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Abstract 

 

Geological storage of carbon dioxide (CO2) in deep saline aquifers is a promising strategy for mitigating climate change. The effectiveness of 

CO2 sequestration depends on multiple trapping mechanisms, including structural, residual, solubility, and mineral trapping. However, 

pressure buildup during injection poses challenges, potentially leading to reduced injectivity and integrity risks. This study employs numerical 

simulations to assess CO2 injection, trapping behavior, and geochemical interactions within the Rio Bonito Formation, Brazil. A compositional 

reservoir model was developed using well log data to simulate multiphase flow and geochemical reactions during CO2 injection. The model 

applies Land’s hysteresis model to characterize residual trapping. CO2 solubility was modeled using a vapor-liquid equilibrium approach, 

incorporating Peng-Robinson’s equation of state and Henry’s law. A kinetic mineral reaction model was implemented to quantify CO2 

mineralization processes over time. The geochemical model incorporated five key minerals—Quartz (SiO2), K-feldspar (KAlSi3O8), Anorthite 

(CaAl2Si2O8), Calcite (CaCO3), and Kaolinite (Al2Si2O5(OH)4)—to evaluate their interactions with injected CO2. The simulation 

incorporated a single injection well and a production well for brine extraction to mitigate pressure buildup. The injection scheme followed a 

cyclic Water-Alternating-Gas (WAG) pattern to enhance CO2 dissolution and residual trapping. The simulation results highlight key dynamics 

of CO2 injection, trapping mechanisms, and mineral reactions within the Rio Bonito Formation. The CO2 injection rate follows a cyclic 

pattern, ultimately leading to early cessation before the intended 20-year period. This underscores the need for pressure management 

techniques, such as brine extraction, to extend the injection lifespan. Regarding CO2 trapping mechanisms, the study shows that structural 

trapping dominates initially due to cap-rock integrity, ensuring the containment of a significant portion of injected CO2. Residual trapping, 

where CO2 is immobilized in pore spaces by capillary forces, provides additional security, while solubility trapping—where CO2 dissolves 

into formation water—plays a smaller but crucial long-term role. WAG injection enhances CO2 storage security by increasing dissolved and 

residual trapping while reducing structural trapping. It also mitigates gravity override, preventing vertical CO2 migration and lowering leakage 

risks, making it a safer and more effective sequestration approach. Mineral trapping is observed to increase gradually over time, reinforcing its 

role as a permanent CO2 sequestration pathway. Initially, feldspar (K-feldspar and anorthite) undergoes dissolution, releasing ions that promote 

the precipitation of calcite, a stable carbonate. Kaolinite formation increases, while quartz remains relatively stable. These mineral 

transformations indicate that, although mineral trapping is the most secure form of CO2 storage, it occurs over extended geological timescales, 

necessitating complementary trapping mechanisms for medium-term containment. This study provides a comprehensive analysis of CO2 

storage mechanisms under realistic reservoir conditions, integrating multiphase flow, geochemical reactions, and pressure management 

strategies. The findings underscore the importance of pressure control measures such as brine extraction to extend injection lifespan while 

enhancing solubility and mineral trapping. 


