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A Study on the Groundwater Flow and Solute Transport in Discontinuous Rock
Mass Using Fracture Network Analysis : An Estimation of Equivalent Permeability
on Discontinuous Rock Mass

Kwang-Su Ju

ABSTRACT This paper presents groundwater flow characteristics in discontinuous rock mass using fracture network
program(NAPSAC) by statistical approach. Equivalent permeability coefficients are estimated from borehole data around
Mabuk test tunnel site and fracture map on the arch of the tunnel. The reliability of fracture network model is obtained from
determination of input data for statistical fracture network analysis from the real data(data of fracture network, data of
hydraulic tests). The variation of permeability and mean anisotropic permeability coefficients are calculated from the realized
model by increasing the size. As a result of analysis, a strong anisotropy of permeability is observed according to the
direction of the fracture sets around the test tunnel.
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Table 1. The geologic data of fractures at the site of test tunnel.

Fracture Fracture set 1 Fracture set 2 Fracture set 3 Random Fracture
N8OE/30SE
NS-N20E/ N30-50E/ NS8OE/75NW
Orientation o ?fé)&v / 60-90SE 20-50SE N3OW/60NE
(Strike/Dip) Foliation Fracture Subvertical Subhorizontal N1OW/80ONE
1on Fracture Fracture EW/70-90S
etc.
Spacin Mean 15 cm Mean 1.0m Mean 2.0 m )
pacing (few cm~S50 cm) 03 - 15m) (15-3.0m)

. P5; very high, P4; high, P3; medium, P2; Low,
Persistence >20m 10-20m 3-10m 1-3m
Mechanical aperture 276 um 180 pym 600 um -

Partly 0.3 - 0.5 V/min
Seepa o usually, at cross point
eepage rare with another fracture 1
- seepage flow
0
18
]
S50E $

Test Tunnel

[puUN} $S899Y

Fig. 1. Fracture map of test tunnel(arch area).
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Fig. 2. The location of boreholes around the tunnel.

Table 2. The results of Lugeon test.

Borehole  Length . Lugeon Permeabili
No. (mg) Test scction vaglue (m/sec) N
BHI-1 40 20 m 1.23 1X107
BHI1-2 40 24 m 0.09 9X10°
BH2-2 55 28 m 2.60 3% 107
BH-TS1 35 18m 0.06 7% 10°
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Fig. 3. The location of scan lines along the test tunnel
axis.
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Fig. 4. Pole plot of fractures that intersect the scan lines.

Test tunnel

Fig. 5. Map traces on arch of the test tunnel.
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borehole diameter = 7.6 cm

borehole length =20 m
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Fig. 6. Schematic view of injection test using NAPSAC.
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Table 3. The range of permeability by numerical injection
tests.

calculated calculated

e/e, Q (msec) transmissivity permeability
(m’/sec) (m/sec)

1 2.763%X10° 2.767X10° 1.38X10*
0.2 2216X10° 2219X10° 1.11x10°
0.1 3.462X 107 2.774X10° 1.39X 107
0.05 1.773X 107 3.467X107 1.73X 10
0.04 1.773X 107 1.775X 107 8.87X10°
0.03 7.479%10* 7.490X 10* 3.74%X10°
0.02 2.216X10* 2.219X10* 1.11x10°

& : hydraulic aperture, £, : mechanical aperture,
Q : net flow from borehole

Input parameter of fracture sets for fracture network analysis .

Input parameter

Fracture set 1

Fracture set 2 Fracture set 3

fracture density

mean hydraulic apertures (1m)
distribution of apertures

mean fracture length (m) 40
distribution fracture length (m)
mean dip angles (degree)
distribution of dip angles (degree)
mean dip direction (degree)
distribution of dip direction (degree)
mean orientation (degree) 0

spread of orientation (degree) 360

distribution of orientation (degree)

1.5%10°
20.65(8.71 - 59.57)
triangular distribution

uniform distribution
40(30 - 50)
triangular distribution
207.5(190 - 225)
triangular distribution

uniform distribution

8.5%10* 7.8% 10"
13.46(5.68 - 38.84) 44.89(18.94 - 129.49)
triangular distribution triangular distribution
20 6.5

uniform distribution uniform distribution

75(60 - 90) 35(20 - 50)
triangular distribution triangular distribution
10090 - 110) 130(120 - 140)

triangular distribution triangular distribution
0 0
360 360

uniform distribution uniform distribution
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Table 5. The range of permeability varying with random
seeds.

calculated calculated
random oy ec)  transmissivity  permeability
seed number (m/sec) (m/sec)

201 3461X10°  3.466X10° 1.73% 10"
202 3.786X10°  3.791X10° 1.89X 107
203 3.937X10°  3.943X10° 1.97X107
204 2.330X10°  2.333X10° 1.16 X107
205 2419X10° 2423%10° 1.21%107

Range of permeability(m/sec) : 1.16 - 1.97 (X107) m/sec
Average permeability(m/sec) : 1.55X107 m/sec

B[S Aoy 383

&

Hhed gk melQl s ok 4= 9l
3.3 sl
AFepd el IRz YA 93t 7
Folo] AAR JHFERE Fig. 78 el 7
ko] 2 muldkol| A 9| -5 A4kt zzhe] Al

A5rA] S oo 3 Wkl F3Yst & 4
FUAE ARSI YA 4702 HH-L no-flow
AZ71E desle] z+ wakllA 9] Bo FAlE Al
e

AR 9 Zelle] F7]& t Aty thEQ 4HA
(REV)9] Z715 AAsl7] $lall 20m)’, (25 m)’, (30 m)’,
(35 m)’, (40m)’, (45m)’, (50 m)’, (55 m)’, (60 m)*<)
F kA 2elS AFsidel E oL dzke #
Aol 3l -3 H FpAle FEHA) Bl
Aziol) F3glel AT e 7HE wle] HH o} 7+
714 Bellof] dia] whAlgt ghue 4L s E
kot 109 27135 oh2A) AAste] & 1074
FARE YA ol B FAA YT E 2t
FelA BT 5 Qe F59) 2AE sfetsted o)
ASire] A A 5 2P A Helet,

FALE) S7F FAGK)E Darcy 2ol 9134
A (5)ell elah Al o,

oL, il
e 2 oy

¢

2 o
o,

K = QX LIL pgAP) 5

IR

§'_' LD
N SN N

,_‘V(Q'»l\\ .

g
N

%\'\\\\\\\\\\\{\\“\v
/ => : flow direction

x other 4 sides : no-flow

- T & ]
\ — ‘n ‘.“

SN
<1

N

Fig. 7. Schematic diagram to calculate the equivalent
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Fig. 9. Standard deviation of log K varying with cubic
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Table 6. Mean principal directions of permeability varying with cubic size .

Mean maximum principal direction Mean intermediate principal direction Mean minimum principal direction

cubic size (degree) (degree) {degree)
(m dip (SD)  dip direction (S.0.)  dip (D))  dip direction (SD.)  dip (S.D) dip (‘;‘;;“)“0“
20 3240 (1578) 16662 (5.307) 308 (2236) 25885 (4378)  S7.17 (1662)  354.05 (4.405)
25 32.14 (1.628)  167.12 (4794) 246 (1.854) 25000 (4.179)  57.54 (1.701) 35357 (3.986)
30 32.00 (1.056) 16682 (4.140) 292 (1.394) 25871 (3.797)  57.64 (1.120) 35338 (4.265)
35 32.10 (1.200) 16591 (3.836) 233 (1.306) 25743 (3.878)  57.69 (1.243) 35118 (5.021)
40 31.00 (1.366)  167.34 (4590)  3.14 (2.802) 25485 (3.671) 5845 (1.186)  337.78 (4.583)
45 3252 (1.315) 16639 (2.546) 200 (1.817)  257.99 (2275)  57.24(1312)  351.80 (4.039)
50 3158 (1859) 16696 (3.277) 1522285  25552(2921)  58.11(1.902)  340.69 (3.563)
55 3263 (L531) 16599 (2259) 307 (1489) 25818 (1.961)  57.04 (1.497) 35346 (2.765)
60 3191 (1.604)  167.05(1936)  2.158 (0.945) 25591 (1.843)  57.89(1.610)  343.27(3.879)

S.D. : Standard Deviation



A : Maximum principal direction(31/167)
@ : Intermediate principal direction(1/255)
8 : Minimum principal direction(58/343)

Fig. 10. Pole plot of average principal directions of per-
meability(60 m cube).
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Fig. 11. Average principal directions of permeability
around the tunnel.
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g. 12. Anisotropy ratio of average principal permability
(Kmax./Kmin.} varying with cubic size.
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