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The analysis of radionuclide migration is crucial for the accurate safety assessment of high-level radioactive waste (HLW) repository. Previous studies showed that the migration of the radionuclide can be affected by various physical and chemical processes, such as groundwater flow, heat transfer, sorption/desorption and, precipitation/dissolution. Therefore, a coupled Thermal-Hydrological-Chemical (THC) model is required to accurately simulate the radionuclide migration near the HLW repository. In this study, COMSOL-PHREEQC coupled model was used to simulate the radionuclide migration. In the model, groundwater flow, heat transfer, and non-reactive solute transport were calculated by COMSOL, and geo-chemical reaction was calculated by PHREEQC. Sorption was primarily considered as geo-chemical reaction in the model, using the concept of cation exchange (CE), multisite-cation exchange (MCE), and two-site protolysis nonelctrostatic surface complexation and cation exchange (2 SP NE SC/CE). A modified operator splitting method was used to couple the results of COMSOL and PHREEQC. Three benchmarks were done to assess the accuracy of the model. PHREEQC transport and cation exchange model, cesium column transport experiment done by Steefel et al., (2002), and the batch sorption experiment done by Fernandes et al., (2012), and Bradbury and Baeyens, (2009). Three benchmark results showed reliable matching with results from the previous studies. After the validation, uranium 1D transport simulation on arbitrary porewater condition was conducted. From the results, the evolution of the uranium front with sequentially saturating sites was observed. For further study, 2 main tasks were proposed. First, precipitation/dissolution will be added to the reaction part. Second, The modeling range will be expended to fractured granite zone in 2D or 3D model.
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