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Abstract 

 

Shale formations have become promising candidates for forming geological barriers for well plug and abandonment (P&A) due to their low 

permeability, creep/swelling capacity, and self-sealing properties. Repurposed reservoirs for carbon dioxide (CO2) storage may have shales as 

caprock or include abandoned wells that benefited from shale formations acting as barriers. Considering the current trends to reduce CO2 

emissions, shales are also candidates for CO2 geological storage due to their wide geographic distribution and enormous storage potential. 

However, the acceptance shales acting as barriers for well abandonment and as host for CO2 storage demands understanding the coupled 

processes of reactive transport, mineral alteration, and swelling behavior of these formations in contact with CO2. If shale is a barrier of an 

abandoned well or a caprock of a CO2 storage reservoir, this formation must ensure adequate short- and long-term integrity and tightness. 

Hence, there is a strategic link between P&A and carbon capture, utilization, and storage (CCUS) areas in applications involving CO2 

injection, wells, and reservoirs. In the context of CO2 storage, shale formations experience sorption-induced swelling, which significantly 

increases matrix volume, generating damage zones which may affect long-term containment. Reactive transport modeling in saline 

environments has demonstrated significant mineralogical transformations, where the clay surface undergoes ion exchange with Ca2+ and K+ 

from porewater, leading to changes in swelling capacity and permeability over thousands of years. The wettability is one of the main 

parameters controlling the CO2 injection capacity and CO2 plume movement, affecting long-term CO2 storage safety. Long-term CO2-brine-

shale interactions affect wettability, with supercritical CO2 (ScCO2) exposure reducing water-wet properties, potentially increasing leakage 

risks. Furthermore, models incorporating adsorption, dissolution, slip flow, and diffusion mechanisms reveal that clay minerals and fractures in 

shale formations play key roles in controlling the capacity to retain CO2. This study proposes an integrated workflow for geochemical, 

petrophysics, and reactive transport modeling approaches to predict the shale behavior better when in contact with CO2, evaluating the 

formation’s long-term sealing capacity and the environmental safety. The methodology includes mineralogical characterization, formation 

water chemistry, CO2 injection conditions, ion exchange reactions, and sensitivity analysis to assess pH evolution, permeability changes, and 

potential leakage risks. Insights from CO2 storage in shales, also applicable to the context of these formations as geological barriers for well 

abandonment, are presented. 


