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NTRODUCTION

Several performance assesment (PA) analyses have
been completed to estimate the release to the accessible
environmentof radionuclides h m spent light water reactor
(LWR) fuel emplaced in the proposed Yucca Mountain
repository
Probabilistic methods were utilized based on
the complexity of the repository system.
Recent investigations have been conducted to iden@
the merits of a pyroprocess fuel cycle 4-6. This cycle utilizes
high temperature molten salts and metals to partially separate
actinides and fission products. In a closed liquid metal
reactor (LMEQ fuel cycle, this allows recycling of nearly all
of the actinides. In a once-through cycle, this isolates the
actinides for storaie into a wasteform which can be
specifically tailored for their retention. With appropriate
front-end treatment, t h ~ sj5rocess can also be used to treat
LWR spent fuel.
In this study, the two primary wasteforms which result
from the pyroprocess (mineral and metallic) will be
investigated. The various pyroprocesses are salt reduction,
salt purification and electrorefining. Salt waste streams are
passed through zeolite columns which trap radionuclides
through ion exchange and salt occlusion. The zeolite is then
hot-consolidated to form a leach resistant monolith, the
minedwasteform. The metal waste streams are mixed into
a molten stamless steel - zirconium alloy and allowed to
solid@ into a homogeneous corrosion resistant ingot, the
metallic wasteform.

11. PERFORMANCE ASSESSMENT MODELING
PA analyses have been completed to estimate the
behavior of the pyroprocess wasteforms in the Yucca
Mountain repository. The IMARC logic tree based PA tool
was utilized
.’sI

The first step was to predict the behavior of the
engineered barrier system. A mode
utilizing
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the Weibull distribution as the statistical tool for predicting
barrier lifetimes and assumed sequential failure of the
multiple barriers through corrosion processes *. It was
assumed that the pyroprocess wastes were emplaced--G
large metallic multi-barrier containers and co-located wit&
LWR spent fuel at an areal power density of 114.0 kwlacre.
The Weibull parameters were determined based on the
Yucca Mountain near field environment2that would result
fiom this thermal loading.
The next step completed was the modification of the
IMARC source term models. Changes were required to
reflect the differing physical characteristics and matrix
alteration rates of each wasteform. The alteration rates far
the pyroprocess wasteforms were estimated &om
preliminary corrosion and leach rate testsg. Matrix loss
rates of 182.5g/mz*yrand 5.0 g/mz*yr are observed for the
mineral and metallic waste forms, respectively. These are
used as the base matrix alterationrates for both wasteforms,
and are assigned a 50% probability of occurrence. An
upper bound one order of magnitude larger than the base
matrix alteration rate is given a 25% probability of
occurrence. This branch in the logic tree accounts for any
unfavorable changes in the repository environmentrelative
to the test conditions. A lower bound one order of
magnitude smaller is also given a 25% probability of
occurrence. a s branch accounts for future refmements in
the wasteform development (particularly fiom the mineral
wasteform) and/or favorable changes in the repository
environmentrelative to the test conditions.
Two fuel cycle scenarios were investigated: the
recycle of LMR spent fuel and the front-end treatment of
LWR spent fuel. The LMR recycle results are normalized
to the energy derived from 1,000 MTHM of LWR spent
fuel. Thus, 300 MTHM are processed in the LMR closed
fuel cycle case. In both cases, the initial inventory of each
radionuclide was obtained from Reference 5, and if
necessary, adjusted for build-in of relatively short-lived
higher actinides (i.e.
-Nf’ ). Boundmg
(upper limit) pyroprocess actinide loss factors of 0.01% and

0.1% were utilized for LMR and LWR front end fie1
processing, respectivelyg. Actinide losses were assumed to
be equally distributed between the mineral and metallic
waste streams.

111. RESULTS
The results are presented as complementarycumulative
distribution functions. Figures 1 and 2 provide the total
cumulative actinide and fission product releases (Ci) from
each wastefonn at 10,000 and 50,000 years following
emplacement for wastes derived from an Lh4R closed fuel
cycle. Figures 3 and 4 provide the cumulative actinide and
fission product release from each wastefonn that arise from
an LWR actiniderecycle front end pyroprocessing campaign
at 10,000 and 50,000 years. Over 10000years, the waste is
well contained as the probability of any release is less than
0.05%. At 50000 years, the probability of release is
increased dramatically, especially for the fission products.
It can be seen that in terms of Curies released, that at a
given release level, the probability of exceeding that level is
greatest for the fission products. In addition, the maximum
release obtained is larger by one to two orders of magnitude
for the fission products. The relative toxicity of the fission
products, however, is several orders of magnitude less than
that of the actinides". Therefore, the "toxicity"release rates
of the fission products and actinides are comparable.
Regarding isotopic contributions, the total actinide
releasewas found to be dominated by PuZ3'and PuZafor the
electroreher metallic andTmineralwasteforms derived from
both LMR and LWR actinide recycle pyroprocesses. For the
LMR wastefonns (Figures 1 and 2), the total fission product
release is dominated by TcWfor the metallic wasteform and
Se7' for the mineral wasteform. The contribution of Se7' to
the total fission product release is negligible when compared
to that f?om Tc? As shown in Figures 3 and 4, Tcg9from the
salt purification - metallic wasteform dominates the fission
product release for LWR actinide recycle wastefoms.
IV. CONCLUSION AND FUTURE WORK
PA analyses have been completed to estimate the
behavior of wasteforms generated fiom the pyroprocessing
of spent nuclear fuel (LWR and LMR). The results
demonstrate that the release (Ci) of radionuclides from
pyroprocess wasteforms is dominated by the release of TcW
from the metallic wasteforms. The actinide release is
dominated by Pu239and PuZ4O.Although the actinide release
is one to two orders of magnitude lower, the "toxicity"release
will be comparableto the fission products.
Future work includes a detailed comparison of the
performance of the various pyroprocess wastefoms with

directly dqosed LWR spent fuel. Preliminary calculations
indicate that the actinide releases are significantly reduced.
In addtion, these calculations will be repeated using
another pdormance assessment tool to obtain independent
results for comparison.
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Figure 1: Release fkqn LMR Wastefoms (10,000 years)
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Figure3: Release h m LWR Front-end Treatment
Wasteforms (10,000 years)
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Figure 2: Release from LMR Wasteforms (50,000 years)
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