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In the systems of CO2 geological storage, 
fractures are extremely important features because 
they dominate fluid migration and solute transport, 
particularly in the caprocks. Moreover, because the 
introduction of CO2 reduces the pH of the native 
brine and forces the initial system out of equilibrium, 
CO2-water-rock interactions can result in substantial 
mineral dissolution/precipitation that may alter 
fracture geometries. Changes in fracture apertures 
and near fracture regions will affect fluid flow, 
fracture surface wettability, solute transport and 
geochemical reactions, as well as the geomechanical 
properties of the fractures.  

In this study, we use reactive transport models to 
simulate fracture alteration in the context of CO2 
geological storage, with the goal of providing 
fundamental understandings of the alteration of near 
fracture regions and the conditions required for 
fracture enhancement and fracture closure. The 
alteration of the near fracture region can arise from 
the presence of minerals with substantially different 
reaction rates, or under conditions where diffusion 
between the fracture and the rock matrix dominates, 
such as for the residual brine in the fractures after 
invasion of scCO2. The novel 2D continuum model 
we developed captures the evolution of the altered 
layer, and demonstrates that the altered layer can 
serve as a diffusion barrier that limits further 
reactions. In addition, the output of the model 
provides critical information, such as the thickness 
and spatial distribution of the altered layer, for 
geomechanical models to account for the impact of 
the altered layer on the geomechanical properties of 
the fractures. While geomechanical forces can cause 
deformation or decohesion at contact points and 
fracture closure, mineral precipitation, controlled by 
mineralogical compositions, flow conditions and 
surface roughness, may also result in sealing of 
fractures. For instance, our simulation results show 
precipitation in the low flow regions in a carbonate 
rich shale fracture, which leads to reduction of the 
overall fracture permeability.    


