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ABSTRACT;

We will propose a new method for determination of the three-
dimensional hydraulic parameters of fissured rock mass. Two boreholes
drilled in rock mass, where constant volume of water is injected from
one borehole, and change of water head in a packed-off interval in the
other is monitored. Data of <fissure orientation are sampled £from
boreholes. Permeability of a rock mass is expressed as an anisotropic
hydraulic conductivity tensor of hydraulically and geostatistically
equivalent porous media. The tensor is calculated according to a
theory of crack tensor using in situ fissure informations. Three-~
dimensional hydraulic conductivity tensor and specific storage are
estimated £from non-linear least square iteration method of the
observed and the theoretical curves. The theoretical curve is
calculated from Hsieh's three-dimensional theory of transient seepage
flow 4in a homogeneously and anisotropically porous media. Finite
element analyses of three-dimensional seepage for cross-hole test were
applied to two kinds of rock mass models for checking the reliability
of our method. Observed change of water head with time obtained £from
three-dimensional finite element analysis and given fissure
orientation are applied to our method. Obtained values of hydraulic
conductivity tensor and specific storage are accurate enough for
practical application.
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Table 2(b) Result of parameter estimation for fissuraed
rock mags modal 1 {(case 1-2)

Physical parameters

Physical parameters Initial Final

Principal hydtaul.le conductivity

t ://-.c ) 2; x ig‘:
k ec. .03 x 10~
o aee) 31 x 10°%

for principal axes.

( 0.988,-.143,-.0523 )

.0811,0.784,-.615 )
p3 for k zz-axis 0.129, 0 604,0.787 )

Specific storage, 39 {1/m) 1 x 1077

Conection parameter, A in Eq. (3) 0.01

Mean aperture of fissures belonged to each group

-}
Components (x,y,z) of unit vector,
pl for k xx-axis
p2 for k yy-axis

L3

H

~

5

H
—~ G

twl ( for group 1 ) {um) 48
ta2 { for group 2 ) {um) 1
tw3 ( for group 3 ) (pm) 45

Mean strike/dip (deg.) and total number of fissures

( for group 1) NBOWAON / 40

{ for group 2 ) N6OW6SN / 19

{ for group 3 ) E W358 / 10
strike/dip (deg.) direction and length of fissure
sampling bore-hole NS OE / 50 (m)

Principal hydraulic conductivity
kxx {( m/sec.) -
kyy ( m/sec.) - 10.3[7.03]) x 10-¢
Xz ( m/sec.) - 1.02(1.31] x 10?

Components (x,y,z) of unit wctor, p for principal axzes.
pl for kxx-axis ( 0.890,-.319,0.326 )

10.988,~-. 113 ~.0523]

{ 0.456,0.630, ~.629 )

[.0811,0.784, - .615]

{ 0.00, 0.708,0.706 )

-129,0.604,0.787]

9.50{8.25] x 10™°

p2 for kyy-axis -
p3 for k=xz-axis -
o
Specific storage, 8s (1/m) 1 x 10~° 1. sam

x 1077
A in Eq.(3) 0.004 -
Equivalent aperture of fissures balonged to each group
tel (for group 1) (pum) 100 67.4
te2 (for group 2) (um) 100 50.2
te3 (for group 3) (um) 100 .186

Residual square sum

5.68 x 107
Maxipum number of iteration 71

Table 2(a) Result of parametar estimation for fissured
rock mass modal 1 (case 1l-1)

Physical paraneters Initial Final

Principal hydraulic conductivity
kxx ( m/sec.) 21.6[8.25] x 10_8
kyy ( m/sec.) - 21.1{7.03] x 10
ksx ( m/sec.) - 0.484[1.31] x 10~

Components(x,y, 2) of unit vucto:, p for principal axes.
Pl for kax-axis ( 0.943,0.272,0.190 )

[o.988,-. 143 -.0523]

pz for xyy-axis -
p3 for kuz-axis - .
O 129,0, 604 0 787]
specific storage, Ss (1/m) 1 x 10~° 3.52[1) x 107
A in Eq.(3) 0.004 -
Equivalent aperture of fissures balonged to each group

tel (for group 1) (pm) 100 17.3

te2 (for group 2} (um) 100 25.9

te3 (for group 3) (um) 100 154.
Residual square sum 2.85 x 1072
Maximum number of iteration 26

[ 1; True value, Injected volume Q:8x10-¢ m3/sec.

{f }; True value, Injected volume Q;8x10-¢ ;r/'.c_

Table 2{c) Result of paramater estimation for fissured
rock mass model 1 (case 1-3)

Physical parameters Initial Final

Principal hy 1ic a ivity
kxx ( m/sec.) -
xyy ( mw/sec.) - 7.83(7.03] x 102
kzx ( m/sec.) - 1.28[1.31] x 10~®

Componants (x,¥,z) of unit vector, p for principal axes.
Pl for Xxx-axis - ( 0.981,.0957,~.171 )

[0.988,-.143,~.0523]

( -.185,0.747,-.639 )

[.0811,0.784,-.615]
pP3 for kxz-axis - ossa 0.658,0.750 )
0.129,0.604,0.787]

1.34[1] x 1077

8.43(8.25] x 10~°

p2 for kyy-axis -

Spacific storage, 88 (1/m) 1 x 10~°

A in Eq.(3) 0.004 -
Equivalent aparture of fissuras belonged to each group
tel (for group 1) (pm) 100 64.8

te2 (for group 2) {(jm) 100 36.9

te3 (for group 3) (pm) 100 52.2

Residual square sum 8.29 x 107
Maxinum number of iteration 46

[ 1: True value, Injected volume Q;8x10°% m?/sec.
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