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IRREVERSIBLE COPRECIPITATION IN SOURCE TERM ANALYSIS FOR GEOLOGIC 

DISPOSAL OF NUCLEAR WASTE 

MURPHY, William M., Center for Nuclear Waste Regulatory Analyses, Southwest Research Institute, 

6220 Culebra Rd., San Antonio, TX 78238 

In geologic disposal of nuclear waste, radionuclides in minor concentrations. but of potentially severe 

radiological consequence, may be incorporated by coprecipitation with stable secondary uranyl 

minerals formed during irreversible oxidation of spent uranium dioxide fuel. Natural analog data 

demonstrate stability of secondary uranyl minerals containing trace Th. Experimental data suggest 

coprecipitation of Np with schoeptite during irreversible spent fuel alteration. Crystallographic studies 

support compatibility of trace radionuclides in uranyl mineral structures. Calculations show beneficial 

effects of radionuclide coprecipitation on performance of the potential repository at Yucca Mountain 

due to diminished release of radionuclides from the source. The thermodynamic basis for 

coprecipitation as solid solution is well established. Configurational entropy of mixing of trace 

components in the carrier phase provides a thermodynamic potential for coprecipitation. Enthalpic 

effects lead to highly compatible or incompatible coprecipitation. However, strong kinetic effects on the 

distribution of coprecipitant species have-been shown experimentally, and the theoretical basis for these 

effects remains speculative. Some experimental data for coprecipitation with calcite indicate maximum 

incorporation of compatible species at slow growth rates and maximum incorporation of incompatible 

species at high growth rates. This pattern is consistent with the Ostwald step rule of initial formation of 

less stable products. Irreversible thermodynamics dictates that the rate of entropy production during 

irreversible coprecipitation is minimized. Partial molar configurational entropy of mixing is maximal for 

minimal trace concentrations. Relative rates of trace and carrier species coprecipitation can be 

addressed using transition state theory by considering relative concentrations of activated complexes 

governing simultaneous reactions leading to coprecipitation of carrier and coprecipitant species. A 

theoretical understanding of irreversible coprecipitation may improve source term predictions for 

nuclear waste disposal and provide a basis for interpreting a variety of other geochemical phenomena.  
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