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IntroductionIntroduction
ObjectiveObjective
Demonstration of the Demonstration of the similaritysimilarity between a between a selected set of critical selected set of critical 
experimentsexperiments and and a a transport/storage casktransport/storage cask containing containing irradiated fuelirradiated fuel
assemblies assemblies in order to support in order to support validation validation of the criticality codeof the criticality code used used 
for for burnup creditburnup credit calculations and associated calculations and associated nuclear datanuclear data

Demonstration of similarity can be done by:Demonstration of similarity can be done by:
Comparison of Comparison of global and specific spectral parametersglobal and specific spectral parameters (e.g. (e.g. 

energy of average lethargy causing fission EALF, moderator to energy of average lethargy causing fission EALF, moderator to 
fuel ratio fuel ratio VVmm/V/Vff, reaction rates etc.) , reaction rates etc.) 
Sensitivity /uncertaintySensitivity /uncertainty (S/U)(S/U) analysisanalysis
S/U analysis can be used in order to S/U analysis can be used in order to consolidateconsolidate the results the results 
obtained by the analysis of the global spectral parameters and obtained by the analysis of the global spectral parameters and 
reaction ratesreaction rates
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Cask model and BUC Cask model and BUC 
calculationscalculationsCask model TNCask model TN®® 24 E:24 E:

Transport/storage cask loaded with 21 Transport/storage cask loaded with 21 
PWR UOPWR UO22 spent fuel assembliesspent fuel assemblies
18 different axial burnup zones18 different axial burnup zones
Minimum average burnup of 12 Minimum average burnup of 12 GWd/tGWd/tUU

Cooling time of 2 yearsCooling time of 2 years
Cask filled with waterCask filled with water
Fuel assemblies separated by two Fuel assemblies separated by two 
borated aluminium platesborated aluminium plates

BUC calculations:BUC calculations:
9 Actinides9 Actinides: : 235235U, U, 236236U, U, 238238U, U, 238238Pu, Pu, 239239Pu, Pu, 
240240Pu, Pu, 241241Pu, Pu, 242242Pu and Pu and 241241AmAm
6 FP: 6 FP: 103103Rh, Rh, 133133Cs, Cs, 143143Nd, Nd, 149149Sm, Sm, 152152Sm and Sm and 
155155GdGd
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French experiments French experiments 
descriptiondescription

ObjectivesObjectives : Validation of major actinides cross sectionsValidation of major actinides cross sections
Fuel composition : Fuel composition : [U([U(235235UU == 1.57 %), Pu(1.1 %)] 1.57 %), Pu(1.1 %)] 

simulates simulates spent fuel spent fuel U(4.5 %)OU(4.5 %)O22 with with 37.537.5 GWd/tGWd/tHMHM burnup burnup –– without FPwithout FP
(Common Interest Program IRSN/COGEMA under disclosure agreementCommon Interest Program IRSN/COGEMA under disclosure agreement)

HTC rods
cluster

One arrayOne array
Critical parameter: array dimension 

and water height

HTC Rod lattice
HTC001/ HTC002 

18 exp./41exp.

pitch varying between 1.3 and 2.3 cm

4 assemblies in water (pitch 1.6 cm)4 assemblies in water (pitch 1.6 cm)
Critical parameter: assembly dimension, distance 

between assemblies and water height

Pool storage

HTC003
26 exp.

Transport

HTC004 / HTC005
71 exp. / 49 exp.

Assemblies with
canisters

(borated steel, Cd or boral)

Lead reflector
or steel reflector
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ObjectivesObjectives :: Validation of FP cross sectionsValidation of FP cross sections
Six FP Six FP stable, non volatilestable, non volatile dissolved in slightly acidic solution:dissolved in slightly acidic solution:

103103Rh, Rh, 133133Cs, Cs, 143143Nd, Nd, 149149Sm, Sm, 152152Sm and Sm and 155155GdGd
148 experiments148 experiments performed in Valduc from 1998 to 2004performed in Valduc from 1998 to 2004

(Common Interest Program IRSN/COGEMA under disclosure agreement(Common Interest Program IRSN/COGEMA under disclosure agreement))

PhysicalPhysical (45 exp.)(45 exp.) Elementary DissolutionElementary Dissolution (89 exp.)(89 exp.) Global Dissolution Global Dissolution (14 exp.)(14 exp.)

French experiments French experiments 
descriptiondescription
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Similarity studySimilarity study
Selection of adequate cases of HTC and FP experimentsSelection of adequate cases of HTC and FP experiments

Useless experiments Useless experiments discarded:discarded:
•• Experiments with gadolinium in water Experiments with gadolinium in water 
•• Experiments with cadmium as absorber materialExperiments with cadmium as absorber material

Similarity of the selected integral experiments and the Similarity of the selected integral experiments and the 
cask application is analysed using the following criteria:cask application is analysed using the following criteria:

Global parametersGlobal parameters: : main neutron spectrum indicators for the TNmain neutron spectrum indicators for the TN®® 24 E 24 E 
cask and experimentscask and experiments
Specific parametersSpecific parameters: isotopic reaction rates for relevant isotopes in : isotopic reaction rates for relevant isotopes in 
energy groups and mediaenergy groups and media

111 cases from HTC and FP experiments selected for the validatio111 cases from HTC and FP experiments selected for the validation n 
of the criticality codeof the criticality code
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Similarity studySimilarity study
Main global spectral parameter comparisonMain global spectral parameter comparison

TNTN®® 24 E 24 E Lattice typeLattice type Pu/(U+PuPu/(U+Pu)) EALFEALF VVmm/V/Vff

UOX PWR 18UOX PWR 18××18 18 
(av. BU 12 GWd/t(av. BU 12 GWd/tHMHM)) NominalNominal 0.540.54 0.350.35 2.0342.034

ExperimentExperiment Number ofNumber of
selected cases selected cases Pu/(U+PuPu/(U+Pu)) EALFEALF VVmm/V/Vff

MCTMCT--HTC001HTC001 1818 1.1041.104 0.07 0.07 –– 0.260.26 1.98 1.98 –– 4.414.41

MCTMCT--HTC003HTC003 66 1.1041.104 0.14 0.14 –– 0.150.15 3.743.74
MCTMCT--HTC004HTC004 2929 1.1041.104 0.13 0.13 –– 0.160.16 3.743.74
MCTMCT--HTC005HTC005 77 1.1041.104 0.230.23 3.743.74

LCTLCT--PF002PF002 2828 00 0.23 0.23 –– 0.250.25 2.012.01
MCTMCT--PF003PF003 1414 0.1830.183 0.23 0.23 –– 0.240.24 2.01/1.832.01/1.83
MCTMCT--PF005PF005 55 0.1830.183 0.23 0.23 –– 0.240.24 2.01/1.832.01/1.83
MCTMCT--PF007PF007 44 1.1041.104 0.140.14 3.743.74

The global spectral parameter values of the selected experimentsThe global spectral parameter values of the selected experiments cover cover 
the TNthe TN®® 24 E cask configuration or are near to the application (EALF)24 E cask configuration or are near to the application (EALF)



PATRAM 2010 – October 2010 – Presentation N°270 -p.9

LOGISTICS

Similarity studySimilarity study
Isotopic reaction rates Isotopic reaction rates 

Comparison of fission and capture ratesComparison of fission and capture rates was performed for the was performed for the 
main isotopes  in the fissile mediamain isotopes  in the fissile media

TNTN®® 24 E 24 E caskcask configuration configuration betweenbetween
MCTMCT--PF003, PF003, --PF005, PF005, --PF007, PF007, 

and MCTand MCT--HTC001, HTC001, --HTC003, HTC003, --HTC004, HTC004, --HTC005HTC005
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Similarity studySimilarity study
S/U Analysis S/U Analysis 

Calculations for experiments and TN® 24 E  performed with :

Methodology of S/U analysis :
•• Checking sensitivity coefficients of integral valuesChecking sensitivity coefficients of integral values with two KENOwith two KENO--V.aV.a

direct perturbations calculations for actinides and main FPsdirect perturbations calculations for actinides and main FPs

•• Optimization of direct and Optimization of direct and adjointadjoint flux parametersflux parameters ((mshmsh))
•• Comparison of sensitivity profilesComparison of sensitivity profiles for major actinides and FPs (integral for major actinides and FPs (integral 

value, shape and magnitude)value, shape and magnitude)

KENO KENO VaVa under SCALE 5.1 under SCALE 5.1 –– 238 group ENDF/B238 group ENDF/B--V libraryV library
TSUNAMITSUNAMI––3D 3D to compute sensitivities (S/U)to compute sensitivities (S/U)
TSUNAMITSUNAMI--IP to compute correlations (cIP to compute correlations (ckk) ) 
Covariance data: 44groupv5recCovariance data: 44groupv5rec
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Similarity studySimilarity study
S/U AnalysisS/U Analysis

Integrated total sensitivity by isotope for some FP experiments Integrated total sensitivity by isotope for some FP experiments and the TNand the TN®® 24 E24 E

Sensitivities to FPs are a magnitude smaller than sensitivities Sensitivities to FPs are a magnitude smaller than sensitivities 
to major actinides and hydrogento major actinides and hydrogen
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Similarity studySimilarity study
S/U AnalysisS/U Analysis

Comparison of Comparison of 235235U fissionU fission and and 11H captureH capture sensitivity profiles TNsensitivity profiles TN®® 24 E 24 E vsvs
MCTMCT--HTC001 casesHTC001 cases experiments experiments :

Sensitivity profiles for TNSensitivity profiles for TN®® 24 E and selected cases of the HTC001 24 E and selected cases of the HTC001 
cases match very well (cases match very well (same sensitivity and similar profile shape)same sensitivity and similar profile shape)

235U FISSION 1H CAPTURE
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Similarity studySimilarity study
S/U AnalysisS/U Analysis

Comparison of Comparison of 239239Pu fissionPu fission sensitivity profiles TNsensitivity profiles TN®® 24 E 24 E vsvs experiments with different experiments with different 
PuPu content (MCTcontent (MCT--HTC 005, MCTHTC 005, MCT-- PF003 and MCTPF003 and MCT--PF007)PF007)

-- Similar shape between experiments and TNSimilar shape between experiments and TN®® 24 E24 E
-- FP experiments and  TNFP experiments and  TN®® 24 E24 E have have same sensitivity to same sensitivity to 239239Pu (fission) Pu (fission) 
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Similarity studySimilarity study
S/U AnalysisS/U Analysis

Comparison of Comparison of 149149SmSm sensitivity profiles TNsensitivity profiles TN®® 24 E 24 E vsvs FPs experiments :FPs experiments :

SimilarSimilar shapes of the sensitivity profilesshapes of the sensitivity profiles but magnitude depends on but magnitude depends on 
the concentrations of the fission products in the FP experimentathe concentrations of the fission products in the FP experimental l 
configurationsconfigurations

TN 24 E
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Similarity studySimilarity study
Correlation Experiments Correlation Experiments vsvs TNTN®® 24 E24 E

SeriesSeries CaseCase cckk valuevalue
TNTN®® 24 E24 E Nominal latticeNominal lattice 1.00001.0000±±0.00060.0006

Case 12Case 12 0.86390.8639±±0.00290.0029

Case 14Case 14 0.88910.8891±±0.00290.0029

MCTMCT--HTC003HTC003 Case 4Case 4 0.86760.8676±±0.00180.0018
MCTMCT--HTC004HTC004 Case 4Case 4 0.87160.8716±±0.00190.0019
MCTMCT--HTC005HTC005 Case 11Case 11 0.86220.8622±±0.00300.0030
MCTMCT--PF003PF003 Case 5Case 5 0.91340.9134±±0.00320.0032

MCTMCT--PF005PF005 Case 4Case 4 0.91580.9158±±0.00320.0032
MCTMCT--PF007PF007 Case 7Case 7 0.88850.8885±±0.00180.0018

MCTMCT--HTCHTC--001001

-- cckk > 0.85 for experiments with  HTC rods including MCT> 0.85 for experiments with  HTC rods including MCT--PF007PF007
-- cckk > 0.90  for experiments with a combination of UO> 0.90  for experiments with a combination of UO22 and HTC fuel rodsand HTC fuel rods

(experiments with a low average (experiments with a low average PuPu content close to the TNcontent close to the TN®® 24 E)24 E)

Presence of the FP experiments does not significantly contributePresence of the FP experiments does not significantly contribute to the cto the ckk values due to values due to 
small Ksmall Keffeff sensitivities to fission product cross sections, sensitivities to fission product cross sections, comparedcompared withwith actinides actinides 
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SummarySummary

Similarity analysis based on global spectral parameter and Similarity analysis based on global spectral parameter and 
reaction rate comparisons consistent with S/U analysisreaction rate comparisons consistent with S/U analysis

cck k values  show good correlation between HTC and FP  values  show good correlation between HTC and FP  
Experiments and TNExperiments and TN®® 24 E cask configuration24 E cask configuration

Reaction rates analysis and sensitivity comparisons Reaction rates analysis and sensitivity comparisons 
demonstrate that the actinides fuel composition along with demonstrate that the actinides fuel composition along with 
the degree of neutron moderation are the dominant the degree of neutron moderation are the dominant 
characteristics that determine the similarity between spent characteristics that determine the similarity between spent 
fuel systemsfuel systems
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Thank you for your attentionThank you for your attention
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