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Application of the Homogenization Analysis to Calculation of a
Permeability Coefficient

Byung-Gon Chae*

Geological and Environmental Hazards Division, Korea Institute of Geoscience and Mineral Resources

ABSTRACT

Hydraulic conductivity along rock fracture is mainly dependent on fracture geometries such as orientation, aperture,
roughness and connectivity. Therefore, it needs to consider fracture geometries sufficiently on a fracture model for a
numerical analysis to calculate permeability coefficient in a fracture. This study performed new type of numerical analysis
using a homogenization analysis method to calculate permeability coefficient accurately along single fractures with several
fracture models that were considered fracture geometries as much as possible. First of all, fracture roughness and aperture
variation due to normal stress applied on a fracture were directly measured under a confocal laser scaning microscope
(CLSM). The acquired geometric data were used as input data to construct fracture models for the homogenization analysis
(HA). Using the constructed fracture models, the homogenization analysis method can compute permeability coefficient
with consideration of material properties both in microscale and in macroscale. The HA is a new type of perturbation
theory developed to characterize the behavior of a micro inhomogeneous material with a periodic microstructure. It calculates
micro scale permeability coefficient at homogeneous microscale, and then, computes a homogenized permeability
coefficient (C-permeability coefficient) at macro scale. Therefore, it is possible to analyze accurate characteristics of
permeability reflected with local effect of facture geometry. Several computations of the HA were conducted to prove
validity of the HA results compared with the empirical equations of permeability in the previous studies using the
constructed 2-D fracture models. The model can be classified into a parallel plate model that has fracture roughness and
identical aperture along a fracture. According to the computation results, the conventional C-permeability coefficients have
values in the range of the same order or difference of one order from the permeability coefficients calculated by an
empirical equation. It means that the HA result is valid to calculate permeability coefficient along a fracture. However, it
should be noted that C-permeability coefficient is more accurate result than the preexisting equations of permeability
calculation, because the HA considers permeability characteristics of locally inhomogeneous fracture geometries and
material properties both in microscale and macroscale.

Key words : homogenization analysis, roughness, aperture, confocal laser scanning microsocpe (CLSM), C-permeability
coefficient
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Table 1. Results of the laboratory permeability test and hydraulic conductivity

. Pconf. Time Flow rate Aperture Hydraulic conduct

Specimen (MPa) (sec) (cm’/sec) (cm) (cm/sec)

10 48.88 1.023 0.010 2.780E-04

GRA 15 71.50 0.699 0.009 1.367E-04

20 104.15 0.480 0.009 6.687E-05

10 1947 2.568 0.018 9.430E-04

GRB 15 22.45 2.227 0.017 7.616E-04

20 24.25 2.062 0.016 6.821E-04

10 4.00 12.500 0.031 1.311E-02

GRC 15 4.84 10.331 0.031 . 9.066E-03

20 5.81 8.606 0.030 6.358E-03

10 2.00 25.000 0.043 3.845E-02

GRD 15 2.14 23.364 0.042 3.424E-02

20 2.21 22.624 0.038 3.480E-02

10 4.22 11.848 0.026 1.382E-02

GRE 15 10.94 4.570 0.026 2.122E-03

20 79.75 0.627 0.025 4.109E-05

10 165.66 0.121 0.011 8.464E-06

GRF 15 1,182.68 0.017 0.011 1.699E-07

20 4,032.00 0.005 0.011 1.494E-08
e AR, 35 2719 Frd(tlow rae) o] HAIE 29 fiu T8 WHellA PSR 9] miEe &
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Table 2. Permeability values calculated by Darcy's empirical equations (Km*, Kh*) and the conventional C-permeability (Km', Ky)

Specimen Pconf. (MPa) K, * (cm/sec) K, * (cm/sec) K,' (cm/sec) K, (cm/sec)
10 2.780E-04 2.845E-04 9.192E-04 9.232E-04
GRA 15 1.367E-04 1.404E-04 8.722E-04 8.271E-04
20 6.687E-05 6.884E-05 8.105E-04 7.644E-04
10 9.430E-04 9.630E-04 3.332E-03 3.195E-03
GRB 15 7.616E-04 7.794E-04 2.891E-03 2.754E-03
20 6.821E-04 6.970E-04 2.646E-03 2.538E-03
10 1.311E-02 1.401E-02 7.409E-03 6.478E-03
GRC 15 9.066E-03 9.718E-03 7.223E-03 6.292E-03
20 6.358E-03 6.830E-03 7.076E-03 6.125E-03
10 3.845E-02 3.872E-02 1.803E-02 1.784E-02
GRD 15 3.424E-02 3.446E-02 1.735E-02 1.715E-02
20 3.480E-02 3.533E-02 1.480E-02 1.431E-02
10 1.382E-02 1.390E-02 6.909E-03 6.831E-03
GRE 15 2.122E-03 2.134E-03 6.497E-03 6.419E-03
20 4.109E-05 4.132E-05 6.203E-03 6.066E-03
10 8.464E-06 8.541E-06 1.137E-03 1.245E-03
GRF 15 1.699E-07 1.715E-07 1.205E-03 1.186E-03
20 1.494E-08 1.508E-08 1.156E-03 1.137E-03
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