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Summary 

• Introduction/Motivations 
 
• Samples (U1 and U2) 
• Calculation tools 

 
• Possible biases from the irradiation history 

 
 

• Uncertainty on isotopic inventory 
− Nuclear data 
− Operating conditions 
− Manufacture tolerances 
− Burnup-induced Technological changes 

 
• Conclusions 
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1. Spent Nuclear Fuels (SNF) need to be characterized with a sufficient level of 
confidence for transport + storage 

− Understanding of the measurements (if any) 
− Understanding of the calculation procedure  
− Estimation of possible C/E 
− Estimation of experimental and calculated uncertainties + biases 

 
2. Post Irradiation Examination (PIE) play a crucial role in the validation of the 

calculation scheme for SNF inventory 
− SFCOMPO database, MALIBU, ARIANE, LWR-PROTEUS 

 
 

3. PIE for 2 LWR-PROTEUS samples will be analyzed in this work 
− Estimate C/E 
− Estimate the impact of inputs (nuclear data, operating conditions…) 
− Estimate the effect of irradiation histories 
− Emphasize will be put on 244Cm (important neutron emitters during transport and 

short-term storage) 
 

Introduction/Motivations 
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• LWR-PROTEUS samples:  
− U1 and U2 (37 and 54 MWd/kgU) 
− Irradiated in Gosgen (PWR), 2 and 3 cycles, respectively,  
− UO2 fuel, 4.1 and 3.5 % 235U 
− PIE measurements (actinides and fission products)  
− Many previous analysis based on CASMO + SNFlight 
 

• Calculation tools: 
− Lattice calculations: CASMO-5MX, 
− Irradiation history 

1. Simplified from operator 
2. Detailed based on core follow-up analysis with CASMO/SIMULATE 

− Nuclear data sampling: SHARK-X (CASMO-5MX+ ENDF/B-VII.1 random sampling) 

Samples and Calculation tools 
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• Simplified or detailed irradiation history for the (1) sample power, (2) fuel & moderator 
temperatures, (3) boron concentration and (4) burn-up steps 

• Example for U2: 
 

Irradiation history 
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• Effect of the simplified and detailed irradiation histories 
• With Adjustment of 148Nd C/E within the experimental uncertainties 

 
 
 
 

 

Effect of the irradiation histories 
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Uncertainty and biases for PIE C/E 
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• Nuclear data: all ENDF/B-VII.1 isotopes with covariance information (sampling method) 
+ ad-hoc fission yield covariance matrices. 
 
 
 
 
 
 
 
 

• Operating conditions: 
 
 
 
 
 
 
 

 

 
 

 
 
 

 

Details of the input variations (1/2) 
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• Manufacture tolerances  
 
 
 
 
 
 
 
 
 

• Burnup induced Technological Changes: 
 

 
 
 

 

Details of the input variations (2/2) 
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Results of uncertainties for 244Cm 



http://www.psi.ch/stars 2018.05.13/STARS/RD41 - ( 11 / 11)  

 
 
 
 

 

Conclusion 

• Main contributor to the uncertainties: nuclear data 
• Important effect of the irradiation history   
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