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2.Universal Distinct Element Code
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1.Discrete Fracture Network
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1.Statistical package for social science
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Dip(degree  Openin  Type  Spacing(m Dip

) g (mm) ' qf ) directio

Jjoint n
65 1 m 20 300
87 1 n 32 245
40 1 n 40 10
30 2 n 48 130
38 1.5 m 54 194
20 2.5 n 62 305
84 2 m 60 348
86 1 n 110 247
52 1 p 128 220

Table 1. Sample of the collected form
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Fig. 4. Total output of joints system
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Entrane joints systems characteristics
Joint set4 Joint set3 Joint set2 Joint setl
26.52 14.39 23.24 31.70 Fisher Number
K
Log-Normal Log-Normal Log-Normal Log-Normal Distribution function Trace
0.050 0.018 0.012 0.045 Position function parameter (p) Length
0.76 0.88 0.82 1.05 Scale function parameter () (Meter)
10.47 27.50 4.22 10.60 Mean
4.20 8.20 8.40 5.30 standard deviation
Normal Normal Normal Normal Distribution function Dip
53.75 54.02 45.74 69.61 Mean
7.21 15.80 13.86 11.82 standard deviation = g
(s3
Normal Normal Normal Normal Distribution function Dip E E»
o =
208 138 314 241 Mean direc 3
13.79 17.68 12.50 8.16 standard deviation tion
Normal Normal Normal Normal Distribution function Opening
1.59 1.34 1.28 1.2 Mean (mm)
0.64 0.53 0.46 0.44 standard deviation
Log-Normal Log-Normal Log-Normal Log-Normal Distribution function Spacing
0.782 0.529 0.947 0.716 Mean
0.381 0.205 0.283 0.102 standard deviation

Table 2. Summary of statistical characteristics of geometric parameters of tunnel Entrane joints systems

Lasj s m;L}Sézy.;dab.o Jss

Fig. 5 Vertical section of total joints system
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P32 P21 Pio
joint
Percentage Modeled  surveying  Percentage Modeled surveying  Percentage Modeled — Surveying
of of of (Out put) (Input

compliance compliance compliance Data)

96.70 0.209 0.216 93.95 0.233 0.248 89.70 0.220 0.245 1

87.84 0.253 0.288 93.69 0.223 0.238 92.42 0.500 0.541 2

98.40 0.520 0.528 89.02 0.357 0.401 75.50 0.130 0.172 3

92.30 0.181 0.196 95.52 0.192 0.201 99.34 0.153 0.154 4

87.18 0.163 1.334 89.82 1.006 1.120 95.05 0.558 0.587 total

Table 3. Comparison of the surveying joint intensity with joint intensity from modeling
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Fig. 6. Longitudinal section of tunnel with fluid flow lines
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Abstract

Undoubtedly, fluid flow modeling plays an important role in underground structures studies. In many cases,
the main system for fluid flow in rock mass is the fractures network. Because of that the measurement of the
geometric properties of the discontinuities is a time-consuming process and for some properties like
persistence is impossible, the use of stochastic modeling for rock mass is suggested. Uncertainty about the
geometric properties of discontinuities has led to use of statistical analysis for more accurately define
geometric features. Because of intrinsic statistical nature of the geometric features of discontinuities, a more
precise model can be obtained from the development of stochastic three-dimensional geometric models of
discontinuities. The most important step in rock mass modeling is the exact definition of the discontinuity
network. This makes it possible to provide a better starting point for numerical modeling in mechanical and
hydraulic analysis. The Gardaneh-Rokh tunnel with a length of 1300 meters and a maximum volume of 200
meters is located in Chaharmahal Bakhtiary province. The purpose of this study was to investigate the water
leakage from joints and fractures in the tunnel and the effect of surface water in the amount of water leakage
into the tunnel using analytical and numerical methods. This modeling has been done to increase the
understanding of the hydraulic behavior of the massive discontinuity system. In this study, the fractures
connected to each other as the main paths of water flow into the tunnel and the control of the hydraulic behavior
of the mass are assumed, and the roughness of the joints is neglected To this paper, joint sets in Gagrdaneh
Rokh tunnel was modeled using the 3D-DFN code written in the Mathemtica software, after validation of the
surveyed and modeled values, it was observed that the percentage of conformance is above 85%. This has led
to the use of model outputs with confidence in the hydraulic modeling of the tunnel. This paper is designed
with the aim of two-dimensional hydraulic modeling in the UDEC software environment. The modeling fluid
is considered as monophasic, and discontinuities are modeled as two-dimensional. Hydraulic modeling is done
by calling the joints from the 3D-DFN program output. Comparison of the obtained results shows good
matching between the flow rate in the model with the actual flow rate. The resulting total flow rate is estimated
to be 362 liters per minute, which is actually set at 375 liters per minute, which is a good match. Also, the
sensitivity analysis of fluid flow has been investigated with respect to the maximum and minimum values of
apertures, continuity (trace length) and Fisher numbers. With an opening of 5 mm, the water rate to the tunnel
will reach 530 liters per minute. This rate is reduced to 172 liters per minute at opening of 1.2mm. The flow
rate arrives in continuity of 27 meters to 523 liters per minute, in a trace length of 22 meters to 488 liters per
minute and in trace length of 10 meters to 354 liters per minute. The flow rate in Fisher's number is reduced
to 410 liters per minute and in Fisher's number 25 to 290 liters per minute.

Key words: UDEC, Fluid flow modeling, 3D-DFN Code, Gardaneh rokh tunnel
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