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ABSTRACT: 
The connectivity of fluids within a multi-fluid porous medium is of interest for many applications including  CO2 storage, where trapping of CO2 is a positive outcome, and enhanced oil recovery, where the objective is to reduce the amount of trapped oil. In addition to the mass that is trapped, the existence of trapped regions also affects the flow dynamics of the connected phases through reductions in permeability.  Further, the connectivity of fluids has been identified as an important contribution to hysteresis in relative permeability and the capillary pressure saturation relationships.

Several different models exist to describe how the connectivity changes as a porous medium is drained or imbibed. Those models are based on experimental data or pore-network model results, and they typically focus on the final residual saturations, given a specific turning point saturation.  Here, we use a quasi-static pore-network model to study the trajectories from the turning point to the final residual saturation, to observe how the fluid becomes trapped as the saturation changes. In contrast to most of the models, we find a strong hysteretic behavior in the relationship between disconnected nonwetting fluid saturation and the wetting fluid saturation. Furthermore, a bifurcation in trapping is observed that depends on both the connectivity of the nonwetting phase at initial conditions of drainage and the pore geometry. The impact of these pore-network model results on existing macroscopic models is discussed.
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