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Determination of Equivalent Hydraulic Conductivity of Rock Mass
Using Three-Dimensional Discontinuity Network

Sang-Hyuk Bang, Seokwon Jeon and Jonggeun Choe

Abstract. Discontinuities such as faults, fractures and joints in rock mass play the dominant role in the mechanical
and hydraulic properties of the rock mass. The key factors that influence on the flow of groundwater are hydraulic
and geometric characteristics of discontinuities and their connectivity. In this study, a program that analyzes
groundwater flow in the 3D discontinuity network was developed on the assumption that the discontinuity
characteristics such as density, trace length, orientation and aperture have particular distribution functions. This
program generates  discontinuities in a three-dimensional space and analyzes their connectivity and groundwater
flow. Due to the limited computing capacity in this study, REV was not exactly determined, but it was inferred
to be greater than 25X 25X 25 m’. By calculating the extent of aperture that influences on the groundwater flow,
it was found that the discontinuities with the aperture smaller than 30% of the mean aperture had little influence
on the groundwater flow. In addition, there was little difference in the equivalent hydraulic conductivity for the
the two cases when considering and not considering the boundary effect. It was because the groundwater flow
was mostly influenced by the discontinuities with large aperture. Among the parameters considered in this study,
the length, aperture, and orientation of discontinuities had the greatest influence on the equivalent hydraulic
conductivity of rock mass in their order. In case of existence of a fault in rock mass, elements of the equivalent
hydraulic conductivity tensor parallel to the fault fairly increased in their magnitude but those perpendicular to the
fault were increased in a very small amount at the first stage and then converged.

KeyWords: Equivalent hydraulic conductivity, Discontinuity fracture network, Representative element volume(REV),
Groundwater flow analysis
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Fig. 5. Schematic diagram of two simple examples.

Table 1. Input data of 2 discontinuities when not Table 2. Input data of 3 discontinuities when considering the

considering the boundary effect. boundary effect.

Discontinuity 1 | Discontinuity 2 Discontinuity 1| Discontinuity 2 |Discontinuity 3
Normal vector (1, 0, 0) ©, 0, 1) Normal vector (1, 0, 0) ©, 0, 1) (1, 0, 0)
Center (0.667, 0.5, 0.5)| (0.5, 0.5, 0.25) Center (0.667, 0.5, 0.5)| (0.5, 0.5, 0.25) |(0.333, 0.5, 0.5)
Aperture I mm 2 mm Aperture 1 mm 2 mm 3 mm
Diameter 20 m 20 m Diameter 20 m 20 m 09 m
Dip direction 90° 0° Dip direction 90° 0° 90°
Dip angle 90" 0° Dip angle 90° 0° 90°
Boundary I X1 x1mw Boundary 1 X1 Xx1nm

Table 3. The heads at centers and a node calculated by the program(I) and the calculation(II) when not considering the

boundary effect. (unit: m).

Direction of head loss H 1/1D H, 171D Hy, (1/1D)
X - axis 1.363 / 1.363 1.496 / 1.500 1.481 / 1.481
y - axis 1.500 / 1.500 1.500 / 1.500 1.500 / 1.500
z - axis 1.544 / 1.544 1.744 / 1.744 1.722 / 1.722

Table 4. The heads at centers and nodes calculated by the program(l) and the calculation(II) when considering the boundary

effect. (unit: m).

Direction of head loss H (1/1D H, 1/1D) Hy (I/1I) Hy, 171D Hy (1/10)
X - axis 1.335 / 1.335 | 1.529 / 1.529 | 0.000 / 0.000 | 1.508 / 1.508 1.668 / 1.668
y - axis 1.500 / 1.500 | 1.500 / 1.500 | 1.500 / 1.500 | 1.500 / 1.500 1.500 / 1.500
z - axis 1.561 / 1.561 | 1.836 / 1.836 | 0.000 / 0.000 | 1.806 / 1.806 1.963 / 1.963
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Table 5. Input data of each discontinuity set.

[tem Set 1 Set 2 Set 3

Dip Direction (° ) 158.6 2514 67.8
Dip Angle (° ) 89.3 87.2 15.6
Fisher Dispersion K 9.95 7.46 7.17
Mean Length (m) 2.74 291 2.45
Lmax (m) 20.0 30.0 10.5

Lumin (m) 1.0 1.0 1.0
Fracture Density (EA/m")| 0.1260 | 0.0476 | 0.0226
Mean Aperture (mm) 2.7751 | 3.0066 | 3.9047
STD Aperture (mm) 34942 | 3.4895 | 4.5659
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