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SYNTHESE:

Cette note presente un resume de 1'enquSte, effectude par EUROGRAM en
1992 a la demande d'EDF. Cette enquSte concerne l'etat de Factivite des pays de
l'OCDE dans le domaine des donndes nucieaires pour les applications aux reacteurs de
puissance a fission.

La situation actuelle est prgoccupante pour l'industrie nucle'aire francaise vu la
diminution des installations disponibles travaillant encore dans le domaine et la
r6duction sensible des moyens d'expertise affected aux mesures et a revaluation des
donn^es nucl6aires.

Les besoins identifies justifiant largement la poursuite des travaux, l'industrie
nucieaire francaise a pris les mesures n&Jessaires pour permettre la formation d'une
nouvelle generation d'experts au CEA. Cependant, demeure le probleme de la
perennite de la disponibilite* des installations experimentales indispensables.

P. BIOUX
J. L. ROWLANDS (Consultant)
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EXECUTIVE SUMMARY:

In 1992 EDF commissioned a review of activity in the field of nuclear data for
fission power technology applications in OECD countries. The review was carried out
in cooperation with the consultants EUROGRAM. This paper presents a summary.

The 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 numbers of scientists expert in measurement and evaluation of nuclear data.

There are requirements which justify work to improve knowledge of many
items of nuclear data. To ensure maintenance of expertise the French Nuclear Industry
has arranged for several young scientists to work with leading experts in the different
fields. However, the problem of continued availability of facilities remains.
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1. Introduction

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

The US DOE Nuclear Science Advisory Committee has also carried out a review,
published in 1992, entitled "National Nuclear Data Needs of the 1990's". This
describes specific needs and expresses concern about the serious decline in capabilities.
However the US nuclear industry has not convinced the funding agencies of the
importance of improved nuclear data. The US DOE has now markedly reduced the
funding for nuclear data measurements and the nuclear industry in the USA has not
shown a willingness to invest in such long term research. The financial situations of
some facilities in the USA which have made a major contribution to meeting the worlds
needs for nuclear data are now precarious and some have already been shut down.

The Nuclear Science Committee of the OECD NEA has also carried out a review,
published in 1993, entitled "A Strategic View on Nuclear Data Needs". This also
identifies requirements and expresses concern at the diminishing resources.

In parallel the French CEA has also carried out a comprehensive review. Following
these reviews the French nuclear industry decided to arrange for several young
scientists to work on measurement and evaluation of nuclear data at different centres so
as to maintain an expertise in the techniques of measurement and evaluation. However,
the problem of the continuing availability of the measurement facilities and associated



teams remains a matter of concern.
A reason for the decline in activity in the nuclear data field is that few countries are

now developing new types of fission powered reactor, or modifying the mode of
operation of existing reactors. Requirements for the currently operating reactors, using
the traditional uranium fuel cycles, 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. We must note, however, that for the
existing reactors and materials it is difficult to improve on the present accuracy of the
basic nuclear data of importance. Almost all of the required items of data have already
been measured to the currently achievable accuracy. Consequently, there is also a
requirement to develop more accurate methods of measurement and this is difficult in a
climate of diminishing resources. Higher accuracy requires much longer measurement
times as well as advanced facilities, improved techniques and more comprehensive
analyses and there is a "law of diminishing returns", in terms of cost-effectiveness, for
the existing types of reactor and operating strategies.

For the efficient operation of thermal reactors using high burnup fuel cycles, and also
with MOX fuel, more accurate data are required, in particular for the higher plutonium
isotopes. For reactors designed to consume the stocks of plutonium and to incinerate
waste products, actinides and fission products, the requirements are more extensive.

It is important that members of the nuclear industry give careful consideration to their
possible future requirements and the means available for meeting them both now and in
the future. The OECD/NEA High Priority Request List provides one way of bringing
requirements to the attention of those who plan measurement programmes.

The present paper considers facilities in OECD countries. However, we should note
that there are high quality facilities and scientific teams in other countries. A significant
contribution is made, for example, by institutes in Russia, supported by the ISTC.

2. Steps Involved in the Production of Nuclear Data for Applied Purposes

To improve the accuracy of nuclear data, and to provide data for new materials,
measurements are required. Integral measurements, such as those made in broad energy
spectra in critical facilities and reference neutron fields, are valuable but differential
cross-section measurements made with a high energy resolution are required to
determine the energy shapes and resonance structure of cross-sections. Also integral
measurements cannot provide information on the energy distributions of scattered
neutrons or other emitted particles although they can be used to validate the data and
adjust some parameters.

Nuclear theory can be used to meet some requirements, for example, cross-sections at
MeV energies when the resonance structure is not important and the accuracy
requirements are not high, but theory cannot be used to predict a resonance structure,
only to refine the measured data. Some requirements for fusion technology can be met
using theory, but the methods still depend for their accuracy on measured data. Even
when there is no resonance structure, current theoretical methods can give poor results,



as is illustrated in recent measurements of Ni-60(n,xoc) at MeV energies. There is a
need for a number of carefully chosen experiments to test and refine various aspects of
the theoretical methods.

Following measurement the data must be evaluated. This is because there are usually
several different measurements and they do not always 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 and to correct for loss of energy resolution in the measurements.

The evaluator does not obtain his data directly from the measurers but from the Data
Centres where all measured data are compiled in computer data bases in a standard
format. These include all the information which the evaluator needs, such as the
measurement technique and uncertainties. The evaluators can now obtain the data
directly on line. The Data Centre for Western Europe and Japan is the OECD/NEA
Data Bank in Paris. The USA has its own centre, the National Nuclear Data Center at
Brookhaven National Laboratory. The IAEA Nuclear Data Section provides the service
for other countries and has a coordinating role.

After evaluation the data must be processed to the forms used in applications, the Los
Alamos code system NJOY being the one most widely used to process cross-sections.

A new nuclear data library must be extensively validated before it can be adopted for
use. The accuracy of calculations made using a new data library must be carefully
assessed. The magnitude of the task of validating a new library is so great, and so much
knowledge has been built up concerning the accuracy of the currently used libraries that
it is only if an organisation sees a significant potential benefit that it is willing to invest
the effort in making the change to a new library. Such a potential advantage is seen in
France in connection with the use of MOX fuel in PWRs.

There is an advantage in having access to an internationally validated library because
it provides a measure of quality assurance. The OECD/NEA Joint Evaluated File (JEF)
Project provides such a library for Western European countries.

3. Neutron Interaction Cross-section Measurement Facilities

In considering the measurement facilities it is convenient to review separately:
A. facilities for neutron-nucleus interaction cross-section measurements and
B. facilities for fission yield and radioactive decay data measurements.
The cross-section measurement facilities can be subdivided into the following types:
A.I. facilities capable of measuring cross-sections with a high energy resolution over

a wide energy range. These are the facilities used for measuring the resonance structure
of cross-sections, such as those of actinide isotopes and structural materials. They can
also be used to advantage to provide detailed cross-section shapes at higher energies

A.2. facilities which provide monoenergetic or small energy range neutron sources.
These can be used for measuring the average values of cross-sections, or cross-sections
which have no resolvable resonance structure. They are also used in measurements of
the spectra of secondary neutrons and other particles, and activation cross-sections.

A.3. 14 MeV sources. These provide data on secondary energy/angular distributions
and reference values for the validation of nuclear theory. They are also required for



fusion technology related data studies.
A.4. Broad spectrum sources (e.g. reactor spectra, and standard neutron fields).

These not only provide data for validating differential measurements and renormalising
them but thermal spectrum averages and resonance integrals can be used directly in
some calculations.

All of these types of facility are needed to meet nuclear industry requirements.

5.7. High Resolution Cross-section Measurement Facilities

In Western Europe it is now only at the European Union Joint Research Centre,
(JRC), Institute of Reference Materials and Measurements (IRMM) in Geel, Belgium,
that high resolution cross-section measurements can be made over the major part of the
energy range of interest in nuclear power technology. The facility used for these
measurements is a pulsed electron linear accelerator, GELINA, with associated time of
flight measurement facilities. The Harwell linac, which had a comprehensive
programme 10 years ago, can no longer be used for nuclear data measurements, having
been partly dismantled. The Saclay linac was dismantled about 15 years ago.

In the USA the Government Departments which have funded nuclear data
measurements in the past have terminated their programmes in this area although the
high resolution cross-section measurement facilities, ORELA at ORNL and the WNR
and Manuel Lujan Neutron Scattering Center (MLNSC) facilities of the Los Alamos
Neutron Science Center (LANSCE) continue to operate for programmes in basic
physics and nuclear astrophysical research, both of which yield data of interest to
nuclear energy. There is also the linac/time of flight facility at the Gaertner Linac
Laboratory of the Rensselaer Polytechnic Institute which is being used for
measurements up to several hundred eV. The NIST linac has been shut down and the
LLNL linac is no longer used for nuclear data measurements.

In Japan several facilities are actively producing nuclear data. Some have budget
problems but activities are expected to continue. The Kyoto University linac pulsed
white neutron source, and the peletron at the Tokyo Institute of Technology (used for
measurements in the eV and keV range) are used for medium resolution cross-section
measurements.

Measurements at the EU laboratory, IRMM, at Geel are funded from the Reference
Materials and Measurements Programme of the European Union's Framework
programme. This programme is not specifically intended for nuclear data work and the
policy has. been to reduce this component of the work, which at present accounts for
about 50% of the budget. There are now very few scientists working on nuclear data in
the laboratory and the number might decrease. Nevertheless, the measurement facility
GELINA has recently been renovated.

It is important to note what the special features of such a facility are. GELINA is an
electron linear accelerator which produces a pulse of neutrons having a broad energy
spectrum extending from a fraction of an eV up to several MeV. The time width of the
pulse is very narrow (Ins). The neutrons are produced by the interaction of the
electrons with suitable targets (in the case of GELINA a uranium target is used). By



making measurements at the end of a flight path the neutron interactions as a function
of time are translated into a function of energy. In this way the energy dependence of
cross-sections over a wide energy range can be measured with a high energy resolution,
the resonance structure being resolved. Amongst the important features of such a
facility we can note in summary:

- the capability to produce very narrow neutron pulses having a wide energy range,
from a fraction of an eV up to several MeV, and a very high intensity,
- a number of flight paths which can be used simultaneously for different types of

measurement,
- many different types of detector and associated electronics suitable for measuring
different types of cross-section.
It isn't the accelerator alone which constitutes the facility and we must also remember

the importance of the expertise of the engineers and scientists who operate the facility
and make the measurements.

Measurements of the resonance structure of the total cross-section of Fe-56 have
been made using GELINA up to several MeV. A knowledge of this structure is
particularly important in calculations of neutron penetration through shields. Minima
in the total cross-section permit the neutrons to migrate more easily and these are
minima are clearly resolved in the measurements. Similarly, the resonance structure of
U-238 has been measured on several facilities with a high energy resolution up to 10
keV, the energy range responsible for the Doppler effect in thermal and fast reactors.

The future use of the similar high resolution measurement facilities in the USA, in
particular ORELA at ORNL and LANSCE at LANL, for nuclear data for reactor
applications is uncertain now that government funding for reactor technology related
work has been significantly reduced. ORELA is an electron linear accelerator pulsed
white neutron source, similar to GELINA, providing data in the energy range from
about 0.01 eV up to several MeV. The LANSCE facility produces neutrons by
spallation using proton beams. WNR provides data primarily at MeV energies and
MLNSC can be used for measurements below about 1 keV. The linac/time of flight
facility at the Rensselaer Polytechnic Institute has more limited capabilities.

The ORELA facility continues to operate, but is no longer funded to do nuclear data
work.

At the LANSCE facilities a diverse programme of measurements is being carried out.
DOE funding is being provided for basic nuclear physics with neutrons, condensed
matter neutron scattering studies, defense science studies and applied nuclear
technology.

The Kyoto University electron linac, KURRI, and lead slowing down spectrometer,
KULS, provide continuous energy data but not to the same energy resolution as the
high resolution facilities. However, these provide accurate energy broadened data.

3.2. Point Energy Cross-section Measurement Facilities

For measurements at sets of energy points, or averages over narrow energy ranges, at
keV and MeV energies there are a number of facilities available. For example, in



Western Europe there are the Van de Graaff machines at IRMM, Geel, and the Van-de
Graaff and the variable energy cyclotron at PTB Braunschweig. The Birmingham
University dynamitron is currently being used to make monoenergetic measurements of
delayed neutron yields. The Cyclotron at KFA Juelich is being used to measure cross-
sections at MeV energies by radiochemical analysis of the activation products. At
higher MeV energies resonance structure is only important in the lightest elements and
so point-energy measurements are often sufficient.

There are also facilities which can be used for low resolution measurements, such as
the Van de Graaff accelerator equipped with a barium fluoride detector at KF Karlsruhe
(which is currently used for measurements relevant to astrophysics).

The Argonne Fast Neutron Generator, which was used extensively to measure
scattering cross-sections and energy/angle distributions of scattered neutrons, was shut
down a few years ago and it is difficult to replace the work done using this facility. The
Los Alamos Ion Beam Facility was closed down in the past year. This productive
facility was one of the few in the world to accelerate tritons and thus had particularly
attractive capabilities for producing neutrons in the MeV range. However, we can note
the valuable work being done using the Van-de-Graaff machines at the University of
Lowell, Ohio University and the Triangle Universities Nuclear Laboratory.

Facilities in Japan include: the 4.5 MV dynamitron and AVF cyclotron at Tohoku
University and the JAERI Tandem. There are a number of facilities which can be used
for neutron and proton cross-section measurements at higher energies, of relevance to
studies of accelerator transmutation.

Filtered beams from reactors provide another valuable type of source. As an
example, the Kyoto University Reactor (KUR) has beam tubes and irradiation facilities.

3.3. 14 MeV Neutron Sources

As examples we may quote the very productive nuclear data facilities, the intense
source OKTAVIAN at Osaka University and FNS at JAERI, in Japan, and the facility at
IRK, Vienna. The facility at Frascati, Italy is being used to study transmission through
shield configurations proposed for fusion facilities, and energy deposition in shields.

3.4. Broad Spectrum Sources

In Western Europe a number of critical facilities are in use. At CEA Cadarache four
facilities are in operation: MASURCA (fast reactor), EOLE (LWR), MINERVE and
HARMONIE. However, HARMONIE, which is currently used only for detector
calibrations, is being shut down. In the past it was also used for studies on shields. At
CEA Valduc there are facilities for studying the criticality of fuel reprocessing plant.

At SCK/CEN Mol there is the VENUS (LWR) facility and the two research reactors,
BR1 and BR2. The reactor BR2 is being refurbished. BR1 contains well-calibrated
standard and reference fields which have been extensively used and are still available to
refine dosimetry cross-sections and carry out studies on shielding configurations.

At PSI there is the PROTEUS facility. This is currently engaged on an international



programme studying HTGCR physics.
The two facilities at AEA Winfrith, UK, DIMPLE (LWR) and NESTOR were shut

down in June 1995. NESTOR had been used extensively for shielding studies.
The ANL critical facilities and the ORNL Tower Shielding Facility are shut down.
In Japan there are the facilities FCA (fast reactor), TCA (LWR) and VHTRC

(HTGCR) at JAERL and KUCA at Kyoto University.
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 participation from organisations outside the country.

4. Yield and Decay Data of Fission Products, and Decay Heat Measurements

Improvements are required in radioactive decay data and fission product yields for
short-lived products, for the prediction of decay heat at short cooling times and the
characteristics of delayed neutron emission. In Western Europe it is primarily at the
Studsvik laboratory of Uppsala University, Sweden, that these are now being measured
(using a beam from the research reactor, the OSIRIS on-line separator and the high
resolution y detection system ). The laboratory plans to continue this work for the
present but in the longer term it might only carry out basic research.

Spectrometers for measurements of the yield and decay properties of short lived
isotopes are also in use at several other institutes. These are linked either to research
reactors or accelerators. We can note, in particular, the recoil mass analysers
LOHENGRIN and COSI-FAN-TUTTE at the Institute Laue-Langevin in Grenoble, and
the separators IGISOL in Finland, and ISOLDE at CERN. These are currently used
primarily for basic research. There is a plan to build a more powerful facility, called
PIAFE, at ILL Grenoble.

At Lowell, in the USA, a fast transfer system is being used to measure p and y
energies and spectra. In Japan there are the on-line separators KUR-ISOL, JAERI-
ISOL and TIARA-ISOL.

Measurements on long-lived products are required for the determination of fuel
burnup, ratings and the prediction of the reactivity effects of fission products. These
can be made in several laboratories, using radiochemical methods and y ray
spectroscopy.

5. Examples of Requirements

There are no essential requirements for the currently operating reactors. The
requirements arise primarily in connection with proposed developments.

5.1. High Burnup Fuel Cycles

For high enrichment, high burnup fuels there are larger uncertainties in the prediction
of power distributions associated, in particular, 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 plutonium and americium
isotopes. Measurements of burn-up and fission rates are subject to some uncertainty
because of uncertainties in fission product yields.

5.2. Temperature and Power Coefficients of Reactivity

The uncertainties in the predictions of reactivity coefficients might need to be
reduced to ensure that possible future high burnup fuels satisfy all of the safety criteria.
This could involve both differential cross-section measurements and extensive
validation studies, including analyses of measurements made on power reactors. One
source of uncertainty in the extrapolation from measurements made in critical facilities,
or in reactors at low power, is the effect of chemical binding of nuclei on Doppler
broadening of resonances, and it might be necessary to reduce this uncertainty.
Measurements are in progress at IRMM Geel studying the influence of the solid state
on Doppler broadening.

5.3. MOX Fuelling of Light Water Reactors

The uncertainties in the predictions of power distributions and reactivity coefficients
become greater if plutonium which has been recycled several times is used. The
plutonium isotopic composition then becomes degraded and the void coefficient
becomes positive after repeated recycling. It is important to be able to predict the
number of stages of recycling which can be adopted. A source of uncertainty in the
interpretation of power distribution measurements made in critical facilities is the
relative yield data (for fission in U-235 relative to Pu-239) for the fission product
isotopes used to monitor fission rates.

5.4. 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 (iron, in particular) are required.

5.5. Fuel Storage, Transport and Reprocessing

There are potentially significant savings in the costs of transporting and reprocessing
irradiated fuel if account can be taken of the lower reactivity of irradiated fuel,
compared with fresh fuel (burnup credit).



5.6. Decay Heat Predictions

For advanced fuels there could be a need for more accurate data at long cooling
times, of relevance to fuel transfer and storage, and also data for the higher plutonium
isotopes. For the calculation of decay heat at short cooling times one is dependent on
theory to provide the independent fission product yield data for most isotopes. For
longer cooling times the yields and decay properties have been measured. Direct
measurements of the total decay heat, or the total beta and gamma components are used
to validate the summation calculations. This validation is adequate for current designs.

5.7. Incineration ofActinides and Fission Products

Studies are 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. Optimum designs will require improved nuclear data.

5.8. Incineration of Plutonium, and Fast Reactor Requirements

Studies are being made of designs of thermal and fast reactors suitable for the
incineration of plutonium. The higher isotopes of plutonium and the americium
isotopes become of greater importance. A fuel diluent material is required to replace
the uranium and this must have well-determined characteristics. Significant
uncertainties remain in the data for sodium and structural materials in the range 0.5 to 3
MeV, of importance in fast reactor studies (in particular, the inelastic scattering data).

5.9. Data for the Thorium Cycle

There is currently interest in the potential of the thorium cycle. The nuclear data are
much less well known than for uranium/plutonium fuelled reactors.

5.10. Nuclear Data for Fusion Reactor Technology and Accelerator Transmutation

The data required are more extensive and involve new materials and energy ranges.

6. OECD NEA High Priority Nuclear Data Request List

The NEA Nuclear Science Committee organises the production of a High Priority
Request List of nuclear data requirements, both for measurement and evaluation. The
list covers all requirements: fission reactor, fusion technology, medical applications and
accelerator transmutation. The list is used for example by IRMM Geel to plan its
measurement programmes and by the JEF Project to plan evaluation activities. We
should note, however, that the Western European section of the requirements for fission
reactor technology includes requests only from Britain, France and Germany.



7. Costs of Nuclear Data Research

To put the costs in perspective we note the following annual expenditures. IRMM
Geel is the principal laboratory in Western Europe for cross-section measurements. In
the USA the ORELA and LANSCE facilities are the ones which have provided most
data in recent years.

IRMM, Geel, Nuclear data measurements 3.3 M $/yr.
OECD NEA Data Bank, Paris 2.9 M $/yr.
IAEA Nuclear Data Section, Vienna 2.3 M $/yr.
Critical Facilities in France (CEA) 5.1 M $/yr.
Evaluation and Validation in France (CEA) 1.7 M $/yr.
USA
Oak Ridge, ORELA Measurements (in 1992) 3.8 M $/yr.

(in 1994) 0.75M$/yr.
Los Alamos, Beam to WNR 2M $/yr.

(Operation of LANSCE accelerator) (30M $/yr.)

8. Concluding Remarks

Nuclear data measurement facilities, and expertise in measurement and evaluation,
are now at a critically low level, with some capabilities in danger of disappearing. EDF
has reviewed the situation and is concerned to ensure that capabilities are maintained
and renewed. Within the framework of cooperative arrangements between EDF, the
CEA and the OECD NEA, a number of initiatives have been taken to transfer the
expertise to a new generation of young scientists in France, including attachments to
IRMM Geel, the ORELA Group at Oak Ridge National Laboratory and the Studsvik
Nuclear Physics Laboratory of the University of Uppsala.

The OECD countries of Western Europe are dependent on International Centres for
measurement (IRMM, Geel) and compilation of data (OECD NEA Data Bank). There
is also interdependence between countries for evaluation. It is important to be aware of
any changes of policy at the international centres and in other countries.

International cooperation is very important The OECD NEA Nuclear Science
Committee Working Parties on International Evaluation Cooperation and Measurement
Activities provide a framework for improving this cooperation. The IAEA Nuclear
Data Section also plays a valuable role in organising international cooperation.
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