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Introduction

A preliminaryevaluationof the radiologicalimpact of gaseous“C under geologicaldisposalconditionsfor Italian HLWLLand ILWhasbeen performed Althoughin Italy there is still no defined project about GDFcurrent work may support future
SafetyAssessmenstudiesfor a repositoryin saltrock, takinginto accountanalogieswith other existinggeologicarepositoryprojects(e.g. WIPB. In the whole Italian contextof radioactivewaste,the percentageof 1“Cbearingwasteto be disposedn
a possiblegeologicakepositoryis low; irradiatedgraphiteis the mostimportant radiologicalsource DataaboutradioactiveHLWLLand ILWinventory hasbeencollectedto simulateproductionand migrationof gaseous“Cin arepositoryhostedin a
deepsaltformation. Thefirst simulationwith TOUGH.0 code haspreliminaryevaluatedthe radiologicalimpactreferred to the whole inventory, the secondsimulationhasevaluatedthe impactreferredto irradiated graphitealone A preliminary
sensitivityanalysisvascarriedout, highlightingthe importanceof the geometryandthe distribution coefficientsin materialsusedto sealthe disposalareaswithin saltrock Resultsof simulationshaveshowedthe possibilityto correlatethe K values,

the volumeandthe locationof sealingmaterialsto the amountof **Cemitted toward the surfacefacility.

Avallabledata andconceptualmodel
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Geological features and conceptual model of a hypothetical repository in a deep salt formation
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The repository design was
performed on the basis of the US
Waste Isolation Pilot Plant (WIPP).
Repository would be located to a
depth of~800 meters, in 200 m
thick salt body below clay rock,
which isabout 700 m tick.

Modellingby means of TOUGH?2pganeralpurposenumerical code for modeling flows multicomponent,
multiphase fluids in one, two and threstmensional porous and fractured media.

Twoseriesof simulationshavecarriedout:

A Multi-room model, referredto the productionand migrationof radiocarbondueto the overallwaste
A Singleroom model, referredto the productionand migrationof 1“Cdueto the irradiatedgraphite

Repositorydesign

A 16roomsarrangedin two panelsseparatedoy a centralpillar of intact salt, 60 m thick and4 m high;

A roomsdividedby lateral pillarsof intact salt,30 m thick and 4 m high;
A roomdimensionsx=100m, y=10m, z=4 m; volume 4000m3;

A eachroomisdividedfrom the centralpillar by a drift, 10 m width;
A in eachroom, wastedisposedn a volumeof 2500m3 (x=100m, y=10m, z=2.5 m).

Twomaintime-stepsfor simulations
A 0-300y after the repositoryclosure no releaseof radionuclidesoccurs(wastepackagantegrity),

A 300300000 y after the repository closure steadystate conditions are establishedand waste packages

corrosionstarts,with consequent“Crelease
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Preliminaryhypotheses

\ total amountof the estimated!“Cactivityis equallydistributedin the waste
featuresof wastedo not affectthe “Crelease no overpackis considered

the *“Creleaserate is constantfor all waste(no IRF)
disposedwvasteconsideredasa singlecompactedvolumein eachstorageroom;
no spentfuel is consideredn repository,

only one shaftconnectsthe undergroundfacility to the surface
mechanicabehaviorof saltrockis not considerechfter the repositoryclosure
EBSwasteform, wastecontainer,backfill,shaftseal

Valuesof “Camounthavebeencalculatedon two specificd 0 £ 2 cdrhnioéta the two models(singleroom and multi-room): top of the shaftand monolith. Theresultsof the two simulationsare not comparable pecauseof the different discretization
andconceptualizatiorof the two models

Multi-room simulation

Singleroom simulation (irradiated graphite)

Simulationof 1“Cproductionand migrationrelatedto overallwasteinventory, distributedin 16 rooms

Fivebackfillingmaterialscompletelyfill shaft, roomsanddrifts. Threemain studycasesanalysed combinationof materials

at repositorylevel)

A Casel, no sealingmaterialat repositoryleveland Ki clay= 1.0 m3/kg.
A Case?, sealingmaterialat the baseof the shaft

ncase?, Ky ¢jay=1.0

m3/kg;

nCase_a,K; y.y=1E3 m3/kg;
nCase2_b, Ky (o= 1E5 m¥kg.
A Case3, sealingmaterialin the drifts and K, ¢,,= 1.0 (m¥/kg).
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Calculation hypotheses:

repository environment conditions are alkaline;

= corrosion rate of stainless steel: 10 nm/y;

= generated gas is H, calculated as produced by corrosion.

CASE 1

CASE 2

CASE 3

SimulationCase2_ab and Case3_ab: lowestvalueof clayK; causesan increaseof **Camountin all parts of the system,

Independentlyof the clayvolumewithin the repository

In both cases? and 3, decreasinghe clayK; from 1E3 to 1E5 m3/kg, the amountof **Cat top of the shaftincreasesf
aboutone order of magnitude
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Simulationof “Cproductionandmigrationrelatedto only one storageroom containingirradiatedgraphite
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Four main cases have besmulated,
varying K, valuesof sealing materials. Case 1
Case 2

Case 3
Case 4

Singlestorageroom: 196 cubic (1 m3) waste containers,representing
the graphite waste of Italian inventory Backfillingmateriat crushed
salt

Sourceterm: a congruentreleaseof 1“C in the gaseousphase,with
releaserate 10%per yearof total “Cactivity of the graphite

A disturbed rock zone (DRZ)surroundingsthe excavatedzone has
beenconsidered
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Results the peak of “C amount at the top of
the shaft occursbetween 20.000 y and 30.000
yearsin the first three casegmaximumvalue of
2,7TE407 Bgat 22.000yearsin the Casel). After
300.000 yearsthe 1“C amount at the top of the
shaft become negligible in all cases,with a
minimumvalueof 5,36E06 Bqin the Caséed.

Conclusions

A Theperformedsimulationsprovide preliminaryresultson the role of materialspropertiesin delayingthe migrationof gaseous4Cwithin a genericrepositoryin saltrock
A Inorderto work aroundthe limitationsdueto the lackof data, someconservativeassumptionsavebeenused
A Arelationshipbetweenthe total amountof gaseoud“Creleasedandthe total volumeof the filling materialcharacterizedy different K, valueshasbeenhighlighted In Case® and 3 of the singleroom model, the performance
of the filling materialis proportionalto its volume,for equalvaluesof K,.
A Thesimulationsshowthat the main contributionto the delayof the gaseous“C migrationthroughthe repositoryis obtainedusingfilling materialscharacterizedy a K, valuehigherthan 153 m3/kg.
A Usingthe performedmodellingapproachwith more accuratedetailson the repositorylayout, EBSnaterials,and hostrock physicalarametersmore improvedandrealisticresultsmaybe obtained




