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Abstract

Scaling analysis of fluid displacement in porous media is a reliable, fast method to
evaluate the displacement performance of different oil production processes under
various conditions. This paper presents the scaling studies of multiphase fluid flow
through permeable media with a special attention to the three-phase immiscible
water alternating gas (WAG) flooding under conditions prevailing in many oil
reservoirs. The investigations are performed on a heterogeneous reservoir to study
in detail the sensitivity of the displacement process to the scaling groups using
various combinations of the process controlling parameters. The procedure of
Inspectional analysis (IA) was utilized to determine dimensionless scaling groups
that characterize the flow. Based on the IA method, the scaling of immiscible
three-phase displacement in a heterogeneous medium needs matching of eight
dimensionless groups along with four heterogeneity scaling groups. A series of
numerical sensitivity analysis were conducted to determine the magnitude of the
scaling groups and to reveal their interaction with the recovery efficiency. The
sensitivity analysis indicated that 9 dimensionless groups were essential for
scaling immiscible WAG displacement. The scaling groups are used as the input
parameters to develop an artificial neural network (ANN) prediction model. The

metaheuristics Ant Colony Optimization (ACO) algorithm was combined with a
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