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Microfluidic Observations and Pore-Scale
Simulations of Fluid Displacement and Capillary
Trapping Under Intermediate-Wet Conditions

Content
Capillary trapping (also known as residual trapping) which leads to the immobilization and isolation of fluid
ganglia in porous media is common to many subsurface engineering applications, including carbon dioxide
(CO2) sequestration. Capillary trapping is highly desirable and of great importance in CO2 sequestration
applications as the trapping of super-critical CO2 in the interstitial spaces of porous rocks inhibits plume
migration and enhances storage safety and capacity(1)(2). Capillary trapping can contribute up to 40% of the
overall CO2 trapping in the first 100 years post injection (3) and is strongly influenced by the wettability of
the porous medium (1)(4).

Capillary trapping of CO2 has been studied extensively in water-wet systems, mostly sandstone reservoirs,
however this trapping mechanism has not been thoroughly investigated for intermediate and oil-wet reser-
voirs in which pore-scale capillary forces related to the fluid displacement process would undoubtedly be
different from that of water-wet systems (5).

Likewise, in this study the intrinsically water-wetting surfaces of micromodels, manufactured from glass
plates (6), were chemically altered to mimic intermediate-wet reservoir conditions through the use of sur-
face modification agents. Imbibition experiments were conducted using two analogue CO2-brine fluid pairs;
deionized (DI) water and n-decane as well as DI water and air. The fluid displacement mechanisms associated
with the imbibition processes were investigated and residual fluid saturations for different porous structures
were quantified. Pore-scale simulations were also conducted using the Volume of Fluid method in OpenFOAM
(7). Results from the micromodel experiments were used to validate the simulation results. Fluid displacement
at intermediate wettability was compared with water-wet conditions.

This work shows that fluid displacement during the imbibition process under intermediate-wet conditions
occurs through a series of cooperative pore-filling events. The type (isolated, throat, cross linked or dead end)
and size of pores present in the porous structure was found to have a great influence on residual trapping
under intermediate-wet conditions. The presence of dead-end pores promoted residual trapping of the non-
wetting fluid. The combination of these experimental and simulation studies provides a unique insight to
multiphase flow at intermediate wet conditions.
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