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Average hydraulic conductivity was 2.64 X 10" m/sec, average RQD was 78%, average porosity was 0.51%, and
range of groundwater level was 77.06~125.97 m by measured in 8 boreholes at the Surak Mt. tunnel area. Ground-
water level of two peaks in the Surak Mt. tunnel area were estimated through linear regression analysis for ground-
water level versus elevation. And, average horizontal hydraulic gradient in the Surak Mt. tunnel area was calculated
0.267. Minimum, maximum, and average hydraulic conductivities that estimated by field tests were 5.56 X 10 m/
sec, 6.12 X 10 m/sec, and 2.64 X 10" m/sec, respectively. Groundwater discharge rates per 1 meter that estimated
using minimum, maximum, and average hydraulic conductivities and average horizontal hydraulic gradient were
0.00585 m*/day, 0.06434 m%day, and 0.02775 m%day, respectively. Pure groundwater recharge rate per unit
recharge area was calculated 223.96 mm/yr through water balance analysis. Prediction simulation of groundwater
level fluctuation with minimum, maximum, and average hydraulic conductivities were conducted. Discharge rate
into the Surak Mt. tunnel for minimum hydraulic conductivity was small, but groundwaer drawdown was highly.

Discharge rate into the Surak Mt. tunnel for maximum hydraulic conductivity was higher, but groundwaer level
was recovered quickly.

Key words : Granite, Tunnel excavation, Hydraulic conductivity, Hydraulic gradient, Groundwater discharge rate,
Groundwater recharge rate, Groundwater level fluctuation prediction
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Fig. 1. The hydrosphere at the study area.
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Fig. 2. Cross section of Suraksan tunnel and well locations.
Table 1. Material properties and groundwater level for bedrock at the Suraksan tunnel.
Permeability RQD Porosity GWL. Elevation
Well No.
el Mo (misec) %) %) (m) (m)
TB-1 3.78x10°8 80 035 87.53 88.53
TB-2 1.62x10°8 52 0.60 77.06 78.06
TB-3 5.56x107 80 0.25 87.35 88.55
TB-4 2.50x10® 89 0.30 93.15 97.65
TB-5 6.12x10°8 65 0.86 105.04 105.54
TB-6 3.12x10°8 89 1.08 120.18 121.48
TB-7 2.24x10°8 89 0.35 125.97 128.07
TB-8 1.18x10°8 79 0.29 108.05 111.95
Average 2.64x10°8 78 0.51 100.54 102.45
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Fig. 3. Linear regression of groundwater level versus topo-
graphic elevation.
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Table 2. Estimation of groundwater discharge rate in Suraksan tunnel area.

Parameters

Discharge rate Ko Konax Kave
Horizontal wall (m’/yr) 4,558 50,165 21,640
Vertical wall (m3/yr) 1,707 18,789 8,105
Ground surface (m’/yr) 29 320 138
Total (m*/yr) 6,294 69,274 29,883
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Table 3. MODFLOW input data and boundary conditions.

Input parameters Data
Column : 56

Number of node Row : 48
Layer: 1

Modeling area (m?)

4,250 m<4,000 m

Aquifer type

Unconfined aquifer

Aquifer thickness (m)

20 m

Hydraulic conductivity (m/sec)

Horizontal hydraulic conductivity
Minimum : 5.56 x 107

Average : 2.64 x 10%

Maximum : 6.12 x 10?

Vertical hydraulic conductivity
Minimum : 5.56 x 107
Average : 2.64 x 107

Maximum : 6.12 x 10°

Storage coefficient

0.00274

Boundary conditions

E-W ridge line of Suraksan

: No-flow boundary
Stream : Constant head boundary
Tunnel : Drain conductance
Minimum : 0.00585 m%day

Average : 0.02775 m%day
Maximum : 0.06434 m?/day
Overall study area

: Recharge rate (224 mm/year)
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Fig. 4. Model grid and boundary conditions, and contour maps of groundwater level for the steady state.
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(@) After 20 yea

(e) After 3.0 yea

Fig. 5. Groundwater level fluctuation map after tunnel excavation for minimum hydraulic conductivity.
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Fig. 6. Groundwater level fluctuation map after tunnel excavation for maximum hydraulic conductivity.
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Fig. 7. Groundwater level fluctuation map after tunnel excavation for average hydraulic conductivity.
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