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Accurate representation of geometry has the first order influence on multiphase fluid flow
in porous media (and more) on all relevant scales. On the micron to millimeter scale,
complex void space features are notorious for dictating macroscopic fluid flow due to
dominant capillary forces.

Recent advances in non-destructive imaging techniques, such as X-ray computed
tomography (CT), as well as the computational and mathematical analysis of the images
has made it possible to look into both the pore scale geometry of various porous samples
and the geometry of fluids/phases that fill the pore spaces. One thus needs to have both
the tools to analyze CT images and the numerical methods to use them (directly or in a
statistical sense) to predict flow properties of interest. This feedback loop between
imaging and modeling that is true to the original porous medium geometry is typically
referred to as the digital rock core laboratory framework.

I will present a specific example of this framework that uses both image analysis of
experiments and capillarity dominated flow modeling for computation of interfacial areas
and contact lines during immiscible fluid displacement cycles (drainage and imbibition)
in porous materials. Competing theories are trying to discuss the contribution of straining
of colloids in subsurface at the air-water-solid (AWS) contact line vs. air-water and
water-solid interfacial areas, but quantifying these contributions is a work in progress.
We develop a computational method based on level set functions to identify and quantify
the AWS contact line (in general the non-wetting-wetting-solid contact line) in any
porous material. This is the first comprehensive report on contact line measurement for
fluid configurations from both level-set method based fluid displacement simulation and
imaged experiments.
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