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% of total per 1.0 % area

000~ 150 %
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300~ 450 %
450~ 6.00 %
600~ 750 %
7.50~ 9.00 %
9.00~10.50 %
10.50~12.00 %
12.00~13.50 %
13.50~15.00 %

Mo Bias Caorrection
Max. Conc. = 14.2964%
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Fisher
Concentrations
% of total per 1.0 % area

0.00~ 1.50 %
1.50~ 2.00%
300~ 450 %
4.50 ~ 6.00 %
6.00~ T50%
7.50~ 2.00%
5.00 ~ 10.50 %
10.50 ~ 12.00 %
12.00 ~ 13.50 %
13.50 ~ 15.00 %

Neo Bias Comection
Max. Conc = 14.2484%

Eqgual Angle
Lower Hemisphere
7 Poles
o 7 Entries
K3 and HOLE
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Fisher
Concentrations
% of total per 1.0 % area

0.00 ~ 1.50 %
1.50 ~ 3.00 %
300~ 450 %
450~ §.00 %
G6.00~ 7.50 %
7.50~ 9.00 %
9.00 ~ 10.50 %
10.50 ~ 12.00 %
12.00 ~ 13.50 %
13.50 ~ 15.00 %

No Bias Correction
Max Conc. = 12 4646%

Equal Angle
Lower Hemisphere
8 Poles
8§ Entries

K3 and HOLE
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Fisher
Concentrations
% of total per 1.0 % area

0.00 ~ 2.00%
2.00~ 400 %
4.00~ 6.00%
6.00 - 8.00 %
8.00 ~10.00 %
10.00 ~12.00 %
12.00 ~ 14.00 %
14.00 - 16.00 %
16.00 ~ 18.00 %
18.00 ~ 20.00 %

Mo Bias Correction
Mzx. Conc. = 16.4512%

Eqgual Angle
Lower Hemisphere
7 Poles
7 Entries
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Fisher
Concentrations
% of total per 1.0 % area

0.00 ~ 200 %
200~ 400 %
400~ 6.00 %
8.00~ 200%
8.00 ~10.00 %
10.00 ~12.00 %
12.00 ~ 14.00 %
14.00 ~ 16.00 %
16.00 ~ 18.00 %
18.00 ~ 20.00 %

Neo Bias Comection
Max. Conc. = 19.8398%

Egual Angle
Lower Hemisphere
5 Poles
£ Entries

K3 and HOLE
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Fisher
Concentrations
% of total per 1.0 % area

0.00~ 3.00%
3.00~ 800 %
6.00 ~ 9.00 %
9.00 ~12.00 %
12.00 ~ 15.00 %
15.00 ~ 18.00 %
18.00 ~ 21.00 %
21.00 -~ 24.00 %
2400 ~27.00 %
7.00 ~30.00 %

Mo Bias Comrection
Mazx. Conc. = 27.4122%

Equal Angle
Lower Hemisphere
& Poles
€ Entries
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Concentrations
% of total per 1.0 % area

000~ 300%

300~ 600%

6.00 - 9.00 %

900 -12.00 %

12.00-15.00 %

15.00 ~ 18.00 %

16.00 ~21.00 %

E 21.00~24.00 %
24.00 ~ 27.00 %

27.00 ~ 30.00 %

F2
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Max. Conc. = 27 4784%
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& Entries
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Hydraulic conductivity tensor Summary

Permeability Cracks are known as the main water passes in rock masses. Determination of
Grouting boreholes the leakage path within the cracks and the quantity of hydraulic conductivity is

Lugeon test
Optimal orientation of grouting
boreholes

essential for controlling the water escape path, economic issues and stability of
dams. After determining the water escape paths, direction of injection
boreholes will be specified. Hydraulic conductivity tensor method can provide
a relatively reasonable orientation of the main pathways of water flow through
discontinuities, but one of the most important parameters -the aperture of the
joints- cannot be easily determined. Hence, according to the cube law this
method cannot be used independently. On the other hand, the most common
method to determine the hydraulic conductivity factor of jointed rocks is Lugeon test. This test directly determines the
permeability of the rock around the boreholes, but cannot determine the orientation of leakage tensor. Therefore, the in-
situ hydraulic experiments and hydraulic conductivity tensor methods should be combined to correct the leakage tensor
in broken rocks.

Introduction

Grouting is the process of injecting a cementitious slurry or other suitable materials under pressure into a rock mass
through boreholes in order to treat joints and fractures. The primary objectives of grouting in geotechnical projects are
to strengthen the ground or rock mass and to reduce water permeability within the rock mass. Constructing a grout curtain
for a dam site without a comprehensive grouting design may lead to inadequate seepage control and ground improvement,
increased costs, and delays in project completion. To avoid these shortcomings, implementing grouting operations based
on a well-defined and comprehensive grouting plan can result in optimized grouting performance.

Methodology and Approaches

the main directions of water leakage in rock and implementation of versus ruling leakage joints is determined in the DIPS
software and the optimized direction of the injection boreholes in the rock mass is studied. Then the capability of injection
holes' direction in fault zones has been studied and, in the zones, where the decreasing of capability was observed, the
direction of the optimal hole was determined. The principal values of hydraulic conductivity tensor were corrected using
Lugeon test results as well.

Results and Conclusions

Based on the results of the Lugeon tests and the correction of the hydraulic conductivity tensor, the maximum and
minimum permeabilities were observed in the left abutment and in the foundation bed of the site, respectively. In
addition, the optimal orientation for more effective grouting is drilling boreholes along the (Ko) direction, which is
perpendicular to the K; and Ko directions and to the K;.K» plane.
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