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RADIOISOTOPE FRACTIONATION AND SECULAR DISEQUILIBRIUM IN
PERFORMANCE ASSESSMENT

William M. Murphy, Department of Geosciences, California State University, Chico, CA
95929-0205

David A. Pickett, Center for Nuclear Waste Regulatory Analyses (CNWRA), Southwest
Research Institute, San Antonio, TX 78238-5166

Radioisotopes of actinides and their decay products are fractionated in natural
geochemical systems and in chemical processes associated with geologic disposal of
nuclear waste. Two potential applications of isotope fractionation and decay-series
disequilibrium in performance assessment for geologic repositories for nuclear waste are
preferential radionuclide release and characterization of system closure. Systems that are
closed on time scales that are long relative to the half-lives of decay chain nuclides
achieve secular equilibrium, characterized by unit activity ratios among nuclides. Natural
systems are commonly out of secular equilibrium. For example, U-234/U-238 activity
ratios in groundwaters reach values of 5 to 10. A primary mechanism is selective release
and mobility of alpha decay products because of nuclear recoil effects. Preferential
release of radioisotopes from nuclear waste forms or solubility limiting solid phases
could affect repository performance; however, consequences of differential radioisotope
release have not been regarded previously in performance assessments. For example, in
DOE TSPA-SR performance assessment calculations for the proposed repository at
Yucca Mountain, Pu-239 is a major dose contributor at times greater than 50,000 years. If
Pu-239 were released preferentially to other Pu isotopes, dose could be affected. Another
possible application arises from the usefulness of decay-series disequilibrium to
characterize open-system behavior in natural systems. For geologic disposal of nuclear
waste, a criterion focused on chemical system closure could capture the essential
performance feature of the natural system with respect to radionuclide transport and
could be based quantitatively on uranium and thorium decay series isotope
equilibria/disequilibria.
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