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SYNTHESE :

Cette note analyse l'état de la recherche dans le monde en matière de données
nucléaires pour les applications aux réacteurs de puissance à fission.

La situation actuelle se révèle très préoccupante pour l'industrie nucléaire
française vu la diminution du nombre d'installations expérimentales disponibles, des
budgets associés et la réduction notable des moyens d'expertise affectés aux mesures et
à l'évaluation des données nucléaires.

Les besoins identifiés et répertoriés justifient largement la poursuite des travaux
dans ce domaine.

BIOUX P.*, MOUNEY H.*, ROWLANDS J. L."

* EDF/DER/RNE - Département Physique des réacteurs - Clamart
"EUROGRAM- Paris
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EXECUTIVE SUMMARY :

Activity in the field of nuclear data for the fisson power technology
applications is reviewed.

The present situation is of concern to the French nuclear industry because of the
few measurement facilities which are now funded for work in the field and the
reductions in the number of scientists expert in measurement and evaluation of nuclear
data.

It is argued that there are requirements which justify work to improve many
items of nuclear data.
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I. INTRODUCTION

In recent years there has been a significant decline in the
effort devoted to the measurement, evaluation and
validation of nuclear data. The situation is of concern to
the French nuclear industry and Electricité de France has
commissioned a comprehensive review. In the past the
nuclear industry has been able to depend on a world-wide
effort, primarily by government funded laboratories, to
meet their nuclear data requirements. The facilities and
expenise might not continue to be available if the nuclear
data user community does not recognise the situation and
take some initiatives.

In Western Europe it is only in IRMM, Geel, that high
resolution cross-section measurements can now be made.
In the USA the Government Departments which have
funded nuclear data measurements in the past have
markedly reduced the funding for the remaining high
resolution cross-section measurement facilities (ORELA
and LAMPF/WNR). The ANL Fast Neutron Generator has
been shut down, as have the NIST and LLNL linacs. The
Harwell linac can no longer be used for nuclear data
measurements. In Japan, however, several facilities are
actively producing nuclear data. Some have budget
problems but activities are expected to continue.

In Western Europe only one or two people per country
now work on evaluation. The effort in the USA is also
small. In Japan stronger activities have been maintained.

Few countries are now devoting effort to the
introduction of new types reactor nor to the incorporation
of new features. However, concern about the stocks of •
plutonium and the disposal of waste products could change
this situation. The nuclear data requirements for the
existing reactors have been largely met. Nevertheless,
improvements in nuclear data and in the calculation
methods, together with experiments designed to extend the
range of validation of these, could improve the economics
of reactor operation and the management of irradiated fuel.

To put the costs in perspective we note the following
annual expenditures:
IRMM Data measurements 3.3 M S/yr.
NEA Data Bank " 2.9 M S/yr.
IAEA Nuclear Data Section 2.3 M S/yr.
Critical Facilities in France (CEA) 5.1 M S/yr
Evaluation and Validation in France 1.7 M S/yr.
ORELA Measurements (in 1992) 3.8 M S/yr.

(in 1994) 0.75MS/yr.
LAMPF/WNR data measurements (1992) 3.0 M S/yr.

(Operation of LAMPF) 35 M S/yr.

The total budget of the US DOE Nuclear Physics
Division is about S300M. The US DOE / NSF Nuclear
Science Advisory Committee recently carried out a review
entitled "National Nuclear Data Needs of the 1990's". This
describes specific needs and expresses concern about the
serious decline in effort. However the US nuclear industry
has not convinced the funding agencies of the importance
of improved nuclear data.

The Nuclear Science Committee of the OECD NEA has
also carried out a review "A Strategic View on Nuclear
Data Needs". This also identifies requirements and
expresses concern at the diminishing resources.

II. SUMMARY OF THE ACTIVITIES INVOLVED IN
PRODUCING IMPROVED NUCLEAR DATA

To improve the accuracy of nuclear data, and to provide
data for new materials, measurements are required.
Integral measurements, such as those made in critical
facilities, are valuable but differential cross-section
measurements made with a high energy resolution are
required to determine the energy shapes and resonance
structure. The measured data must then be evaluated.
There are usually several different measurements and they
do not cover the whole energy range of interest nor all the
reactions of interest. Nuclear theory is used to extend the
range of the measured data. The data must then be
processed to the forms used in applications, the Los



Alamos system NJOY being the one most widely used. A
new nuclear data library must be extensively validated
before it can be adopted for use.

A. Measurement of Basic Differential Nuclear Data

In Western Europe it is now only at the CEC Joint
Research Centre's Institute of Reference Materials and
Measurements (IRMM) at Geel that a high resolution
measurement facility (GELINA) is in operation. This is
funded from the Reference Materials and Measurements
Programme of the European Community's Framework
programme and this is not specifically directed to nuclear
data work. The future use of the similar high resolution
measurement facilities in the USA", ORELA at ORNL and
the LAMPF/WNR at LANL. (which provides data at MeV
energies) for nuclear data work is uncertain now that
government funding for this might be withdrawn.

For measurements at sets of energy points in the keV
and MeV energy ranges there are a number of facilities
available. For example, there is the Van de Graaff at Geel
and the Van de Graaff and cyclotron at PTB Braunschweig.
There are also facilities which can be used for low
resolution measurements, such as the barium fluoride
detector at KFK Karlsruhe (which is now used only for
measurements relevant to astrophysics). However, it will
be difficult to reproduce the capabilities of the ANL Fast
Neutron Generator to measure secondary energy
distributions of scattered neutrons.

Facilities in Japan include: the Kyoto University linac
pulsed white neutron source, and the pelerron at the Tokyo
Institute of Technology (used for measurements in the eV
and keV range): the 4.5MV dynamitron and AVF cyclotron
at Tohoku University and the JAERJ Tandem.

There are a number of 14MeV Neutron Generators and
facilities which can be used for neutron and proton cross-
section measurements at higher energies, of relevance to
studies of accelerator transmutation.

Improvements are required in radioactive decay data and
fission product yields, particularly for short-lived fission
products. It is only at the Studsvik laboratory of the
University of Uppsala that these are now being measured.

B. Compilation of Measured Nuclear Data

Evaluators obtain measurement information from the
Data Centres, which perform the essential task of compiling
data in the standard EXFOR format. There are four centres
involved. The Nuclear Data Section (NDS) of the IAEA,
Vienna provides a coordinating role, and a service to those
countries not covered by the other three centres. The NEA
Data Bank provides the service for participating OECD
countries. The USA has its own centre, the National

Nuclear Data Center (NNDC) at BNL. Russia has its
centre at IPPE. in Obninsk. Japan has its national centre at
JAERI. Tokai Mura and also participates fully in the NEA
Data Bank.

C. Evaluation

Evaluation activities in Western Europe are carried out
in cooperation. There are two main projects. JEF and the
European Fusion File EFF. The JEF project is coordinated
by an NEA Comminee. with the NEA Data Bank acting as
the focus. In the USA the ENDF Project is coordinated by
the CSEWG. with the NNDC acting as focus. In Japan the
Japanese Nuclear Data Comminee coordinates the
production of the JENDL libraries, with the JAERI Nuclear
Data Center providing the focus. The Japanese Nuclear
Industry makes a significant contribution to the work but it
is essentially government funded. In addition there are the
Russian BROND library project and the Chinese CENDL
project. The IAEA NDS coordinates the production of
the International Reactor Dosimetry File. IRDF, and the
Fusion Technology Nuclear Data Library, FENDL.

The NEA Working Group on International Evaluation
Cooperation brings together evaluators from each of the
main projects. Discrepancies and problems are discussed
and ways to resolve them proposed. With the diminishing
resources this comminee could play a most important role
in optimising activities.

D. Validation of Nuclear Data Libraries

The effort devoted to validation studies is a cause for
concern. The work in most Western European countries
and the USA is very limited, in contrast to the situation in
Japan.

E. Measurements in Critical Facilities

Western Europe is reasonably well provided with
critical facilities. At CEA Cadarache four facilities arc in
operation: MASURCA (fast reactor), EOLE, MINERVE
and HARMONIE. There are two facilities at AEA
Winfrith: DIMPLE and NESTOR. At SCK/CEN Mol there
is the VENUS facility and the two research reactors, BRI
and BR2. At PSI there is the PROTEUS facility. In Japan
there are the facilities FCA (fast reactor), TCA (LWR) and
VHTRC (HTGCR) at JAERI, and KUCA at Kyoto
University. The BFS1, BFS2, and KBR facilities at
Obninsk are ussed for fast reactor and LWR studies. ZPPR,
the ANL facility which has the capability to model full
sized commercial fast reactors, is now shut down. All the
facilities in Western Europe now depend for their
continued operation on the support of the nuclear industry.
In the case of PROTEUS and the MOL facilities this
includes funding from organisations outside the country.



F. Development of Nuclear Theory E. Fuel Storage. Transport and Reprocessing

Although nuclear theory cannot provide data for thermal
energy regions nor individual resonances, in some cases it
is the only practical way to obtain data, cross-sections for
some radioactive fission products being one example. Few
groups are now involved in the development of relevant
nuclear theory and some might not continue through lack of
funding. One example is the Nuclear Theory Group at
Oxford" University.

Theory is also used to provide radioactive decay data
for short lived fission products, these data being needed for
decay heat predictions. Groups at Heidelberg University
and in Japan are active in this field.' «

III. EXAMPLES OF REQUIREMENTS

A. High Burnup Fuel Cycles

There are significant uncertainties in the prediction of
power distributions associated with the different levels of
burnup in different fuel assemblies. Integral measurements
can provide much valuable data but improved differential
measurements are also required; for example, inelastic
scattering by U-238 and fission product isotopes and the U-
235 capture cross-section in the resonance region. The
uncertainties are greater for the higher Pu and Am isotopes.

B. Temperature and Power Coefficients of Reactivity

A consequence of the present uncertainties is that
potential high bumup fuels do not satisfy all of the safety
criteria but would probably do so if the uncertainties could
be reduced. This involves both differential cross-section
measurements and extensive validation studies, including
analyses of measurements made on power reactors. One
source of uncertainty is the effect of chemical binding of
nuclei on Doppler broadening of resonances.

C. MOX Fuelling of Light Water Reactors

The uncertainties in the predictions of power
distributions are greater when there are both UO2 and
MOX fuelled assemblies in the core. When the plutonium
is recycled several times the isotopic composition becomes
degraded and the void coefficient becomes positive. It is
imponant to be able to predict the number of stages of
recycling which can be adopted.

D. Irradiation Damage of Materials

Accurate predictions of irradiation damage could result
in more economic designs and operating strategies.
Improvements in the accuracy of prediction of neutron
transmission through shielding materials is required.

There are potentially significant savings in the costs of
transporting and reprocessing irradiated fuel if account can
betaken of the lower reactivity of irradiated fuel, compared
with fresh fuel.

F. Decay Heat Predictions

There is a lack of data at long cooling times, of relevance
to fuel transfer and storage, and for higher Pu isotopes.

G. Incineration of Actinides and Fission Products

Studies are currently in progress to assess the feasibility
of incinerating actinide isotopes, in particular Np-237, Am-
241 and Am-243, and also long-lived fission products, such
as 1-129 and Tc-99.

H. Incineration of Plutonium

Studies are being made of incineration of plutonium
using thermal and fast reactors. The higher isotopes of
plutonium and the americium isotopes become of greater
importance. In fast reactors a fuel diluent material is
required with well determined characteristics. Significant
uncertainties remain in the data for sodium and structural
materials in the range 0.5 to 3MeV.

IV. CONCLUDING REMARKS

These remarks are addressed to those with
responsibilities for improvements in the performance of
existing nuclear power facilities, for the resolution of waste
disposal problems, and for the development of nuclear
power systems.

Nuclear data measurement facilities, and expertise in
measurement and evaluation, are now at a critically low
level, with some capabilities in danger of disappearing.
Careful consideration should now be given to the
capabilities which ought to be maintained, before it is too
late. If the arguments of the authors are accepted, the
nuclear industry should find ways to improve the situation,
either by directly funding the groups at risk or by
persuading government departments, or national
laboratories, of the importance of maintaining the
capabilities. Young scientists should be encouraged to
work in the field and the industry could help by funding
research students.
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