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Pore-by-pore investigation of multiphase flow
characteristics using dynamic micro-computed
tomography

Multiphase flow has a wide range of applications in geoscience and engineering, including groundwater reme-
diation and Carbon Capture and Storage (CSS). Recent developments in synchrotron (Berg et al., 2013) and lab
based X-ray micro tomography (mCT) (Bultreys et al., 2016) have allowed to image multiphase flow in rock
samples in near real time. While this has shed more light on the pore-scale dynamics, an all-encompassing
theory which bridges the physics at this scale to the Darcy scale is still lacking. A crucial missing link is an
empirical understanding of the evolution of the fluid distribution based on an appropriate measurement of
the local pore geometry and wettability. Previous work which assessed the experimental repeatability of fluid
distributions suggests that this should be approached in a stochastic framework (Bultreys et al., 2018).

In this work, we address this problem by analyzing unsteady state displacements of brine by n-decane in
porous samples (sintered glass). This process was continually imaged using an in-house developed mCT
scanner (EMCT, (Bultreys et al., 2016)) with a high temporal resolution (between 12 s and 90 s acquisition time).
The fluid distribution during the experiment was measured on a pore-by-pore basis. Contact angles and fluid-
fluid interfacial curvatures of the non-wetting phase (AlRatrout et al., 2017) were tracked over time and linked
to the geometrical descriptors and fluid invasion of the associated pores and throats. Finally, the non-wetting
phase Euler characteristic was investigated. Special attention was given to the impact of the reduced signal-to-
noise ratio which is commonly associated with fast imaging on the image analysis methodology proposed here.
Follow-up experiments will be targeted at a similar analysis of imbibition and at the validation of pore-scale
simulations of multi-phase flow.
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