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1. Introduction

A dry re-fabrication process of spent fuel was
developed in order to reuse fissile elements in the spent
fuels of pressurized light water reactors(LWR) without
the aqueous extraction of sensitive nuclear materials[1].
The dry re-fabrication technology is called DUPIC(Direct
Use of spent PWR fuel in CANDU reactors). In the
OREOX process of the DUPIC fuel, spent fuel pellets
separated from the claddings of spent LWR fuel are
oxidized from UO, to U0z at 450-500°C in an oxidizing
atmosphere and reduced into UO, at 650-700°C in a
reducing atmosphere[2]. Using the spent fuel powder
prepared from the OREOX process, fresh DUPIC fuels
for CANDU reactors are fabricated after compaction and
sintering processes in a shielded hot cell. Fission gas
species and volatile fission products are removed during
the OREOX and sintering process[3]. The DUPIC fuel
has a different chemical composition due to the solid
fission products and material properties vary from those
of the fresh UO, fuel[4]. The DUPIC fuel also differs
from the high burnup oxide fuel because it does not
contain fission gas elements or volatile fission products.

Therefore, it is necessary to analyze various
performance aspects due to the changed material
properties such as thermal conductivity. In this study,
radiation activity of the DUPIC fuel was estimated to
identify the most influencing parameters on the fission
gas related performance using ELESTRES code[5,6].
Total inventory and gap inventory of DUPIC fuel were
compared to UO, fuel with varying burnup and linear
power.

2. Results

The total inventory for natural UO; fuel in a CANDU
reactor estimated by the ELESTRES code with varying
burnup was compared to the results obtained by the
ORIGEN-2 code as shown in Figure 1 and Figure 2. The
radiation activity prediction for total inventory by the
ELESTRES code is similar to that by the ORIGEN-2
code except for a few isotopes. The radiation activity of
the DUPIC fuel was also calculated by the ORIGEN-2
and compared to the results of slightly enriched uranium
oxide fuel and both fuels show similar results as far as the
total radiation inventory is concerned. The result
indicates that the total fission products inventory is
strongly dependent on the fuel burnup regardless of the
initial fission products inventory. In order to get the
fission products release to the fuel gap, the ELESTRES
code was used as shown in Figure 3. It can be seen that
the gap inventory increases as the fuel burnup increases
while the total inventory of major isotopes is saturated at
the early burnup.
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Figure 1. Total inventory variation of natural UO, fuel
calculated by ORIGEN-2.
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Figure 2. Total inventory variation with
natural UO, fuel calculated by ELESTRES.
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Figure 3. Gap inventory variation with burnup for
natural UO, fuel calculated by ELESTRES.
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It was also found that the gap inventory increased at a
higher linear power condition for UO, fuel due to the
enhanced diffusion of fission gas elements at higher
centerline temperature as shown in Figure 4. Figure 5
shows the gap inventory of DUPIC fuel was higher than
that of UQO, fuel with the same enrichment when a
nominal design power envelop was applied to each fuel.
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Figure 4. Comparison of gap inventory between natural

UO; and slightly enriched UO; at linear element rates of

44 kW/m and 55 kW/m.
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Figure 5. Comparison of gap inventory between SEU and
DUPIC fuel operated by nominal design power envelop.
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Figure 6. Comparison of centerline temperature between
SEU and DUPIC fuel operated by nominal design power
envelop.
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The higher gap inventory or higher fission product
release to the gap is originated from the enhanced
chemical diffusion at higher centerline temperature of
DUPIC fuel at the same linear power as shown in Figure
6. The higher centerline temperature is caused by the
lower thermal conductivity of DUPIC fuel.

3. Conclusions

Material property of the DUPIC fuel were employed in
the modified performance evaluation code to estimate the
gap inventory of fission products. The linear power
determined predominantly the amount of gap inventories
regardless of the initial fission products inventory and
fuel burnup. The gap inventory was mostly determined
by the release of fission gas and volatile elements
associated with higher centerline temperature. The
thermal properties of the DUPIC fuel were evaluated as
the most important parameters that determine the gap
inventories.
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