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A computer program to numerically predict the permeability tensor of fractured rocks is developed
using information on discontinuities which Borehole Televiewer and Borehole Image Processing System
(BIPS) provide. It uses orientation and thickness of a large number of discontinuities as input data, and
calculates relative values of the 9 elements consisting of the permeability tensor by the formulation
based on the EPM model, which regards a fractured rock as a homogeneous, anisotropic porous
medium. In order to assess feasibility of the program on field sites, the numerically calculated tensor
was obtained using BIPS logs and compared to the results of pumping test conducted in the boreholes
of the study area. The degree of horizontal anisotropy and the direction of maximum horizontal
permeability are 2.8 and N77E, respectively, determined from the pumping test data, while 3.0 and N63°
E from the numerical analysis by the developed program. Disagreement between two analyses,
especially for the principal direction of anisotropy, seems to be caused by problems in analyzing the
pumping test data, in applicability of the EPM model and the cubic law, and in simplified relationship
between the crack size and aperture. Aside from these problems, consideration of hydraulic parameters
characterizing roughness of cracks and infilling materials seems to be required to improve feasibility of
the proposed program. Three-dimensional assessment of its feasibility on field sites can be
accomplished by conducting a series of cross-hole packer tests consisting of an injecting well and a
monitoring well at close distance.

Key Words : groundwater flow, permeability tensor, anisotropy, Borehole Televiewer, BIPS
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Table 1. Discontinuous geologic structures measured in the study area.

KIND Joint-1 Joint-2 Joint-3 Fault Dyke Total

Number 305 36 12 1 19 373
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Fig. 2. Map showing the study area and I W] glojA NI ~20Edake] 74 $-AM 5
outcrop sites for joint measurements.
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Fig. 3. Diagrams showing orientation of joints measured around the study area:(A)
Stereographic diagram (lower hemisphere) and (B) Rose diagram.
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Fig. 4. Map showing boreholes in the study area: 2 pumping wells (BW-1, 2) and 8 observation
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Fig. 2. Orientation of joints and fratures in the boreholes analyzed from the BIPS image logs.

T N Fouw goa g 1BHAT/AEAE
all 208 N30E/75SE N75E/V
BO-1 | open| 101 N30E/75SE N65E/80SE, N75W/V  [176.7m / 177.0m
closed| 107 N15E/70SE N70E/V
all 199 | N1OW/8ONE, N85W/256NE | NI35E/70SE, N60E/75SE
BO-3 | open| 34 | NS/70E~80W, N60E/75SE N8OE/25NW 82.5/149.0
closed| 165 | N10W/80NE, M8OW/20NE N30E/70SE
all 177 N15W/V -
BO-5|open{ 15 N20W/V, N8OW/45NE - 115.2/122.0
closed| 162 N15W/V -
all 25 N40~60E/60~85NW N10E/85NW
BO-6 | open 6 N40E/V -~ 30.8/160.0
closed| 19 N60E/6ONW N10E/85NW
all 98 N15E/20SE, N35W/75NE NB65E/40NW, NS/758
BW-1| open| - 37 N40OW/75NE NS/75S 148.1 / 149.0
closed| 61 N15E/20SE, N70E/40NW -
all 111 N55W/40NE, NB8OE/35NW N8OW/70SW
BW-2 | open 6 N8OE/80SE - 142.2/144.0
closed| 105 | N55W/40NE, N8OE/35NW N8OW/70SW
all 226 NSW/V NI6OE/70NW, N70W/20NE
TB-1 | open 47 N5W/80SW~V N-35E/30NW, N6SW/20NE| 167.3/ 197.0
closed| 179 NSW/V NS5E/70NW
all 164 N5QE/80SE, N75W/V N55W/858W
TB-2 | open 66 N50E/80SE, N75W/V - 93.1/96.0
closedf 98 N75E/45NW N55W/80SW
alt | 1208 N10OW/V, N8OW/20NE N30E/75SE, N75E/40NE
All jopen} 312 N30E/75SE N6OW/20NE, N8OW/V
closed| 896 N10OW/V EW/20N
X EX|EXAL] 340 N10-20E/V N70-80W/V
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Fig. 6. Diagrams showing orientation of joints measured in the boreholes using BIPS: (A)
Stereographic diagram (lower hemisphere) and (B) Rose diagram (Fig. 5a : all joints, 5b :
closed joints, and 5c¢ : open joints).
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Table 4. Data used to evaluate hydraulic conductivity anisotropy.

AE5T A= (m) Z2)1F WS A2t (min)
BO - 1 234 4,840
BO - 3 211 6,380
BO - 5 195 4,900
TB - 1 195 7,300
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Fig. 11. Principal axes of anisotropy analyzed
from the pumping test data.
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