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Laboratory scale investigation of CO2 flow
mechanisms across clay-rich caprock
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Carbon capture and geologic storage, mainly in deep saline aquifers, is extensively considered  as an essential
component of any strategy to achieve carbon neutrality and effectively mitigate  climate change. At pres-
sure and temperature conditions relevant to CO2 storage in sedimentary  formations, CO2 is less dense than
the resident brine and tends to float, threatening the long- term storage operations [1]. Therefore, successful
deployment of geologic CO2 storage relies  on ensuring the sealing capacity of caprock overlying the host for-
mation. Bringing together  experimental methods and a numerical interpretation scheme, we aim at shedding
light on the  processes governing CO2 intrusion and flow through low-permeability shaly caprock. We  per-
form CO2 injection experiments on Opalinus Clay samples retrieved from the Mont Terri  underground rock
laboratory in Switzerland. Two types of Opalinus Clay are examined: intact  shaly specimen, representing
an ideal caprock for CO2 storage, and remolded shale,  representing the potential shear zone in the caprock
[2]. The latter is found to possess higher  intrinsic permeability and lower capillary entry pressure than intact
rock. We parameterize a  two-phase flow model in deformable porous media using appropriate hydromechan-
ical  properties and replicate experimental observations. Simulation results highlight three  concomitant flow
mechanisms: molecular diffusion of CO2, bulk volumetric advection of CO2,  and brine advection transporting
dissolved CO2. The bulk CO2 intrusion is confined to the  lowermost portion of the specimen and remains un-
able to trigger an effective increase in the  relative permeability of CO2. Therefore, advective CO2 migration
is minor. We conclude that  rapid capillary breakthrough of CO2 is unlikely to take place and compromise
the sealing  capacity of nonfractured caprock. The relatively slow diffusive flow appears to purely  dominate
leakage in the long term. Yet, diffusive CO2 leakage may occur over geological time  scales and have to be
assessed in field-scale tests and through numerical simulations. 
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