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Estimation of the Effective Hydraulic Conductivity in the Granite Area as
an Equivalent Continuum Medium
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This study is focused on the characterization of an effective hydraulic conductivity in each
hydrogeologic unit assumed as an equivalent continuum medium in the granitic area. Four boreholes
of 3" diameter were installed and a Multi-packer system was facilitated in the selected borehole.
Various in-situ tests including the fracture logging, constant injection and fall-off tests, slug and
pulse tests were carried out. A hydrogeologic unit was defined into the upper and lower zones based
on the varation of fracture properties and hydraulic conductivities. The difference of the result
obtained by the various hydraulic tests and the effective characterization techniques on rock mass
permeability are also discussed. The effective hydraulic conductivity of the upper unit was measured
by two times(5.27E-10 m/s~757E-10 m/s) that of the lower unit(2.45E-10 m/s—~6.81E-10 m/s)
through the constant injection and fall-off tests.

Key Words : fractured rock mass, equivalent continuum medium, constant injection/fall-off test,
slug test, pulse test, effective hydraulic conductivity
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Fig. 1. Geologic map of the study site.
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Fig. 3. Photograph of the rotameters implemented
in the hydraulic test.

Table 2. Packed-off depth and interval of the

Multi-packer system installed in the borehole
YS-01.
Packed-off depth Zone
Zone P interval
no. GL-m EL.m (m)
14 0.0~ 39.0 820 ~ 430 39.0
13 405~ 795 415 ~ 25 39.0
12 81.0~1005 10 ~ -185 195
11 102.0~129.5 200 ~ 475 275
10 131.0~1425 490 ~ -605 115
9 144.0~1755 -620 ~ 935 31.5
8 177.0~2325 -95.0 ~ -150.5 55.5
7 234.0~2580 -152.0 ~ -176.0 24.0
6 2595~3075 -1775 ~ -2255 48.0
5 309.0~3270 -227.0 ~ -245.0 18.0
4 3285~3735 2465 ~ -291.5 45.0
3 3750~4215 -293.0 ~ -3395 465
2 423.0~456.0 -341.0 ~ -3740 33.0
1 4575~5000 -3755 ~ -418.0 425
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Fig. 4. Schematic view of the

system.
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Variable: Steady

State
Anderson-Darling Normality Test
A-Squared: 3.164
P-Value: 0.000
Mean -21.7815
StDev 3.0344
Variance 9.20733
Skewness 0.341750
| | ) \ ) Kurtosis 0817135
27 24 21 -18 15 N 130
! ! . ! ! Minimum -27.6310
_-— [ 1stQuattile  -23.2316
Median -22.1070
3rd Quartile +20.4735
95% Confidence Interval for Mu Maximum -13.8288
95% Confidence Interval for Mu
-22.3080 -21.2649

|
-229
vl

! I
-21.9 =214
1 1

95% Confidence Interval for Median

95% Confidence Interval for Sigma
27050 3.4558

95% Confidence interval for Median
~22.7971 -21.5985

|
-22.4
'

(a) Steady state

Variable: Transient

State

Anderson-Darling Normality Test
A-Squared: 1.953
P-Valve: 0.000
Mean -21.0481
StDev 2.5752
Variance 6.63165
Skewness -3.2E-02
Kurtosis 1.34842
N 105
Minimum -27.6310
1st Quartile -22.3349
Median -21.2619
3rd Quartite -20.0051
Maximum -14.3676

95% Confidence Interval for Mu
-21.5464 -20.5497

95% Confidence Interval for Sigma
22677 2.9799

95% Confidence Interval for Median
-21.5350 -20.7733

|
-20,5
i

85% Confidence Interval for Median
(b) Transient state

Fig. 9. Normal distribution statistics of the
logarithmic hydraulic conductivity of the steady
and transient state analysis.
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Fig. 10. Linear regression of the logarithmic
hydraulic conductivity between state steady
and transient state analysis.
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Table 5. Hydraulic conductivities analysed by the slug and pulse test on the borehole YS-01.
Test - Test zone  Test interval Static groundwater dls;glciarilent K (/9
method level (m) (m) Bouwer & Rice Hvorslev
Slug Open hole 0.0~500.0 2.82 93.10 1.02E-08 1.14E-08
Zone 14 0.0~ 390 3.04 60.22 2.66E-08 3.16E-08
Zone 13 405~ 795 349 222 2.51E-09 2.72E-09
Zone 12 81.0~100.5 3.06 4042 3.01E-09 3.02E-09
Zone 11 102.0~129.5 3.22 39.92 2.61E-09 2.53E-09
Zone 10 131.0~142.5 2.69 42.82 2.53E-11 2.35E-11
Zone 9 144.0~175.5 243 41.02 3.62E-10 3.53E-10
Zone 8 177.0~232.5 2.59 4547 2.62E-10 2.58E-10
Zone 7 234.0~258.0 4.18 40.95 2.41E-08 2.22E-08
Pulse Zone 6 259.5~307.5 246 35.25 1.99E-11 1.88E-11
Zone 5 309.0~327.0 262 40.75 217E-10 1.92E-10
Zone 4 328.5~3735 1.48 4242 6.97E-11 6.44E-11
Zone 3 375.0~4215 2.37 43.50 2.34E-09 2.14E-09
Zone 2 423.0~456.0 248 35.42 2.33E-09 2.07E-09
Zone 1 457.5~500.0 248 36.20 2.70E-08 2.41E-08
Ka, Eq. (1) 6.53E-09 6.52E-09
Ky, Eg. (2) 1.19E-10 1.12E-10
Ke, Eq. (3) 1.02E-09 9.82E-10
* T T 7 Os. wells
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Fig. 11. Slug test analysis by the Bouwer &
Rice method at the borehole YS~01.
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Table 6. Summary of the effective hydraulic conductivities and statistics in the study site (m/s). (Ks

and K; : K by the steady state and transient state analysis, B & R: Bouwer and Rice method, H:
Hvorslev method)
All data ‘Upper zone Lower zone
Ks K K K K Ky
Ke = Kg 3.47E-10 7.23E-10 5.27E-10 7.57E-10 245E-10 6.81E-10
~ Constant Ks 3.14E-10 2.01E-08 424E-08 3.03E-08 2.21E-08 8.79E-09
injection test &
Fall-off test Ky 1.02E-10 192E-11 1.37E-11 418E-11 8.41E-12 1.21E-11
Median 2.51E-10 5.84E-10 3.07E-10 5.19E-10 1.29E-10 7.24E-10
Max 9.87E-07 5.76E-07 9.74E-07 5.76E-07 9.87E-07 2.14E-07
Min 1.00E-12
All data o Upper zone Lower zone
B&R H 'B&R" j: H B &R H
Ke = K 1.02E-09 9.82E-10 1.68E-09 1.73E-09 7.75E-10 7.17E-10
Pulse test Ka 6.53E-09 6.52E-09 6.95E-09 7.98E-09 6.30E-09 5.71E-09
Kn 1.29E-10 1.12E-10 1.23E-10 1.14E-10 1.17E-10 1.10E-10
Median 2.34E-09 211E-09 2.61E-09 2.72E-09 3.62E-10 3.53E-10
Max 2.70E-08 3.16E-08 2.66E-08 3.16E-08 2.70E-08 241E-08
Min 1.99E-11 1.88E-11 2.53E-11 2.35E-11 1.99E-11 1.88E-11
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