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Multiphase relaxation processes at the µm-to-cm
scale during storage of gases in rocks
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The interaction of gases and liquids in the subsurface has become highly relevant as subsurface carbon dioxide
sequestration and hydrogen storage have been identified as key technologies to abate climate change. Gas
mobility is affected by capillary trapping[1], dissolution[2] and Ostwald ripening[3], as well as the capillary
relaxation of the fluid/gas system, with important consequences for gas storage applications.

These processes can occur simultaneously within natural porous media and each have their own characteris-
tic time and length scales. The time and length scales over which fluids relax to capillary equilibrium within
geological porous media are poorly understood[4], particularly in the presence of small-scale capillary hetero-
geneity[5]. It is hence unproven whether a sufficient separation of scales exists between capillary relaxation
and trapping, gas dissolution and Ostwald ripening to model these processes independently.

In this work, we investigated the coupled relaxation processes at the pore scale in a 25 x 45 mm Bentheimer
sandstone sample, using the HECTOR micro-CT scanner at UGCT[6] to image the pore space at 10 µm resolu-
tion. Using a sample that was one order of magnitude larger than typically used in pore-scale investigations
made it possible to study the effect of length scales where viscous forces and capillary heterogeneity come
into play. We conducted core floods with post-drainage and post-imbibition relaxation, using nitrogen (as
model carbon dioxide/hydrogen) and KI brine at a pore pressure of 50 bar. After each fluid invasion, the
sample was isolated and maintained at a constant pressure. Preliminary results reveal significant differences
between the relaxation processes after drainage and imbibition. Following drainage, the system appears to
reach equilibrium almost instantly, with no visible changes in the fluid distribution being observed over the
course of several hours. This is in stark contrast with the observations made during imbibition, where the
system continues to change even 18 hours after imbibition is stopped.

Understanding relaxation, and all the processes associated with it, has implications for storage security and
efficiency during carbon dioxide sequestration and subsurface energy storage.
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