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Dimensionless Model and Numerical Solution for 1D
Horizontal Spontaneous Imbibition

ZHAO Guozhong
Exploration & Development Institute of Daqing Oilfield Ltd, Daqing 163712; E-mail: zhaoguozh@petrochina.com.cn

Abstract The reservoir parameters affecting imbibition performance are normalized. The dimensionless model
for 1D horizontal spontaneous imbibition in consideration of capillary back pressure is derived. In the model, the
normalized water saturation and dimensionless water pressure are chosen as the primary unknown variables. The
capillary pressure function only appears in one PDE in the model which is convenient to be solved numerically.
The numerical solution can be obtained by the fully implicit and conservative difference scheme with the saturation
function value between two adjacent points to be set on the value at the arithmetic average saturation for the two
points. The solution of this model with relative permeability and capillary pressure curves matching power law is
discussed. The assumption used by prior researchers to obtain the analytical solution for 1D incompressible
spontaneous imbibition problem is pointed out to be only partially applicable for purely countercurrent case. More
numerical results for co-current imbibition cases are also obtained and discussed, and some preliminary cognition
about the variation of imbibition performance along with reservoir parameters is concluded.
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Fig. 2 Water saturation and pressure distribution for co-current imbibition with capillary back pressure
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