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Initial saturation in vertical slice

Upscaling flow driven by gravity and capillary forces
subjected to capillary heterogeneity effects
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UPSCALING METHOD

Governing equations:
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Pnw — Pw — Pc(Sw)

k upscaling formula:
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(a) Fine-scale domain (25 x 25 x 50)

(b) Upscaled domain (5 x 5 x 10)
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Table 1 Entry Pressure Trapping Layer
Simulation cases considered in this work.
Case Initial saturation Permeability Reusing optimized variables for different k realizations:
< . ni - * . . .
1 Bottom injection, (S¢p,) = 0.1 Isotropic . PC curves from case 1 are used in all 10 coarse simulations
2 Top injection, (S&j ) = 0.28 [sotropic . . . .
N , * Speedup: fine scale simulations - 8 hours, opt upscaling - 2 hours
3 Top injection, (S5, ) = 0.39 Isotropic
4 Top injection, (S&j, ) = 0.53 [sotropic 0.4 (@ 016 (b) 016 (c)
. . . = s . 10 realizations
> Top injection, (S¢p,) = 0.64 Isotropic 0.22 - 10 realizations |
6 Bottom injection, (St ) = 0.05 [sotropic 0 Ereorntle moan || e
. . . ' (Fine scale)
7 Bottom injection, (S&, ) = 0.17 [sotropic /;I)N 018 Ll bl
8 Bottom injection, (S¢, ) = 0.1 Anisotropic go 016
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CONCLUSIONS

Conventional upscaling methods fail to reproduce fine-
grid simulations of gravity-capillary driven flow

New upscaling method is based on effective property
formula, power law averaging and optimization
Optimization upscaled P, shown to accurately model
entry pressure trapping

Computational time is reduced when upscaled P, is
reused in different k realizations




