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Abstract. Due to the large amountsof syntheticnon-stableheary isotopesandfission prod-
ucts,the backendof the nuclearfuel cycle is a seriousproblemfor the nearfuture. The buildup
of transuranian pressurizeavaterreactor{PWRs) beingthe mostutilized reactortypeat present,
is investigatedwvithout andwith plutoniumrecgycling in PWRs. The appliedcalculationalproce-
dureshave beendevelopedpreviously for the investigationof tight lattice light waterreactorsand
arevalidatedcarefully for reactorsystemsawith fast,thermalandepithermalneutronspectra.lf no
plutoniumrecycling is applied,the transuraniauildup decreaseslightly andthe fractionsof nep-
tuniumandamericiumincreasesignificantlyif thefuel dischageburnupis increasedA plutonium
multiregycling scenarias presenteavith poolsof full uraniumoxide (UOX) andfull mixeduranium
andplutoniumoxide (MOX) coresthatleadsto a drasticdecreas®f the plutoniumbuildup. After
60to 80years theplutoniuminventoryin thepool stabilizesatalevel of about50%of theinventory
withoutregycling atthattime. Possiblesafetyproblemswith coolantdensityreactvity coeficients
areavoidedby the limitation of the plutoniumcontentandby the useof enricheduraniumin the
MOX fuel if requiredfor reactvity reasons.

INTRODUCTION

One of the mostsevere problemsfor the peacefuluseof nuclearenegy is the back
end of the nuclearfuel cycle. Neutronabsorptionsn the heariest naturalelementU cause
the buildup of non-stableransuraniselementsmainly Np, Pu, Am andCm. Someof these
transuraniasotopeshave goodfissionpropertiesandarewell suitedfor reusein nuclearreac-
tors. Furthermorethefissionof theheary elementdeadsto thegeneratiorof severallong-lived
fissionproductsge.g.Tc, Csandl. Becausef theirtoxity andradiationhazardsthesenew syn-
theticmaterialsareserioussource®f potentialdangerfor mankind.Besidegsheoutcomedgrom
nucleamreactordor civil utilization,themilitary programsof severalcountriesn theworld also
have producedjuitelargeamountof transuraniandfissionproducts.Oneof the objectvesof
the R/D programat the Forschungszentrumdarlsruhe(FZK) is to maintainthe capabilitiesfor
theassessmermf the possibleoptionsto reducetheimpactof the backendof the nuclearfuel
cycle, seee.g. Ref. [1]. In the presentcontribution the buildup of transuranian pressurized
waterreactorPWR),beingnowadayghe mostwidely usedreactortype,is investigatedMore
informationmaybefoundin Ref. [2].



APPLIED CALCULATIONAL PROCEDURES

The appliedcalculationalproceduresre describedn somedetailin Ref. [3] andare
collectedin the codesystemKARBUS. They combineadvantage®f the standardnethodgor
thermalandfastreactoraindhave beendevelopedor theinvestigatiorof tight latticelight water
reactorsincludingtheneutroniccalculationof basicfuel lattices,of subassembligSA) andof
whole reactorcores. The fuel lattice calculationsusefirst flight collision probability methods
fromthe WIMS code[4]. Thewholecorecalculationsareperformedor theequilibriumstateof
aPWRwith hexagonalSA with thenodalcodeHEXNOD [5]. TheSA crosssectiondatafor the
presentexploratoryinvestigationsveredirectly taken from lattice calculationsnheglectingthe
SA structuresandirregular watergaps. The reactordepletioncalculationsusethe formalisms
of thewidely usedORIGEN code[6]. Theapplied69 grouplibrariesaremainly basedon the
latestKEDAK4 evaluationsby FZK for thecommonreactormaterialsn coolant,structuresand
fuel andon JEF-2datafor about80 fissionproducts.Thesecalculationaprocedurehiave been
carefully validatedfor reactorsystemswith fast,thermaland epithermalneutronspectrasee
e.g.Ref. [3]. RecentlyacomparisorbetweerK ARBUS andthe Frenchstandarctalculational
methodgor PWRsshovedgoodagreemenin theresultsfor abenchmarknvestigatiorfor Pu
multi-regycling in PWRs,seee.g.Ref. [7].

BUILDUP OF TRANSURANIA IN PWRsWITHOUT FUEL RECYCLING

ModernPWRscontainabout80 tonsof heary metalfuel pergigawatt electricalpower
(GWe). Dependingon the characteristic®f the nuclearpower station(dischage burnup,fuel
managemenpower ratings)= % of the coreis unloadedevery 1. to 1.5years.In this section
someestimatesaregivenfor the buildup of transuranian this unloadedfuel. The resultsare
normalizedto 1 ton of initial heary metal(TIHM). For theseinvestigationonly lattice calcu-
lationsfor the basiccell of a modernPWR are performed. The dischage burnupshave been
variedfrom 33 gigawatt daysperton heary metal(GWD/THM), beingrepresentate for the
todayburnupsand50 GWD/THM, beinga nearfuturetargetburnupfrom economicatonsider
ations.For theseburnupsin modernPWRs,reasonablenrichmentgor theU23° vary between
3.2and4.5%. In tablel the resultsof theseparametrianvestigationsare summarized.The
buildup of transuranimamountdetweerl0and13 kg/THIM. More than90%of thetransurania
consistsof Pu. The Np fractionamountsto 4..6%,the Am fractionto 1..2%. The weightsof
N p?3’ andAn?*3increasestronglywith burnupincreaseThefissilefractionof thePudecreases
significantlywith burnupincrease.



TRANSURANIA IN A POOL OF PWRsWITH PU MULTI-RECYCLING

Theuseof fuelassembliewith mixedU andPuoxide(MOX) fuelis proventechnology
in PWRs,e.g. in Franceandin Germary. Until now mainly goodquality Puwith high fissile
fractionshasbeenutilized for dischage burnupsof ~35 GWD/THM. The mainresultof the
investigationglescribedn Ref. [7] is, thataftera smallnumberof reg/clingsthe composition
of the Pubecomeso unfavourable that the fissile enrichmentf the Pu hasto exceed6..7%
if about50 GWD/THM dischage burnupshouldbe reachedwith naturalor depletedU in the
MOX. With suchPufractionsin theMOX fuel it cannotbeguaranteedhattheimportantsafety
parametercoolant densityreactvity coeficient’ (CDRC) remainssatisactory[3]. Starting
from this experiencejn Ref. [2] whole corecalculationdor poolsof PWRswith full U oxide
(UOX) andfull MOX coreshave beenperformed.To avoid problemswith the CDRC,thefissile
fractionof thePuwaslimited to ~6%. In orderto getenoughexcesseactvity atreactorstartup
to obtaintherequireddischage burnups U 23° enricheduraniumis usedif necessaryThemain
resultof theseinvestigationss that,independentf the dischageburnup,theratio betweerthe
Puproductionin anUOX coreandthe Puincinerationin aMOX coreis nearlyconstantx0.6.
This meansthatthecombinedoperationof 5 UOX and3 MOX coresleadsto a nearlyconstant
Puinventoryin the pool of 8 PWRs. The Pucompositionin sucha pool only changesrery
slowly; a nearto equilibriumstatemay be reachedafter 60 to 80 years.The enrichmenbf the
U235 in the MOX with 6% fissile Pu stronglyincreasesvith increasingdischage burnupand
variesfrom =1% at 33 GWD/THM to ~4% at 50 GWD/THM.

PWR TRANSURANIA MASSESWITHOUT AND WITH PU RECYCLING

In orderto estimatehetransuranianassesa numberof calculationdor poolsof PWRs
with UOX andMOX coreshave beenperformedfor differentdischage burnups.The ex-core
time of thefuel waschoserto be10years:7 yearscooling/ reprocessingnd3 yeardfabrication
time. Within thesel0 yearsa distinct numberof reactorcore cycles hasto be determined,
mainly dependingon thedischage burnup. Thetotal numberof reactorsn a pool wasfixed by
therequirementthatafterthefirst ex-corecycle of thefuel, oneUOX coremaybereplacedy
afull MOX corewith the Puproduced.For the dischage burnups33, 40 and50 GWD/THM
upto 9 regyclingshave beenstudiedby wholecorecalculationsThe mainresultsarepresented
in thefigures1 and2. Theproducedransuraniarenormalizedo 1 GWe installed.In figure1
thebuildup of Pushavs a significantdecreasd multi-regycling is applied.Thediscontinuities
in the curveswith MOX indicatethe replacemenbf a UOX coreby a MOX corein the pool.
After 60to 80yearswe mayobtainanearlyconstanPuinventoryatalevel of about50%of the
inventorywithout regycling at thattime. This meansalso,thatcomparablemountsof U may
be savedfor lateruse. In figure 2 the buildup of Am?*3 shaws a significantincreasedueto the
multi-regycling of the Pu. In thesecaseghe buildup of Am?43is comparablavith the buildup
of Np?3, beingnot sensitve to the Puregycling.
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Tablel: TransuraniduildupandPucompositionsn theunit cell of amodernPWRfor different
dischageburnupsandU enrichments

Burnup
Material 33GWD/THM 50GWD/THM
(kg/TIHM) UZ3 Enrichment UZ Enrichment
32% | 35% | 40% | 45% | 3.2% | 3.5% | 4.0% | 4.5%
Pu 9.680 | 9.666 | 9.640 | 9.612 | 11.833| 11.874| 11.946| 12.017
Np=37 0.4254| 0.4306| 0.4368| 0.4408| 0.6453| 0.6650| 0.6916| 0.7119
AnrH 0.0370| 0.0373| 0.0374| 0.0371| 0.0540| 0.0565| 0.0604 | 0.0638
An¥®3 0.1002| 0.0869| 0.0694 | 0.0561| 0.3220| 0.2914 | 0.2467 | 0.2095
| Transurania] 10.243] 10.220] 10.184] 10.146] 12.855] 12.886] 12.944[ 13.003]
Burnup
U2 33GWD/THM 50 GWD/THM
(%) Puisotope(%) Fiss. Puisotope(%) Fiss.

238 239 | 240 | 241 | 242 | (%) | 238 239 | 240 | 241 | 242 | (%)
32 | 15| 568|221 14.0| 56 | 70.8| 2.0 | 47.6| 245| 14.8| 10.2| 62.4
35 | 15| 583 21.3| 13.0| 50 | 72.2| 2.9 | 48.8| 24.0| 14.9| 9.4 | 63.7
40 | 1.4 | 60.6| 20.3| 135| 42 | 741| 2.8 | 50.8| 23.2| 15.0| 8.2 | 65.8
45 | 1.3|628| 101|131 3.7 | 750| 2.7 | 52.8| 22.3| 15.0| 7.2 | 67.8




Pu buildup in PWRs, normalised to installed GWe
Based on 3 cycles, 105 TIHM in 1300 MWe reactors
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Figurel: Plutoniumbuildupin PWRsfor burnupsof 33,40 and50 GWD/THM
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Figure2: Am?*2 buildup in PWRsfor burnupsof 33,40 and50 GWD/THM



