Radionuclide Transport Modeling for U(VI) along Excavation-Damaged Zone Considering Bentonite Extrusion
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High-Level radioactive Waste (HLW) is typically managed via deep geological disposal, a process that entails isolation of HLW within a stable geologic formation. To ensure the long-term safety of the disposal process, a multi-barrier system is widely employed to prevent the leakage of radionuclides, such as U(VI). One of the factors that can compromise the long-term safety of the barrier is a Excavation-Damaged Zone (EDZ), which is a fractured zone generated around excavation area during construction process of the disposal facility.
Within the EDZ, the fracture network can serve as a pathway for groundwater infiltration to the facility. According to several research, when the bentonite contacts groundwater, there is a possibility of bentonite extrusion into the fracture network due to the volume expansion. In this case, U(VI) can be adsorbed to the surface of the extruded bentonite. Therefore, considering bentonite extrusion is crucial for evaluating behavior of U(VI) along the fracture network. To simulate this, coupled hydro-geochemical modeling was conducted progressively changing extrusion length of the bentonite. The model consists of both COMSOL Multiphysics, used to simulate U(VI) transport, and PHREEQC, employed to calculate adsorption of the U(VI) on the surface of the extruded bentonite.
 According to the results, U(VI) was transported preferentially through highly connected fractures, facilitated by the rapid flow of groundwater. Along the preferential pathway, the behavior and retardation of U(VI) exhibited significant changes depending on the extrusion length of the bentonite. As the length of the extrusion length increases, there is a corresponding increase in the amount of U(VI) adsorption. These results indicate that property changes of EDZ have a significant effect on the behavior of U(VI). In further studies, investigations will be conducted to examine the changes in preferential pathways by varying distribution of fractures and connectivity.
