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ABSTRACT
The U.S. Department of Energy recently filed a motion to withdraw the Nuclear
Regulatory Commission license application for the High Level Waste Repository at
Yucca Mountain in Nevada. As the U.S. has focused exclusively on geologic disposal in
shallow mined repositories for the past two decades, an examination of disposal
alternatives will be necessary should the Yucca Mountain Project be terminated. This
provides an opportunity to study other promising waste disposal technologies. One such
technology is the use of very deep boreholes in monolithic granite to permanently
segregate high level wastes from the biosphere. While research in this field has focused
on vertical emplacement techniques, horizontal emplacement offers the significant
advantages of allowing increased emplacement lengths without crushing of the waste
package and the use of a single vertical shaft for drilling multiple horizontal shafts. This
project examines the application of currently deployed oil and natural gas directional
drilling techniques to borehole design. A large trade-space of potential borehole
configurations is evaluated and a final design selected using the “V-DeepBoRe” code, a
Monte-Carlo simulation based cost model for borehole construction and waste package
emplacement. Waste repackaging and reconstitution is evaluated to permit deployment
of waste in borehole diameters too small for intact fuel assemblies. A 5 m x 195.26 mm
(OD) cylindrical waste package is designed using P-110 drill string steel to meet strength
and thermal loading requirements; fuel centerline temperatures are shown to not exceed
190°C by analytical and finite element methods. The total cost of a national borehole
repository (including drilling, consolidating and encapsulating the fuel, emplacement, and
closure) is shown to fall below $63/kgHM, well within the capacity of the DOE
Commercial Spent Nuclear Fuel Waste Fund.
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