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Introduction

* Model parameters: o, kK, k, p,

 Upscaling: fine-scale (heterogeneous) - coarse-scale (homogeneous)

Injector P1




Introduction

 Reservoir development
»Data (core, well log, seismic, outcrops)
» Geophysical model (lithology, geostatistics): fine-scale O(108) cells
»Reservoir model (black-oil, compositional): coarse-scale O(10°) cells

Upscaling




Single-phase flow upscaling

. . Fine grid Coarse grid
- Governing equation i |
»Mass conservation V-v=gq ‘
»Darcy’s law _ K = EE ¥
v=-obe | 1]
U |
» Parameter: absolute permeability K kxy) F—[ Tk

* Objective: same pressure p and velocity/flux v



Analytical method

»  Simple and fast

* |sotropic v
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Analytical method

* Simple and fast

* Anisotropic 1) ) O
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Numerical method

 Solve the flow equation and calculate permeability

» Pressure-no flow boundaries
» Periodic boundaries

Pressure - no flow bcs
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* Optimal coefficient o such that K = K

analytical —
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Solution
E[KXXFD] — E[meax ]a E[mein ]1—a
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(@) true In(Kx) (b) upscaled numerical In(Kx)

Case 1
Highly
Heterogeneous
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Case 2

(SPE 10
upper

layers)

large variance

(a) true In(Kx)

(b) upscaled numerical In(Kx)
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Case 3
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(b) upscaled numerical In(Kx)
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Summary

* Pros
* Tensor conductivity (include off-diagonal terms)
* Very accurate (reproduce numerical results)
* Very fast (10-100 times faster than numerical methods)
* General (Type’ OZInK, Nx, ﬂy, Nz, 0, P, LIJ’ Aky, Akz, AIy, Alz, Ny, r]y, nz)

* Cons
* Need statistics of permeability/conductivity random field

* More detalils

* Effect of rotation angle, large variance, upscaling ratio, correlation lengths

* In Liao, Q., Lel, G., Wel, Z., Zhang, D. and Patll, S., 2020. Efficient analytical
upscallng method for eII|pt|C equations in three-dimensional heterogeneous
anisotropic media. Journal of Hydrology, 583, p.124560.



