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• Nuclide inventory, decay heat: why are biases and uncertainties important ?

• Our tools

• Examples of C/E for nuclide inventory

• Example with the ARIANE MOX BM1 sample

Summary
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Spent Nuclear Fuel: Integrated approach
Nuclear data       core simulation repository

fuel characteristics       spent fuel
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Decay heat Uncertainties

Better understanding for Spent Nuclear Fuel:
CriticalityOptimization
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Our tools: CASMO/SIMULATE/SNF + CMSYS
• CMSYS: Validated database for irradiation history of the 5 Swiss reactors (cycles, 

assemblies,…)
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Validation for isotopic concentrations

• Validating our tools is a mandatory step (C/E, biases, uncertainties)
• PIE nuclide inventory is a unique way to validate our CASMO

• Example with 27 samples based on CASMO/SIMULATE/SNF and CMSYS (ARIANE, 
PROTEUS, MALIBU): more than 2000 C/E values
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Example for BM1

• BM1 is a MOX sample from the ARIANE program
• Irradiated in Beznau, 47 MWd/kgU, 2.4% Pu

• Nuclide measured in PSI and SCK (BM1-P and BM1-S)
• 3 types of simulations: single pincell, 2D assembly, 3D full core



http://www.psi.ch/stars 2021.06.29/STARS/RD41 - ( 8 / 15) 

Example for BM1: burnup distribution

• 2D: reflective boundaries
• 3D: heterogeneous environment

2D 3D
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Example for BM1: burnup distribution

• 2D: reflective boundaries
• 3D: heterogeneous environment
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Example for BM1: Measurements



http://www.psi.ch/stars 2021.06.29/STARS/RD41 - ( 11 / 15) 

Example for BM1: C/E for nuclide inventory

• 2D: normalized to Nd-148
• 3D: no normalization

BM1-P
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Example for BM1: Uncertainties from nuclear 
data
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Example for BM1: other uncertainties
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Example for BM1: uncertainty for assembly 
decay heat

Additional uncertainties from operating conditions and manufacturing tolerances, 
as well as  additional biases from nuclide inventory
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Conclusion

• 2D pincell modelling should be avoided

• 3D full core modelling has the advantage to avoid Nd148 normalization

• Nuclear data is still the major sources of uncertainties (nuclide and decay heat)

• Nuclide inventory varies for different modelling assumptions

• Uncertainties on nuclide inventory vary for different modelling assumptions

• Therefore biases for nuclide inventory depend on modelling assumptions

• Derived quantities (decay heat, criticality) follow similar variations
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