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Summary 

• TENDL: a short history and modern approach 
• Examples for current research: 

• solving THE equation 
• Include integral observation in a library evaluation ? 
• Uncertainty propagation for Spent Nuclear Fuel 

 
 
 
 
 
 
 
 
 
 
 
 
 

• All slides are available here: https://tendl.web.psi.ch/bib_rochman/presentation.html 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

https://tendl.web.psi.ch/bib_rochman/presentation.html
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What is the TENDL project ? 

• TENDL: TALYS evaluated nuclear data library, 
 

• Goal: improve simulations for TENDL and/or other libraries, or solving  
 

0 ≤ χ2 ≤  1 
 

 
 
• Available at https://tendl.web.psi.ch/home.html 

 
• Comes from T6 (software package) 

 
• T6 leads to TENDL, TMC, BMC, HFR… 

 
 

• See for instance NDS 113 (2012) 2841, ANE 51 (2013) 60, NDS 139 (2017) 1 

https://tendl.web.psi.ch/home.html
https://tendl.web.psi.ch/home.html
https://www.sciencedirect.com/science/article/pii/S0090375212000889https:/www.sciencedirect.com/science/article/pii/S0090375212000889
https://www.sciencedirect.com/science/article/pii/S0306454912003350
https://www.sciencedirect.com/science/article/pii/S0090375217300017https:/www.sciencedirect.com/science/article/pii/S0090375217300017
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What is the TENDL project ? 
• TENDL is in fact a by-product of a series of codes, 

 
• This is one fundamental difference with other libraries (no manual work), 

 
• It allows to perform „TMC“ for Total Monte Carlo (uncertainty propagation) 

 
• Methods: reproductibility & completeness, development of a portable system, 

and making use of the knowledge included in other libraries (JEFF, ENDF/B, 
JENDL), 
 

• Background: theoretical calculations (TALYS) with experimental inputs, with 
original resonance evaluations,  
 

• Impact:  
− TENDL-2008 to 2017 (2800 isotopes), 
− Neutrons, protons, deuterons, tritons, He3, alpha and gamma induced, 
− all isotopes, all cross sections with covariances, 0-200 MeV, 
− more than 300 isotopes in the NEA JEFF-3.3 library, 
− more than 50 isotopes in the US ENDF/B-VIII.0 library, 
− more than 450 publications using TENDL 
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What is the TENDL project ? 

• Fully implemented in FISPACT-II, part of GEANT, CASMO…, 
• Used in fission, fusion applications, medical isotope productions 
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What is the TENDL project ? 
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TENDL: from MF-1 to MF-40, 200 MeV 
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T6: source of TENDL 

• T6: at the origin of TENDL. Combination of 6 codes plus utilities, 
• Available on demand, easy to install, 
• Make your own TENDL ! 
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TENDL related projects 
The TENDL way is strongly linked to other methods: 

 
• (fast) TMC: Total Monte Carlo for uncertainty propagation, 

 
• BMC: Bayesian Monte  
Carlo for model  
parameter updates  
and sampling, 

 
• HFR:  
Resonance parameters  
for all isotopes consistent  
with the fast neutron range.  
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Example 1: Solving THE equation 

• The goal of all libraries is to solve this equation: 
 

0 ≤ χ2 ≤  1 
 

• Ci: calculated quantities (differential and integral) 
• Ei: measured quantities 
• 𝑛𝑛 → ∞ 

 
• Solutions: random search, or GLLS, MOCABA… 
• Another solution: iterative search with model parameter weighting + model defects 

1. Select the experimental data 
2. Select a library (i=0) and calculate χ2 

3. Replace the most sensitive element by n random evaluations 
4. Calculate n χ2 

5. Library i = library (i-1) + best random (smallest χ2) 
6. Repeat for all elements 
 

• NSE 169 (2011) 68 
 
 

 

http://www.ans.org/pubs/journals/nse/a_12497http:/www.ans.org/pubs/journals/nse/a_12497
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Example 2: Using integral data 

• Open discussion in the nuclear data community:  
 

Shall we explicitly use integral data (PIE, reaction rates…) at the evaluation level 
(when creating a library) ? 

 
• Motivation 1: integral data are already used during adjustment 
• Motivation 2: This should be done at the evaluation level 
• Motivation 3: It leads to uncertainty reduction and cross-isotope correlations 
• Motivation 4: reduce the bias 
• Motivation 5: nothing new: already done with GLLS by SG… at the OECD 

 
• One method: Bayesian Monte Carlo (with or without model defect) 
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Example 2: Using integral data 

• Fast range: 14 reactions together (keff and reaction rates) (EPJ/N 4 (2018) 7) 
 

 
 

Prior     Posterior 
 
More correlations   uncertainty reduction  

https://www.epj-n.org/articles/epjn/abs/2018/01/epjn170045/epjn170045.htmlhttps:/www.epj-n.org/articles/epjn/abs/2018/01/epjn170045/epjn170045.html
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Example 3: Uncertainty propagation 

• Nuclear data uncertainties for Spent Nuclear Fuel (EPJ/N 4 (2018) 6) 
 
 

 
 

https://www.epj-n.org/articles/epjn/abs/2018/01/epjn170054/epjn170054.htmlhttps:/www.epj-n.org/articles/epjn/abs/2018/01/epjn170054/epjn170054.html
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Example 3: Uncertainty propagation 

• Nuclear data uncertainties for Spent Nuclear Fuel (one curve = one assembly) 
• PWR and BWR assemblies 

 
 



http://www.psi.ch/stars 2018.11.28/STARS/RD41 - ( 15 / 16)  

Example 3: Uncertainty propagation 

• Nuclear data uncertainties for Spent Nuclear Fuel (one curve = one assembly) 
• BWR assemblies only 
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Conclusion 

• Nuclear waste is a major concern in Europe 
 

• The current knowledge of nuclear data have an significant impact for waste  
estimation and disposal, 
 
• New methods for nuclear data evaluation are still being developed, given the  
existing computer power, 
 
• Connecting all the dots is an essential part of building a reliable simulation  
system 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

photo courtesy of Gerry Hofstetter 
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