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SUMMARY

A substantial inventory of excess separated plutonium will result from the ongoing and
planned dismantlement of U.S. and Russian nuclear weapons. This excess plutonium, as sug-'
gested by the National Academy of Sciences (NAS) study,1 could be disposed of by irradiating it
into reactor-grade spent fuel, or immobilizing it in molten glass (or syn-rock) along with defense
high-level waste, followed by burying it in a geologic repository. Another option mentioned by
the NAS study is to bury the plutonium in 4-km-deep boreholes sealed with bentonite clay and
concrete. Virtually, all these plutonium-disposition options will generate one or more final
disposal waste forms, which require the evaluation for long-term criticality safety concerns.

The long-term criticality safety concerns arise because the fissile content (i.e., Pu-239 and its
decay daughter U-235) in these Pu-dispositioned waste forms is, in general, higher than that in a
reference spent-UO2 fuel. MOx spent fuel could contain 3 to 4 wt% of reactor-grade plutonium,
compared to only 0.9 wt% plutonium in the reference spent-UC>2 fuel. For the immobilization
and the deep borehole options to be economically viable, a plutonium content of 3 to 7 wt%
would be required.2 If dissolution and leaching of these disposal waste forms in a geologic
repository or borehole could not be ruled out, then in some future time (tens of thousand years)
when the waste forms were deteriorated by the intruding groundwater, the water could mix with
the long-lived fissionable materials to form into a critical system. If the critical system is self-
sustaining, the fission products produced could be readily available for dissolution and release
out to the accessible environment and adversely affect public health and safety.

Another criticality safety concern arises during the process of vitrification or immobilization
of weapon-grade plutonium into the chemical matrix. Plutonium causes concern because it tends
to form pockets of locally concentrated material in glass, which could lead to a criticality prob-
lem in the glass melter. The design and operation of the melter has to ensure that a criticality
event would not occur.

The study proposed here is to evaluate the long-term criticality safety concerns for disposi-
tion of fissionable material in a geologic setting. Issues to be addressed include the fundamental
limitations on waste-form disposal suitability based on criticality safety considerations; the
identification of worst-case geo-chemical conditions and waste-form geometries which present
the most concern for long-term criticality; suggestions of technical fixes for such concerns; and
the evaluation of the criticality-safety design for the melting/mixing vessels.
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