\

NRG
‘Uncertainties for fusion shielding benchmarks
using Total Monte Carlo

- Rochman,A.J. Koning and S.C.van der Mar ck

NuclearReseath and ConsultancyGroup,
NRG,Petten,TheNetherlands

June3, 2009




Contents \

- Motivationsfor achange:
=) aroadmapto consistenandstate-of-the-arevaluations

- Concept:
=) MonteCarlo fromnucleardataevaluationsto large-scale
systems

® How doesit work ?
=) TALYS+ MonteCarlo

~ Exampleswith Oktavian, FNSandLLNL benchmarks:
=) Neutonandgammaeakage for Al, Cu, Si, Ti, Cr, Mn, Co, Mo,
Zr, Fe, W, and Mg

° Conclusions




Motivations: How to propagatenuclear data uncertainties througR

fusion benchmarks? N?\G

Usualproceduresn evaluationamply

+ First, thereweremeasurements,

+ Thennucleamreactioncodeg TALYS, GNASH, EMPIRE...),
+ Formatthe outputsemi-manuallyto ENDF le,

+ Comparewith experimentakrosssections,

+ Modify manuallythe ENDF le,

+ Comparewith integraltests,

+ Modify manuallythe ENDF le, ENDF le ready

+ At last "Evaluationsareavailableto users”,but...

@ How to includepropaa@tionof nucleardatauncertaintieswith a
minimumnumberof approximation®
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Concept: TALYS + Monte Carlo

Possibleanswetrto this problem:Maximizationof automation

Experimental 5000random =) Total
data(i.e. XS) ENDF les Monte Carlo
Compilations TALYS+MC Average
(EXFOR) Package ENDF le
TENDL-2009
library

Adjusted
parameters

-/ Covariance
les
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Handson “1000 (Talys+ ENDF + NJOY + MCNP) calculations”
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Handson “1000 (Talys+ ENDF + NJOY + MCNP) calculations”
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Handson “1000 (Talys+ ENDF + NJOY + MCNP) calculations”
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Handson “1000 (Talys+ ENDF + NJOY + MCNP) calculations”

LLNL Fe d=4.8 mfp,

= 120 , Neutron Leakage
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Hands on

“1000 (Talys+ ENDF + NJOY + MCNP) calculations”
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Handson “1000 (Talys+ ENDF + NJOY + MCNP) calculations”
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Handson “1000 (Talys+ ENDF + NJOY + MCNP) calculations”
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Handson “1000 (Talys+ ENDF + NJOY + MCNP) calculations”
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Application to shielding benchmarks:

Benchmark Mat. Outer | Benchmark Mat. Outer? Angle
? or slabthickness
Oktavian Al 40cm | Oktavian Mo 6lcm -
Oktavian Cu 6lcm| Oktavian Zr 61cm -
Oktavian Si 60cm FNS Fe 20-40cm 22.8-42.8
Oktavian Ti 40cm FNS W 5cm 22.8-38.0
Oktavian Cr 40cm LLNL Al 1.6-2.6mfp 39
Oktavian Mn 61cm LLNL Mg 1.2-1.9mfp 39
Oktavian Co 40cm LLNL Fe 0.9-4.8mfp 39

Oktavian: Leakagecurrentspectrunfrom the outersurfaceof a spherical
pile of material,14 MeV D-T neutronsourceatthe centerof the pile.

FNS Slabsof materialof varyingthicknessat ve differentangles20cm
from al4 MeV D-T neutronsource.

LLNL PulsedSpheresTime-of-Flightmeasurementiiroughspherical
shellsof varyingthickness .14 MeV D-T neutronsource.
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Exampleswith 93Cu(n,2n) and ®°Cu(n,el)
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Exampleswith (n,g), (n,inl) and (n,el)
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Application for Cr Oktavian benchmark

Oktavian Cr Neutron Leakage Oktavian Cr Gamma Leakage
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Application for Mn Oktavian benchmark
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Application for Si Oktavian benchmark

Leakagecurrert/lethargy/source patrticle
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Application for W FNS benchmarks

Flux/lethargy/source particle

Uncertainty (%)
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Application for Fe FNS benchmarks

FNS Fe d=40 cm, = 0 , Neutron Leakage
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Application for Mg LLNL benchmarks

LLNL Mg d=1.2 mfp, = 39 , Neutron Leakage
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Prosand Cons

© + NoMF 32-35(no2 Gb les) but everypossiblecrosscorrelationincluded
© +No approximatiorbut true probability distribution

© + Only essentiainfo for anevaluationis stored

© +No perturbatiorcodenecessaryonly “essential’codes

© + Feedbacko modelparameters

© +0A
§ - Needddisciplineto reproduce

§ - Memoryandcomputettime
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Conclusionsand futur e impr ovements

X New methodologyto propagtenucleardatauncertaintyto integral
guantitieg ke benchmarksshieldingbenchmarksseactvity swing,
neutron ux for commerciakeactor)via Monte Carlo

X Blendingdifferentialmeasurementsyvaluations andvalidationin one
approach

X Proofof principlewith someshieldingbenchmarks
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guantitieg ke benchmarksshieldingbenchmarksseactvity swing,
neutron ux for commerciakeactor)via Monte Carlo

X Blendingdifferentialmeasurementsyvaluations andvalidationin one
approach

X Proofof principlewith someshieldingbenchmarks
New calculationdbasedn TENDL-2009(seethe JEFFmeeting)
Needso developbestcentral-\alueevaluations?
Comparisorwith Hogenbirkmethodfor MCNP
Comparewith morebenchmarks
Obtainsensitvity for reactionchannels

Needmoreclever sampling
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And nally

If wecando a calculationonce wecanalsodo

it a 1000times,eat timewith a varyingdatalibrary.
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