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Abstract

The simulation of a subsurface environment is essential in conducting a comprehensive long-term safety assessment of a high-level radioactive waste (HLW) repository. To accurately evaluate the safety assessment, it is important to consider multiple physical and chemical processes, as well as their interactions. It is widely recognized that thermal, hydrological, mechanical, and chemical (THMC) processes are the most significant factors to consider when simulating subsurface environments. Consequently, a series of studies have been conducted to solve these multi-physics problems using various software such as PHREEQC, HP1, CRUNCHFLOW, TOUGHREACT, and PFLOTRAN. However the use of these software has limitations in specific cases due to their lack of flexibility and user-friendly interfaces. 
This paper introduces a new modeling scheme that couples two discrete simulation programs, COMSOL Multiphysics and PHREEQC. COMSOL was used to simulate thermal, hydrological, and conservative chemical transport, while the PHREEQC 	was used for chemical reactions. The coupling between two software was achieved by utilizing the operator-splitting method through Java-API (Strang, 1968). In order to verify the presented model, the authors simulated a 1-dimensional chemical transport problem which considered hydrological, and chemical reactions by presented model, and PHREEQC, a widely used software in the field of reactive transport. The pH, pe, and concentration of components from presented model were in good agreement with those obtained using PHREEQC. After the verification, a 3-dimensional HLW repository model was conducted, considering thermal, hydrological, and chemical processes. The results demonstrated that the presented model effectively reflected the interactions between processes, such as the effect of temperature and saturation on chemical reaction.
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