
 

 

3/17/21Commissariat à l’énergie atomique et aux énergies alternatives Auteur

 

DE LA RECHERCHE À L’INDUSTRIE

Commissariat à l’énergie atomique et aux énergies alternatives - www.cea.fr

 Consultancy Meeting on model code output & application nuclear data form structure 
15-17 March 2021

Elias Vandermeersch, Shengli Chen, Shuqi Xu, Pierre Tamagno, David Bernard, Patrick Blaise, 
Gilles Noguere (DES/DER/SPRC/LEPh)

From nuclear model parameters
to neutronic simulation

with the CONRAD and LAST codes



 

 

3/17/21Commissariat à l’énergie atomique et aux énergies alternatives Auteur 2

« Continuum »   RRR

URR

R-Matrix 
formalism

Optical model (ECIS, CCCP)

Probability Tables

Average resonance 
parameters 

calculated with the 
URR option of TALYS

ESTIMA methos SPRT method

CINELmodel
Thermal 

Scattering Law

Statistical model (TALYS, CONRAD)

The Conrad tool box

+ for fission reaction 
PFNS model

Neutron multiplicity model
(n,gf) model

Energy dependent 
penetration factor model

...Doppler broadening with S(a,b)
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The Library and Stochastic Transport (LAST) code 

The Library and Stochastic Transport (LAST) code is a Monte-Carlo neutron transport code 
developed at CEA Cadarache. It consists in C++ modules for intensive-computation functions, all 
led by a python wrapping. It handles Open-MPI parallel computation to improve calculation 
efficiency and reduce the calculation time. A few basic scores are available, such as kef, neutron 
flux and adjoint flux (sensitivity calculations, perturbation theory). The kef calculation accuracy 
has been numerically validated against the CEA reference code TRIPOLI-4

The LAST code is coupled with the nuclear data evaluation code CONRAD. Therefore, both 
standard ENDF-6 files and CONRAD theoretical files (containing nuclear model parameters and 
the associated covariance matrix) can be used to perform simulations. The coupling of CONRAD 
and LAST ensures the consistency among different nuclear data. 

+ in the case where some evaluated data are preferred rather than the CONRAD theoretical 
calculation, LAST can merge the desired ENDF data with the CONRAD calculation. 
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Few examples ...

Unresolved Resonance Range (URR) : limitation due to the width fluctuation correction in NJOY

Thermal Scattering Law (TSL) : how to handle huge S(alpha,beta) covariance matrix ?

Scattering  Angular Distribution (SAD) : correlations between SAD and neutron cross sections   

Fission models : progress in the resonance range with (n,gf) reaction, Class-II states, P
f
(E) 

Direct capture in the RRR : imaginary part of the infinite radius as in REFIT (not yet implemented 
in CONRAD, not discussed here)

...  
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URR treatment

σ, SAD, DENuclear model 
parameters

Integral 
quantities

LAST
CONRAD

MC TRANSPORT

URR
paramèters

Extension  RRR
(see CALENDF model, 

Pierre Ribon) 

CONRAD Output files

PT

Pu239

Extansion RRRRRR up to 2.2 keV 

● No URR format limitation
● No RRR/URR cross correlation issues
● No Probability Tables (PT) 

Random extension of the RRR by using URR parameters (+average parameter statistical laws) at each 
batch if wanted  
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Thermal Scattering Laws (H2O)

Multigroup 
representation 
of the S(alpha,beta)

Multigroup
S(alpha,beta) 
covariance matrix

Problems to get 
positive definite 
matrix 

Molecular Dynamic 
parameters and 

covariance matrix

Uncertainty in pcm
on keff (UOX fuel)

10 direct 
calculations 
only
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Scattering Angle Distribution

Optical Model Parameters and 
covariance matrix

Correlation matrix 
between SAD
and first-four 
orders Legendre 
coefficients

Keff uncertainties (thermal and fast benchmarks) 
and correlations between SAD and XS 

Use perturbation formalism
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FISSION MODELS IN THE RRR: (n,gf) reaction, Class-II states, Pf(E), neutron multiplicity

234U+n

234U+n

Class-II states included in the RRR and URR analysis : How to store this information in nuclear data files ? 
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Merci de votre attention
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