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Subsurface CO2 storage is a means to limit emissions to the atmosphere and global warming. Residual trap-
ping, which occurs when brine invades the pore space occupied by the migrating CO2 plume and creates
disconnected CO2 ganglia, is one of the mechanisms by which significant amounts of CO2 can be stored
safely in the subsurface [1]. Experiments on rock samples show that larger amounts of CO2 can be residually
trapped in the presence of both oil and water [2], suggesting depleted hydrocarbon reservoirs are suitable
sites for CO2 storage. However, reservoir conditions and fluid compositions vary widely, leading to different
three-phase displacement mechanisms and residual trapping from miscible to immiscible conditions. Further,
mass transfer between phases may change the amount of residually trapped CO2 over time.

A residually trapped gas-bubble distribution will undergo mass exchanges through Ostwald ripening. It is a
process that leads to mass transfer from bubbles having a higher chemical potential to bubbles with a lower
chemical potential. Our previous study on three-phase ripening [3] has highlighted that the ripening of
gas bubbles in the presence of oil and water can lead to different residual gas volumes in the two liquids
and different order of bubble loss during evolution. In this work, we will analyse the impact of partial gas
miscibility on ripening evolution.

This study uses a chemical-potential difference and level-set based methodology [3-5] that calculates mass
transfer between bubbles through diffusion paths in oil and water and across oil/water interfaces. We use the
Peng-Robinson equation of state to calculate gas bubble fugacity at reservoir conditions. We perform simu-
lations on different idealised 2D homogeneous and heterogeneous porous media. In the 2D heterogeneous
medium, we simulate oil-water-gas-water invasion cycles to generate residual phase volumes. We also use
3D pore-space images of a water-wet sandstone to simulate Ostwald ripening in near-miscible conditions on
residual three-phase fluid configurations with isolated oil and gas ganglia obtained after a water-alternate-
gas invasion cycle. We quantified the evolution of pressure, volume, surface area, and the number of residual
bubbles, for different initial fluid distributions and saturations.

Our results show that the gas-liquid interfacial tensions, gas-liquid contact angles, and oil-water capillary
pressures determine the residual gas bubble sizes in each liquid phase. Specifically, we find that the equilibrium
volume of bubbles in the oil phase, as well as the range of bubble volumes in oil and water, are smaller for near-
miscible conditions than for immiscible conditions. This decrease is due to larger gas-liquid contact angles
in the near-miscible case creating smaller gas bubble pressure differences and less mass transfer (and lower
mass transfer rate) even though the ratio of gas-water to gas-oil interfacial tensions increases with partial
miscibility. During fluid redistribution, we also identify cases where the bubble coarsening leads to capillary
instabilities and three-phase double displacements (e.g., oil displaces a gas bubble that displaces water), which
can lead to lower residual gas trapping.
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