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Problem Significance

• Discontinuous Nature of Rock 
Masses in Taiwan
– fissures, cleavages, beddings, 

joints, and faults are prominent
– Thousands of earthquakes each 

years may induce faults 
movement

– Highest precipitation reaches 
6000 mm

• Average rainfall is 2483 mm
• Providing sufficient  groundwater 

recharge

– Rockmass is very young in 
geological time scale

• Groundwater Resource
– With abundant recharge, 

groundwater may be one of most 
important water resources in 
Taiwan.
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Metamorphic rocks

Sedimentary rocks

Problem Significance
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Problem Significance

the constant-head method 
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Problem Significance
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• The information gathered from BHTV was 
used to characterize lithology and fractures for 
the borehole and was essential to the proper 
design of the hydrogeological program. 
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• Hydrogeology:
– Piezometric mapping
– Aquifer testing

• Conductivity, etc.
– �������	�
�������	


Double packer test

• Double packer systems are the most commonly used 
tools for hydrogeological testing in boreholes for 
fracture rocks. 

• They can be used to determine the hydraulic 
property in a section of borehole based on two 
inflatable packers. It is now recognized that this 
approach is appropriate to investigate the variability 
of a borehole as it intersects various hydrogeological 
units.

Measurement of rock mass hydraulic 
conductivity
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• Evaluation of hydraulic parameters and 
BHTV images at pack-off zones 118.5 

m to 121.7 m in Borehole HB-95-02.
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-N030 57 Fracture

-N118 54 Hairline fracture
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Problem Significance

Location of major faults and four boreholes for this study 
in Taiwan
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Estimation of Hydraulic Conductivity 
Empirical equations

• An empirical relation 
proposed by Louis (1967) 
from field measurements 
indicates that the rock 
mass hydraulic 
conductivity decreases 
with the depth by an 
exponential formula.

• A numerical study 
conducted by Wei and 
others based on rock 
fracture network 
simulation (Wei and 
Hudson, 1988;Wei et al., 
1995) suggested that the 
hydraulic conductivity 
decreases with depth 
and is proportional to 
the depth cubed.
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• Relationship between hydraulic conductivity 
and depth 
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• The empirical model for estimating hydraulic conductivity of highly 
disturbed clastic sedimentary rocks in Taiwan 
– An attempt to find the decrease in permeability with depth was 

conducted. The results, however, are very scatterd.
– Potential factors

• Rock Quality Designation (RQD)
• Depth Index (DI)
• Gouge Content Designation (GCD)
• Lithology Permeability Index (LPI)

– that may affect the degree of permeability should be 
considered. 
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Estimation of Hydraulic Conductivity 
Empirical equations
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• Depth Index (DI)

– is the total length of a borehole;  
– is a depth which is located at the middle of a double packer test interval 

in the borehole. 
– The value of DI is always greater than zero and less than one. The greater 

the DI value, the higher the permeability 
• Gouge Content Designation (GCD)

– is the total length of gouge content.
– The value of GCD is always greater than zero and less than one. 
– The greater GCD value stands for the more gouge content in a core run, 

and thereby it will reduce the permeability. 
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• Rock mass permeability index, called the HC index

• HC-value based on 22 hydraulic test data
� �� �� �� �LPIGCD-1DIRQD-1HC �

Estimation of Hydraulic Conductivity 
Empirical equations
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• An empirical model for estimating hydraulic conductivity of highly disturbed clastic 
sedimentary rocks in Taiwan

All data included.
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Estimation of Hydraulic Conductivity 
Empirical equations

• Correlation between Kin-situ and KHC model
– Another borehole data with the drilling depth of 120 m is adopted to 

verify the empirical HC model. The principal lithologic units of the 
borehole, namely CH-04, are mainly sandstone, shale, and 
sandstone with some thin shale 
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Correlation between Groundwater 
Elevation and Ground elevation

Initial groundwater level
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Hydrogeology:
•Piezometric mapping

•Aquifer testing
(Conductivity, etc)
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Geology:
•Boring logs

•Geophysical Surveys
•Interpolation

�����������������	

Well Data:

•Depth
•Water Levels
Pumping Rates

Other:
•Soil Type

•Land Cover

Surface Water:
•Location, Width, Depth

•Stream Gauge
Discharge

Physics:
•Mass/Energy

•Flow in Porous Media
•Flow in Fractured Rock
����	��������������

Groundwater Flow 
Model

Application of the HC Model
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• Initial Groundwater Table

Application of the HC Model
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Conclusions

• This study proposes an empirical model for estimating rock 
mass hydraulic conductivity using data collected for highly 
disturbed clastic sedimentary rocks in Taiwan. 

– The measurement of rock mass hydraulic conductivity of 
highly disturbed clastic sedimentary rocks in Taiwan has be 
successfully performed using the data of BHTV and double 
packer hydraulic tests. 

– The field results indicated that the rock mass in the study 
area has the conductivity between the order 10-10 and 10-6 m/s 
at the depth between 34 m and 275 m below ground surface. 

– The results demonstrate that the rock mass hydraulic 
conductivity of highly disturbed clastic sedimentary rocks in 
Taiwan mainly depends on the following four parameters: 
RQD, DI, GCD, and LPI.
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Thanks for your attention!


