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A Case Study for Evaluating Groundwater Condition in RMR and Q Rock Mass
Classification on Hard Rock Tunnel

Dae-Hyuck Lee, Chul-Wook Lee and Ho-Yeong Kim

Abstract For RMR and Q rock mass classification at the design and construction stage, evaluation of groundwater
condition is usually based upon the experience due to the restriction of available methods. Based on the results
of Tagjon LNG Pilot Cavern which acquire joint water pressure, inflow rate of ground water and hydraulic
conductivity model, estimates from numerical analysis and analytical solutions were compared to verify each
evaluation method. As the result, the Raymer(2001) approach was found to be efficient for estimating inflow rate
and corresponding value.
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Table 1. Groundwater condition in RMR Rock Mass Classification (After Bieniawski, 1989).

Inflow per 10 m tunnel length ) < 10 10~25 25~125 > 125
(Vmin, l/hr) (600) (600~1500) (1500~7500) (> 7500)
(Joint water pressure)/(Major 0 <01 0.1~0.2 0.2~0.5 > 0.5
principal stress, 6,, 0)
1989 - .
Ground ver Completely dry Damp Wet Dripping Flowing
water General : ” p .
condition 1976 Completely ‘ ater under evere
Moist only moderate water
ver. dry
pressure problem
. 1989 15 10 7 4 0
Rating
1976 10 7 4 0
Table 2. Groundwater reduction factor, Jw in Q Rock Mass Classification (After Barton et al., 1974).
Description Iw approx. water pressure (kgf/cm?) Note
A. Dry excavation or minor inflow t.c. 10 <10
< 5 l/m locally
B. Medium inflow or pressure, 1. Factors C to F are crude
. .. . 0.66 1.0~25 . . .
occasional outwash of joint fillings estimates; increase Jw if
C. Large inflow or high pressure in drainage installed
. - 0.5 2.5~10.0
competent rock with unfilled joints .
- - 2. Special problems caused by
D. Large inflow or high pressure 0.33 2.5~10.0 ice formation are not
E. Exceptionally high inflow or pressure considered.
. . L 0.2~0.1 > 10
at blasting, decaying with time
F. Exceptionally high inflow or pressure 0.1~0.05 > 10
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Table 3. Joint characteristics by joint survey on rock surfaces of Taejon NG Pilot Cavern.

Joint set 1 Joint set 2 Joint set 3 Water carrying main joint
Strike/dip N71W/53SW N45E/38NW N8E/45SE N70E/20SE
Mean spacing (cm) 41* - -
Mean persistency (cm) 210* 75% 1000
Nature Joint & Fault Mostly joint Mostly joint Open joint

* The value was determined as a mean value following a log-normal distribution obtained by the statistical approach.
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Fig. 1. Bird eye' view on Taejon LNG Pilot Cavern including
the drainage holes.
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Fig. 2. A picture showing the main water carrying joint
developed along with the cavern axis of Taejon
LNG Pilot Cavern.
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Table 4. Hydraulic conductivities of the surrounding rock
obtained by Lugeon tests.

Drain hole K fronzml;:ie)on test Designation*

D1 2.50e-7 3.1e-7 upward hole in left
D2 7.43¢-6 | 7.75e-6 upward hole in left
D3 8.68¢-7 | 1.23e-6 upward hole in right
D4 9.25e-8 downward hole in right
D5 4.80e-7 upward hole in center
D6 7.77e-7 horizontal hole in right
D7 8.17e-7 downward hole in left
D8 7.45¢-7 upward hole in left
D9 8.0le-7 downward hole in left
D10 8.71e-7 downward hole in center
D11 9.33e-7 downward hole in center
D12 8.10e-7 downward hole in center
D14 1.16e-7 upward hole crossing cavern
D15 3.11e-4 upward hole crossing cavern
Dl6 1.38e-6 upward hole crossing cavern

* It means the driving direction of the hole with respect to the
cavern axis from the entrance.
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Fig. 3. Schematic diagram representing direction of Joint set
1 and a water carrying main joint.
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Fig. 4. Flow rate of Cavern and Leakage points inflows
during the hydrogeological interference test between
holes.
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Fig. 5. FEFLOW groundwater flow model with geographical
contour used in Tagjon LNG Pilot Cavern.
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Fig. 7. Histogram of 18 packer-test results from Taejon LNG
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Table 5. Coefficient m and b of Equation (2), and the
corresponding total inflow estimation (After Raymer,

2001).
total inflow
m b
I/min I/hr
median model 0.426 | -6.166 | 5.57 334
upper bound model | 0.426 | -5.902 | 10.23 614
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Table 6. Summary on the estimation results of groundwater by various evaluation methods.

Classification Method Result Groundwater condition
Monitoring . . 70 Vhr or 200 Vhr
M f
and onitoring of seepage inflow (max. 500 Uhr) Damp 10
measurement Joint water press./major principal o 0.074 Damp 10
Qualitative Water flowing condition at leaked points| Dripping or Flowing |Dripping or Flowing 4 0r0

evaluation General water condition on walls Wet Wet 7

3D Numerical analysis by FEFLOW 45 l/hr Damp 10

L Heuer(1995)’ s estimation 681 l/hr Wet 7
Estimation Median 330 Uh
, L edian r

Raymer(2001)’ s estimation upper bound 600 Vhr Damp 10
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