
CH01000262

R&D FOR BACK-END OPTIONS FOR IRRADIATED RESEARCH
REACTOR FUEL IN GERMANY

H. BRUCHER, H. CURTIUS and J. FACHINGER
Institute for Safety Research and Reactor Technology

Forschungszentrum Jiilich GmbH, 52425 Jiilich - Germany

ABSTRACT

Out of 11.5 t of irradiated fuel arising from German research reactors until the end of this
decade, 3.9 t are intended to be returned to the USA, and 2.3 t are expected to be recycled
for reuse of uranium. The remaining 5.3 t, as well as the fuel irradiated after the year 2010,
will have to follow the domestic back-end option of extended dry interim storage in Castor-
type casks, followed by disposal in a deep geological repository.
R&D is going on in the Research Centre Julich to investigate the long term behaviour of U-
Al based fuel in a salt repository. First results from leaching experiments show 1) a fast dis-
solution of the fuel with mobilisation of its radionuclidc inventory, and 2) the following
formation of amorphous Al-Mg-hydroxide phases. Long-lived actinides from the fuel were
shown to be fixed in these phases and hence immobilised. Future R&D will be to investi-
gate the nature and stability of these phases for long term safety assessments. Investigations
will have to be extended to cover alternative disposal sites (granite, clay) as well as differ-
ent (e.g. silicon based) fuels.

1. Introduction and background

Research reactors have been operated in Germany since the late fifties including Material Test Reac-
tors (MTR), Training, Research and Isotope Facilities of General Atomic (TRIGA) and Zero-Power
Facilities (ZPF). The fuel elements from these reactors cover a broad variety of different types. Differ-
ent U/Al alloys (MTR), U/ZrH (TRIGA), or U-oxide/PE mixtures (SUR-type ZPF) may form the
"meat" of the fuel element, with U-235 enrichment between 93% and 20% for the fresh fuel. The pre-
dominant cladding material is aluminium. Their physical form ranges from pins to thin plates, the
latter being shaped to tubes in some cases. Five of these research reactors with a power > 100 kW are

currently being operated in Germany, and the
new reactor at Munich (FRMII) is planned to
start operation soon.

According to [1] a quantity of 11.5 t of spent
nuclear fuel will have been accumulated from
German research reactors until the end of this
decade (see Fig. 1). Out of this, 3.9 t of spent
fuel of American origin irradiated until May
2006 are intended to be returned to the USA.
A quantity of 2.3 t of spent fuel from Zero-
Power Facilities are expected to be recycled
for reuse of uranium. Recovery of uranium
from Siemens type ZPF (SUR-100, U,O8 in
polyethylene) has shown to be technically
feasible [2], recycling options for irradiated

fuel from Russian type ZPF are under investi-
gation. The remaining 5.3 t, as well as the fuel
irradiated after the year 2010, will have to

Fig. 1 Concept for management of spent fuel
arising from operation of Research Re-
actors in Germany until 2010.
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follow a domestic back-end option.

Similar to LWR spent fuel management, extended dry interim storage on surface followed by perma-
nent disposal in a deep geological repository is considered to meet all safety requirements for the man-
agement of spent fuel from research reactors. CASTOR-type casks will be used for transportation and
storage. As a first step towards realisation, 18 CASTOR MTR-2 casks have already been loaded with
2.3 t of irradiated fuel from the Rossendorf Research Reactor (RFR), waiting on-site for their trans-
portation to the central storage facility at Ahaus [3]. The political decision whether centralised or de-
centralised storage should be realised is still pending.

Final disposal in a deep repository is planned for spent RR fuel elements similar to LWR spent fuel
disposal. The exploration of the Gorleben salt dome will be halted for 3 to 10 years while the suitabil-
ity of new sites to accommodate a repository is to be examined. It is the government's goal to have
one single repository for all sorts of radwaste operational around 2030, without limiting the site selec-
tion process to one specific host rock. To this end, BMU (Federal Ministry of the Environment) in
1999 has convened a group of experts - AK-End (www.akend.de) — whose mandate it is to develop a
comprehensive site selection process within about 4 years. Its assignment is restricted to a relatively
short period at the beginning of the new site-selection process (1999 - 2003: AK-End develops meth-
odology; 2005 - 2010: application of method; from 2010 on: exploration of various sites; 2030: re-
pository takes up operation).

2. R&D for final disposal

MTR fuel elements are the main type of fuel elements proposed for direct final disposal. Therefore a
research program has been started in 1994 at the Institute for Safety Research and Reactor Technology
at the Research Centre Jiilich to investigate the long term safety of the MTR fuel in a salt repository.

The intrusion of brine into the final repository and finally to the radioactive waste can not be excluded
with absolute certainty for the long period of 10 years. Then those aquatic phases will react with the
cask and the waste and mobilise parts of the radioactive material. Long term safety assessments of the
repository are based on source terms for the radionuclide mobilisation of the spent fuel under
accidental scenarios of water intrusion into the salt dome, normal scenarios of granitic or clay water in
other repository formations respectively. Investigations to determine the source term of UO2-fuel had
been performed in the last 20 year for LWR fuel elements. However the results of these investigations
can not be adopted to the MTR fuel elements. These fuel elements consist mainly of a metallic
uranium-aluminium alloy covered by a thin aluminium wall. The reaction of such a metallic system
with aquatic phases is completely different from ceramic UO2.

In the beginning the program was divided into two work packages:
1. The corrosion kinetic and mechanism of the metallic fuel in salt brines.
2. The radionuclide mobilisation from corroded fuel elements.

First results of these investigations have been reported on the RRFM'97 [4]. They showed a fast
corrosion of the fuel element matrix aluminium in a concentrated magnesium chloride brine especially
in presence of cast iron as main component of the storage cask under aerobic conditions. This
magnesium chloride brine (Brine 2) had been found in salt formations as an inclusion [5] and had been
identified as the most aggressive solution for aluminium. This corrosion is accompanied by the
production of a white gel, which precipitates on the bottom of the vessel. The dissolution of a fuel
element could be assumed to be completed within a month or two in such a system. First leaching
experiments under aerobic conditions of a part of a spent fuel element from the FRJ2 seems to confirm
these results. However the corrosion could not be observed directly in the hot cell because the formed
precipitate covered the fuel element pieces. The fraction of inventory in the aqueous phase (FIAP) of
the radionuclides reached finally 6% for B7Cs as example for easily soluble elements. The short living
mCs, which represents the main activity in the fuel element, had been measured instead of the long
living 135Cs because their chemical behaviour is identical. The FIAP's of other nuclides were much
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lower than for I37Cs and below 0.1% for the long living actinides. This had been explained with
sorption or co-precipitation of radionuclides with the precipitated gel.

Due to these results new work packages had been set up:
3. Leaching experiments with spent MTR fuel under anaerobic condition and measurement of the

hydrogen production as indicator for the corrosion process.
4. Characterisation of the gel phase.
5. Study of the radionuclide sorption on aluminium and iron oxides assumed as part of the gel phase.

The anaerobic conditions had been chosen because the brines will get in contact with the spent fuel
after corrosion of the storage cask. This process will consume all oxygen in the repository because the
formation of Fe3+ with oxygen consumption is preferred with respect to the formation of Fe2+ under
anaerobic conditions. Further the investigation had been extended for granite water with respect to the
open discussion regarding a suitable host rock for a final repository in Germany. The corrosion of the
fuel element is coupled with the production of hydrogen. The hydrogen generation by radiolytic
degradation of water can be neglected in comparison to its production by corrosion. Therefore the
pressure in the autoclave has been measured continuously in order to determine the corrosion rate of
the fuel element. The Fig. 2 shows the increase of the pressure during the leaching experiments. The
assembled gas had been analysed from time to time. The analyses proved, that the increase of the
pressure is directly coupled with the production of hydrogen. These results show, that the corrosion in
salt brines in presence of FeCl2 as source for Fe2+ is completed within 3 month. The corrosion in
granite water can be neglected. The pressure increase in the beginning is caused by heating up the
leaching vessel to 90°C.

11.5.00 30.6.00 19.8.00 8.10.00
Date

27.11.00 16.1.01

Fig. 2 Pressure development during the leaching experiments

The dissolution behaviour of radionuclides under anaerobic conditions shows some differences to the
results from the aerobic leaching experiments presented at the RRFM'97 [4], The corrosion in
presence of cast iron is significantly slower than under aerobic conditions. The situation changes in
presence of soluble FeCl2. The corrosion rate in this system is compatible with the aerobic conditions.
The reason for this behaviour is the Fe2+/3+ concentration. The corrosion rate of aluminium, which
controls the corrosion rate of the fuel element, is related to the Fe2+/3+ concentration. The corrosion of
the cast iron is much faster under aerobic conditions than under anaerobic conditions. Therefore the
Fe2+/3+ concentration in the brine increases slowly. After a sufficient Fe2+ concentration is reached the
dissolution and the release rate of 137Cs becomes faster. This behaviour can be seen clearly in Fig. 3.
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Fig. 3 Relase of Ll7Cs and 90Sr into brine 2 in presence of cast iron
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Furthermore the decrease of the l37Cs concentration had not been observed. This can be explained by
the larger brine volume and the usage of a close autoclave system. The open aerobic system looses
water by evaporation and larger volumes of secondary phases were precipitated.

Those secondary phases have a strong influence on the radionuclide mobilisation and hence their re-
tardation. As the first results showed, especially the actinides are sorbed onto the secondary phases in
a yet unknown form. However the composition of the surrounding brine will change during the long
time period considered in the safety assessment. An investigation in view of the remobilization be-
haviour of the different radionuclides was undertaken with respect to ionic strength of the solutions,
because it can be assumed that a new brine system has a lower ionic strength than brine 2. The Fig. 4
shows that Cs will be remobilised instantaneously with fresh brine independent from the ionic
strength. This is also an indication, that the decrease of the ' Cs FIAP was caused by a saturation
effect in the leaching experiment under aerobic conditions. A similar behaviour had been observed for

Co and ; Sr/9 Y. A complete different remobilisation characteristic was found for the long living
actinides. The remobilisation strongly depends on the ionic strength of the solution. Only in pure water
more than 75 % of the actinides were remobilised (see Fig. 5). These results explain the low release
rates for the actinides of less than 0.1 % in the leaching experiments with salt brines.
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• 137Fig. 4 Remobilization of " Cs as function of time and ionic strength from the secondary phases
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Fig. 5 Remobilization of the a-emitter as function of time and ionic strength of the electrolyte
(The a-emitters can be approximately assumed as actinides)

3. Conclusions and outlook

2+/}+A high concentration of Fe " ions can be assumed in the final disposal, because the aquatic phase
will get in contact with the MTR fuel elements after corrosion of the storage casks. Therefore the
safety assessment of the direct disposal has to consider the following main points for a source term:

• The fast dissolution of the MTR fuel elements in salt brines.
• The immobilisation of actinides in the secondary phases.
• The slow corrosion in granite water.

An alteration of the structure and composition of the secondary phases must be assumed due to
changes in the composition of the aquatic phase. Therefore the secondary phases need to be charac-
terised and the alteration of the secondary phases with time has to be investigated in future. Further
investigations will have to include silicon-based fuel, which will be used in the FRM II, and clay water
as a third alternative host rock formation.
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