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Summary 

• TENDL and T6: a short history and modern approach 
 

• Some remarks on nuclear data evaluation procedures 
 

• Uncertainty propagation methods: TMC/BMC/BFMC 
 

• Examples for uncertainty propagation to applied systems 
 
 
 

 
 
 
 

 
 

 
 

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

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

photo courtesy of Gerry Hofstetter 

https://tendl.web.psi.ch/bib_rochman/presentation.html


http://www.psi.ch/stars 2018.12.05/STARS/RD41 - ( 3 / 39)  

 

Situation in Switzerland 

https://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjD7s-FosTeAhUEGewKHQDiC_8QjRx6BAgBEAU&url=https://www.ensi.ch/en/nuclear-facilities-in-switzerland/&psig=AOvVaw3CUfGiLwnb5BQLhYJnGg-B&ust=1541748276212399
http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjByuLDosTeAhWMjqQKHS3JChoQjRx6BAgBEAU&url=http://www.world-nuclear.org/information-library/country-profiles/countries-o-s/switzerland.aspx&psig=AOvVaw3CUfGiLwnb5BQLhYJnGg-B&ust=1541748276212399
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• At PSI, the Nuclear Energy and Safety Department is the Swiss competence 
center for nuclear energy  

PSI: a R&D institute and TSO 
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Laboratory for Reactor Physics and Thermal-
Hydraulics  
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Laboratory for Reactor Physics and Thermal-
Hydraulics  

• Our partners:  
− Regulator ENSI 
− Power plant consortium: SwissNuclear 
− Radioactive Waste Management Agency: NAGRA 
− EU projects, Swiss National Foundation 
− EUROfusion 
− And international partners 

 
• My involvement: 
− Core licensing analyses for PWRs for new cycles 
− Spent Nuclear Fuel assessment (source term, radiations…) 
− Nuclear data (evaluation) 
− Uncertainty assessment 
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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 
 

 
 
 
 
 
 
 
 
 
 

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

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 (called T6), 

 
• 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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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: from MF-1 to MF-40, 200 MeV 
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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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TENDL related project: the HFR 
dd 
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Are nuclear data important ? 
In energy production, better nuclear data can help for: 
 
• Fuel storage and processing, 
• Life-time extension, 
• Outside usual reactor operations, 
• Dosimetry, 
• Higher fuel burn-up, 
• cost reduction in design of new systems, 
• Isotope production, 
• Shielding (people safety), 
• Future systems, 
 
Better nuclear data have a limited effect on:          Dry fuel storage, Zwilag, Switzerland 

 
• Current reactor operation, 
• Current reactor safety, 
• Accident simulation, 
• Proliferation, 
• Accidents. 

 

http://www.google.ch/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwib8Yr5_7HOAhUG8RQKHVY1CuQQjRwIBw&url=http://www.zwilag.ch/en/cask-storage-hall-_content---1--1054.html&psig=AFQjCNGo3WTjS2kcf-tvsFxJ81T5GuzEKQ&ust=1470751871364771
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Relation between evaluation and needs 

• Two main related dilemma: 
1. Preliminary question: “Does general-purpose library exist ?” 
− It certainly can, but today all libraries are adjusted (even JENDL ??) 
− There are correct/wrong covariances: only reflect the knowledge we put in 
− Same for cross sections 

 
 
2. From users, two typical questions/remarks are  
 
“Why do you get 500 pcm uncertainty on keff ? We know it better, please do it again.” 

“Are these correlations correct ?” 
 
 
• Solution for the time being: 
− Produce two evaluated files:  (1) without integral feedback 

    (2) with integral feedback 
 

− The key point being: do it at the evaluation level ! 
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Making use of T6/TENDL: uncertainty 
propagation 

1st Example: TMC (Total Monte Carlo) 
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Making use of T6/TENDL: uncertainty 
propagation 

Three methods exist today: 
 
1. Based on nuclear data covariance data  
• So-called “Sandwich rule” = sensitivity times covariances , 
• Provide uncertainties, sensitivities  
 
2. Based on nuclear data parameter covariance data: 
• So-called TMC (Total Monte Carlo) 
• Sampling of model parameters, 
• Provide uncertainties, 
• Does not provide sensitivities, but importance factors. 

 
3. In between: based on nuclear data covariance data: 
• Sampling of cross section data, based on nuclear data covariances 
• Provide uncertainties,  
• Does not provide sensitivities, but importance factors, 
• Many software: XSUSA, ACAB, NUDUNA, NUSS, SANDY, SAMPLER… 
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Making use of T6/TENDL: uncertainty 
propagation with TMC 
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Hands on “1000 ×(TALYS + ENDF + NJOY + 
MCNP) calculations” 
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Hands on “1000 ×(TALYS + ENDF + NJOY + 
MCNP) calculations” 
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Hands on “1000 ×(TALYS + ENDF + NJOY + 
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Hands on “1000 ×(TALYS + ENDF + NJOY + 
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Hands on “1000 ×(TALYS + ENDF + NJOY + 
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Hands on “1000 ×(TALYS + ENDF + NJOY + 
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Hands on “1000 ×(TALYS + ENDF + NJOY + 
MCNP) calculations” 
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Making use of T6/TENDL: uncertainty 
propagation 

2nd Example: Methods for Uncertainty reduction 
(at the evaluation level) 

 
 



http://www.psi.ch/stars 2018.12.05/STARS/RD41 - ( 28 / 39)  

• Solution: include selected integral information in the evaluation process 
 

• 3 methods: 
− BMC: Bayesian Monte Carlo = TMC + weights on random files, 

 
− GLLS: Generalized Linear Least Square (not detailed here), 

 
− GNLS: Generalized Nonlinear Least Square = MOCABA + feedback to nuclear 

data (Monte Carlo version of the GLLS)  

Uncertainty reduction 

Method GLLS GNLS BMC 

Assumption Linear+Normal Normal None 

Drawback/Advantages Fast, ignore 
nonlinearity 

Not so fast, ignore 
linearity 

Even slower, ignore 
linearity and non 
Normal inputs 
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• Step 1 - Preliminary work: in-depth cross section evaluation (traditional method of 
parameters/models adjustment) 
 

• Step 2 - BMC: Based on step 1,  
− Generate n=100 000 (or 1000) random files (TMC-way) 
− Calculate n times the benchmarks 
− Assign weights to all realizations i with a chi2 and update the parameter distributions  

 
 
 
 
 
 
 
 

− Update the cross sections with the weights. 
 

• Some BMC/BFMC references:   
− EPJ/A 51 (2015) 184, Nucl. Data Sheets 123 (2015) 201, EPJ/N 3, 14 (2017) 

 
 

Uncertainty reduction with BMC 
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• Based on 10 000 random files for 235,238U 
 

 
 
 

 

Example with imf7 (bigten) - BMC 
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• Updated cross sections 
 

 
 
 

 

Example with imf7 (bigten) - BMC 
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• Updated correlations 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Prior     Posterior 
 

 
 
 

 

Example with imf7 (bigten) - BMC 
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Making use of T6/TENDL: BFMC 
 

• BFMC: Application to “Boron letdown curve measurements” from an existing PWR 
• System: realistic PWR cycle with measured boron concentration 
• Random nuclear data: generated based on the ENDF/B-VII.1 library for all isotopes 
• Simulation tool: ( CASMO5 + SIMULATE5 ) x ( a few thousands of random files ) 

 
 

 

Prior     Posterior 
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Making use of T6/TENDL: uncertainty 
propagation 

3nd Example: Application to users’ quantities 
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The following cases have been studied, some of them following user’s demands, 
showing the importance of nuclear data and their uncertainties 

 
• Criticality: ANE 116 (2018) 57, ANE 92 (2016) 150, ANE 36 (2009) 810 
• Full core: ANE 110 (2017) 547 
• Pin peak power: ANE 112 (2018) 236 
• Decay heat: EPJ N4 (2018) 6 
• Dosimetry  
• Transient: ANE 118 (2018) 178 
• Canister loading curves: Jour. of Haz. Mat. 357 (2018) 384 
• DNBR 
• Geological repository  
• dpa: Nucl. Mat. Ener 15 (2018) 244 
• PIE and penalty factors 

Some studied cases so far at PSI 

https://www.sciencedirect.com/science/article/pii/S0306454918300501
https://www.sciencedirect.com/science/article/pii/S0306454916300524
https://www.sciencedirect.com/science/article/pii/S0306454909000255
https://www.sciencedirect.com/science/article/pii/S0306454916311288
https://www.sciencedirect.com/science/article/pii/S0306454917303468
https://www.epj-n.org/articles/epjn/abs/2018/01/epjn170054/epjn170054.html
https://tendl.web.psi.ch/bib_rochman/Physor18_055200.pdf
https://www.sciencedirect.com/science/article/pii/S030645491830207X
https://www.sciencedirect.com/science/article/pii/S0304389418303959https:/www.sciencedirect.com/science/article/pii/S0304389418303959
https://tendl.web.psi.ch/bib_rochman/SB-RND-ACT-004-13.006.pdf
https://tendl.web.psi.ch/bib_rochman/Berichte_NAB%2017-023.pdf
https://www.sciencedirect.com/science/article/pii/S2352179117301837
https://tendl.web.psi.ch/tendl_2017/bib_rochmanNew/SB-RND-ACT-014-13.014.pdf
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Example for PWR/BWR spent fuel 
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Example for PWR/BWR spent fuel 
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Example for PWR/BWR spent fuel 
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Conclusion 

• The TENDL library is improving year after year,  
 

• The T6 code package allows to produce TENDL, random files and to go further, 
 

• Automation is a key thing, but does not replace dedicated work 
 
• We believe that we are slowly changing the evaluation process,  
 
• The integration evaluation-application is stronger than before. Is that good ? 

 
• Future: more in-depth evaluation, 
   more model defect, 
   more use of integral data (??) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Wir schaffen Wissen – heute für morgen 
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