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Numerical Analysis of Groundwater Flow through Fractured Rock Mass
by Tunneling in a Mountainous Area

Hyoung-So0 Kim, Ju-Hyun Lee, Ju-Hee Ahn, Gyu-Cheon Ahn and Woon-Sang Yoon

Abstract Intake of groundwater by tunneling in a mountainous area mostly results from groundwater flow through
frachured patts of total rock mass. For reascnable analysis of this phencrnenon the representative joint groups 1,
2, and 3 have been selected by previcus inwvestigations, geological/geophysical field tests and boring wotks Three
dirnensional fractures were generated by the Fradvian and MAFIC which is a three ditnensional finite elermert modal
has been used to analyse a groundwater flow through fractured media. Morte Carlo sirolation was applied to reduce
the uncertainty of this study. The nurmerical results showed that the average and deviation of amounts of groondwater
intaked into tunmnel per unit length were 5.40x107 and 304107 m¥minkm Tt is conchuded that tumel would
be stable on mmpad of groundwater environmernt by tunneling because of the lower value than 2.00~3.00 rAmindem
as previous and present standard on the application of tunnel construction.
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Fig. 2. Scanline survey region

Table 1. Geotechical properties of representative joints

Contour Diagram

Rose Diagram

Orientation
J1 : N1E/76SE
J2 : N53E/39SE
J3 . N63W/78SW

Fisher coefficient K

J1 : 46.70
J2 @ 81.23
J3 :100.34
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Table 2. Hydraulic properties of distributed soil and rocks
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hydraulic conductivity (cm/sec) o )
Zone layer storativity porosity
K=K, K.
1 saturated soil 1.0x10™ 2.0x107 1.0x10° 0.15
2 very weathered rock 2.0x10° 2.0x10°° 1.0x107 0.02
3 weathered rock 6.0x107 3.0x10°° 1.0x10° 0.04
4 hard rock 3.0x10° 1.5%10°° 1.0x10° 0.02
5 very hard rock 3.0x107 3.0x107 1.0x10° 0.02
joint 1 joint 2 joint 3 mixed joints

Fig. 3.

Generation of three dimensional fractures
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tunnel joint 1 + tunnel

joint 2 + tunnel joint 3 + tunnel

Fig. 4. The types of three dimensional models including both joints and tunnels

Table 3. Hydraulic properties and boundary condition

hydraulic conductivity (K) 1.50x10° em/sec

Hydrualic joint 1 9.60x10° m%/sec

properties Transmissivity (Ty) joint 2 7.35%10°° m%/sec

joint 3 1.01x10”° m®sec

model Top Constant Head
Bottom Constant Head

Boundary East Constant Head

condition West Constant Head

South Constant Head

North Constant Head
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Fig. 6. The distribution of amounts of groundwater intaked into tunnel by Monte Carlo Simulation
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