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CO2 storage in basaltic formations has emerged as a promising method for carbon sequestration due to its
rapid mineralization rates, as demonstrated by several projects (e.g., CarbFix in Iceland, Wallula in the USA,
and 44.01 in Oman). This study numerically investigates the efficacy of CO2 solution injection into basalt for-
mations in the Republic of Korea. We implement geochemical reactions for basalt dissolution and carbonate
precipitation, accounting for changes in porosity and permeability. The model’s performance is validated by
comparing core-scale simulation results with experimental data from CO2-ionized water injection into basalt
outcrop samples from Cheorwon and Jeju Island, volcanic regions in Korea. Performance evaluation criteria
include calcite precipitation, porosity, permeability, and pressure changes. Sensitivity analysis examines the
effects of CO2 solution types (i.e., CO2-ionized water vs. CO2-dissolved water) and mineral compositions on
carbon mineralization. Following the core-scale analysis, we conduct field-scale simulations of CO2 solution
injection using geophysical data of basaltic formations near Jeju Island. The field-scale study examines the
contributions of solubility trapping and mineral trapping mechanisms under various storage conditions, in-
cluding depth, temperature, pressure, and fracture density. Furthermore, the effects of CO2 concentration in
the injected fluid are analyzed to identify efficient and secure carbon sequestration strategies that minimize
leakage risks. These modeling and simulation results provide insights into the potential of CO2 storage in
Korean basaltic formations, contributing to the country’s carbon capture and storage initiatives.
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