
02 _ BY _PPLIED INC. ,. _





• _'-q_ ")__-_j_
_' WSRC-MS-94-0163

MEASUREMENT OF ACTINIDES AND STRONTIUM-90 IN
HIGH ACTIVITY WASTE (U)

by

Maxwell, S. L.

WestinghouseSavannahRiverCompany
Savannah RiverSite
Aiken,SouthCarolina29808

A documentpreparedforINSTITUTEOF NUCLEARMATERIALSMANAGEMENT35TH ANNUALMEETINGat
Naples,Florida,USAfrom17/7194- 19/7/94. . _.

DOE ContractNo. DE-AC09-89SR18035

Thispaper waspreparedinconnectionwithworkdoneunderthe abovecontractnumberwiththe U. S.
Departmentof Energy. Byacceptanceofthispaper, the publisherand/orrecipientacknowledgesthe U. S.
Government'srightto retaina nonexclusive,royalty-freelicenseinand to any copyrightcoveringthispaper,
alongwiththe rightto reproduceandto authorizeothersto reproduceallor part ofthe copyrightedpaper.

MASTER
OISTRIBUTION OF THIS DOCUMENT IS UNLIMITED



DISCLAIMER

This report was prepared as an account of work sponsored by am 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 legal liability or responsibility 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.
Rcfercncc herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof. The views and opinions of
authors cxp_ssed herein do not necc__szrily state or reflect those of the United

-' States Government or any agency _creof.

This report has been reproduced directly from the best available copy.

Available to DOE and DOE contractors from the Office of Scientific and
Technical Information, P. O. Box 62, Oak Ridge, TN 37831; prices available from
(615) 576-8401.

Available to the pobUc from the National Technical Information Service, U. S.
Department of Commerce, 5285 Port Royal Rd.. Springfield. VA 22161



i o

,=

Measurement oi A_inides and Strontium-90in High ActivityWaste

by

Sherrod.L.Maxwell!!1,and MatthewR. Nelson
WestinghouseSavannah River Company

Savannah River Site
Aiken, South Carolina 29808

The reliable measurementof trace radionuclidesin highactivitywaste isimportantto
supportwaste processingactivitiesat SRS (F and H Area WasteTanks, Extended
Sludge Processing(ESP) and In-Tankprecipitation(ITP) processing).Separation
techniquesare neededto removehigh levelsof gamma activityandalpha/beta
interferencespriorto analyticalmeasurement.Usingnew extractionchromatographic
resinsfrom EiChrom Industries,Inc., the SRS CentralLaboratoryhas developednew
highspeed separationmethodsthat enable measurementof neptunium,thorium,
uranium,plutonium,americiumand strontium-90in highactivitywaste solutions.Small
particlesize resinand appliedvacuumare usedto reduceanalysistimesand
enhancecolumnperformance.Extractionchromatographicresinsare easy to use and
eliminatethe generationof contaminatedliquidorganicwaste.

Introduction

The Savannah River Site storesapproximately 35 million gallons of high level liquid
waste-assludge,saltcake,or salt solution.The wastewill eventuallybe converted to a
glassform in the DefenseWaste ProcessingFacility(DWPF) and the decontaminated
liquidconvertedto concreteat the SaltstoneFacility.Becauseof difficultsample
matricesand time consumingseparationmethodsrequired,the analysisof high
activitywaste for trace actinidescan place challengingdemandson laboratory
resources.Separationtechniquesthat enablethe rapid,cost effective measurementof
trace actinidesandother radionuclidesare neededto meet customerneedsin a timely
manner.

In the SRS Central Laboratory, rapid separation methods are required to enable
timely analytical support for F and H Area Waste Tanks, Extended Sludge Processing
(ESP) and In-Tank precipitation (ITP) processing. In response to this need, R.N.
Mahannah and S.L. Maxwell developed methods for rapid measurement of trace

; fissile material (uranium-235 and plutonium -239) in high activity liquid waste at the
Savannah River Site using high speed TEHP (tri(2-ethylhexyl) phosphate columns

and anion exchange resin 1.

To provide a wider range of rapid separation methods for high activity waste, new high
speed separation methods using resins from EiChrom Industries have been
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developed.The overallseparationschemesare also applicableto environmental
samplesand bioassaysamplesafter appropriatesamplepretreatment.

Separation Methods Developed

The SRS Central Laboratoryhas developedseparationmethodsthat enable the
measurementof neptunium,strontium,thorium,uranium,plutoniumand americiumin
highactivityliquidwastesolutions.To reduceanalysiscycletimes andenhance
columnseparationperformance,smallparticlesize resin(20 to 50 micronand 50 to
100 micron)and appliedvacuumwere used. Columnflow ratesare typically2 to 4
mL/minute,muchfaster thangravityflowratesof approximately0.5 mL/minute.
Extractionchromatographicresinsare more efficient than classicalSolventextraction,
easy to use and eliminatethe generationof contaminatedliquidorganicwaste.

Neptunlurn-237

A new methodto measureneptunium-237andthoriumisotopesin highactivitywaste

usingTEVAoSpec® resinwas developed. After samplecleanup,neptunium-237is
measuredby alphaspectrometry.Figures1 illustratesthe neptunium-237 separation
scheme.Thorium iseluted using6M hydrochloricacid priorto strippingthe neptunium
fromthe resin.Themethodis rapid,provideshighrecoveryof neptuniumand effective
removalof other actinidesand matrixcomponents.The separationcan be performed
using2 to 3 molar(M) nitricacid insteadof the 8M nitricacid concentrationtypically
used intraditionalanion resinmethods.This allowsseparationof plutoniumfrom
neptuniumin a nitricacid matrixby reducingplutoniumto the Pu(lll) valence state. This
methodhas been foundto be morerapidand convenientthat the traditionalTIOA (tri-
isooctylamine) solventextractionmethodpreviouslyused in the CentralLaboratory.
This separationschemehas also been appliedto the measurementof trace
neptunium-237 and thorium in a high level americium/curium solutionin a SRS F-
Canyon tank.

Strontium-90

A new high speed strontium-90method was also developed. Strontium-90 is

separated from alpha/beta/gammainterferencesin waste using Sr°Spec® resinand
measured by liquidscintillationcounting. Figure2 illustratesthe strontium-90
separationscheme. Bariumisotopes,whichare very difficultto separate from strontium

usingtraditionalprecipitationmethods,are separatedeasilyusing SroSpec® resinin a
8M nitricacid matrix.It was foundthat plutonium(IV), cerium (IV) and neptunium(IV),

whichwouldotherwisebe retainedby the SroSpec® resin,are removedeasilyby
addinga 3M nitricacid-0.05Moxalicacid rinse.



Three Column Method for Actinides

In additionto using EiChromresinsforsingle columnactinideseparations,the SRS
CentralLaboratoryhas usedthesecolumnsin seriesto achieve maximumseparation
powerand optimumchemicalrecovery.Byusingthre_separate columns,collecting
the rinsefrom the firstcolumnand loadingitto the nextcolumninthe series,actinides
can be rapidlyseparatedfrom the same samplesolutionwith excellentremovalof
interferencesandchemical recovery,

The useof TEVA.Spec® resinand U-TEVA. Spec® resinin series has been

demonstrated at SRS to effectivelyseparateneptunium,thoriumand uraniumfrom

otheractinidesand matrixcomponents2. Neptuniumand thoriumare retainedand

separatedusingTEVA.Spec® resin,whileuraniumis rinsedthroughthe TEVA. Spec®

resincolumnand collectedquantitativelyon U-TEVA. Spec® resin. IfTRU.Spec®
resinis addedto thisseries,americiumand plutoniumcan also be recoveredfromthe

sample3. Plutoniumis rinsedthroughthe TEVA,Spec® and U-TEVA. Spec® columns
as Pu (111),usingferroussulfamateasa reductant. Figure3 illustratesthisthree
columnscheme.

Sequential actinideseparationshavebeen performedby some DOE and commercial

laboratoriesusingonly one resin,TRU.Spec ®; however,high resolutionseparations

are moredifficultwithTRU.Spec ® alone,particularlywhen one or moreactinidesis

presentin large quantity4. In addition,sinceactinidesare retainedonthree separate
columnsratherthan one, thisschemeprovidesadditionalcolumncapacity.

One key advantageof usingTEVA.Spec® resin over traditionalanion resin schemes
isthat plutoniumand neptuniumcan be separatedeasilyfromeach otherin a dilute
nitricacid matrix. Inthe 8M nitricacid anionexchangemethodtraditionallyused,

plutonium and neptunium separation is difficult. With TEVA.Spec ®, however,the
plutonium valence can be easily maintained as Pu (111)in 2 to 3 molar nitric acid to
enable plutonium-neptunium separation. Thorium elution is also relatively easy with
6M hydrochloric, without the resid_al "tailing" that sometimes occurs in conventional
anion resin methods. Uranium is rinsed through TEVAoSpec® with less nitric acid
rinse volume than is used in typical anion resin methods and i._collected on U-

TEVAoSpec®. Plutonium (111)and americium are rinsed through the U-TEVA°Spec ®
column. Ascorbic acid is added to the rinse solution to reduce ferric ions to ferrous

ions. This solution is loaded onto the TRU°Spec ® column to recover americium and
plutonium, which are eluted separately using 4M hydrochloric acid and 0.1 M
ammonium bioxalate respectively.

The separation scheme is flexible. If neptunium is not likely to be present ( or if Pu and



Np are desiredtogether), plutoniumcan be retainedon the TEVA.Spec® cartridgeby
adjustingthe plutoniumvalenceto Pu (IV) inthe initialsamplesolutionwith ferrous
ammoniumsulfate followedby sodiumnitrite.Figure4 illustratesthis alternative
scheme.

New Approach

The three column method isan extremelyeffectiveway to recover five actinidesfrom
one sample solution.However,to reduceanalysistimeeven further, the SRS Central
Laboratoryhas shownthat the threecolumnmethodcan be combinedintoa single

multistagecolumn. In addition, SroSpec® resincan be added to the •Seriesto also
recoverstrontium-89/90from the samplesolution.One sample sOlutioncan be loaded
to the multistagecolumnto recoverthorium,neptunium,uranium,plutonium,
americiumand strontiumare separatedwithhighrecovery and efficientremovalof
interferences.The multistagecolumnis splitapartat the luerconnections to allow
separate strippingof the respectiveradionuclides.

The sample solution is, in effect, added to four columnsat once, instead of passingthe
solution through one column at time. This technique also significantly reduces the
volume of load plus rinse solution that is added to the later columns in the series. The

Sr°Spec ® option, for example, could not be added to the original three column method

without evaporating the large rinse volume cnllected from the final TRU°Spec®
column. Minimizing the volume of total load and rinse solution loaded to these
columns ensures good chemical recoveries of actinides.

This technique can be applied to high activi_/waste samples, trace environmental
samples and bioassay samples after appropriate sample pretreatment. For example,
actinides can be precipitated from large water or urine samples using calcium
phosphate precipitation while actinides c_n be analyzed in soil and fecal samples
after cleanup with DiphonixTMresin and dissolution of the resin using hydrogen

peroxide with an iron or vanadium catalyst5.

Single Multistage Column

The multistage columnconsistsof a TEVAoSpec® cartridge, U-TEVAoSpec® cartridge,

TRU.Spec® cartridge, and, optionally, a Sr.Spec® cartridge in series. Figures 5 and 6
show the multistage column method.

Thorium and neptunium are removed by the TEVA°Spec® cartridge, uranium by the

U-TEVA.Spec® cartridge, plutonium and americium are removed by the TRU°Spec®

cartridge and, if desired, strontium can be isolated using a Sr.Spec® cartridge.

In this multistage column procedure, the load solution is adjusted to matrix conditions



compatiblewithall four cartridges. The caustichigh activitywaste sample is acidified
to 1.5 to 3 molar nitric acid and the total nitrate concentration adjusted to 3 to 5 molar
nitrate. Ferrous sulfamate and ascorbic acid are used to control the valence states of
plutonium and neptunium.

The sample solution is loaded to the multistage column, rinsed with a 2.5 molar nitric
acid- 0.1 molar ferrous sulfamate-0.1M ascorbic acid mixture, and then split apart into
separate cartridgesfor strippingof the respectiveanalytes.Fissionproductsand matrix
componentsare rinsedthroughmultistagecolumnby the initialload and rinse
solution.Afterthe gamma level inthe wastesample is reduced significantly,the
columncan then be removedfromthe shieldedcells and the analytesstrippedin a
hoodor radiobench.This methodminimizesradiationexposuretotechnicians by
effectivelyremovinggamma isotopesfromthe sample insidethe shieldedcells.

In the load and rinsesolutions,the ferroussulfamate adjuststhe plutoniumvalenceto
Pu (111)and the neptuniumvalenceto Np (IV). The sulfamatescavengesany nitrite
presentin the sampleor the nitricacid matrixthat willoxidizePu (111)to Pu (IV).
The ascorbicacid reducesany ferric ion presentback to ferrousion to preventferric

ironretentionand interferenceon the TRU.Spec® cartridge. The additionalnitrateis
addedas aluminumnitrateto enhanceactinideretention,particularlythorium,on

TEVAoSpec®. In addition,the aluminumaddedcomplexesany fluorides,phosphates,
oxalatesor sulfatespresentinthe samplematrixto facilitatethe actinideextractions.
The nitricacid concentrationis kept low enoughto allowthe ferrousionsto,maintain

the plutoniumas Pu (111),sothat the plutoniumwillpass throughthe TEVA.Spec® and

U-TEVAoSpec® columns and be retained by the TRUoSpec® cartridge.

The separationscheme is flexible. If neptuniumis not likely to be present ( or if Pu and

Np are desired together), plutonium can be retained on the TEVA°Spec® cartridge by
adjusting the plutonium valence to Pu (IV) in the initial sample solution with ferrous
ammonium sulfate followed by sodium nitrite. Figure 6 illustrates this approach.

After the initial loading and rinsing steps, the single multistage column is removed from
the shieldedcells and the cartridgesare separatedat their luer connectionsand
handled individually.New reservoirsare addedto each cartridgeand after small

- volume rinses specificfor each cartridge are completed, the actinides and strontium
are strippedfromthe respectivecartridgesand measured.

Thorlu miNe ptu nium

For a 2 mLvolumeof resin, one free column volume (FCV) is 1.35 mL. Rinsevolumes
are givenas approximatefree columnvolumesso that rinsevolumes for any size resin
column can be calculated. After the TEVA.Spec® cartridge is removed from the

multistagecolumn, the TEVAoSpec® cartridgeis rinsedwith 5 FCV's of 3M nitricacid.
To elute the thorium, 11 to 15 FCV's of 6M hydrochloricacid are added to the



TEVA.Spec® cartridge.Neptunium(or plutonium,if adjt,stedto Pu (IV) in the load
solution)is then strippedwith7 to 10 FCV'sof 0.02M nitric-0.02Mhydrofluoricacid.For
developmenttesting,neptuniumwas countedin solidstate siliconsurfacealpha
countersafter mountingon a planchetand thoriumwas measuredby directcurrent
emissionspectrometry.

Uranium

The U-TEVA.Spec® cartridge is rinsedwith 4 FCV's of 3M nitricacid-0.05 M oxalic
acidto removeany residualneptuniumthat may have passedthroughthe

TEVAoSpec® cartridge,followedby approximately6 FCV's of 3M nitricacidto
completethe rinse. Uraniumisthen elutedwith7 or more FCV'Sof 0.01 M nitricacid.
Totaluraniumwas measuredby a Chemchek laserkineticphosphescenceanalyzer;
however, uraniumconcentrationand isotopicsin liquidwaste may be determinedby
addinga U-233 spike and measuringthe spikedsampleusingthermal ionization
massspectrometry6. For laser phosphorescencemeasurements,the ferrousion must

be rinsedwell fromthe U-TEVA°Spec® resinpriorto strippingof the uraniumto
preventquenchingof the uraniumphosphorescence.

Americium and Europium

Europiumwas added as an chemicalanalog for americiumto providean additional
verificationof americium recovery usingthis columnscheme. The TRU°Spec®
cartridge is rinsed with 4 FCV's of 3M nitric acid-0.1M sodium nitrite to ensure
formation of Pu (IV) after loading the plutonium as Pu (III). After the cartridge is rinsed
with 4 FCV's of 3M nitric acid, americium or europium is stripped with 1.5 FCV's of 9M
hydrochloric acid and 9 FCV's of 4M hydrochloric acid. Plutonium is eluted from the
resin with 10 to 15 FCV's of 0.1M ammonium bioxalate. Americium was counted by
alpha spectrometry after mounting on a planchet and europium was measured by
direct current emission spectrometry. Plutonium, after acidification of the bioxalate
solution with 8M nitric acid, was measured by mounting on a planchet and counting by
alpha spectrometry.

Strontium-90

The Sr°Spec® cartridge is rinsed with 2 FCV's of 3M nitric acid-0.05 M oxalic acid to
remove any residual Pu (IV), Np (IV), Ce (IV), Ru (IV) that may have passed through
the other cartridges. 4 FCV's of 8M nitric acid are added to rinse the cartridge. If
additional barium removal is required, the volume of 8M nitric acid rinse can be
increased slightly. The strontium is eluted with approximately 6 FCV's of 0.05 M nitric
acid. 0.05 M nitric acid is used instead of water to ensure radioactive lead remains on

Sr.Spec ® resin during strontium elution7. Although a cesium-137 removal factor of
10,000 to 100,000 is often observed with only one Sr.Spec®column separation,



additionalcesium-137 removal is usually required because cesium-137 levels are
typicallymanyordersof magnitudegreater thanstrontium-90inthe liquidsampled
above the waste tank sludge.The eluantsolutioncont._;ningstrontium-90is acidified

to 4 to 8M nitricacid and loadedto the same well-rinsedSr.Spec® cartridgeagain to
removeadditionalcesium-137.The strontium-90 is strippedfromthe columnas
before and one milliliterof solutionis addedto the vialcontainingscintillationcocktail.

The strontiumis countedusingthe liquidscintillationcounterwithintwo hoursof
elutionto minimizeyttrium-90ingrowth.Becauseof its relativelyshort half-life,Sr-89 is
nottypicallypresentin highactivityliquidwaste at SRS. if Sr-89 measurementis
required,however,Sr-89 and Sr-90 may be measuredby Cerenkovcountingor by
separationof the Y-90 usingafterat leastoneweek ingrowthusingthe same

SroSpec® cartridge.The Sr-90 can be determinedfromthe Y-90 and the Sr-89
calculatedby subtractingthe Sr-90 from the total Sr countedpriorto Y-90 ingrowth8.

Verification Testing and Results

Neptunium Separation on TEVA,Spec ®

Figure7 showsresultsobtainedusingTEVA°Spec® for Np-237 measurementin liquid
waste. A 2 mLvolumeof 50 to 100 I_mresinwas usedwitha flow rateof 2 to 4

mL/minute. 1 x 10 5dpm neptunium-237,5 x 10 7dpm plutoniumadded and 5 ug
thoriumwas addedto test the columncleanupcapability.A Tank 38 causticwaste
samplewitha causticlevelof 6 M NaOH was spikedwith neptunium-237to testspike
recovery.

Strontium-90 Separation on Sr,Spec ®

Figure 8 showsrecoverydata obtainedusingSroSpec® for Sr measurementin liquid

wasteas wellas resultsfrom removaltests.A 1.5 mL columnof 20-50 I_mSr°Spec®
was used witha 5 mL/min,flow rate.Sodiumlevelswere tested as highas 1.6 M inthe
loadsolution.5 mg of Sr and 500 mg bariumwereaddedto tests strontiumrecovery
andbariumremoval. Plutonium( 5 x 10 6dpm) and neptunium(2 x 10 5dpm) were

addedto test removalof these removalof theseactin;desfrom Sr°Spec®.

Multistage Column Scheme for Actinides and Strontium-90

Figure9 showsthe standardrecoveryobtainedusingthe multistagecolumnscheme
for actinideand Sr-90 separationwhen standardswere added to a simulatedwaste
solution(4.5 M NaOH).

Figure 10 showsthe spikerecoveryobtainedusingthe multistagecolumnscheme for
actinide and Sr-90 separationwhenactinideand Sr-90 spikesare addedto Tank 26



orTank 46 high activity liquidwastesample solutions.The cesium-137 levels for these
solutionswere approximately3 XIO8 dpm/mLandthe causticlevel was approximately
1M NaOH,

The standard and spike recoveriesdemonstratethe methodprovidesgood chemical
recoveryof the actinidesandstrontium-90from simulatedwaste solutionand actual
highactivitywaste tank samples.

Time Savings

The rapidextractionmethodsfor actinideseparationstypicallyused in the SRS
CentralLaboratoryare usuallyperformedat least five times fasterthangravityflow
columnmethods.Formultipleactinideseparations,it is estimatedthe cartridge
technique reducesthe analyticaltime by an additionalfactor of three.

Summary

Thu SRS CentralLaboratory has developed new high speed extraction
chromatographic methods that enable rapid separation of actinides and strontium-90
in high activity liquid waste. Neptunium-237 and thorium are separated from the waste

matrix using TEVA.Spec® resin while strontium -90 is separated using Sr.Spec®

resin. A three column scheme using TEVAoSpec®, U-TEVA°Spec® and TRU°Spec®
columns has been shown to separate neptunium, thorium, uranium, plutonium and
americium effectively and rapidly from one sample solution. In this technique the rinse
solution from the first column is passed through the next column in the series to
recover individual actinides. A recent innovation using a single multistage column

consistingofTEVAoSpec®, U-TEVA,Spec®, TRU°Spec® and Sr°Spec®cartridges in
serieswas shownto give excellentrecoveriesfor actinidesand strontium-90. A single
samplesolutionplusinitialrinsesolutionis loaded to the multistagecolumnto reduce
analysistime significantly.
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Figure 7 Neptunium Recovery Using TEVA.Spec ® Method

% Np Recovery-Standards % Np Spike Recovery-Waste Tank38

95% 93%
92% 96%
94% --
101% --

Avg.= 96% :t:5% RSD Avg.= -_'/o :1::2% RSD .-

Thoriumremoval=>99.9%
Plutoniumremoval= 99.9%
Thoriumrecovery in 6M HCL elution= 95%

Figure 8 Strc_ntlum Recovery Using Sr.Spec ® Method

%Sr Recovery- Standards % Sr Spike Recovery- Waste Tank 26

96% 106 %
99% 104%
94% Avg.=105% + 1%RSD
95%
99%

Avg.= 98% + 2.5% RSD

Barium removal=99.9%
*Plutoniumremoval= >99.9%
*Neptuniumremoval= >99.9%
*Cerium removal= >99.9%

* If additional5 mL rinseof 3M nitricacid-0.05M oxalicacid used
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