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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:

Ameasuring differential data in
accelerator and reactor based facilities

Aoperating facilities
A performing data evaluation
Anuclear models and nuclear theory

Avalidation of simulation tools with
Integral experiments

A neutronic simulations

Ainternational organism for nuclear data
coordination and dissemination

Anew reactor and advanced fuel cycles
design and development, and on
SNETP

Atraining and education

20 Institutions from 15 EU countries

Beneficiar | Beneficiary name Beneficiary Country
y Number short name
1{coordina | CENTRO DE INVESTIGACIONES
tor) ENERGETICAS, MEDIOAMEBIENTALES Y ]

TECNOLOGICAS CIEMAT Spain
2 COMMISSARIAT AL ENERGIE

ATOMIQUE CEA France
3 CENTRE NATIOMAL DE LA RECHERCHE

SCIENTIFIQUE CNRS France
4 GESELLSCHAFT FUER

SCHWERIONENFORSCHLUNG Gmbh G5l Germany
5 INSTITUTUL MATIONAL DE CERCETARE -

DEZYOLTARE FENTRU FIZICA S )

INGINERIE MUCLEARA "HORIA HULUBEI" | IFIN-HH Romania
G ISTITUTO NAZIONALE DI FISICA

MUCLEARE INFM Italy
T INSTITUTO TECNOLOGICO E NUCLEAR TN Portugal
ba] COMMISSION OF THE EUROPEAN

COMMUMITIES — DIRECTORATE

GEMNERAL JOINT RESEARCH CENTRE JRC-IRMM EU
9 INSTITUT JOZEF STEFAN J5l Slovenia
10 JYVASKYLAN YLIOPISTO JYU Finland
11 MATIOMAL NUCLEAR LABORATORY

LIMITED NML . K.
12 NUCLEAR RESEARCH AND

COMSULTANCY GROUP NRG MNetherlands
13 PALL SCHERRER INSTITUT P5l Switzerland
14 STUDIECENTRUM WOOR KERNENERGIE | SCK-CEN Belgium
15 TECHMNISCHE UNIVERSITAET WIEM TUW Austria
16 UNIVERSITATEA DIN BUCURESTI B Romania
17 UNIVERSITE DE LIEGE ULG Belgium
18 UNIVERSIDAD POLITECHNICA DE MADRID | UPM Spain
19 UNMINVERSIDADE DE SANTIAGO DE ]

COMPOSTELA Usc Spain
20 UPPSALA UNIVERSITET Ju Sweden

Nov. 17th, 2009, Paris. 3

ATELIER GEDEPEON i LES DONNE NUCLEAIRES




- n- induced fission (energy + wastes)

Main reactions in a - neutron capture  (activation + breeding)
nuclear reactor or - elastic and inelastic neutron scattering
: : - radioactive decay
transmutation device _(nxn) ., (n., charged partic
B (n, X+charged part.) e
EC++

|
=

ﬁ_

o

FI
[ Il
| K5

Unknown

Standard reactor
1500 isotopes
ADS with spallation
3000 isotopes

fission

MN=8§

ATELIER GEDEPEON i LES DONNE NUCLEAIRES Nov. 17th, 2009, Paris. 4




Fuel
Fabrication

Nuclear
Power Plant

Storage
SPENT FUEL

High Level Wastes

@
0

0

0

0

0

0

0

0

0

0

Interim D
0

0

@

0

0

0O

0

0

0
EEDEDEEEEBE g

Advanced
Aqueous
Partitioning

» {00000 00O0

Wastes

Pyrochemical Partitionin
Deep Geological y 9

Repository for
High Level Wastes

.Open = Standard ap Advanced Reprocessing
Cycle Reprocessing = (Partitioning and Transmutation)

> Fabrication
of new fuels
@ ) and Targets

ADS Transmuter

Reactors:|(A<0.5%)

Performance: Reaction rates,
Power distribution, Flux, Energy
Spectrum

Safety: Criticality, Feedbacks,
Reactivity coeffs, Damage, Shielding

Waste: Isotopic evolution, activation

Storage, Reprocessing and
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Sensitivity analysis T ADS for Transmutation

Isotope | Ogp | Ofiss v 0, | Oiner | Onon | Total?
28py | 0.01 | 0.11 | 0.02 | — — — 0.11
239Pu 0.04 | 051 | 0.11 - 0.04 — 0.53
240py 0.05 ] 0.18 | 0.05 — 0.02 — 0.19
241py 0.04 | 0.30 | 0.03 — 0.01 — 0.31
242py {001 1] 005]002] — Joo01 | — 0.06
237TNp 0.24 1 0.70 | 0.21 — 0.14 — 0.78
2Am [ 1321121038 — | 022 — 1.79

“amAm 1 0.01 | 0.09 | 0.03 — 0.01 — 0.10
23Am | 074 | 059 | 021 | — | 0.60 — 1.14
242(.’111 — — — — — — —
2B (Cm — 0.05 1 0.01 - — — 0.05
*Mem 0131109018 — Joo7 | — 1.11
ZPCm | 0.01 AT TO008 | — [O00I | — 0.42
24'5(.’111 — — — — — —

0Fe 0.03 — — 0.05 | 049 — 0.50
STFe - — — — 0.06 — 0.06
S2Cr 0.01 — — 0.01 | 0.03 — 0.03
SSNi - _ - - . .
Zr 1003 | — — 10031007 | — 0.09
1SN — — — 10191001 _— 0.19
Pb 0.02 — — 0.10 | 0.41 0.02 0.43
Bi 0.04 — — 0.11 | 0.49 | 0.03 0.50
Total? 154 | 197 1 054 | 025 | 1.05 | 0.04 2.77

keff

a) Upper limit of the group



NEA/WPEC-26.

One possible optimization for
target accuracy for innovative
systems using recent covariance
data evaluations (BOLNA).

M. Salvatores and R. Jacgmin
(Eds),

NEA/WPEC-26.

ISBN 978-92-64-99053-1

Similar tables for each
present or proposed
future reactor:

Gen IV, Ill & I+

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

Table 30. ADMAB: uncertainty reduction requirements
needed to meet integral parameter target accuracies

Isotope

Cross-Section

Uncertainty (%o)

Energy range

Initial

Required

=1 #l(a}

b3S o5 6.07 - 0.498 MeV 20 3 3
v 1.35-0. 183 MeV 7 3 3

Comnt 498 - 2.03 keV 12 4 3

Pu239 Cinel 6.07 - 0.498 MeV 25 3 G
Ccant 183 - 67.4 keV 14 6 6

Pu240 5 223 - 0.498 MeV 6 2 2
v 1.35 - 0.498 MecV 4 2 2

Cennt 1.35-0. 183 MeV 20 7 7

Pu2dl o 6.07 McV-22.6 eV 15 2 2
N G eant 24.8-9.10keV_ 35 | 10 | 10
o5 R 6.07 - 0.498 MeV 20 4 4

G eapt 4908 - 0.454 keV 6 3 3

Np237 Ctee 6.07 - 0.183 MeV g 2 2
Ginel 223-0.183 MeV 25 5 6

O capt 135 MeV-0454kev| 8 2 2

, Gae |9 6.07 —0.183 McV 10 1 1
Am24l v 6.07 - 1.35 MeV 2 1 1
Cinel 6.07 —0.183 MeV 25 1 3

Am242m P 1.35 MeV-9.12 keV | 17 5 3
Geapt 135 McV- 0454 keV | 10 2 2

Am243 Gas R 6.07 - 0.498 MeV 10 2 2
Ginel 6.07 McV-24.8 keV | 40 2 3

Cm242 O fios 6.07 MeV-67.4keV | 55 | 26 | 26
Cm243 O 1.35 McV-67.4keV | 50 8 8
Cornt 498 -9.12 keV 20 6 6

Cm244 O 6.07 McV-674 keV | 45 2 2
v 6.07 — 0.183 MeV 10 1 ]

Cm245 Oss R | 6.07 MeV-0.454 keV | 45 3 3
rese Geant 183 - 0.454 keV_ 12 5 3
Oinel 6.07 - 0.498 MeV 20 2 2

Zr90 Ginel 6.07 - 2.23 MeV 18 3 4
N15 Gl 223 MeV-67.4keV | 5 1 1
ob Ceant 9.12 -2.03 keV 20 | 20 | 14
Cinel 6.07 - 2.23 MeV 12 3 4

Bi200 Cinel 2.23 - 0.498 MeV 33 3 3

R Andes

& Qe Table 24 for A = 1, case A




Important isotopes for Transmutation Fuel Cycles:
The multi-recycling point of view

R Andes
Uncertainty in the
abundance % )
Report of Ithe j Isotopes Bumup (GWA/D Important for:
Numerical results 150 500 800
- 234 4.6 16.1 32.4 T DH
from the Evaluation of ey 5T T e T
the nuclear data =y 18 76 126 T
sensitivities, Priority Z;I;Ip 6.3 23.7 28.1 T
- R u 4.3 10.8 19.3 T DH
list a_nd table of _ ““Pu 4.6 12.9 17.8 T DH
required accuracies R Py >0 70 144 T DH
for nuclear data. E. = legu 8.2 14.7 17.0 T
u 2.1 7.9 16.2 T DH
Gonzalez-Romero R ““Am 7.2 20.7 26.0 T DH
(Ed), NUDATRA 242MAm 12.8 28.6 34.4 T
Deliverable D5.11 R Zj@m 6.6 15.6 20.2 T DH
m 10.7 7.7 15.6 T DH
from IP-Eurotrans e >33 o =
24Cm 6.0 13.3 19.1 T DH N
R ?Ctm 13.3 18.8 16.3 T DH R
T= Transmutation efficiency “*Cm 75 217 315 T DH N
24
N = Neutron emission o 6.4 19.8 314 N
R = Radiotoxicit Cf 31.9 28.9 36.9 N
y 2Cf 52.4 46.1 48.9 N
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Simplified Nuclear data life cycle

Experimental
Measure 1 Evaluation Incorpar. on
Needs P - —> - =P International
e of experim. ) ]
libraries
Measure n
Validation in \ 4
Integral Integration
Generalized experiments in
Utilization : simulation
International programs
Benchmarks

differential
measurements

EXFOR
database
evaluation -

ENDF6 -
modelling formatted ro'\élg;n
TALYS, EMPIRE file 0 ’
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m:cvurate Nuclear Data for
nuclear Energy Sustainabili

Work Packages structure

WP | Title Type Lead

1 Measurements for advanced reactor | RTD JRC-
systems IRMM

2 Uncertainties and covariances of RTD NRG

nuclear data

3 Integral experiments for validation of | RTD CEA
nuclear data and constraints on
uncertainties

4 High energy model validation in the | RTD CEA
150-600 MeV domain

5 Management, dissemination, OTHER | CIEMAT
education & training
TOTAL
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Accurate Nuclear Datafor
nuclear Energy Sustainabili
i

Work Packages structure

Feedback

Differential data

Evaluated data libraries

WP1. WPZ.' . WP3.
. . Uncertainties
Differential and Integral
measurements Feedback covariances Feedback experiments

)

ENDF,
publications

High Energy:
Measurements
Models &
Validation

Management,
Dissemination,
Ed. & Training

Dissemi-
NEA OECD nation IAEA

\ \ 4 /
End users
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churate Nuclear Data for
nuclear Energy Sustainability

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, i R e pad thé numerical results from the evaluation of the
nuclear data sensitivities, priority list and table of required accuracies for nucleard at a o ,
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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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 Jyvaskyla cyclotron and the IGISOL facility,

The CNRS/Orsay accelerators,

The GANIL accelerator complex

JYVASKYLAN YLIOPISTO

University of Jyvdskyld

i
N
@ r\,
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/)

INFN

L

L =]
EMMOVACION  Energeticos, Meomrmemules
vy Tecnoidgicos



WP1 measurements

. 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 (*Na, Zr, Mo).

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

. 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+2*1Am radiative neutron capture cross sections.

- To assess the use of transfer reactions for the determination of neutron-induced capture
cross sections for actinide targets.

. High accuracy measurements of fission cross sections

- To improve with new measurements the neutron-induced fission cross section of Pu
isotopes (238Pu (TR), 240:242py),

- To improve with new experimental results the fission cross sections of the minor
actinides (?#1243Am 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.

. 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 (®¢Br, °**Rb, ®Rb and 371 ).

- To improve the experimental information for the delayed neutron emission probabilities
of relevant fission fragments (8¢Br, °*Rb, ®>Rb and *371).



Priority needs for advanced reactors and transmutation

Table 32. Summary of Highest Priority Target Accuracies for Fast

Reactors
o - Current Target
Energy Range Accuracy (%) Accuracy (%)
Finel 6.07 + 0.498 MeV 10 =20 2+3
U238
Ocapt 24.8 +2.04 keV 3+9 1.5+2
2+3 (SFR.GFR,
LFR)
Pu241 O fiss 1.35MeV + 454 eV 8 +20
5+8 (ABTR,
EFR)
Pu239 Ocapt 498 + 2.04 keV 7+15 4=+7
O fies 1.35 +0.498 MeV 6 1.5+2
Pu240
v 1.35 +0.498 MeV 4 1+3
Pu242 O fiss 2.23 ~0.498 MeV 19 =21 35
Pu238 T fiss 1.35 +0.183 MeV 17 3+5
Am242m Tiss 1.35MeV + 67.4keV 17 34
Am?241 ﬁ O fics 6.07 +2.23 MeV 12 3
Cm?244 O fiss 1.35 +0.498 MeV 50 5
Cm?245 O fies 183 +67.4 keV 47 7

ltems
addressed
by ANDES
WP1 are
marked &



Priority needs for advanced reactors and transmutation

Table 32. Summary of Highest Priority Target Accuracies for Fast

Reactors
. - Current Target ltems
Energy Range Accuracy (%o) Accuracy (%0)
! addressed by
Fes6 Finel 2.23 - 0498 MeV 16 + 25 3+6 ANDES WPl
Na23 Tinel 1.35 + 0.498 MeV 28 4+10
: are marked B
Pb206 Tinel 2.23 - 1.35 MeV 14 3

Pb207 Tinel 1.35 +0.498 MeV 11 3

Ginel 6.07 + 1.35 MeV 14 + 50 3+6
Geapt 19.6 + 6.07 MeV 53 6

Si128

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 fAHAssessment of fission proc
calcul ationso

This WPL1 is inline with recommendations in the Strategic Research Agenda for
improving basic nuclear data to improve modeling and simulation of advanced
reactor systems
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WP2:

nuclear data

churate Nuclear Data for
nuclear Energy Sustainability

Uncertainties and covariances of

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

To To Io Po Do Ix

Answers alone are not enough, we also need the quality of the answers!
The precision of all data we use must be provided in computational form for
applied calculations

Enables safe nuclear designs in a cost-effective manner

Needed for uncertainty propagation in reactor simulation

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

To To T o I o Do

GNEP, DOE (multi-M$ effort by BNL and LANL for ENDF/B-VII.1).

SRA of the SNETP

SG-26 on advanced reactors (sensitivity studies)

Multi-scale/multi-physics approaches: Uncertainty Analysis in Modelling (UAM)
working group of the NEA

National programmes

Industrial (commercial) interest

Fusion, etc. etc.

ATELIER GEDEPEON i LES DONNE NUCLEAIRES Nov. 17th, 2009, Paris. 17



WP2: Uncertainties and covariances of nuclear data

Objectives:
Enhance the European capability to produce covariance data for isotopes
important for advanced reactors
Three aspects of nuclear data evaluation come together:
A Uncertainty/covariance evaluation of experimental data
A Uncertainty/covariance evaluation of data from nuclear reaction models
A A proper theoretical treatment and evaluation of nuclear reactions on actinides
(especially fission models) and its relation with 1. and 2.
In addition:
A Covariances for radioactive decay and fission yield data
A Use all of the above in processing, reactor and fuel cycle codes.
Participants:
CIEMAT, CEA/IDAM+DEN, NNL, NRG, TUW, UB, UPM

Uncertainty propagation from nuclear data to reactors

. . T T I-—UI T T T T T il T T
124G f 0 =] -
1ot snn) miOd () P iz ut\o | P Fe S| D
5 1.02 ER - i T
- '_|'.r I T .
g 1p-2 I § L T
¢ . L T o B 1 [
: — ) I 4 S Bl gt 111 IITI I i | |
,'é- 10-3F ) J_IIJ._'LI JRHEEEEA] H Ii“ I L il J]_ 1
&
Ln 4 1 | 1 | ﬂg-ﬂ r n:_\ ol = 3 calen = = b : - - J.I - .::{-— = E -.‘.._- “T. ‘::I |I_- :.:.3—
200 400 600 800 1000 E B |RREe s 5|8 ZBE S 2% E O:=|94g9B|l 4 =2
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WP2: Uncertainties and covariances of nuclear data

Activities:
Improve methods for actinide evaluation:
A URR + fast neutron range: develop consistent fission model + parameters that
can be applied on all actinides.
A Integrate theoretical and experimental covariance data for actinides into
consistent data library.
A Implement Unified Monte Carlo or similar approach to produce credible
covariance data.
A New, 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:
A Produce ENDF/EAF data libraries for activation calculations
A Apply in activation software such as ACAB
A Assess whether Total Monte Carlo is possible

Covariance data for spent fuel inventories and decay heat:
A Initial studies on how to generate and use covariances for radioactive decay data
and fission yield data.
A Generate some initial (crude) covariance data to test methodology.
A Apply 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 23°Pu/?38U and 2*1Am.
D2.3: Software package for experimental covariance matrix
D2.4: Evaluated ENDF formatted file for 23°Pu/2%8U and 2*1Am.

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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churate Nuclear Data for
nuclear Energy Sustainability &
«di

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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Andes WP3 Integral experiments facilities

The MUSE-4 (ref and Pb) subcritical experiments
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Andes WP3 Integral experiments facilities

The PROFIL sample irradiation experiments sub-assembly to be burned

A PHENIX : 563 MWTh

2/ burn up : 3 cycles in PX
3/ Extraction of the containers
4/ chemical analysis

5/ Neutronic analysis for ND improvement
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