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ABSTRACT

After a generalintroductionof characteristic®f possiblecritical reactorsystemgCRS) and
acceleratodriven systems(ADS) it is proposedonly to comparesimilar systems basedon
the samedesignprinciples. For fastneutronspectrumdesignsof CRSandADS, comparisons
concerningappliedcalculationalproceduresflux andpower distritutions, power level control,
burnupbehaiour, incinerationpotential,aspect®of dynamicsandaccidentanalysisand possi-
ble futureR&D-work arediscussedAlthough ADS may have importantadvantagesespecially
relatedto safetyaspectsit is not yet clearthat during accidentswith heatdecayremoval fail-
ures,fuel melting und fuel slumpingwith the potentialof recriticality configurationamay be
avoided. If suchrecriticality cannotbe excluded, reconsideratiorof thermalADS may be a
suitablesolution.

1 Intr oduction.

In acritical reactorsystem(CRS) a neutronchainreactionis keptalive dueto the balance
of neutronproductionsandneutronlosses Dueto thefactthata smallfraction of the produced
neutronds notemittedaspromptneutrongmmediatelyafterthefissioneventsbut appearsfter
characteristiclelaytimesdueto thedecayof associategrecursorsgritical systemsnaybecon-
trolled fairly easily e.qg. for the adjustmenbf therequiredpower level. Mary differentdesigns
for CRShave beenproposedndrealizedwith very differentcharacteristicsExamplef actual
designdor power reactorsare: light waterreactorswith boiling or pressurized¢oolant(BWR,
PWR), heavy watermoderatedeactors(CANDU), gas-cooledeactord AGR, HTGR), liquid
metalcooledfastreactordmainly sodiumcooled). Molten saltreactorshave beeninvestigated
sincethe earlyfifties.

Acceleratordriven subcriticalreactorsystems(ADS) also have alreadybeenproposedn
thefifties. A revival of theseideaswasinitiated by considerationgt LANL by Bowmanand
coworkers for the incinerationof longlived wastesfrom nuclearapplicationsand by the pro-
posalsof Rubbiaandcoworkersfor a so-calledenegy amplifierandfor plantsdedicatedo the
incinerationof nuclearwastese.g. arisingfrom corventionalLWRs. Further in a numberof
countrieslike USA, Japan fFrance,Spain,ltaly andothers,dedicatedorojectsarein progress
for therealizationof suchsystems.TheseADS conceptsalsoshav differentdesignfeatures,
varying from moltensaltto corventionallumpedfuel systems.The power level in an ADS is
proportionalto theappliedacceleratocurrentsanddependstronglyon thelevel of subcritical-
ity andon the positionof the externalsources.

In the presenpaperacomparisorof importantcharacteristicef CRSandADS will begiven
for comparablalesignof thereactorcomponentsf the systems.



2 Main propertiesof possibledesignsof CRS and ADS.

The characteristicef CRSarewell knovn andareanalyzedn mary publications.In ref-
erenceg1l] anoverview for modernreactorsmay be found. Referencd2] givesmoredetailed
informationfor fastreactors. Concerningmolten salt systemsan interestingreview may be
foundin referencd3]. A comprehense overvien of ADS actvities is collectedin the IAEA
statusreport[4].

For the comparisorof CRSand ADS the mostinterestingtopics are safetyandreliability.
Economicaspectanay be of interesttoo, but they will not be discussechere. Although all
nuclearreactoramay claimto be safe,not all reactorconceptsave the samesafety character-
istics. The mostimportantsafetyrelatedissueis the possibility of supercriticalconfigurations
of thereactorsystemwith the potentialof enegeticreactvity accidentdeadingto coredestruc-
tion andradioactvity releasesThe probabilityof building critical massesluringcoredamaging
accidentsalsois animportantquestionin this context. Thermalreactorswith low enrichedfuel
arefavourable,comparedo fastreactorswith higherenrichmentsAnotherimportantproperty
of areactorsystemis its dynamicbehaiour after disturbancegn the nominalconditions.Im-
portantparametergor the dynamicreactorbehaiour arereactvity coeficientsfor deviations
from the nominal statelike coolantdensityreactvity coeficient, fuel temperatureoeficient
etc. andneutronlifetime anddelayedneutronfractionin the system.Thermalsystemsausually
have positive coolant density reactiity coefficients whereadastsystemshave atendeng to
have negative ones.A negative coolantdensityreactvity coeficientmeanghatadecreasef the
coolantdensityleadsto a positive reactvity effect. Positve reactvity effectsleadto increased
power density increasecoolanttemperaturanddecreasedoolantdensitywith positive reac-
tivity feedback.In suchsystemsthermechanismslike fuel temperatureoeficients, arere-
quiredto avoid thereactvity increasePositve coolantdensityreactvity coeficientsarehighly
desirablein CRS.In ADS thelevel of subcriticalitymay avoid problemswith negative coolant
densityreactvities. The main component®f the fuel temperature reactvity coefficientare
thetemperaturelependenteactionratesin theresonanceegion of the heary isotopegDoppler
effect). The main contriutor to the negative Dopplereffect is usuallythe capturein U238 or
Th?32, Otherisotopeswith significantcontritutions may be absorbefuel andstructuralmate-
rials. The compensatingffectsof fissionand capturecontritutions of fissile isotopesusually
leadto small netresults. The mean neutron lifetime decreasewith spectrumhardeningand
mayvary from 2.5 10~° secondsn PWRto 4.5 10~/ secondsn FBR[1]. Largermeanneutron
lifetimes arefavourablefor the reactordynamicsbehaiour. The delayed neutron fraction in
reactorcoresdependn the compositionof the fuel isotopes.In mostcasesdelayedneutron
fractionsfrom fastfissions(e.g. in Th?32 andU?238) are considerablylarger comparedo the
effectsfor thermalfissions.Also atendenyg to smallervaluesfor inceasingchage numbersof
theheary isotopesnaybeobsered[5]. Themeanfractionof thedelayedheutronss associated
with thevalueof 1 dollar of reactvity for dynamicsbehaiour.

The reliability of a reactorsystemis closely connectedo the compleity of the techni-
cal realizationandto the available experiencewith sucha system.Watercooledreactorshave
provenreliability, despitethe high pressuresespeciallyin PWRs.Heary metalcooledreactors
alsohave demonstrateg@roventechnologybut with lesspracticalexperience Molten salttech-
nology asa potentialcandidatdor ADS, hasbeeninvestigatedextensiely in the past,but no
realizedprojectsexist at presentFor ADS thecouplingof areliablepoverful acceleratowith a
suitablesubcriticalreactorsystemis a new featurefor which until nov no practicalexperience
exists. Recentobserationswith runningacceleratorgndicateproblemswith disruptionsof the
protonbeamswith possibleconsequencesr the residencdime of someessentiatomponents
of thesubcriticalcore[6].



Becausdhe designsof both CRSand ADS may vary significantly a comparison of such
systemsonly seemameaningful for comparable proposals,basedon the samedesignprin-
ciples The presendiscussionaindproposaldor future ADS conceptoncentrat®n systems
with fastneutrons.Suchsystemdhave favourablefission-to capture-rateatiosfor mostheavy
isotopes,being an advantagewith respectto actinide productionand actinide transmutation.
In the following sectionsa comparisorof importantcharacteristicef CRSandADS with fast
neutronsn areactorcorewith lumpedfuel (fuel-bundles)will bediscussed.

3 Comparisonof similar CRS and ADS.

The proposalof Rubbiaand coworkersfor a conceptuadesignof a fastneutronoperated
high power enegy amplifier[7] leadto a numberof relatedstudies. In referencd7] the sub-
critical reactorcoreis placedin a hugelead-filledvesselwith naturalconvectionfor the heat
removal. The coreconsistf hexagonalfuel assembliesf fuel rodswith two differentlattices
in innerandouterzones.Thel GeV 12.5mA protoncurrentcomesfrom a dedicatectyclotron
acceleratoandhits a spallationtarmget nearthe centerof this core. In 1996the IAEA starteda
benchmarknvestigatiorfor studyingthe long time behaiour of anADS with Th/U?233fuel as
specifiedin the Rubbia-proposandwith a somavhatsimplified geometrymodel[8]. At FZK
own investigationgor an ADS similar to the Rubbia-proposakrein progresspothfor anen-
ergy amplifier (EA) andfor Puandminor actinide(MA) incineration.First analyseswith tools
availableat FZK shaved possibleproblemsfor the technicalrealizationof this concept.Some
of theseproblemsarestronglyrelatedto theheatproductionandremoval in thecore. Theinves-
tigationsfor the FZK-proposawill form the basisfor thefollowing comparisonsAlternatively
to theleadcoolantin ADS andCRS, sodiumcoolantalsowill be considered Mainly neutron
physicsaspectwill bediscussed.

3.1 Appliedcalculationalprocedues.

For a specificreactorsystemthe appliedproceduredor neutroniccalculationsof CRSand
ADS aresimilar. Most codesfor the solutionof the neutrontransportequationdor CRSallow
thetreatmenbf externalneutronsources.n thosecasest is corvenientto apply anadditional
codefor thedeterminatiorof the neutronsource producedy aprotonbeamhitting a spallation
talget. At presentmostof thecalculationaprocedure$or ADS investigationsapplybelov =20
MeV codeswhich arealsoin usefor CRScalculations.Thesecodesmay be Monte Carlotype
like MCNPor deterministidike S, transporbr diffusionsolutions.Thedevelopmenof aunified
MCNP-basedonte Carlocodefor ADS investigationsincludingdepletion;s in progresg9].

UsuallytheneutronicADS calculationsatFZK areperformedvithin thecodesystenKAPROS
in combinatiorwith standardtand-aloneodedike MCNP andDANTSYS.KAPROShasbeen
developedfor the calculationof fastreactorsystemsandhasbeensupplementegvith modules
for the calculationof thermalandepithermareactors.The subsystenK ARBUS hasbeenqual-
ified for advanceddepletioncalculationgfor thermal,epithermalandfastreactorsystemssee
alsoreferencd10]. Mostof theappliedmultigrouplibrarieshave anupperenegy boundaryof
10MeV. Thedevelopmeniof anew library with 75 enegy groupsup to 50 MeV is presentlyin
progress.For the spallationcalculationghe LAHET codesystemLCS andthe Jilich-version
of HETC have beenused.In referencg11] moreinformationis givenaboutthesecalculational
procedures.



3.2 Fluxandpowerdistributions.

A practicalnuclearreactorcore designneedsa power densitydistribution with acceptable
peakingfactors.Thepower shapén anuclearcoreis determinedy thespace-dependefission
rates:neutronflux timesfissioncrosssection.Whereadhe radialandaxial flux shapesn ther
mal CRSarequiteflat, thegradientatthecoreboundaryin fastCRSis steeperin orderto obtain
aflatterradialpowver shapejn fastCRSusuallytwo or threeradialfissile enrichmentevelsare
applied.In ADS the power shapeseemgo be muchmoreproblematical Alreadyin reference
[7] it waspointedout, thatin a subcriticaldevice far enoughfrom criticality (Kefs ~0.95)the
neutronflux distribution hasan exponentialslopetowardsa neutronsourcein the centey com-
paredo acosine-or Bessel-functioshapeowardsthecenterof acylindical critical reactor The
consequenced this phenomenaouldbe obseredin theresultsof the IJAEA ADS benchmark
mentionedoefore[8]. In figure 1 the radial power distributionsin 3 ADS with differentinitial
valuesfor subcriticalityareshavn with the correspondingadialformfactorsf, o4, varyingfrom
2.5t0 3.8. Suchformfactorsarenot acceptablén practice.At FZK anumberof measurebave
beeninvestigatedn orderto improve theseformfactors[11]. Both multiple enrichmentzones
and multiple neutronsourcedn the fastsubcriticalcore allow designswith acceptablgower
distributions at systemstartup. As an examplein figure 2 the midplanepower distribution in
an ADS with uniform fuel lattice andthreedistributed neutronsourcess shavn. The overall
formfactorfor this systemis closeto fi: =~ 2.0 andis acceptabldor arealisticreactordesign.

3.3 Powerlevel control.

The power level controlin CRSandADS may apply differentprinciples. In both systems
the power is determinedoy the absoluteevel of the neutronfluxes. The solutionof the basic
neutrontransportcalculationdor a CRS doesnot provide a valuefor the absolutdevel of the
fluxes. The principlesof critical reactorcontrol, basedon delayedneutronfractions,neutron
lifetimes andreactvity feedbackmechanismsallow the choiceof ary arbitrary absoluteflux
level within the technicalconstraintof the reactordesign. Paver level changesn a CRSare
initiated by smallreactvity disturbationse.g. by controlrod movementsor by feedbackirom
change®f thermodynami@ropertieof thereactorsystem.

Application of the samecalculationaltools for an ADS introducesan external sourcein
the neutrontransportcalculation,resultingin absolutefluxesfor the ADS case. The power
productionin the systemis determinedy thelevel of subcriticality(internalsource)andby the
strengthandthe positionof the externalneutronsource(s) This meansthatpower level control
in an ADS may be realizedby change®f the external sourcestrengthor of the subcriticality
level. Most of the proposaldor ADS conceptsdo not provide active control devicesfor the
subcriticalcoresandassumerotonsourceswvith aratherwide rangeof operatiorfor the proton
currentdn orderto extracttherequiredamountof power from the core. Suchconceptonly can
beacceptedf it canbeexcludedthatanupperlevel of the subcriticalitycannever be exceeded,
e.g. by reactvity gaindueto transmutatiomprocessesr decayor dueto changesn thereactor
configuration.

3.4 Burnupbehaviour

The main processesluring fuel burnuparesimilarin CRSand ADS: changingof theiso-
topic compositionof the fuel and buildup of fission products. Additionally in an ADS also
spallationproductsmay play a role, especiallyin systemswith small subcriticalityvaluesand
correspondindpigh protoncurrents.Generallyfastneutronspectrunsystemshave smallerbur-



nupreactvity effectscomparedo thermalneutronspectrursystemsThemainreasonsarethe
lower effective crosssectionsof the fission productsand usuallythe betterconversionof fer-
tile to fissile materialin the hardemeutronspectrum.The IAEA ADS benchmarkn reference
[8] wasorganizedto investigatethe burnupbehaiour of an ADS with Th/U?232 fuel, seealso
section3. Severalinstitutionsparticipatedo this benchmarlusingpartly differentcalculational
proceduregcodesanddata). The FZK resultsof figure 3 werewithin the spreadof the other
contritutions. The two curvesfor initial Kefs=0.96 were obtainedwith differentgeometrical
modelsfor the burnupzones:7 zonesasspecifiedin the benchmarlgeometrycomparedo 22
zoneswith a finer subdvision in the fuel zones. All curvesshav a strongreactvity decrease
duringthefirst =~100full powerdays.Thisbehaiour is typicalfor thoriumfuel: neutroncapture
in Th?3? leadsto the absorbeisotopePa?3? beingthe precursomwith half-life ~28 daysof the
fissileisotopel 233, After reachingnearlyanequilibriumconcentratiorof Pa?33 (dependenon
the power rating of thefuel), the buildup of U233 mayleadto anincreaseof thereactuity. This
reactvity increasas reducedy theabsorptionsn thefissionproducts.Oneof the mainobjec-
tivesof thedesignof Rubbiaet.al. wasto obtainaflat curve for Kes s asafunctionof burnup.in
thisway only moderateehangesn the protoncurrentarerequiredto maintainaconstansystem
power, withoutaneedfor othercontrolmechanisms.

Using Puinsteadof U232 asfissile materialin an ADS, e.g. asa burnerof multireg/cled
Puwith high contentsof Pui?*° and Pui?#?, resultsin a morecomplicatedournupbehaiour. In
figure 4 theresultsof KARBUS cell burnupcalculationsarecomparedor the Th/U 233 fuel of
the IAEA ADS benchmarkwith 10%U 233 contentandfor a Th/Pufuel with 10% Pusis anda
Pucompositionof 5% P38, 40% P39, 32% P40, 6% PuP4L, 15.5%P 1242 and1.5%An?4L,
We mayobsere agoodagreemenbetweertheshape®f the Th/U 233 curve of figure4 andthe
IAEA ADS benchmarkesultsof figure3. However, the Th/Pufuel in figure4 shavs astrongly
deviating burnupbehaiour with a strongincreaseof reactvity with burnup. Thesepreliminary
resultsindicateproblemswith subcriticalityduringburnupin sucha Th/Pusystemandthis may
leadto aneedfor active controldevicesin this ADS, e.g.controlrod systems.

3.5 Incineration potential.

Oneof the main objectivesin the areaof partitioningandtransmutatior(P&T) researchs
theincinerationof PuandMA. In theinternationalCAPRA projecttheseissuesarestudiedfor
SuperpheniXSPX) type fastreactordesigns.In orderto achieve acceptabléncinerationrates
of Pu,ashighaspossiblePu-fractiondgn the MOX fuel shouldbe chosen At presentheupper
limit for the Pu-fractionseemso be determinedby the MOX-solubility during reprocessing
at a level of about45%. Thesehigh Pu-fractiondeadto a SPX corewith highly diluted fuel
and large burnup reactvity losseswith complicationsfor the reactvity control of this CRS.
Firstexploratoryinvestigationgor theincinerationof LWR-Puin an ADS with Th/Pufuel and
sodiumcoolantshav comparablePu-incineratiorratesin this not optimizedADS andin the
CAPRA eactor;about70 kg(Pu)/TWe.h=600 kg(Pu)/Gwe.aseereferencg12]. Therequired
protoncurrentsin the ADS vary betweenl8 and40 mA at 1 GeV. Theseresultsindicate,that
comparabl€€RSandADS designgendto comparabld®u-incineratiorpotentials Both systems
will have specificadvantagesanddravbacks. Problemswith safetyissuesn the CRSmay be
solvedfor an ADS, but probablyat the expenseof complex technicalADS designsgespecially
for theacceleratoif high protoncurrentsarerequired.

Oneobviousadwantageof ADS is the neutronsurplusprovided by the spallationprocesses.
Thesgexpensie) extraneutronenableheincinerationof materialdik e fissionproductsor the
useof isotopicmixtureswith K., valuesnotsuficiently exceedingunity for realisticcorventional
CRS.



3.6 Somaaspectof dynamicsandaccidentanalysis.
Sodiumversusleadcoolantin fastreactorsystems.

As explainedin section2, the dynamicsbehaiour of a reactorsystemstronglydependon
its design,e.g. the choiceof coolantandfuel. If we comparea CRSandan ADS with the
samecoolantand the sametype of fuel, the mostimportantdifferenceis the requiredfissile
fractionin the fuel. Dependingon thelevel of subcriticalityin the ADS, the enrichmenbf the
ADS may be substantiallysmallercomparedo the CRS. Lower enrichedfuel tendsto more
favourablecoolantdensityandfuel temperatureeactvity coeficientsandimproved dynamics
behaiour. Moreover, the numberof possiblecritical masse# thereactorsystemduringacore
damagingaccidentwill be smaller if existent. The choicebetweersodiumandleadfor a fast
reactorsystemalsomayinfluencetherequiredfissilefuel fractionconsiderablyAs anexample,
in table1 preliminaryresultsareshavn from aninvestigationfor the potentialuseof SNR300
fuel assemblieg¢FA) in a subcriticalsystem.The K., andKes¢ valueshave beenobtainedfrom
eigewvaluecalculationausingthe KAPROS modulesDIFFOU andD3E.

\ coolant | K« DIFFOU | Kef D3E |
sodium 1.6048 0.9659
lead 1.6192 1.1416

Tablel: Comparisorof reactvities with sodiumandleadcoolantfor SNR300typefuel.

The appliedreactormodel consistsof 169 FA-positions(centralpositionsurroundedy 7
ringsof FA) with thefollowing loading:in thecentral7 positionscoolantwith theprotonsource,
thepositions8 to 91 (ring 2 to 5) SNR300-core FA andthe positions92to 169(ring 6 and7)
coolant. Thecriticality of this modelhasbeeninvestigatedboth for sodiumandleadcoolant.
TheK,, valuesshav only smalldifferencedor thetwo coolants However, in the caseof sodium
cooling we have an acceptableKes ¢ for the subcriticalcore, whereaghe lead cooling caseis
far supercritical. This meansthatfor this SNR300fuel in this specificdesignfor a relatvely
smallcorewith acoolantbuffer zoneat the outerboundarytheenrichmentmaybe substantially
smallerwith leadcooling, comparedo sodiumcooling andthatleadcoolingwill have better
safetycharacteristics.

Emegencyshutdowrin CRSand ADS.

Although the enegy and heatproductionin an ADS can be stoppedrathereasily by in-
terruptingthe protonbeam,this might not be a decisve advantagecomparedo CRS.First of
all, shutdevn andcontrolmechanismié CRShave demonstratetheir extraordinaryreliability,
basedndiversityandredundang in designandactivation. Further thedecayheatremoval after
shutdevn posesanequallysevereproblemfor both CRSandADS. It hasstill to be proventhat
in comparabledesignsfor CRSandADS, in caseof systemfailuresleadingto problemswith
decayheatremoval with probablyfuel melting and slumping,the consequence®r an ADS
would belessharmfulthanfor anCRS.

Complicationswith neuton dynamicscalculationsof ADS.

The neutrondynamicanalysisof near to critical systemswith point or spacedependent
kinetecs,including perturbatiortheory is well understoocandmary qualified codesare avail-
ablefor differentreactortypes. TheseCRS codesare not always applicableto ADS. Some
possiblecomplicationsare:

e For the calculationof feedbackeactvities reliablepower distributionsarerequired. This



meandor anADS thatexternalneutronsourcesnustbetakeninto accounfor thedetermination
of theneutronflux distributions. Not all codeshave this option.

e For nearto critical systemsegigewalue calculationsare corvenientandreactvity coefi-
cientsarewell definedby differencedetweerthe eigewvalues.Perturbatiortheoryenableghe
fastcalculationof reactvity coeficientsfor disturbanceg$rom the nominalreactorconfigura-
tion. In an ADS the multiplicity of the systemmay be calculatedrom neutronproductionsand
neutronossesn thesystemA straightforvard applicationof perturbatiorcodess notpossible,
becausahesecodesare basedon real andadjoint fluxesfrom eigervalue calculations.So the
determinatiorof reactvity coeficientsin anADS maybe morecomplicateccomparedo CRS.

e For neutrondynamiccalculationsin nearto critical systemsusually the following flux
synthesiss applied:

d(X,t) = WY(Xt)-P(t)
with
X variablesfor spacegnegy, direction
ttime
A commonassumptionis that the shapefunction W(X;t) variesonly slonly with time,

whereagheamplitudefunctionP(t) mayvary muchmorerapidly with time. The power density
cunesof figure 1 in section3.2 indicate,thatthe power shapein an ADS is quite sensitve
to the subcriticality level. The applicationof the flux synthesiformulationsand simplified
treatmentsuchasthe quasi-stati@pproachebave still to be qualifiedfor ADS investigations.

3.7 Commentaddressindieldsfor further R&D-work for ADS.

The needsfor R&D-work for ADS arerelatedto several differentareas. Someimportant
topicsare:

e Acceleratordesignfor high reliablesteadystateprotoncurrents.

e Spallationtamgetdesign,ncludingthewindow.

e Leadcoolanttechnology

e Thoriumfuel cycle technology

e In the caseof MA transmuterssemotehandlingtechniquegor fabricationand
reprocessin@f fuel containinghigh MA concentrations.

e Calculationatools,e.g.for theimprovementof
- thespallationphysics,
- thecouplingof spallationandneutrontransporfprocessemcludingburnup,
- theneutronphysicsandthermohydrauli@designand
- thedynamicsandsafetyanalysis.

Concerningneutronicghe following itemsmaybeidentified:

e Developmenbf aunifiedMonteCarlocode includingimprovedspallationphysicscoupled
with neutrontransportandburnup. This actvity hasbeenstarted9]. Sucha codeis required
for detaileddesignstudiesand may be appliedfor the determinatiorof referencesolutionsfor
the qualificationof codeswith simplerapproximation$o be usedin exploratoryinvestigations.

¢ Implementatiorof multi-grouplibrarieswith enegiesabore 20 MeV (upto 50..300MeV),
mainly for the deterministicsolutionsof the neutrontransportequations. The upperenegy
boundarymaybe determinedy sensitvity studies.

e Developmenbf fastnodalneutrontransporcodeswith anadequatexternalsourceoption,
e.g.moadificationof the HEXNOD code.



e Integrationof the spallationproductandthefissionproducttreatment.This issuebecomes
of growing interestandsignificancewith decreasingoresubcriticalityandrelatechigherproton
currents.

e Formulationof a modifiedperturbatiortheoryfor the calculationof reactvity coeficients
for sourcedrivensubcriticalsystems.

¢ Analysisof thevalidity of quasi-stati@pproache$or dynamicsinvestigationsandpossi-
bly developmentof moreadwancedmethodsn casethis approximationis not justified andits
applicationis notadequate.

4 Concluding remarksfor futur e investigationsfor ADS.

In the pastyearsa numberof proposalsfor ADS applicationshave beenpresentedyary-
ing from an enegy amplifier with lumpedTh/U?233 fuel and fast spectrumwith lead coolant
to fissionproductandactinidetransmutersvith fastandthermalspectra. The main argument
for theseADS conceptds usuallyimproved safety comparedo CRS.SomeADS objectives
hardly may be realizedwith CRS, e.qg. incinerationof larger amountsof fissionproductsor of
heary fuel isotopeswith unfavourablepropertiedor the dynamicsbehaiour (delayedneutron
fractions,coolantdensityand fuel temperaturgeactvity coeficients,etc.). A comparisorof
similar CRSandADS designsshavs animprovementof the safetycharacteristicef an ADS,
causedyy the lower requiredfissile enrichments However, it is not clearthatin fastspectrum
ADS recriticality during coredamagingaccidentsanbe avoidedin all circumstancesin the
casecoredamagingaccidentswith recriticality cannotbe excluded reconsideringhermalADS
maybeamoresuitablesolution.Finally onehasto keepin mind thatbothcritical and subcrit-
ical burner reactorsonly mayberunif reprocessinglantswith adequateapacityfor thefuel
cyclesof interestarerealized.
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Radial powerdensity profiles from IAEA ADS benchmark
FZK midplane results for three initial values of K
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Figurel: Radialpower densityprofilesin anADS with differentcriticality
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Figure2: Midplanepower densitydistribution in an ADS with threeneutronsources
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Burnup behaviour of ADS Benchmark

Pb cooled system
1 .00 T T T T

O0—O0K_,,=0.94, 22 zones

0.98 < 0—K,,,=0.96, 22 zones
K 4,=0.96 7 zones

<+—=<]K,;,=0.98, 22 zones

0.96 I

0.92

0.90 1 L 1 1
0.0 500.0 1000.0 1500.0 2000.0

Time (Full Power Days)

Figure3: Kef ¢ asafunctionof burnupfor thelAEA ADS benchmarlcases

Cell burnup calculations with KARBUS
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Figure4: K., asafunctionof burnupfor ThAU233 andTh/Pufuel
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