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A Theoretical and Numerical Study on Channel Flow in Rock
Joints and Fracture Networks

Myung Kyu Song, Kwang Sue Jue and Hyun Koo Moon

ABSTRACT

The study on the flow characteristics and analysis of groundwater in discontinuous rock mass is
very important, since the water inflow into the underground opening during excavation induces serious
stability and environmental problems. To investigate the flow through single rock joint, the effect
of various aperture distribution on the groundwater flow has been analyzed. Observed through the
analysis is the “channel flow”, the phenomenon that the flow is dominant along the path of large
aperture for given joint. The equivalent hydraulic conductivity is estimated and verified through the
application of the joint network analysis for 100 joint maps generated statistically. Both the analytic
approach based on isotropic continuum premise and the joint network analysis are tested and compared

analyzing the groundwater inflow for underground openings of different sizes and varying joint density.
The joint network analysis is considered better to reflect the geometric properties of joint distribution

in analyzing the groundwater flow.
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Table 1. The properties of joint aperture in rock joint samples’ ',

Rock type Size(mm X mm) Aperture Distribution
(diameter X length) Mean(um) Standard deviation(um) function
Granodiorite 50 X 50 64.0 10.53 normal or lognormal
(natural joint)
Granodiorite 50 X 50 145.1 37.75 normal or lognormal
Granite 50 %50 120.0 2451 normal or lognormal
Granite 120(diameter) 120.0 - gamma
Andesite 50 X< 50 76.3 14.07 normal or lognormal
Sandstone 50X 50 83.6 14.48 normal or lognormal

Schist 50X 50 43.1 11.89 normal or lognormal
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Fig. 1. Aperture profile from exponential correlation function with A/L.
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Table 2. The comparison of flow properties between different joint aperture realizations.

Exponential correlation function

Spherical correlation function

(A(r)) (Cr)

AL Velouty(cm/sec) }’ low rdte(hter/mm) Velouty (c m/sec) Flow rate(liter/min)

Analytic FI)M Analytic FDM Analytic FDM Analytic FDM
0.1 0.002~18 0.006~10 11.02 6.18 0.05~72.6 0.01~6.6 20.40 8.66
0.2 0.1~3.1 0.1~2.3 5.60 5.75 0.1~25 0.1~3.0 7.39 5.30
0.3 0.2~2.0 02~14 4.76 5.03 0.1~2.0 0.2~25 4.81 4,77
04 0.3~1.8 (.3~1.3 4.44 4.84 0.3~2.0 03~15 4.60 4.60
0.5 04~17 04~1.1 4.31 4.81 05~19 04~14 4.52 4.77
0.6 0.5~1.6 0.6~1.1 4.10 4.85 05~19 0.7~14 3.53 5.11
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Table 3. The geologic data used for joint network analysis.

Joint set Number of Mean joint tracc STD of joint trace Mean dip Mean dip azimuth
number joints length(m) length (m) (degree) (degree)
1 40 35 1.28 34 303
40 35 1.77 76 107
3 40 35 1.38 65 157
-
. . . . . o . x
Fig. 10. Two dimensional realization of joint map. Fig. 11. Two dimensional realization of joint net-

(40 joints for each joint set)
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Fig. 12. Distribution of hydraulic conductivity K.
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Fig. 13. Distribution of hydraulic conductivity k.
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Fig. 15. Distribution of hydraulic conductivity k.
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Fig. 14. Distribution of hydraulic conductivity k..
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Table 4. The isotropic hydraulic conductivity K, varying with the number of joints of three joint sets.

Number of joints for each joint set

K« (X 1078 m/s)

K,y (X107% m/s) K. (X107 m/s)

20 1.0
30 34
40 3.6
50 6.4

3.0 2.00
4.0 3.70
82 5.90
129 9.65

Fig. 17. Channel flow in 2 dimensional joint net-

work.
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Fig. 18. Volumetric flow rate with varying tunnel
diameter. (Number of joints for each joint
set=20).
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Fig. 19. Volumetric flow rate with varying tunnel
diameter. (Number of joints for each joint
set=30).
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Table 5. The comparison of inflow between joint network analysis and analytic solution.

Number of joints for each joint set

Inflow per 1m tunnel length (liter/min)

Joint network analysis

Analytic solution{isotropic continuum)

20
30
40
50

0.08~0.14 0.04~0.07
0.13~0.17 0.07~0.13
0.16~0.23 0.11~0.21
0.18~0.33 0.18~0.34
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