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Brine drying and salt precipitation in porous media:
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Deep saline aquifers are promising CO2 geological sequestration sites with wide distribution and large storage
capacity. Pilot projects have shown that the injection of CO2 into saline aquifers can lead to brine drying and
salt precipitation, and eventually injectivity reduction. The interplay between gas injection, brine drying and
salt precipitation determines the distribution of resulted salt crystals thus the impact on injectivity reduction.
This dynamic process is influenced by rock properties (e.g., pore heterogeneity, surface wettability), initial
salt concentration, gas injection rate, drying condition, etc. Laboratory experiments lead to inconsistent
conclusions about these controlling factors, which indicates the lack of understanding of the mechanisms
involved and hinders our prediction capability. Particularly, the pore heterogeneity and wettability of natural
rock samples vary largely from site to site, and their impact on this dynamics process requires more detailed
investigations. This study implements microfluidics to characterize pore-scale dynamics of brine drying and
salt precipitation. We fabricate radial flow microfluidic chips with varying pore-space heterogeneity and
surface wettability. A digital microscope records air invasion, brine drying and salt precipitation processes,
while a pressure sensor monitors the injection pressure. We adopt a deep learning algorithm to automatically
segment different phases, i.e., air, brine and salt crystals, in pore channels, which enables quantifying drying
and precipitation rates and the evolution of brine clusters and salt crystals. Preliminary results indicate that
pore heterogeneity determines the distribution of residual brine, i.e., increasing pore heterogeneity leads to
more residual brine and salt precipitation. Also, the capillary backflow in hydrophobic chips significantly
increases the accumulation of ions and salt precipitation near the drying front. In contrast, capillary backflow
is absent after gas breakthrough in the hydrophobic chip, which results in the least amount of salt precipitation
at the drying front. The quantitative results enable further statistical analyses on the evolution of brine cluster
and salt crystals and their dependence on pore heterogeneity and surface wettability.
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