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PROBLEM STATEMENT:

e Data from hydrocarbon exploration and
production demonstrates faults can act
as seals or conduits for fluid flow

e Faults have permeabilties that range
over 10 orders of magnitude

e Fault rocks have Capillary Entry
Pressures that range over 4 orders of
magnitude
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PROBLEM STATEMENT:

e Multiple order of magnitude variations in
permeability and capillary entry pressures in
fault zones occur on spatial scales of
centimeters to meters

e Reservolir to basin scale numerical flow
models typically have grid elements on a
scale of 10’s of meters to hundreds of meters

e Up-scaling of these values is required to run
numerical flow models



MATHEMATICAL VIEWPOINT

UPSCALING—the approximation of a
system of partial differential equations
by another, often of the same form,
with known coefficients that can be
solved with fewer computing
resources.

Farmer, 2002



GEOLOGICAL VIEWPOINT

UPSCALING— taking limited
petro-physical data from core
plugs, and using well log data
creating representative values for
porosities and permeabilities for
specific micro-facies within the
aquifer.
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Modeling Solutions to Up-scaling

* Multi-scale grid building

» Wavelet grid building

But are these really SOLUTIONS?



UPSCALING POROSITIES

Porosities are a scalar.

* Arithmetic averages give a valid estimate
of the porosity of a grid block if sufficient
data are available

 Stochastic realizations based on 3D
seismic or well log data can be used In
absence of sufficient core measurements



UPSCALING PERMEABILITIES

Permeabilities are a tensor.

» Arithmetic averages don'’t give a valid

estimate of the permeability of a grid
block

* The effective permeability of a grid block
depends on the direction of flow through
the block as well as the material
properties

* In modeling flow effective permeability of
a grid block depends on boundary
conditions imposed on the model
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Up-scaling Capillary Entry Pressures

Capillary entry pressures are a scalar.

* Arithmetic averages give a valid estimate
of the porosity of a grid block if sufficient
data are available

 Stochastic realizations based on 3D
seismic or well log data can be used In
absence of sufficient core measurements



Capillary Effects at interface between two fluid
phases

Non-wetting phase
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Capillary Injection Experiments
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CONCLUSIONS

Up-scaling Permeabilties in Faults:
e Problem of effective permeabilities not resolved

Up-scaling Capillary Entry Pressures:

e Capillary entry pressures are key parameters to
model CO2 flow in faulted reservoirs

e Caplillary entry pressure can’'t be upgraded





