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Numerical Experiments on the Evaluation of Effective Permeability and
Tunnel Excavation in the Three Dimensional Fracture Network Model

Keun-Moo Chang

ABSTRACT The effective permeability and the representative element volume(REV) of fracture network
model were evaluated based on the parameters such as permeability tensor, principal permeability and
the direction of principal permeability. The effective permeability ranges between the harmonic mean
and the arithmetic mean of the local permeabilities of subdivided blocks. From the numerical
experiments, which were for investigating the influence of model volume on the variation of flux for the
cubic models, it was found that the variation of flux became reduced as the model volume approached
REV. The variation of groundwater flux into the tunnel in the fracture network model was mainly
dependent on the ratio of the tunnel length to model size rather than REV. And it was found that
groundwater flux into the tunnel was not completely consistent between the fracture network model and
the equivalent porous media model, especially when the ratio of the tunnel length to model size is small.

Key words : fracture network model, equivalent porous model, grundwater influx, representative element
volume, effective permeability
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Fig. 1. Discretization of fracture plane (Fracture in-
tersection shown in grey with the best-fit line
of finite element edges)
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Table 1. Statistical description of fractures

Set 1 Set 2 Set 3 Set 4
Density 00136 0.0182 0.0103 0.0122
(m®  Digtribution Poission
Mean 4.01 3.09 1.24 0.58
L‘i‘};g)th Variance 158 085 068 040
Distribution Log-normal
Trans- Mean 3.6x107 m’s"
SI:\l’llSty Variance 4.1x10" m%*
(m®  Distribution Log-normal
Mean 240 169 101 160

Dip
Direction Variance 15.6 18.9 24.5 31.7
(angle)

Distribution Normal

Mean 71 78 80 18

Dip "y viance 106 1565 250 225
(angle)

Distribution Normal
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1996)
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Tabie 2. Arithmetric, harmonic and geometric mean
of local permeabilities (Unit: 10° m?)

Meai Permeabilities k, K, k.,
Permeability of a whole block 8.65 690 1.18
Arithmetric Mean 885 6.96 1.30
Harmonic Mean 792 581 1.13
Geometric Mean 867 649 1.24

No-flow B.C.
\
pgh-++ |
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. ,
No-fiow B.C. _hm
Yl
X

Fig. 10. Schematic diagram to illustrate boundary con-
diton and cube dimension
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Table 3. Average and S.D. of groundwater flux in X, Y, & Z direction for various volumes of model

(Unit: m*/sec)

Cube Dimension Flux Flux in X dir. Flux in Y dir. Flux in Z dir.
Avg. 3.00x10° 2.83%10° 541x10°
20‘1’1&‘ SD. 1.57%10° 8.23x10™ 2.09%10°
S.D./Avg. X 100(%) 52.3 29.08 38.63
Avg. 1.15x10® 8.91x10° 1.63x10®
40 m SD. 2.04x10* 1.28%10° 3.03x10°
Cube
S.D./Avg. X 100(%) 17.70 14.37 18.71
Avg. 2.53x10° 1.97x10*° 3.67x10°*
%?1;2 SD. 2.17x10° 2.26x10° 3.89 X 10°
S.D./Avg. X 100(%) 8.57 11.47 10.59
Avg. 3.47x10* 2.68x10" 4.90x10®
70 m SD. 2.96x10° 2.94x10° 5.63x10°
Cube
8.D./Avg. X 100(%) 8.53 10.97 11.49
Avg: Average, S.D.: Standard Deviation.
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Fig. 11. Percent ratio of standard deviation to average
of flux vs. cube length
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Fig. 13. Distribution of Groundwater pressure in a
fracture network model
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Table 4. Groundwater influx into tunnel for ten realisations in fracture network model (Distance between model

boundary and tunnel=30 m)

(Unit: 10°* m%sec)

Seed No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10
Segment 97 47 (18) @27 15) (25) (35) (40) (50) (60)
1 1.67 2.35 2.82 2.69 1.99 5.30 3.13 3.91 3.58 2.03
2 1.65 3.39 2.33 3.72 1.75 4.10 1.77 3.85 447 2.03
3 2.07 2.45 244 4.11 217 3.65 3.14 2.71 4.76 2.32
4 2.69 2.77 1.57 2.83 2.44 4.27 1.81 2.27 3.32 5.15
5 3.80 3.04 1.57 3.26 3.80 6.33 3.15 2.06 3.41 3.27
6 5.98 2.97 3.29 3.52 2.90 4.21 3.99 1.70 3.86 1.93
7 7.23 3.43 3.38 3.31 3.69 3.53 391 3.30 6.01 2.45
8 5.13 4.79 4.10 3.58 5.44 4.65 401 4.44 5.18 2.94
9 5.48 7.40 4.49 4.35 5.20 5.82 5.24 5.45 4.54 4.23
10 713 7.94 6.68 6.85 8.24 6.60 6.46 6.81 8.56 8.19
Sum 42.82 40.43 32.67 38.21 37.60 48.45 36.61 36.50 47.78 34.53
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Fig. 14. Distribution of Groundwater pressure in a
equivalent porous model
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Table 5. Groundwater influx into tunnel for ten realisations in equivalent porous medel (Distance between model

boundary and tunnel=30 m)

(Unit: 10™ m*/sec)

Seed No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 No. 10

Segment 97 47 18 27 15 25 35 40 50 60
1 3.27 3.10 3.00 3.41 2.85 3.31 3.15 2.30 3.48 3.07

2 3.24 3.07 2.99 3.37 2.84 3.28 3.13 2.96 3.42 3.03

3 3.26 3.09 3.00 3.39 2.85 3.30 3.14 2.98 3.44 3.04

4 3.29 3.11 3.03 3.42 2.87 3.33 3.17 3.01 3.48 3.07

5 3.33 3.15 3.06 3.46 2.90 3.37 3.21 3.05 3.52 3.12

6 3.38 3.21 3.11 3.53 2.95 3.43 3.27 3.10 3.59 3.18

7 3.48 3.29 3.19 3.62 3.03 3.53 3.36 3.20 3.69 3.27

8 3.64 3.45 3.34 3.80 3.17 3.70 3.52 3.35 3.86 3.43

9 4.00 3.79 3.67 4.17 3.48 4.10 3.88 3.69 4.25 3.78

10 8.76 8.34 8.04 9.15 7.58 8.97 8.61 8.23 9.39 841
Average 39.64 37.59 36.44 41.33 34.52 40.29 38.43 36.55 42.11 37.39
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Table 6. Groundwater influx into tunnel for ten realisations in fracture network model (Distance between model

boundary and tunnel=60 m) (Unit: 10* m%sec)

Seed No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No 10
Segment (84) q(27) q(1?) q(57) q(81) 97 (65) q(82) (66) (48)
1 3.34 4.62 1.89 2.80 2.09 2.94 3.21 3.21 447 2.25
2 3.12 3.80 2.77 3.72 5.27 4.22 5.03 4.29 3.70 4.40
3 2.88 5.96 3.26 5.69 442 4.18 4.75 4.30 4.84 5.04
4 3.19 4.78 4.66 5.35 5.86 4.27 4.13 4.32 3.39 3.26
5 457 4.65 2.88 5.81 5.70 451 5.14 3.70 3.07 3.67
6 5.11 5.94 7.30 4,20 6.55 5.12 4.98 4.35 4.09 3.93
7 5.38 6.11 5.62 6.17 5.05 6.90 6.11 7.39 3.46 4.38
8 3.79 4.85 5.66 6.19 6.51 591 8.95 7.37 4.45 4.67
9 6.09 7.92 11.47 5.17 7.00 10.78 6.81 9.11 5.59 6.25
10 941 6.78 14.23 15.02 14.96 9.23 8.34 12.38 6.62 8.80
SUM 49.88 55.41 59.74 60.12 63.41 57.97 57.46 60.43 43.68 46.84

Table 7. Groundwater influx into tunnel for ten realisations in equivalent porous model (Distance between model
boundary and tunnel=60 my) {Unit: 10* m*/sec)

wed No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No 9 No 10
Segment (84) (27) (17) (57) (81) (97) (65) (82) (66) (48)

1 4.18 4.05 3.89 4.83 4.43 4.54 4.50 3.94 4.08 4.13
2 4.35 4.21 4.03 4.79 4.42 4.49 4.46 4.09 4.26 4.29
3 4.37 4.22 4.03 4.82 4.45 4.53 4.49 4.10 4.28 4.32
4 4.41 4.25 4.07 4.89 451 4.58 4.55 4.13 4.32 4.36
5 4.48 4.32 413 4.99 4.60 4.68 4.65 4.19 4.38 442
6 4.58 441 4.22 5.14 4.74 4.82 4.79 4.28 448 4.52
7 4.72 4.56 4.36 5.38 4.95 5.05 5.01 4.42 4.63 4.67
8 4.96 4.79 4.58 5.78 5.33 5.43 5.39 4.64 4.86 4.90
9 5.27 5.09 4.87 6.57 6.07 6.18 6.13 4.94 5.16 521
10 7.60 7.29 7.05 10.18 9.43 9.67 9.53 7.08 7.47 7.58
SUM 48.92 47.17 45.23 57.37 52.90 53.97 53.49 45.81 47.92 48.40

Table 8. Percent ratio of groundwater influx calculated by fracture network model and equivalent porous model

for ten realisations (Unit: Percents)
Realisations g 3 4 5 6 7 8 9 10
Cube length
30 108.0 107.6 89.7 925 1089 1203 95.26 99.9 1135 92.4
60 102.0 1175 1315 1045 1163 1074 1074 131.9 91.6 96.7
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