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The proposed Yucca Mountain (YM) repository plans to distribute high-level waste (HLW) and spent
nuclear fuel in -11,000 waste packages (WPs) in -100 km of tunnel to limit repository temperatures and
thus minimize WP and waste form degradation.  It has been proposed to separate HLW into a low-heat
and a high-heat fraction to improve repository performance.  Within the high-heat fraction, (1) the
plutonium and minor actinides would be destroyed and (2) the cesium and strontium would be separately
managed.  The remaining low-heat long-lived radionuclides can be disposed of in silos with dimensions
measured in tens of meters compared to WPs with dimensions measured in meters.  With low-heat
generation rates, temperature limits no longer control WP size.

Disposal of high concentrations of low-heat, long-lived wastes in large repository silos may significantly
improve repository performance.  Radionuclide release rates may be reduced by minimizing the cross
section for groundwater flow per unit of waste (small surface-to-volume ratio).  With high radionuclide
concentrations, solubility limits become more important in limiting releases.  Large silo size may allow
long-term control of local geochemical conditions (pH and oxidation state).  For example, the
U.S. Department of Energy has about 2 million tons of slightly contaminated steel suitable for recycle in
waste management facilities.  An underground disposal silo with a layered exterior of 1 to 3 m of steel
may maintain locally reducing conditions for very long time periods, independent of the local geology. 
Reducing conditions minimize the solubility of many radionuclides.  For sites such as YM with oxidizing
conditions, a redox trap is created with reducing conditions inside the silo and oxidizing conditions
outside.  Some radionuclides that are soluble under reducing conditions are insoluble under oxidizing
conditions and would precipitate upon exiting the silo.  The geochemical and performance characteristics
of this alternative WP for low-heat, long-lived radionuclides are described.


