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Groundwater Flow Analysis During Excavation
for Underground Tunnel Construction
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ABSTRACT : Urban densification has necessitated the development of subterranean spaces such as subway networks and underground
tunnels to facilitate the dispersal and movement of populations. Development of these underground spaces requires excavation from
the ground surface, which can induce groundwater flow and potentially lead to ground subsidence and sinkholes, damaging structures.
To mitigate these risks, it is essential to model groundwater flow prior to construction, analyze its characteristics, and predict potential
groundwater discharge during excavation. In this study, we collected meteorological, topographical, and soil conditions data for the
city of OO, where tunnel construction was planned. Using the Visual MODFLOW program, we modeled the groundwater flow.
Excavation sections were set as drainage points to monitor groundwater discharge during the excavation process, and the effectiveness
of seepage control measures was assessed. The model was validated by comparing measured groundwater levels with those predicted
by the model, yielding a coefficient of determination of 0.87. Our findings indicate that groundwater discharge is most significant
at the beginning of the excavation. Additionally, the presence of seepage barriers was found to reduce groundwater discharge by
approximately 59%.

Keywords : Underground tunnel, Visual MODFLOW, Groundwater flow, Water blocking effect
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Fig. 1. Groundwater level distribution map of the study area
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Table 1. Permeability test results

No. Depth Soli Layer Permeability Coefficient
(m) (cm/sec)
1 6.0~7.0 Weathered 523 x 107
2 1.0-2.0 Embankment 7.38 x 107
3 6.0~7.0 Weathered 321 x 107
4 11.9~14.7 Soft Rock 8.81 x 107
5 15.0~18.0 Hard Rock 5.08 x 107
6 5.0~6.0 Sand Sediment 4.69 x 10
7 4.0~6.0 Clay Sediment 1.46 x 10
8 7.0~8.0 Weathered 233 x 10™
9 9.0~10.0 Weathered 5.00 x 10
10 5.0~6.0 Sand Sediment 5.17 x 10*
11 3.0~4.0 Embankment 7.81 x 10
12 8.0~9.0 Weathered 2.89 x 10*
13 1.0~2.0 Embankment 6.72 x 10
14 1.0~2.0 Weathered 1.88 x 10
15 3.0~10.0 Moderate Rock 7.80 x 107
16 9.0~10.0 Weathered 537 x 10
17 6.0~7.0 Clay Sediment 8.75 x 10°
18 8.5~11.8 Soft Rock 3.60 x 10°
19 4.0~5.0 Gravel Sediment 5.60 x 10°
20 5.0~6.0 Clay Sediment 3.92 x 107
21 12.0~13.0 Weathered 9.11 x 10°

Table 2. Permeability coefficient applied for modeling

Layer b ky ke
(cm/sec) (cm/sec) (cm/sec)
Embankment 9.6x10™ 9.6x10™ 9.6x107
Weathered 2.6x10™ 2.6x10™ 2.6x10°7
Rock 9.0x107 9.0x107 9.0x10°°
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Fig. 3. Coefficient of determination between measurement and
model values
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Table 3. Ground Water Displacement under non—water blocking

conditions
Construction Progress Ground Water Flow (m)
25% -0.722
50% -1.412
75% -1.710
100% -2.006

Table 4. Ground Water Displacement under water blocking conditions

Construction Progress Ground Water Flow (m)
25% -0.294
50% -0.582
75% -0.702
100% -0.827
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