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Finally, there is a strong will to reinforce further the ties between the JRC
Institutes and Scientific Institutions both in the Member States and at
international level, notably through increased exchanges of grantholders and
visiting scientists. This should strengthen the role of Karlsruhe as a reference
point in the specialised field of transuranium elements.

The reform of the JRC now being implemented should give an added impetus to
an Institute which has always shown a strong dynamism and an aspiration to
scientific excellence.






- The safety of the fuel cycle and its effect on the environment, comprising
actinide formation and recycling studies and the investigation of nuclear
aerosols,

- Basic actinide research, dealing with the preparation of well-defined samples
and the investigation of their properties,

- Investigations relating to reactor safety analysis,
- The characterisation of nuclear waste forms,
- Safeguarding of fissile materials.

The results of the work performed at the Institute have been described in more
than 1000 publications in scientific journals, as books, monographs, or reports
and have been presented at roughly 1500 major conferences and meetings.
Almost 100 patents have been filed by staff members.

The specific research programmes executed at the Institute for Transuranium
Elements have been evaluated in the past by a Panel of independent specialists
from various countries. In their report on "The Evaluation of the JRC Programme
on Nuclear Fuels and Actinide Research 1980/86', they come to the conclusion
that the Institute is internationally recognized as a 'Centre of Excellence' for its
studies of the physics and the chemistry of the heavy elements, and that the
orientation of the Community programme on nuclear fuels and actinide research
corresponds to current needs.

The following text gives an overview of programmes and prospects of the
Institute, it describes expertise and equipment of the various scientific-technical
units and summarises some of their recent achievements.

We invite interested parties, private industry or government institutions, to
make use of the know-how and the facilities available at the Institute and
collaborate with us for the benefit of the European citizen.

Requests for more information should be addressed to

The European Institute for Transuranium Elements
Programme Office

Postfach 2340

D-7500 Karlsruhe 1



Programmes and Prospects

The research and development work at the European Institute for Transuranium
Elements is executed according to decisions of the Council of Ministers of the
European Communities, which were taken, after consultation of the European
Parliament, on the basis of proposals from the European Commission. These
'specific research programmes' are embedded in a long-term strategic plan of
European research and development, the "Framework Programme”. Besides
specific research programmes, the Institute carries out research tasks upon
request from other Commission services and performs contract work against
payment for customers from industry or national institutions .

1. Specific Programmes

The research programmes carried out at the Institute for Transuranium
Elements of the Joint Research Centre are dealing with the investigation of
properties, handling risks and possibilities of technological application of the
heaviest elements in the Periodic Table, elements, all of which are radioactive
and some fissile (Fig. 1).

Research on radioactive material implies high cost, licensing problems and
unusual safety precautions, which exclude universities and conventional national
research institutions from entering into the field. It thus constitutes an excellent
example for the beneficial effect of Community efforts providing funds and
facilities which otherwise would not have been available.

The main part of the work performed at JRC Karlsruhe concerns research on
nuclear fuels and fundamental studies on actinides. Other activities deal with
problems of reactor safety, of fissile materials control and, to an important extent,
with the management of nuclear waste. Relations exist with programmes on
Environmental Research and on Materials Research. An important tool for the
fuels part of the programme is the high-flux reactor at Petten, which offers a wide
variety of means for testing and experimentation.

All these activities are in line with Annex I, relating to Article 4 of the Euratom
Treaty, which lists, among other areas, the chemistry and metallurgy of

lutonium and other transuranium elements, their applications and their
Eiological effects as fields for which the Commission should provide means of
Community research.



The programmes are structured around four "themes", namely "Safety Studies
for Nuclear Fuels", "Safety of the Fuel Cycle and its Effect on the Environment",
"Actinides Research", and "Actinides Information Centre".

Safety Studies for Nuclear Fuels encompass the optimisation of current and future
power reactor fuels under safety aspects. Studies of the macro- and micro-scopic
fuel structure under irradiation and corresponding model calculations render
valuable information on the fission product behaviour which is the determining
factor for fuel performance evaluation and risk assessment in case of core
damage. These studies are complemented by measurements of thermodynamic
and thermophysical fuel properties at normal fuel operating temperatures and
above, for which unique expertise and equipment are available. While efforts to
improve fuels for future fast breeder reactors will not be extended, the impli-
cations of using plutonium as fuel in today's light water reactors will merit closer
attention. Studies on the radioactive inventory which might be released in case of
an accident (source term) are being pursued in close collaboration with the Project
PHEBUS PF and the JRC Project on Reactor Safety. A characterisation of debris
of TMI-2 fuel is carried out at the Institute for Transuranium Elements in
Karlsruhe in close contact with the OECD Nuclear Energy Agency.

Investigations related to the Safety of the Fuel Cycle and its Impact on the
Environment will play an increasingly important rdle in the Institute's research
programmes. They are a logical continuation of previous work aimed at reducing
long-term radiological risks of nuclear energy production by studying in detail
the formation of actinides and improving means of their analysis, and by dealing
with selected topics to improve methods of reprocessing and recycling of nuclear
fuels. Further efforts will be made to improve industrial safety and mitigate
consequences of incidents by studying possibilities of release and controlled
manipulation of nuclear (and otherwise toxic) aerosols. A spin-off of these
activities, related to the scavenging of toxic aerosols, might have a bearing on the
Programme on Industrial Hazards. The characterisation of nuclear waste forms
which constitutes a large fraction of the activities of the Institute, is performed in
the framework of the JRC Programme on the Management of Nuclear Waste. In
this context, problems related to the final disposal of spent fuel rods without
reprocessing will be studied in detail. Improved techniques for safeguarding
nuclear materials are being developed at Karlsruhe under the auspices of the
JRC Programme on the Management of Fissile Materials.

Actinide Research is primarily basic in nature, where the European Institute for
Transuranium Elements plays a central role on the European scene and
contributes significantly to a better understanding of the physical chemistry and
the solid state physics of actinides and their compounds by producing highly pure,
well characterised samples for solid state research, by using advanced
experimental techniques like photo-electron spectroscopy and high-pressure X-
ray diffraction for physical investigations on actinides and by promoting progress
in the theoretical understanding of the electronic structure of the heavy elements.
Directing this fundamental work towards problems like magnetism and super-
conductivity might help to understand phenomena of eminent technical
si%'niﬁcance. Actinide research is executed in a wide frame of international
collaboration comprising teams from more than 40 European laboratories.

Actinides Information Centre: Efforts are continued to systematically collect and
keep readily available (possibly as a public service) bibliographical information
and physical, chemical and radiological data related to actinides and
transuranium elements so as to make the Transuranium Institute at Karlsruhe a
European information center on the properties of heavy elements and their
compounds.



Close relations are being maintained with actual and potential users of the
results obtained in the frame of these programmes.This are on one hand the
nuclear industry and the utilities, and, on the other hand, regulatory bodies ,
dealing with industrial safety.

2. Work for Commission Services

On behalf of the European Commission's Directorate-General of Energy,
Directorate of EURATOM Safeguards, the Institute analyses samples which have
been collected by EURATOM inspectors from nuclear plants in Europe under the
international non-proliferation treaty in order to determine the nature and the
amount of fissile materials transfered to and from these installations. Highly
sophisticated equipment is used for the collection, preparation and analysis of
these samples and most of the analytical operations are performed in a computer-
controlled automatic laboratory.

3. Work for Third Parties

Contract work is being performed at the Institute in the fields of high-
erformance nuclear fuel analysis, preparation of actinide-containing compounds
or testing and standardisation, fuel rod modelling and conditioning of waste,
which is difficult to treat in large-scale commercial installations: The Institute
erforms post-irradiation analysis of plutonium-containing light-water reactor
uels, measures the fracture toughness of ceramics, and determines the oxygen
potential of oxide fuel materials before and after irradiation upon request from
third parties. A major multiannual contract concerns the preparation and
characterisation of alloys containing "Minor Actinides" which might be of
interest for a novel reactor concept, aiming at the conversion of long-lived nuclear
waste constituents into short-lived fission products.

4.Exploratory Research

A small percentage of the Institute's potential is devoted to the exploration of new
fields otP research and development which would profit from the available
expertise, but are not covered by the ongoing programme. The acceleration of
aerosol scavenging under the effect of an acoustic field is such an area, to which
considerable efforts are presently being devoted.

The programmes described above are flexible in the sense that the proportion of
safety-related work to activities with an accent on nuclear technology can easily
be adjusted to arising needs. Efforts to relate the results of fundamental studies
directly to problems of technological relevance will be stepped up.

AllR&D activities presently executed at the Institute are listed in Table 1.
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European Institute for Transuranium Elements
Programme Structure 1988/89
(Status October 1988)

A. Specific Programmes

100 Nuclear Fuels and Actinide Research

110 Safety Studies for Nuclear Fuels

111 Oxide Fuel Transients

112 High Burn-Up Chemistry

113 Optimisation of Dense Fuels

114 High-Temperature Properties of Nuclear Fuels

120 Safety of the Fuel Cycle and its Effect on the Environment
121 Formation of Actinides In-Pile

122 Safe Handling of Nuclear Fuels

123 Reprocessing of Nuclear Tuels

130 Actinides Research

131 Preparation, Characterisation and Application of Actinides
132 Study of the Electronic Structure of Actinides

133 High-Pressure Studies on Actinides

140 Actinides Information Centre

200 Reactor Safety

210 Fuel Behaviour under Accident Conditions

300 Radioactive Waste Management

310 Nuclear Waste Characterisation

400 Safeguards and Fissile Materials Management

410 R&D in Destructive Analysis of Fissile Materials

B. Work for Third Parties

B1.Scientific-Technical Support to Commission Services

701 Evaluation, Automation of Analytical Techniques for DG I
702 Analytical Support to DG XVII

B2. Contract Work for External Customers

C.Exploratory Research
Tab.1






Expertise and Equipment






























- Nt{t@ssbauer experiments on NpSb-NpTe solid solutions to show charge transfer
effects;

- Photoemission experiments on Am and Pu to show localised-delocalised
transition (Fig. 2);

- Photoemission experiments on U-Ni surfaces to investigate catalytic
properties;

- Neutron diffraction experiments to show covalency in UCly;

- Polarized neutron experiments to show anisotropy effects in PuFeg;

- Theoretical (single-electron band structure) prediction of a new type of
magnetism in which the orbital and spin moments cancel. These predictions
have now been verified in actinide Laves phases (PuFeg and UFeg) by
polarized neutron diffraction.

Some Recent Publications*

J.W.Ward, W.Bartscher, J Rebizant, A Re-Examination of the Neptunium-
Hydrogen System, J.Less-Common Met. 130 (1987) 431

J.C.Spirlet, J.R.Peterson, L.B.Asprey, Preparation and Purification of Actinide
Metals, Adv.Inorg.Chem. and Radiochemistry 31(1987)1
P.Burlet,J.Rossat-Mignod, G.H Lander,J.C.Spirlet,J.Rebizant, O.Vogt, Neutron
Diffraction Study of PuSb: The Critical Regime, Phys.Rev.B36 (1987) 5306

A.J Freeman, G.H.Lander (Eds.), Handbook on the Physics and Chemistry of the
Actinides, North Holland Publ.Co. (1987)

P.A.Thiry, J.J.Pireaux, R.Gaudano, J.R.Naegele, J.Rebizant, J.C.Spirlet,
Infrared Dielectric Response of UOg Single Crystal Surfaces Investigated by High
Resolution Electron Energy Spectroscopy, J.Chem.Soc.(Faraday Transactions II)
83 (1987) 1229

M _S.S.Brooks, O .Eriksson, B.Johansson, Spin-Orbit Effects in the Energy Bands
of Actinide Transition Metal Intermetallics, 17émes Journées des Actinides, 26 -
28 March 1987, Lausanne, Switzerland

J.Fuger, Actinide Research at the European Institute for Transuranium
Elements, 2nd Int.Conf. on the Basic and Applied Chemistry of f-Transition and
Related Elements, 6 - 10 June 1987, Lisbon, Portugal

* further relevant references may be found in "JRC Karlsruhe - List of
Publications 1986/87" (EUR-Report 11790 EN, 1988)
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Important Equipment

Shielded Electron Microprobe:

- Two electronprobe analysers; one shielded with heavy metal for the analysis of
irradiated fuel (Fig. 1), the other enclosed in a glove box for the investigation
of alpha-beta emitters;

- Anenergy dispersive analyser.
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Fig. 1
Electron probe microanalysis: Radial distribution of xenon in a fuel pin after power transient

Diffusion Studies:
- High-resolution alpha-spectroscopy, SIMS, furnaces.

Electron Microscopy:

- Hitachi H700 HST 200kV STEM for the analysis of actinide-containing
specimens and irradiated fuel samples (Fig. 2),

- Scanning electron microscope,

- Energy-dispersive analyser.

Mechanical Property Studies:

- Deformation apparatus up to 1600°C in a glove box,
- Indentation apparatusin a glove box,

- Short-rod fractometer.

Principal Achievements During the Last Three Years

Irradiation testing:

- Design of irradiation experiments CARLO, CARRO, POMPEI, NILOC1+2,
SWELLAC

- Fabrication of ultrasonic temperature sensors for projects PAHR and
SCARABEE (CEA) ‘










































CARBIDES - NITRIDES
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Fig. 3
Flow sheets, comparing the "direct pressing” procedure for the preparation of advanced fuel with
the conventional technique

Some Recent Publications*

K.Richter, H.Blank, Fast Reactor Fuel Fabrication Processes and Development,
Nuclear Europe 3(1987)

K .Richter, U.Benedict, J.F.Gueugnon, H.Kutter, C.Sari, G.Mihling, Specifi-
cation, Characterisation, and Fabrication of (U,Pu)C Fuel, J.Nucl.Mater. 153
(1988) 205

H Blank, K.Richter, New Concepts for Fast Reactor Fuels, Jahrestagung
Kerntechnik “88,17 - 19 May 1988, Travemiinde, FRG

* further relevant references may be found in "JRC Karlsruhe - List of
Publications 1986/87" (EUR-Report 11790 EN, 1988)
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Some Figures and Facts about the Institute
(Status October 1988)

1. The Staff
Total: 200

by activities

- administration and scientific-

technical management: 29
- radiation protection: 19
- technical infrastructure: 45

* maintenance: 26

* hot cell operations: 9

* workshops: 10
- research staff: 107

* Thermophysics: 15

* Fuel Characterisation: 5

* Materials Science: 13

* Applied Physics: 7

* Analyt. & Radiochem.: 20

* Actinide Research: 12

* High Pressure Studies: 3
* Chemical Technology: 9
* Hot Cells: 10
* Nuclear Technology: 13

by training

- university trained: 44
- technicians, administrators: 153
- skilled workers: 3
by nationality (in %)

- B 11.2

-D 45.5

- DK 0.5

- E : 1.6

- F : 16.0

-GB : 438

- GR 0.5

-1 8.6

- IRL : 0.5

- LUX : 3.8

- NL : 7.0
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2. The Laboratory
2.1 Buildings

Total surface: 16 000 m2
Total volume; 188 000 m3

2.2 Laboratories

Number of alpha-laboratories: 30
number of "cold" laboratories in the controlled area: 16
number of hot cells: 14

number of installed boxes (provided with gloves
or manipulators; 6 of them shielded with lead or water) 420

4. Installations and Consumption

4.1 Nitrogen purification plants
total throughput 600 000 m3/h
* hot cells: 2000 m3/h
* glove boxes: 900 m3/h

4.2 Consumption

Electrical power: 11 GWh/a
Heating power: 71000 GJ/a

5. The Radiation Protection Service

Hand and foot monitors in continuos operation 42

Continuous air monitoring posts 42
Dust collecting filters measured per year 20000
Dosimeters checked per year 10000
Various specimens analysed for radiation
er year 3500
mear tests evaluated per year 9000
Area of laboratory floor under surveillance 150000 m2
Signals (mostly tests) arriving
at the central monitoring desk per year 10000
Instructions on radiation protection matters
given per year 250
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6. Publications

1983 | 1984 | 1985 | 1986 | 1987
Contributions to journals 41 39 29 30 34
Books and monographs 2 4 10 3 5
Contributions to conferences 54 45 69 70 56
Various reports 19 15 9 21 19

7. Collaborations with External Organisations

7.1 Belgium

7.2

7.3

7.4

7.5

Belgonucléaire, Brussels
CEN Mol

University of Antwerp
University of Liége
University of Namur

Canada

Atomic Energy of Canada Ltd

Czechoslovakia

University of Prague

Denmark

Nordita, Copenhagen
Risg National Laboratory

- Technical University of Lingby

University of Copenhagen

Federal Republic of Germany

Battelle Institut, Frankfurt

KfA Julich

*Tnstitut fir Festkorperforschung

*Institut fir Chemische Technologie

KfK Karlsruhe

*Institut fiir Heisse Chemie

*Institut fir Material- und Festkérperforschung
*Institut fiir Nukleare Entsorgungstechnik

*Tnstitut fiir Neutronenphysik und Reaktortechnik

*Tnstitut fiir Genetik und Toxikologie
*Institut fiir Nukleare Festkorperphysik
*Institut fir Radiochemie
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*Projekt Schneller Briiter

Max-Planck-Institut fiir Chemie, Mainz
Max-Planck-Institut fir Festkorperphysik, Stuttgart
Max-Planck-Institut fur Metallforschung, Stuttgart
Siemens-KWU, Erlangen

Technische Universitat Minchen

TUV Baden

TUV Bayern

TUV Hamburg

Freie Universitit Berlin

Universitat Erlangen

Universitdt Karlsruhe

*Physikalisches Institut

*Institut fiir Chemische Technik

- Universitdt Paderborn

- Universitit Stuttgart

7.6 France

CEA, CEN Cadarache
CEA, CEN Grenoble
CEA, CEN Saclay

CNRS Strasbourg

CNRS Orsay

CNRS Villetaneuse

ILL Grenoble

Institut Curie, Paris
LURE, Orsay
Péchiney-COMHORHEX
University of Strasbourg

7.7 Greece
- University of Patras
7.8 Italy

Ente Nazionale Energia Alternative, Casaccia
Istituto Nazionale Fisica Nucleare, Frascati
LAMEL, Bologna

Lavoro e Ambiente, Bologna

University of Bologna

Politecnico Milano

University of Padova

University of Parma

7.9 Japan
- gRIEPI
- National Laboratory of Metrology

7.10 Netherlands
- Philips, Eindhoven
- University of Amsterdam
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7.11 Portugal
- ICEN-LNTI, Lisboa

7.12 Spain
- Instituto de Acustica, CSIC, Madrid

7.13 Switzerland
- ETH Ziirich
- University of Geneva

7.14 United Kingdom
- AERE Harwell
- Birbeck College
- Rutherford-Appleton Laboratory, Oxford
- University of Birmingham
- University of Salford
- University of Warwick, Coventry

7.15 United States of America
- Argonne National Laboratory
- Battelle Columbus
- EG&G,Idaho Falls
- Lawrence Livermore National Laboratory
- Los Alamos National Laboratory
- Oak Ridge National Laboratory
- University of Cincinnati

7.16 International Organisations
- CEC, DCS Luxembourg
- JRCIspra
- JRC Petten
- JRC Geel
- JAEA Vienna
- OECD, Paris
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