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In'the present study, the incompressible flow through highly heterogeneous porous media is modeled by
the Multi-resolution Multi-scale Finite Volume (MrMsFV) method. In order to focus on the effects of
the absolute permeability structure on the accuracy and performance of the MrMsFV method, the single
phase flow is considered and the effects of the gravity and variation of fluid viscosity and density are
ignored. The accuracy of the MrMsFV method is examined by comparing its numerical results with
those of the standard finite volume method. These permeability fields are extracted from the tenth
comparative study problem of the Society of Petroleum Engineering. For the permeability fields in
which the permeability varies smoothly, it is shown that the MrMsFV method produces acceptable
results. On the other hand, the numerical results along with mathematical analyses show that the
MrMsFV method may produce pressure fields with unphysical peaks for channelized permeability
fields. In these cases sufficient conditions for the monotonicity and boundedness of the solution are
violated. In fact, the coarse scale transmissibilities may be computed in such a way that the coefficient
matrix of the coarse scale pressure equation does not become a so-called M-matrix.
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Fig. 1 Coarse (thick solid lines) and quad (thick dashed lines) grids
constructed on top of the given fine grid (dotted lines).
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Fig. 2 Definition of transmissibility between two coarse blocks
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Fig. 3 Coarse-scale fluxes crossing the half faces of a typical coarse
block [13]
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Fig. 4 Coarse-scale flux constructing the transmissibility between two
adjacent coarse cells

Sob 55 3o o @i et b Sy glayls iles 45
oSy elme Zupo

8 o las 16 055 1395 obT . ym e SEiEd WA o



GIPSDS B yuino (A4

Q,IAAU.:»AJ“»4.3J:':l:':iotsl.hh,u_zo)é)unéMé&&@l»ﬂ@))%w@o%égm@‘)bg)é)ﬂac

BT [ [

60 InX: 300 -1.00 1.00 3.00 5.00 7.00 9.00 10.00
3h. ., il

340
B

20

0 EF .

0 50 100 150 200
X(m)

10 &Y (&

T [ |

f) 85" layer

(cnns «Y) 85 0¥ (5

BT [ [

InK: 3.00 1.00 1.00 3.00 500 7.00 9.00 10.00

150 200

a) 1" layer

(GAYL; A.N) 1ay (JJ\

BT T [0

In K- sp0 300 100 1.00 300 500 700 9.00 10.00

e).46" layer

46 Y (o

Fig. 5 Absolute permeability fields in terms of mili-Darcy extracted from different layers of the reservoir introduced in the 10" SPE comparative

study problem.
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Fig. 6 Pressure contours associated with different permeability fields (Tarbert formations) extracted from the 10" SPE comparative study problem.
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Fig. 7 Pressure contours associated with different highly channelized permeability fields extracted from the 10" SPE comparative study problem.
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Table 2 Errors of the MrMsFV method for layers with channelized
structures extracted from the 10" SPE comparative study problem.

Cote 5,8 pé aln shad S s e glhs LA o gl

4y
spiJusl oyl E, E, -
641 57.649 1.553 38
637 91.686 1.745 40
661 106.178 1.112 46
746 16.592 0.918 73
638 110.575 4.029 85
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Table 3 The total number of positive off-diagonal entities in the

transmissibility matrix of the MsFV and MrMsFV methods for different
absolute permeability fields.

MIMsFV g, MsFV s, Y o,leds
131 69 1
108 35 21
641 346 38
637 342 40
661 309 46
746 352 73
638 322 85
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