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• Spent Fuel Characterization: What is at stake ?
• Spent Fuel Characterization: an ongoing national & international effort

• Requirements
• Examples for 
- criticality, 
-decay heat, 
-burnup, 
-neutron/gamma source 
- and isotopic contents

• Only the neutronic aspect will be tackled here

Summary
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• Safety is the main criteria for Spent Fuel handling during
-Cask transport, 
-Cask wet/dry storage,
-Canister deep geological disposal

• A precise knowledge of Spent Fuel also affects:
- The design of interim storage and final repository facility
-Cask/canister loading
- Safeguards
-Cost

• Precise knowledge of the Spent Fuel means
-Accountability (counting)
-Characteristics (part measurements and part calculations)

• Safety, design, cost are therefore dependent on calculations, which depend, 
among other relevant parameters, on nuclear data

SFC: What is at stake ?
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SFC: What is at stake ?

Decay heat

Uncertainties

Criticality

Design

Deep Geological Disposal

Dose
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• New IAEA CRP: Spent Fuel Characterization (T13018)

• EU EURAD SFC WP8: Spent Fuel Characterisation and Evolution until disposal

• SKB Blind test in prediction of decay power: 25 groups/organizations

• OECD/NEA WPNCS

• National Efforts: US, France, Japan, Russia

• Tools: SCALE, CMS, …

• International standards: (DIN, ISO, JAERI, NRC, ASTM)

• Measurements and compilations: SF-COMPO, ICSBEP, CLAB, HEDL, GE-Morris 

• à a lot of efforts, rules, knowledge

An ongoing national & international effort
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• Estimation of code predictions (C/E), biases, errors, uncertainties for
-Decay heat 
-Criticality
-Radiation dose
-Nuclide inventory
- SF characteristics (BU, enrichment, irradiation life, cooling life)
-Many quantities are linked

• Nuclear data play a role in all the above
- The question is: Are the C/E good enough ?
-Another question is: Are the ∆(C/E) good enough ?
-Another question is: how much nuclear data affect C/E and ∆(C/E) ?
-Another question is: are all the ∆(C/E) for the above quantities consistent ?

SFC: Requirements
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Example for criticality for Geological Disposal 
of spent fuel 
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Example for criticality for Geological Disposal 
of spent fuel 

• Canister 4 identical assemblies, 

UO2 MOX

Decay of 
Pu241, Eu155

Decay of
Am241, 240Pu
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Example for criticality for Geological Disposal 
of spent fuel 

• Canister 4 identical assemblies, 50 000 y, UO2 4.94%, uncertainty on keff
• Using ENDF/B-VII.1 covariance data

• Why is that important ? Because spent assemblies have to be more burnt to be 
loaded in canister (problematic for first and last reactor cycles).
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Example for decay heat 
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Example for decay heat 
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Example for decay heat 
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Example for decay heat 
• Are the previous biases confirmed by the new “blind DH benchmark” ?

• There is a higher bias in these recent (blind) results compared to previously 
reported values (underestimation of 3-5 %)
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Example for decay heat (BWR) 

• ENDF/B-VII.1 covariances
• Full core BWR model: uncertainties  

are 2 % minimum
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Example for decay heat (PWR + BWR) 

• ENDF/B-VII.1 covariances
• Full core PWR model: uncertainties  

are 2 % minimum
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Example for neutron/gamma (PWR + BWR) 

• ENDF/B-VII.1 covariances

neutron gamma
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Spent Fuel Burnup 
• Nuclear data impact on SF burnup (with ENDF/B-VII.1), PWR + BWR

BWR
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Remarks for isotopic contents 
• Almost all uncertainties on SFC comes from isotopic content uncertainties

• Post Irradiation Examination (PIE) allows (in principle) to obtain code biases 
and to compare uncertainties

• PIE data often come with (too) small experimental uncertainties for various 
reasons. It makes comparisons C and E difficult

• The majority of PIE calculations are normalized (no blind calculations), inducing 
a possible bias

• The impact of fission yields can be rather high. What to do with the zero-
correlation in libraries ?

• Why is 235U (239Pu) systematically under (over) estimated for PIE data ? 
(implying compensation effects)
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Example for isotopic contents 
• Example for the GU1 and 

GU3 (ARIANE) samples
• ENDF/B-VIII.0 covariances

(SHARK-X)
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Example for isotopic contents 
• Example for the GU1 sample, ENDF/B-VIII.0 covariances
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Example for isotopic contents 
• Example for the 17 samples, ENDF/B-VIII.0, JEFF-3.3 and JENDL-4.0 covariances
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Conclusion
• Nuclear data play an important role in Spent Fuel Characterisation
• Their knowledge affect the economy and design of transport and storage

• Other forces and parameters are at play: 
-operation history, manufacturing tolerances, temperature effect, fuel 

behavior & failure, thermal hydraulic…

• Many challenges ahead: 
- trustful experimental data and simulation
-Consistent nuclear data (best estimate plus uncertainties): no there yet
-General purpose or adjusted library ?
-Non linear effects 

• How much improvement is needed ?
-Depends on utilities, waste management organization and safety authorities
-No clear answer yet
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