49i 6 65 g g,5 g,R5

(a) L°'msof S.S(metal),g x ll}4/Jm/cm m/Jimof metal dissolved.

Sp6 $S(8.B2g/cm3) S_rfaceArea (8.8 cm2) .
{b) ll.elmoles Ce(IV)/8.8cm_ = 1.36moles Ce(IV)/m_.
{c} I.i)2moles Ce(I,V)/8.8cm_ - 2.73 moles Ce(IV)/m_



_. Ce(IV) Decontamination Test Conditions

Tempera-

zz 25 2.zz (e.ez) 3.6_ (_.5) 12e S
Z2 25 z.zt (e.ex) 3.B$(_.5) zzo B

z3 4s z.zt(e.ez) _,61(B.s) Ize B
14 45 Z.21 (%.91) 3.6t (9.5) 129 6

15 65 Z.2Z (D._t) 3.6t (9.5) 126 6
z6 Bs 2.zz (e.m) 3.Br (e.5) zze 6

11 9e z.ZZ(e.mt) 3.6z (e.5) 120 6
lP 9e 2.2Z (B.ml) 3.61 (e.5) tZg 6

19 65 2.21 (_._1) 7.43 (1.6) 12m 6
29 65 2o21 (O.ml) 7.43 (1.9) 12_ 6

zl BB z.zl (e.m) z_z (e.z) lz_ 6
zz 65 z.zl (_.ez) 1.3$ (_.2) zze B

23 65 4.42 (ff.g2) 3.39 (6.5) 129 6
z4 es 4.4z (e.az) _.39 (e.5) tze B

Z5 65 1.1= (9.0P5) 3.72 (0.5) tZg 6
2S 65 1.1= (e.ea5) 3.72 (m.5) tZ6 B

z7 Bs z.zt (e.ez) 3.61 (e.s) zze 3
28 65 2.21 (9.91) 3.6% (9,5) LEO 3

29 65 2.21 (9,91) 3.61 (¢.5) L26 Z2
36 65 2.21 (D.B1) 3.61(9,5) L26 12

31 55 4.4Z{B._Z) 3.39(_.S) $2_
32 65 4,42 (e.e2) 3.39 (9.5) 126 3

33 65 4,42 (0.62) 3.39 (_.5) Z2_ 12
34 65 4.42(6,_2) 3.39(6.5) 12_ 12

35 65 - e - 3.82(e.5) 12_ 6
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TABLEA.4. OecontamtnationSmearResults

Intttal Coupon(a)
Coupon After Smar (b)
Count, Treatmnt, 137Cs Count, dpoj/l_l_ Contact Tempera-

_9._Q _ ......._LxnCs _ _dl_ Cs _ Ttme, h tufa. "C _.LV._ HN03. M

11 7.75E5 2.46E5 3 3.23E4 3.67E5 6 25 g.81 g.5
12 7.5gE5 2,37E5 3 3.86E4 4.78E5

13 7.37E5 1.75E3 421 243 2.8gE3 6 45 g.gl 1_.5
14 1.13E6 1.11ES lg 1.88E4 2.13E5

15 6,BgE5 6BI 1,113 68 + 18_ 772 6 65 g.gZ g.5
16 7.25E5 742 977 69 ± 19X 783

(a) Treatment of a coupo9 (8.8 cm2) w_th 12g mLoF Ce(EV) and HNO3.
(b) Surface area, 8.8 cm_.
(c) Meets ,aste acceptance specifications if' <2,2gg dpm gamma/lg_ cm2 surface.
(d) NDA-Be]ow detection 11mit.
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TABLEA.3. DecontaminationObservations

O_s_rvattons after Decontamination Contact Tempera-

....... _-_uÜ_n _01utton . CouponSurface __.__ _ _ure. "C _ _.j_3 .M_

11 Clear, yellow-orange Oxide layer not removed 6 25 g.gl g.5
12 Clear, yellow-orange Oxide layer not removed 6 25 g.01 g.5

13 Clear, orange Oxide layer removed 6 45 0.gl 0.5
14 Clear, orange Oxide layer' partially removed

15 Clear, yellow-orange Clean, no oxide 6 65 0.gl g.5
' 16 Clear, yellow-orange Clean, no oxide 6 65 g.01 0.5

17 Very oloudy, yellow Clean, no oxide 6 90 0.01 0.5
18 Very cloudy, yollow Clean, patches of oxide

19 Clear, yellow-orange Clean, no oxide 6 65 B.O1 1.0
2g Clear, yellow-orange Clean, no oxide 6 65 0.01 1.0

21 Cloudy, ysllo_ Oxide layer not removed 6 65 g.O1 0.2
22 Cloudy, yellow Oxide layer not removed 6 65 B.B1 B.2

23 Cloudy, orange ~50% covered with oxide 6 65 0.02 0.5
24 Clear, orange Clean, no oxide

25 Clear, yellow-orange Oxide layer not removed 6 65 0.005 0.5
26 Clear, yellow-orange Oxide layer not removed 6 65 0.005 0.5

27 Sltghtly cloudy Clean, no oxide 3 65 0.01 0.5
E8 Slightly cloudy Clean, no oxide 3 B5 0.01 0.5

29 Clear,yellow Clean, no oxide 12 65 0.01 0.5
30 Clear,yellow Clean, no oxide 12 65 0.01 0.5

31 Very cloudy,orange Very clean, no oxide 3 65 0.02 0.5
32 Very cloudy, orange Very clean, no oxide 3 65 0.02 0.5

33 Cloudy,yellow Oxide on 25% of surface 12 65 0.02 0.5
34 Cloudy,yellow Oxide on -2B% of surface

35 Clear,yellow-orange Oxide layernot removed 6 65 0 0.5

A.3
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