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Direct simulation of permeability including
Klinkenberg effect
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Core analysis for characterization of rock properties such as permeability involves laboratory flow experi-
ments often performed at lower temperature and pressure than the conditions typically present in subsurface
hydrocarbon reservoirs. For gas permeability in particular, slippage flow can occur at reservoir conditions, re-
sulting in higher apparent permeabilities than would occur for Darcy flow. Known as the Klinkenberg effect,
the impact on permeability can be significant, and depends on the gas type and characteristic pore sizes that
govern the fluid flow; the pore sizes in turn depend on the formation rock matrix and may also be influenced
by effective stress and clay content.
Digital rock physics has emerged over the last decade as a complimentary or alternative technique to labo-
ratory testing for rock property characterization. In this study, we perform direct numerical simulation of
gas flow in porous media over a wide range of Knudsen number regimes, where the dimensionless Knudsen
number is given by the fluid particle mean free path divided by a characteristic channel width for the porous
medium. As Knudsen number increases, the ratio of apparent permeability to Darcy permeability (S) increases
as the system moves from Darcy flow to slip, transition, and finally the Knudsen flow regime, as seen in the
included Figure.
This study uses a flow simulator based on the Lattice BoltzmannMethod (LBM) technology. First the simulator
is benchmarked by comparing predicted results to existing experimental data over the full range of Knudsen
number flow regimes ranging from 0.001 to 10 for flow in rectangular channels (Ewart et al. and Colin et al.)
and 3D micro-tubes (Perrier et al.). Resolution studies show that the flow simulations retain good accuracy
at low grid resolutions which are typically required for digital rock based analyses. Next, simulations are
performed to demonstrate the Klinkenberg effect in tight sandstones and unconventional shale rocks. It is
shown that the apparent permeability of tight rocks can be up to 2 orders of magnitude higher than would
occur for Darcy flow, which corresponds to the unexpectedly high permeabilities sometimes observed in the
field.
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