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Carbon capture, utilization, and storage (CCUS) is expected to play an essential role in global decarbonization.
Safe and efficient storage of CO2 in saline aquifers requires mobility control to prevent CO2 from exposure
and accumulation at the formation top. An effective agent for CO2 mobility control should be carefully tai-
lored with low adsorption in rock surfaces, low injection pressure, and high capacity of carbon storage. Here,
we develop and utilize engineered oligomers at very low concentrations to directly viscosify the sc-CO2 and
demonstrate their effectiveness for improving CO2 storage in saline aquifers with layered formation. We also
present results from X-ray CT imaging to advance the understanding of two-phase CO2-brine flow in layered
cores and firmly establish the transport mechanisms.

X-ray CT imaging of displacement experiments is conducted to quantify the in-situ sc-CO2 saturation spa-
tiotemporally in the brine-saturated porous media with homogeneity and heterogeneity. In neat CO2 injec-
tion, the large mobility contrast between the CO2 and brine results in the channeling of CO2 through the
high permeability zone, leading to an early breakthrough and low brine production. Direct measurement and
in-situ saturation measurement show that there is around 10% difference for cumulative brine production
in neat CO2 injection. The difference between the two is attributed to the solubility of the produced water
in the produced CO-2 at atmospheric pressure which has been neglected in the past. We show that when
the forgotten effect is accounted for, there is a good agreement between direct measurements and in-situ
saturation results. The X-ray imaging demonstrates that the large effect of improved carbon sequestration
is attributed to reduction of residual brine saturation from increase in interfacial elasticity from the addition
of the oligomers. The combination of mobility control and residual brine saturation reduction is expected to
improve CO2 storage in layered formation by effective viscosification at very low concentrations of oligomers.
We also develop a model coupled with hydrodynamics and thermodynamics to compare, identify and analyze
with the experimental observations from X-ray CT imaging. The model sheds light on understanding the CO2
flow in saline aquifers.
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