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Abstract
Radionuclide migration is a key factor in deep geological repository safety assessment, requiring multiphysics analysis of coupled thermal-hydraulic-chemical processes. Using the multiphysics framework MOOSE, a migration model coupling advection-dispersion with sorption retardation and decay was developed and linked to the in-house code HADESNU, receiving its temperature and saturation fields.
The model was applied to the Korean reference disposal system, for a 40-year-cooled PWR spent-fuel canister over a multi-barrier domain for 100,000 years. Upon canister failure, release was split into congruent release from UO2 dissolution (with radiolytic H2O2) and instant release from gaps and grain boundaries. Uranium and I-129, contrasting in sorption and instant-release fraction, were compared: uranium showed delayed migration, whereas I-129 migrated rapidly with negligible sorption. The model reproduced these behaviors, offering a modular basis extendable to other nuclides and processes.
