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Uncertainties from basic nuclear data

Propagation of nuclear data uncertainties with the sampling based method 
XSUSA
• Generation of 2-group cross section libraries perturbed by  

appropriate covariance data
• Core simulations with those libraries

Results
• Maximum uncertainty in the 

center of the core
 5.3% in the UOX core
 13% in the MOX core

Multi-Scale Uncertainty Quantification in Reactor Core Calculation
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Uncertainties from the lattice calculation

Application of different lattice codes:

Results:
• Limited influence on the core power distribution (rel. dev.< 2%)

Uncertainties from the core simulation

*GRS mbH – Boltzmannstrasse 14 – 85748 Garching bei München – Germany
**IRSN – 31, avenue de la Division Leclerc – 92260 Fontenay-aux-Roses – France

Motivation
IRSN and GRS decided to jointly assess the ability of their simulation codes’ chains to predict uncertainties of 
power distributions. Two generic GEN-III cores are studied: an UOX core and a partially MOX-loaded core. 
Various sources of uncertainties affect the power distribution: the uncertainties of basic nuclear data and those 
due to modelling approximations and the application of different numerical methods.

First level: 
Microscopic Scale

Second Level: 
Fuel Assembly Scale

Third Level: 
Core Scale

Cross section evaluations

Covariance matrices

Transport calculation with a
lattice code

2-group cross-sections

Core simulation by a 
diffusion code

Application of following core simulators
and comparison with KENO V.a Monte
Carlo calculation
• QUABOX/CUBBOX – High-order polynomial

flux expansion
• DONJON – Quadratic finite elements method
• PARCS - Analytic Nodal Method

Results:
• Significant differences between the power

distribution from the diffusion codes and
KENO can be observed due to the reflector
modelling (top Figure)

• After applying an adjustment procedure
(preserving flux gradient and reaction rates)
on the reflector cross-sections, a good
agreement can be achieved for both UOX
and MOX core (bottom Figure)

• The agreement between the three core simulators was found to be very good, 
with discrepancies included between 1 and 3%, when using the same input

Distribution in 1/8 of the UOX core 

After adjustment procedure (UOX core)

Before adjustment procedure 
(UOX core)

• NEWT – discrete-ordinates (SN) method
• DRAGON – combined Pij + MoC methods

E u r o s a f e


