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Accurate Nuclear Data for nuclear Energy Sustainability 

The objective of this proposal is to progress towards achieving the 

measurement, 

evaluation, 

validation and 

dissemination 

of critical nuclear data with the required precision needed to achieve 

reductions in unduly large safety margins for cost-effective designs 

in advanced nuclear systems and fuel cycles, 

for improved long term sustainability and waste minimization.

A particular effort will be devoted towards a general improvement on the nuclear 

data uncertainties and covariances and the way to use them

The selection of the nuclear systems and fuel cycle options is based on the 

SNE-TP Vision and Strategic Research Agenda,

The associated data needs identification is based on the most recent and 

complete sensitivity analyses from international expert groups

Large and broad experience has been collected within the project, building on 

previous EU projects and the best research teams and facilities
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The ANDES collaboration

Includes: R&D centers + Universities 

with experience on:

Åmeasuring differential data in 

accelerator and reactor based facilities

Åoperating facilities

Åperforming data evaluation

Ånuclear models and nuclear theory

Åvalidation of simulation tools with 

integral experiments

Åneutronic simulations

Åinternational organism for nuclear data 

coordination and dissemination

Ånew reactor and advanced fuel cycles 

design and development, and on 

SNETP 

Åtraining and education

20 Institutions from 15 EU countries
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(n, X+charged part.)

fission

Main reactions in a 

nuclear reactor or 

transmutation device

- n- induced fission   (energy + wastes)

- neutron capture      (activation + breeding)

- elastic and inelastic neutron scattering

- radioactive decay

- (n,xn), (n, charged particle), é

-

+

Standard reactor 

1500 isotopes

ADS with spallation

3000 isotopes
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Deep Geological 
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Reactors: ( <0.5%)

Performance: Reaction rates, 

Power distribution, Flux, Energy 

Spectrum

Safety: Criticality, Feedbacks, 

Reactivity coeffs, Damage, Shielding

Waste: Isotopic evolution, activation

Storage, Reprocessing and 

Fabrication plants: ( <5%-10%)

Isotopic composition !!!

Radioactivity, Neutron emissions, 

Decay Heat,

Proliferation interest

Final Disposal: ( <5%-10%)

Isotopic composition !!!

Radioactivity, Neutron emissions, 

Decay Heat,

Proliferation interest

Radiotoxicity and Dose to Public and 

Environment

Effective capacity

( <0.5%)



Sensitivity analysis ïADS for Transmutation 

a) Upper limit of the group

keff



NEA/WPEC-26.

One possible optimization for

target accuracy for innovative 

systems using recent covariance 

data evaluations (BOLNA).

M. Salvatores and R. Jacqmin 

(Eds), 

NEA/WPEC-26. 

ISBN 978-92-64-99053-1

Similar tables for each 

present or proposed 

future reactor: 

Gen IV, III & III+

Still serious dependence on the 

reactor and fuel models and on the 

transmutation model 

(homogeneous) can slightly modify 

the target accuracy and details on 

the priority order

R

R

R

R

R

R

R
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Important isotopes for Transmutation Fuel Cycles: 

The multi-recycling point of view

Uncertainty in the 

abundance % 

Burnup (GWd/t)  
Isotopes 

150 500 800 

Important for:  

234U 4.6  16.1  32.4   T DH   
235U 13.1  18.4   15.5   T    
236U 1.8   7.6   12.6   T    
237Np 6.3   23.7   28.1   T    
238Pu 4.3   10.8   19.3   T DH        R 
239Pu 4.6   12.9   17.8   T DH  R 
240Pu 2.0   7.0   14.4   T DH  R 
241Pu 8.2   14.7   17.0   T    
242Pu 2.1   7.9   16.2   T DH  R 
241Am 7.2   20.7   26.0   T DH  R 
242mAm 12.8   28.6   34.4   T    
243Am 6.6   15.6   20.2   T DH  R 
242Cm 10.7   7.7   15.6   T DH   
243Cm 23.3   32.6   35.7       
244Cm 6.0   13.3   19.1   T DH N R 
245Cm 13.3   18.8   16.3   T DH  R 
246Cm 7.5   21.7   31.5   T  DH N R  
247Cm 15.4   27.2   31.6    T    
248Cm 6.4   19.8   31.4                N  
250Cf 31.9   28.9   36.9                 N  
252Cf 52.4   46.1   48.9     N  

 

Report of the 

Numerical results 

from the Evaluation of 

the nuclear data 

sensitivities, Priority 

list and table of 

required accuracies 

for nuclear data. E. 

Gonzalez-Romero 

(Ed), NUDATRA 

Deliverable D5.11 

from IP-Eurotrans

T= Transmutation efficiency

DH= Decay Heat load

N = Neutron emission

R = Radiotoxicity

RAndes

R

R

R

R

R

R
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Simplified Nuclear data life cycle

High-Priority

Request List

differential 

measurements

integral 

measurements

EXFOR

database

SINBAD

database

evaluation
validation

library

ENDF6 

formatted 

file

NJOY

processing
modelling

TALYS, EMPIRE

High-Priority

Request List

differential 

measurements

integral 

measurements

EXFOR

database

SINBAD

database

evaluation
validation

library

ENDF6 

formatted 

file

NJOY

processing
modelling

TALYS, EMPIRE

Needs

Experimental

Measure 1

é

Measure n

Evaluation

of experim.

Incorpor. on

International

libraries

Integration

in 

simulation

programs

Validation in

Integral 

experiments

International 

Benchmarks

Generalized

Utilization
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Work Packages structure

WP Title Type Lead

1 Measurements for advanced reactor 

systems 

RTD JRC-

IRMM

2 Uncertainties and covariances of 

nuclear data

RTD NRG

3 Integral experiments for validation of 

nuclear data and constraints on 

uncertainties

RTD CEA

4 High energy model validation in the 

150-600 MeV domain

RTD CEA

5 Management, dissemination, 

education & training 

OTHER CIEMAT

TOTAL
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Work Packages structure

WP5.

Management,

Dissemination, 

Ed. & Training

IAEANEA OECD

End users

WP1. 

Differential

measurements

WP2. 

Uncertainties

and

covariances

WP3. 

Integral

experiments

Differential data Evaluated data libraries

Feedback

Feedback

WP4. 

High Energy:

Measurements

Models &

Validation

Feedback

F
e
e
d
b
a
ck

Models, data, publications
Benchmarks, p

ublicatio
ns

EXFOR, publications

ENDF,

publications

Distrib
ution

Distribution

Dissemi-

nation

WP5.

Management,

Dissemination, 

Ed. & Training

IAEANEA OECD

End users

WP1. 

Differential

measurements

WP2. 

Uncertainties

and

covariances

WP3. 
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Differential data Evaluated data libraries

Feedback

Feedback

WP4. 
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Feedback

F
e
e
d
b
a
ck
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Benchmarks, p

ublicatio
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EXFOR, publications
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Distrib
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Dissemi-
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WP1: Measurements for 

advanced reactor systems

WP1 will perform high quality nuclear data measurements on key isotopes 

and reactions selected from a list of identified priorities with the best 

available facilities and techniques. 

This list of priorities resulted from recent nuclear data sensitivity studies for 

advanced reactor systems and advanced fuel cycles:

M. Salvatores, coordinator, "Uncertainty and Target Accuracy Assessment for 

Innovative Systems Using Recent Covariance Data Evaluations" OECD-NEA Nuclear 

Science report NEA/WPEC-26, NEA-no. 6410, ISBN 978-64-99053-1, 

www.nea.fr/html/science/wpec/index.html (2008)

E. Gonzalez, coordinator, ñReportof the numerical results from the evaluation of the

nuclear data sensitivities, priority list and table of required accuracies for nuclear dataò,

Deliverable D5.11, IP-EUROTRANS (2009)

This work package has the ambition to achieve the lowest possible 

uncertainty and to come as close as is reasonably achievable to the target 

uncertainties established in these references. 

WP1 follows closely the recommendations of the Coordination Action for 

Nuclear Data for Industrial Development in Europe, CANDIDE.
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IRMM

IFIN-HH

GANIL

CEA

DIF

WP1 participants and facilities

IRMM neutron sources, both the e- linear and the Van de Graaff accelerators, 

The n_TOF spallation facility at CERN, 

The Jÿvaskÿla cyclotron and the IGISOL facility, 

The CNRS/Orsay accelerators, 

The GANIL accelerator complex



1. High accuracy measurements of neutron inelastic scattering cross sections.
- To improve with new measurements the cross sections for neutron inelastic scattering off 

238U.

- To improve with new measurements the cross sections for neutron inelastic scattering off 

structural materials and inert fuel components (23Na, Zr, Mo).

- To provide covariances and the limits of accuracy for measurements with the (n,nô)-

technique.

2. High accuracy measurements of neutron total and capture cross sections.
- To improve with new measurements the n+238U radiative neutron capture cross sections.

- To improve with new measurements the n+241Am radiative neutron capture cross sections.

- To assess the use of transfer reactions for the determination of neutron-induced capture 

cross sections for actinide targets.

3. High accuracy measurements of fission cross sections
- To improve with new measurements the neutron-induced fission cross section of Pu

isotopes (238Pu (TR), 240,242Pu).

- To improve with new experimental results the fission cross sections of the minor 

actinides (241,243Am and 245Cm). 

- To improve the experimental knowledge of the fast neutron induced fission yields for 

isotopes of Np, Pu and Cm by surrogate neutrons and inverse kinematics.

4. State of the art decay data measurements for reactor kinetics and decay heat
- To improve the experimental information for the beta decay probability and strength 

functions of relevant fission fragments (88Br, 94Rb, 95Rb and 137I ).

- To improve the experimental information for the delayed neutron emission probabilities

of  relevant fission fragments (88Br, 94Rb, 95Rb and 137I ).

WP1 measurements



Priority needs for advanced reactors and transmutation

Items 

addressed 

by ANDES 

WP1 are 

marked



Items 

addressed by 

ANDES WP1 

are marked

Besides these needs from the work of Subgroup 26 of the OECD-NEA there is 

work on needs that were established by IP-EUROTRANS and CANDIDE and by 

Subgroup 25 ñAssessment of fission product decay data for decay heat 

calculationsò

This WP1 is inline with recommendations in the Strategic Research Agenda for 

improving basic nuclear data to improve modeling and simulation of advanced 

reactor systems

Priority needs for advanced reactors and transmutation
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WP2: Uncertainties and covariances of 

nuclear data

Uncertainty estimation and covariance data is  a top priority in reactor and fuel 

cycle analysis:
Å Answers alone are not enough, we also need the quality of the answers!

Å The precision of all data we use must be provided in computational form for 

applied calculations 

Å Enables safe nuclear designs in a cost-effective manner

Å Needed for uncertainty propagation in reactor simulation

Å Gives reactor physicists a means to post-adjust data to integral measurements

Å Good covariance data, if combined with a reliable sensitivity study, gives the best 

justification for new differential measurements for nuclear technology.

Requirements of good uncertainty data advocated from many directions:
Å GNEP, DOE (multi-M$ effort by BNL and LANL for ENDF/B-VII.1).
Å SRA of the SNETP
Å SG-26 on advanced reactors (sensitivity studies)
Å Multi-scale/multi-physics approaches: Uncertainty Analysis in Modelling (UAM) 

working group of the NEA
Å National programmes
Å Industrial (commercial) interest
Å Fusion, etc. etc.
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WP2: Uncertainties and covariances of nuclear data

Uncertainty propagation from nuclear data to reactors

Objectives:

Enhance the European capability to produce covariance data for isotopes 

important for advanced reactors

Three aspects of nuclear data evaluation come together:
ÅUncertainty/covariance evaluation of experimental data

ÅUncertainty/covariance evaluation of data from nuclear reaction models

ÅA proper theoretical treatment and evaluation of nuclear reactions on actinides 

(especially fission models) and its relation with 1. and 2.

In addition: 
ÅCovariances for radioactive decay and fission yield data 

ÅUse all of the above in processing, reactor and fuel cycle codes.

Participants:

CIEMAT, CEA/DAM+DEN, NNL, NRG, TUW, UB, UPM



WP2: Uncertainties and covariances of nuclear data

Activities:

Improve methods for actinide evaluation:
ÅURR + fast neutron range: develop consistent fission model + parameters that 

can be applied on all actinides.

ÅIntegrate theoretical and experimental covariance data for actinides into 

consistent data library.

ÅImplement Unified Monte Carlo or similar approach to produce credible 

covariance data.

ÅNew, consistent covariance data for one major and one minor (Am-241) actinide, 

release of new TALYS code.

More reliable covariance data for fuel cycle calculations:
ÅProduce ENDF/EAF data libraries for activation calculations

ÅApply in activation software such as ACAB

ÅAssess whether Total Monte Carlo is possible

Covariance data for spent fuel inventories and decay heat: 
ÅInitial studies on how to generate and use covariances for radioactive decay data 

and fission yield data.

ÅGenerate some initial (crude) covariance data to test methodology.

ÅApply these initial data to inventory calculations, in particular to decay heat. The 

associated software (FISPIN,DARWIN,ACAB) needs to be extended.
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WP2: Uncertainties and covariances of nuclear data

Deliverables:

D2.1: Activation data libraries for Monte Carlo uncertainty propagation in fuel
cycle code ACAB

D2.2: Report on evaluation of 239Pu/238U and 241Am. 

D2.3: Software package for experimental covariance matrix

D2.4: Evaluated ENDF formatted file for 239Pu/238U and 241Am. 

D2.5: Report with transmutation calculations for advanced reactors with new 
covariance data + updated sensitivity tables. 

D2.6: Report on the impact of uncertainties of the fission product nuclear data on 
the inventory of the irradiated fuel for ACAB.
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WP3: Integral experiments for validation of 

nuclear data and constraints on uncertainties

Objectives:

- Agree on a common methodology to use the integral experiments 

to validate and constraints the nuclear data improvement. 

- Define and share these methodology between the participants, 

- Apply it to different kind of integral experiments mainly of public domain

- Provide Trends on ND using the C/E and S, Covariance matrices on ND and provide a 

recommendation on Nuclear Data validity 

- At the end of the project at least an estimation of the impact of the new evaluations

of covariance provide in WP2 to the knowledge of the neutronic behaviors measured in 

the integral experiments that have been analyzed. 

- Provide to end users improved uncertainties on neutronic behaviors due to Nuclear Data

Participants
CEA/CAD (F), NRG (NL), JSI (SL), CNRS (F), CIEMAT (E), SCK-CEN (B)
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The MUSE-4 (ref and Pb) subcritical experiments

Fissile

cells

Reflector

(Na/SS)

GENEPI 

beam guide

Lead 

zone

Deuterium or 

Tritium target

Shielding

Reference configuration

Pb configuration
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ÅPHENIX : 563 MWTh 

1/ sub-assembly to be burned

2/ burn up : 3 cycles in PX

3/ Extraction of the containers

4/ chemical analysis

5/ Neutronic analysis for ND improvement

The PROFIL sample irradiation experiments
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