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Scope of Partitioning

The transmutation of a radiotoxic nuclide cannot be carmed to such a sufficiently high yield in a single
irradiation, that the radiotoxicity is significantly (e.g. by a factor of 100) reduced. This is because the structure
material of the target degrades as well during irradiation. Hence a recycling of the remaining radiotoxic
nuclides becomes necessary. In case of a homogeneous, self generated recycling [1], the same partitioning
process can be applied as used for the "first” separation from the waste.

Presently, there is no common agrecment on the ranking of the radiotoxic nuclides, which pose a hazard, when
eventually migrating out from a geophysical repository. In the following therefore the radionuclides are
regarded as equally dangerous and all are partitioned and transmuted to such a degree, that the definitely
discharge mass to a repository is 1 % of that discharged with the direcily disposed spent fuel after having
generated the same amount of energy [1]. Under this constraint, the needed decontamination factors (DF) have
been calculated (table 1). They refer to the self generated minor actinides (MA) and iy ¢ recycling in a 1000
MWe FBR. under equilibrium conditions [1].

Tab.l Target decontamination factors for partitioning strategies

Te Np Pu Am Cm
TU recycle in LWR 350 110 . 230 530 1500

TU recycle in FR 310 G4 1060 630 2300

In order to achieve for the MA, especially for Am and Cm (An) the DF values given in table 1, lanthanides
(Ln) will have to be carried over to the product. The neutron poisoning in a FBR reactor is not the hinting
factor for the Ln concentration but rather the fuel irradiation behaviour itself. Neither in metal alloys nor in
mixed oxides, Ln's form solid solutions but segregate in separate phases, with the tendency to grow ungder
thermal treatment. Because of their chemical nature, Am and Cm tend to concentrate in these phases leading to
an unacceptable non-uniform heat distribution in the fuel matrix under irradiation. Therefore in case of a
heterogeneous fuel concept, with Am + Cm concentrations of up to 20 % a Ln/An separation of about 100
would be needed, which with present extraction techniques is difficult to reach observing an overall
decontamination for An as specified in table 1. The situation is more favourable in the case of the homogeneous
selfgenerated  concept, where the fuel composition under equilibrium  conditions  is:
(Un sPuo 186 Amg 007Cmyg 00sMNPo 001)02.« [1]. Assuming a Ln concentration of about 1 % being acceptable for
the two fuel types, a Ln/An separation of 10 should be achieved with the proposed partitioning process
schemes.
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Abstract

In international co-operation partitioning schemes have been experimentally compared and minor actinides
containing targets and fuels have been developed for transmutation purposes. In order to set targets values to
what extent radioactive nuclides have 1o be partitioned and what should be the specification of fuels and targets
for the transmutation, the most likely strategies of recycling minor actinides and technetium from existing
reactors have been compared to the direct disposal concept of spent PWR. fuels.

For a given reduction of the radiotoxicity by a factor of hundred, the research needs and the impact on the
existing fuel cycle have been evaluated:

- basic data needed to design fuels

- simulation experiments to assess the radiation behaviour
- planning and execution of radiation experiments

- assessing the additional radiation doses of the new fuels
- decontamination factors for lanthanides

- separation yields in partitioning required for the given radiotoxicity reduction

The resulting target values for partitioning and specification for targets and fuels have been achieved to a large
extent by experimental data. '
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Scope of Partitioning

The transmutation of a radiotoxic nuclide cannot be carmmed to such a sufficiently high yield in a single
irradiation, that the radiotoxicity is significantly (e.g. by a factor of 100) reduced. This is because the structure
material of the target degrades as well during irradiation. Hence a recycling of the remaining radiotoxic
nuclides becomes necessary. In case of a homogeneous, self generated recycling [1], the same partitioning
process can be applied as used for the "first" separation from the waste.

Presently, there is no common agreement on the ranking of the radiotoxic nuclides, which pose a hazard, when
eventually migrating out from a geophysical repository. In the following therefore the radionuclides are
regarded as equally dangerous and all are partitioned and transmuted to such a degree, that the definitely
discharge mass to a repository is 1 % of that discharged with the directly disposed spent fuel after having
generated the same amount of energy [1]. Under this constraint, the needed decontamination factors (DF) have
been calculated (table 1). They refer to the self generated minor actinides (MA) and P recycling in a 1000
MWe FBR under equilibrium conditions [1].

Tab. i Ta}'gff decontamination factors for p:arﬁﬁom'ng strategies

Tc Np Pu Am Cm
TU recycle in LWR 350 1o . 230 530 1900

TU recycle in FR 310 64 1060 630 2300

In order to achieve for the MA, especially for Am and Cm (An) the DF values given in table 1, lanthanides
(Ln) will have to be carried over to the product. The neutron poisoning in a FBR reactor is not the hinting
factor for the Ln concentration but rather the fuel irradiation behaviour itself. Neither in metal alloys nor in
mixed oxides, Ln's form solid solutions but segregate in separate phases, with the tendency to grow under
thermal treatment. Because of their chemical nature, Am and Cm tend to concentrate in these phases leading to
an unacceplable non-uniform heat distribution in the fuel matrix under irradiation. Therefore in case of a
heterogeneous fuel concept, with Am + Cm concentrations of up to 20 % a Lo/An separation of about 100
would be needed, which with present extraction techniques is difficult to reach observing an overall
decontamination for An as specified in table 1. The situation is more favourable in the case of the homogeneous
selfgenerated  concept, where the fuel composition  under equilibrium  conditions  is:
{(Un sPug 1 8s Ay 007Cmg p0sMPo 001)02.x [1]. Assuming a Ln concentration of about 1 % being acceptable for

the two fuel types, a Ln/An separation of 10 should be achieved with the propased partitioning process
schemes,

490




Irradiation Experiments

An important contribution to the experimental programmes relaled to the research on transmutation consists of
the irradiation of candidate fuels in a reactor or a burner. These fuels are by definition new fuels, with a given
fraction of one or more radionuclides to be transmuted. The properties of these fuels have first to be
determined, both for the selection of the appropriate candidate fuels, and for the safety analysis to be prepared
prior to any irradiation experiment.

Most of the basic data concerning the new fuels, although related to the behaviour under irradiation, can be
measured out-of-pile in laboratories equipped for the handling of radionuclide materials. However the radiation
creep, the swelling, the densification and the fission gas release can only be studied by irradiation experiments
or through compulter simulation.

The Institute of Transuranium Elements (ITU) has no nuclear reactor and therefore muns irradiation
expeniments in the frame of external collaborations or contracts. The METAPHIX programme, conducted in
collaboration with CRIEPI (Japan) and CEA (France) concems the irradiation in the PHENIX reactor of
metallic fuel samples containing minor actinides and rare earths [2].- The irradiation of targets for
transmutation of minor actinides and fission products in accordance with the heterogeneous recycling route is
the subject of the EFTTRA collaboration presented in a separate paper at this meeting [3].

The ITU is also participating with KFK (Germany) and CEA (France) in the irradiation of fuels containing
minor actinides in accordance with the homogeneous recycling route. Two experiments are in preparation,
namely ACTINEAU planned for 1996 in the OSIRIS reactor and SUPERFACT 2. The ACTINEAU experiment
will contain 1 MOX pin with 2 % Am, to be fabricated by ITU, SUPERFACT 2 is a follow-up of the
SUPERFACT 1 experiment [4], and concerns the irradiation of (U Pu)0; pins containing 2 % of minor
actinides (Am, Np); the start of this irradiation is planned for the end of 1995 in the PHENIX reactor. ITU is in
charge of the fabrication of the Am containing pins. Finally, the irradiation of Np containing fuels in the HFR
Petten (TRABANT experiment, planned for 1995) and at a later stage in SUPERPHENTIX, is foreseen in the
CAPRA programme.

Dosimetry Aspects of MA-Containing Fuels

The inclusion of MA, and particularly americium and curium, in a fuel for subsequent transmutation, will
increase the radiation dose levels of these fuels. Knowledpe of these dose levels would allow measures to be
conceived for the handling of such material. Radiation dose levels have been calculated at fabrication and
discharge for the MA-containing fuels irradiated during the SUPERFACT 1 program. In order to assess the
accuracy of these predictions, the calculated radiation doses are compared to measured ones. Verification of
such predictions are essential since future industrial scale fabrication of MA fuels will be planned on computer
predictions.

Under the SUPERFACT 1 program, a series of oxide fuels containing nTNp and **'Am at low and high
concentrations were prepared at ITU and irradiated in the fast reactor PHENIX [5]. The gamma dose rates of
the pins were measured during fabrication using portable ionisation instrumentation, Afier discharge (cooling
57 months), the gamma and neutron dose rates were measured using a passive neutron-gamma interrogation
unit developed for the characterisation of spent fuel inside a hot cell at ITU [6]. The isotopic evolution of the
fuels during irradiation and cooling has been studied using the compuier code KORIGEN [7] with the cross-
sections adjusted to those for the PHENIX reactor. The neutron and gamma dose rates were calculated using
the computer program PUDOL [8). The dosimetry calculations are performed on the basis of the fuel
compasition, physical properties, cladding and self-shielding in the fuel and cladding. Furthermore, it allows
the use of a range of shielding materals for radiation protection purposes,
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