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Dissolution trapping is one of the mechanisms that contributes to stable storage of carbon dioxide (CO2) in
deep geologic formations with brine. Basic to the process is the supercritical CO2 (scCO2) dissolving in the
formation brine and the subsequent mixing of dissolved CO2 and brine in the deeper zones of the formation.
In most conceptual models, it is assumed that the mixing is controlled by convection of the heavier solute
moving vertically as unstable fingers. In our previous work, we have shown that presence of heterogeneity in
the formation disrupts the convective fingers and thus affecting the effective mixing rates. In one of our pre-
vious studies that used field-scale modeling, we highlighted two key mechanisms, i.e. convective mixing and
diffusion controlled trapping, contributing to dissolution trapping in multilayered systems with homogeneous
low-permeability layers (e.g. shales). However, these low-permeability layers are not always homogeneous
due to their composition and texture variations in addition to the presence of faults, fractures and fissures.
The purpose of this study is to investigate the potential outcomes of heterogeneity present within these semi-
confining low-permeability layers in regards to mixing and storage of dissolved CO2. An intermediate-scale
laboratory experiment representing a multilayer system with a heterogeneous low-permeability layer was de-
signed to investigate the contribution of convective mixing, diffusion controlled trapping and back diffusion
to long-term storage of dissolved CO2. The experiment was performed using a surrogate fluid combination,
NaBr solution and water, to represent dissolved CO2 and brine, respectively, under ambient pressure and
temperature conditions. In order to investigate the observed mechanisms in detail for the different distribu-
tions of the same low-permeability materials having similar volume ratios with the experimentally studied
scenario, first the numerical model was verified with the experimental results. Then, several heterogeneous
low-permeability layer scenarios were tested numerically. The experimental andmodeling results showed that
connectivity of higher permeability material within the semi-confining low-permeability layers contributes
to mixing through brine leakage between upper and lower aquifers, storage through diffusion, and in the long
term, back diffusion of stored mass due to reversed concentration gradients.
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