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Groundwater flow analysis of discontinuous rock mass with

probabilistic approach

Hyun-Ick Jang, Keun-Moo Chang and Chung-In Lee

ABSTRACT A two dimensional analysis program for groundwater flow in fractured network
was developed to analyze the influence of discontinuity characteristics on groundwater flow. This
program involves the generation of discontinuities and also connectivity analysis. The
discontinuities were generated by the probabilistic density function (P.D.F.) reflecting the
characteristics of discontinuities. And the fracture network model was completed through the
connectivity analysis. This program also involves the analysis of groundwater flow through the
discontinuity network. The result of numerical experiment shows that the equivalent hydraulic
conductivity increased and became closer to isotropic as the density and trace length increased.
And hydraulic head decreased along the fracture zone because of much water-flow. The
grouting increased the groundwater head around cavern. An analysis of groundwater flow
through discontinuity network was performed around underground oil storage cavern which is
now under construction. The probabilistic density functions(P.D.F.) were obtained from the
investigation of the discontinuity trace map. When the anisotropic hydraulic conductivity is
used, the flow rate into the cavern was below the acceptable value to maintain the hydraulic
containment. But when the isotropic hydraulic conductivity is used, the flow rate was above
the acceptable value.
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Fig. 1. View of discontinuities, flow direction and

boundary head.

Table 1. Preperties of two discontinuity sets in Fig. 1

Set number set 1 set 2
Properties

Density 04 0.4

Trace average 2.5 2.2
Length(m) variance 0.1 0.09
Orientation  average 150 60
(degree) variance 2.5 2.5
Aperture average 0.7 0.51
(nm) variance 0.04 0.04
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Fig. 2. Influence of trace length and density X area
on K11/K22,
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tensor.
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Fig. 4. Generation of fracture network including frac-
ture zone.
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(b)
Fig. 5. Distribution of groundwater head around the

cavern when fracture zone is present
(a) before grouting (b) after grouting
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Table 2. Input variables for groundwater flow analysis

Set 1 Set 2
Dip Direction u,, 207.99 113.33
(degree) Gor 13.433 8.7098
Dip Wi 90 10
(degree) Gair 90 10
Density 0.03 0.0396
Trace length A 0.13294 0.0396
(m)
Aperture  p,, 0.08" & 0.06' 0.01" & 0.065'

(mm) o, 0.008" & 0.006' 0.001° & 0.0065'

a: anisotropic hydraulic conductivity
i: isotropic hydraulic conductivity
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Fig. 9. Distribution of groundwater head around cav-
ern when fracture zone is absent (internal
pressure Pi=0.5 bar)
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