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Abstract 

This study employed a sophisticated 3-D numerical model, TOUGH2/ECO2N, to 

examine the intricacies of fluid exchange resulting from CO2 leakage along activated 

faults. The primary focus was on understanding the interactions among CO2, brine, and 

freshwater. Notably, the study revealed a significant fluid exchange process, primarily 

involving the transfer of CO2 and freshwater from fault A to fault B. This research 

underscores the benefits of strategically positioned pump wells, particularly in the 

presence of two major faults. Furthermore, it conducted a parametric analysis to gauge 

the impact of fault permeability, saline aquifer permeability, and fault width on fluid 

exchange, with a specific focus on leakage rates and the volumes of CO2 and freshwater 

via fault A and fault B. The results show that increasing the permeability of both the 

fault and the saline aquifer leads to higher leakage rates and larger amounts of CO2 and 

freshwater. Additionally, the width of the fault, particularly when located farther from 

the injection well, exerts a more substantial influence on the leakage rates and quantities 

of CO2 and freshwater compared to the width of the fault near the injection well. In 

essence, this investigation offers valuable insights for enhancing the safety and 

efficiency of CO2 geological storage.  
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