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Abstract

Safety of Actinides in the Fuel Cycle concentrated in 1994 on the study of effects which could influence the
safety of nuclear fuel materials at extended burn-ups, under variable load conditions and extended operation
periods.

Progress was achieved by performing in parallel work on i) simulated high burn-up UO,-based fuel, so-called
SIMFUEL, ii) evaluating and modelling the large data base on post-irradiation examination of high burn-up fuel
ii1) continuing the tailormade irradiation of different UO;-based fuels to 100 000 MWD/t burn-up and iv) study-
ing radiation damage effects by using fission products with high energies in various accelerators. Emphasis in
these activities was placed on the “grain-subdivision process” producing the so-called “Rim” structure in high
burn-up UO;.

High temperature thermophysical properties of UO; were measured, analysed and critically reviewed.

The fuel performance code TRANSURANUS was further improved and applied in cooperation with an increas-
ing number of organisations and licensing bodies.

The work on partitioning of actinides from waste solutions was continued with genuine high level waste. Poten-
tial extractants were tested in centrifugal contactors. Actinides, apart from neptunium, were extracted from high
level waste with very high yields.

Preparatory work was done on fuel targets for the transmutation of minor actinides in a fast reactor. The irradia-
tion of 3 technetium samples, fabricated at ITU and of 6 iodine samples, fabricated at ECN started in 1994 in the
High Flux Reactor in Petten.

For different transmutation recycling schemes, radiation dose levels have been calculated during fabrication and
after reactor discharge. The extension of the minor actinide laboratory progressed with the development of pow-
der preparation equipment based on the sol-gel process.

Fuel behaviour under accident conditions concentrated on the delivery of ultrasonic thermometers for the PHEBUS
reactor safety project and on source term studies on radionuclide release from irradiated fuel.

Characterization of Nuclear Waste Forms continued with the characterization of the properties of nuclear
waste forms including high burn-up fuels relevant to their behaviour under irradiation or under conditions of long
term storage. Electrochemical techniques were used to investigate the dissolution and corrosion behaviour of
these materials. Electrochemical experiments were carried out on sintered UO; and single crystal UO,.

Possible high temperature reactions during a reactor accident between fuel and structural materials were exam-
ined. The results show the effect of structural materials on fuel at temperatures that are below those of the melting
points of the main components and how material interaction can create liquid mixtures at low temperatures
(1200 °C) with rapid attack on irradiated UO,.

UO; power reactor fuels irradiated to a burn-up of over 50 000 MWd/t display new aspects of the fuel chemistry.
A reaction between Cs and UO; at the cladding-fuel interface was found resulting in a modification of the fuel-
cladding mechanical interaction and thermal properties of the fuel pellet periphery.

The chemical interaction between sodium and fuels used in the Superfact experiment was analysed by means of
thermogravimetry and differential thermal analysis.

Basic Actinide Research concentrated on the preparation and characterization of actinide metals and compounds.
An improved “mineralisation” technique allowed the production of large single crystals of UsPt,Sn and UsRu,Sn
which are needed for the determination of their physical properties.

Examples of highlights can be taken from such varied topics as the study of Np diluted into the now “famous”
heavy-fermion superconductor NpPd;Alj, to the production and study of uranium overlayers on graphite, to the
use of resonant magnetic X-ray scattering to examine magnetism, to the unusual properties of NpAs under pres-
sure, and, finally, to the drawing together of many experiments (on uranium sulphide) and understanding them
with one theory.
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The Actinide Group was also involved in a large number of collaborations with outside organisations. These
collaborations take a number of forms. Some 50 samples were provided in 1994 to about 20 different organisa-
tions. Another, relatively new, venture is to create a so-called “user laboratory” in which scientists from outside
the Institute can come for short visits to perform measurements. There were about 10 such visitors last year. This
operation recognizes the increasing difficulty of working on actinides in many places, and provides a central
European laboratory for such an endeavour. New equipment (in some cases brought from other institutions) is
being added to the laboratory to increase its utility.

Under Exploratory Research work was performed in the area of aerosol agglomeration studies with ultrasonic
and infrasound waves, the study of magnetic anisotropy of rare earth-transition metal magnets, alternative fuel
cycles, partitioning of actinides from molten salt media, property studies with uranium-aluminium cermets, two
dimensional heat transfer mapping and on the feasibility of manufacturing a new high density fuel for Material
Test Reactors.

The majority of the Institute’s Scientific-Technical Support to Community Policies concerned work for the
safeguarding of fissile materials. Major progress was achieved in the preparation for the installation and opera-
tion of on-site analytical laboratories in Sellafield and Cap la Hague. New nondestructive measurement equip-
ment was tested and the internal staff training programme continued. The Institute provided scientific-technical
assistance in the area of analyses and characterization of vagabonding nuclear materials seized by Member State
authorities.

As a new activity, a laboratory for the Analysis of Radioisotope Traces for the Identification of Nuclear Activities
(ARTINA) is being established.

Under Work for Third Parties work was pursued along several lines: alpha-radioimmunotherapy, fabrication of
minor actinide bearing multi-component alloys as targets for transmutation, and the assessment of spent fuel
behaviour under interim dry storage. Major work was performed in the area of examination of commercial high
burn-up fuel and fuel cladding performance. Contract work also covered electron microscope investigations on
irradiated zircaloy cladding materials.
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