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(34) Numerical Simulation
of the Reservoir with Highly-Developed Geological Complexity
Using 3-dimensional, 3-phase FDM Simulator

Hiroyuki Tosaka , Keiji Kojima
The University of Tokyo

In numerical simulation of subsurface fluid flow , geological complexity of the objective
field , which is represented by the variation of permeability due to the coexistence of
primary heterogeneity ( we use this term for referring to the variation caused by facies change
and inner-facies variation caused by local sedimentological environment ) and secondary hetero-
geneity ( we use the term for referring to faults , fractures and joints ) , should be appro-
priately accounted in geological modelling in order to get a meaningful results.

The secondary heterogeneity , characterized by strong directionality and discontinuity
diversifies the fluid flow along its inherent direction which 1is irregular in most of the
cases. Because of this fact , geological modelling in numerical simulation becomes much more
difficult for secondary heterogeneity than for primary heterogeneity. It is serious especially
for FDM simulator which has been used for transient and static analysis of compressible , multi-
phase fluid flow in porous media , hecause of its presumed regularity of connections among
discretised grids , as 5-point finite difference scheme for 2-D or 7-point for 3-D

For the purpose of enhancing FDM applicability in treating secondary heterogeneity , the
authors introduced two additional flow terms to augment the freedom of flow directions , that is
diagonal-neighbouring connection ( it is identical with 9-point formulation for 2-D ¢V’ ¢ and
when extended 3-D , it becomes up to 27-point formulation ) and non-neighbouring connection to
describe direct and muitiple contacts among grids through fault.

Introduced terms are assembled in 3-D ,3-P fully-implicit petroleum reservoir simulator,with
special matrix solver devised for them.

Test runs were made to check the validity of the method on 2-D fault problem and fracture
-network problem as shown in this paper.

The authors believe that the FDM simulator introduced here is useful for straightforward
modelling of subsurface geology with primary and secondary heterogeneity , specifically for 3-D

multi-phase problem with such geology.
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