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Abstract

Counter-current spontaneous imbibition (SI), in which water and oil flow through the same face in
opposite directions, is known as one of the most significant oil recovery mechanisms in naturally
fractured reservoirs; however, this mechanism has not received much attention. Understanding the
dynamic of water-oil displacement during counter-current Sl is very challenging because of
simultaneous impacts of multiple factors including geometry complexity and heterogeneity of
naturally fractured reservoir materials, This study investigates the effects of wettability, fracture
aperture and interfacial tension during counter-current S at pore-scale, the obtained results showed
that the wettability of the porous medium changed from a neutral state to a highly hydrophilic state,
and it was observed that for contact angles higher than 60 degrees, It was observed that the water
mass imbibed into the matrix block varies linearly with time before the water front meets the outlet,
which is captured for the first time in a numerical study. Also, It is revealed that increasing the fracture
aperture reduces water breakthrough time and oil recovery, known as “filling fracture” regime, The
developed model can be used as a basis for phase-field counter-current simulations and would be
useful to study the qualitative and quantitative nature of this phenomenon.
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