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ABSTRACT:  Sequestration of CO2 in saline aquifers involves physically displacing formation brine with a less viscous supercritical CO2 (i.e., main drainage), and subsequent displacement of CO2 by water (i.e., primary imbibition) inside a porous matrix.  Fundamental understanding of interfacial processes that control immiscible CO2 – water displacement can be gained in pore-scale micromodel experiments.  In a previous study, we developed a unique high-pressure micromodel system and demonstrated the unstable displacement of water by liquid CO2 due to the low viscosity ratio (logM = -1.1) in a dual-permeability micromodel (Zhang et al., 2011).  In the current study, we extend our work to investigate both drainage and imbibition processes during supercritical CO2 – brine displacement in micromodels.  Specifically, we investigate the impacts of both fluid properties (e.g., interfacial tension, viscosity) and porous matrix properties (e.g., pore size, permeability contrast) on CO2 trapping mechanisms during primary imbibition.  Fluid saturations as a function of injection rate, temperature and pressure relevant to sequestration conditions are quantified in real-time using fluorescent microscopy.  Results showed unstable displacement of brine by supercritical CO2 resulted in  relatively low CO2 saturations, indicating inefficient displacement. Subsequent stable brine imbibition resulted in even lower residual CO2 saturations.
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