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Discontinuity ~ Slope slope Continuity ~ Spacing Filling  Opening roughness water
Direction (deg) (m) (m) (mm) condition
Calcite -
Bedding 75-85 1530  3-20  02-06 iron 0.1- Dry to
. 0.25 Moist
oxide h

J1 60-75 260 280 310 roﬁgt - Dry
2 45-60 125150 1-10  02-2  Calcite <1 Dry to
Moist

J3 45 - 65 50-70 1-3 Dry

Fisher Cavern axis

Concentrations

0.00-3.00%
3.01-6.00%
6.01-9.00%
9.01-12.01
12.01-15.00%
15.01-18.00%
18.01-21.00%
21.01-24.00%
24.01-27.00%
27.01-30.00%
No Bias Correction

Max. Conc= 26.5231%

Equal Angle

Lower Hemigphere

1600 Poles

8 Entries

% of total per 1.0% arca

ore horizontal
stress direction

Less horizont: N
stress direction ;
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FBeddiag

Cavern axis
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Applicability / Remark Governing equations and parameters 3 s
g O
2nKH- -
Deep Circular tunnel, Homogeneous L= 27 2
media, Darcy flow / Mirror method used, Ln(5) gL
Inflow increase slowly with increasing of @, : Groundwater inflow per unit length (m3/sec/m) , K: Hydraulic 5 <2
tunnel diameter conductivity (m/s) , r : Tunnel radius (m), H. : Depth from the 3=

tunnels center line and water head (m), Z: Overburden thickness (m)

2nKh 2 © ~
These researchers, have revised equation 1, = Jn ‘; NE «
by substituting Z instead h 2.3log(57) ST
The parameters utilized are listed in Equation 1. S =
Circular tunnel, Homogeneous media, 0= 2nKh >
Darcy flow / In this relation, Goodman T h § -
method has been corrected with more exact InGG+ (2 -1 =
exertion of real condition The parameters utilized are listed in Equation 1. 3
Square, Elliptical or Circular tunnels, r\2
varied hydraulic conductivity, Darcy flow / — 2nKh 1-3 (ﬁ) =
El-Tani has defined equation 4 as an Qu=2m r\%, 2h T, FS <
optimum relation by considering above [1- (ﬁ) 1Ln== = G5p) ipss
mentioned relations. The parameters utilized are listed in Equation 1.
Circular tunnel, Homogeneous media, 2nKH. 1 .
Darcy flow / Heuer reduction coefficient L= 2z X 8 § a =
(1/8) and some change in deominator has In(=5) T8
been exerted to revise equation 2. The parameters utilized are listed in Equation 1.
Circular deep- seated tunnels (h/r>3 — 4), 2mKh
shallow tunnels, Homogeneous media, L= S g
constant permeability, Darcy glow / semi — Ln(zr—h -1) é g ©
empirical equation, there is no influence of The parameters utilized are listed in Equation 1. x &
Seepage for the water table.
Circular tunnels with lining, homogeneous 5 &
media, Darcy flow / in this equation EI — 0 = 21K - L S
Tani, has applied Mobius transformation A2+1° Ind S 0
method and Fourier series and present a _(h h? 12 S ~
new analytival solution for flow 0 (;) “\rz ) D Ly
w

calculation.

The parameters utilized are listed in Equation 1.
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K : Hydraulic conductivity

r: Equivalent radius of

Z:Overburden h : distance from the center of Parameter

(mfs) the cave (m) thickness (m) an underground space to the
water table (m)
1x 107 - 5x 107 19 503 263 Value
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A- Grouping effective factors in estimating water seepage into tunnels using TIC analytical method

Rock Mass Composition

(RMC) Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Score 2 1.6 11.6 3.9 2 2
Rock Type (RT) Chemical Chemi — Clastic Clastic
Score 7.1 2.9 11
Uniaxial compressive strength UCS<25 50>UCS>25 UCS>50
(UCS)
Score 0.6 2.8 5.3
Clay Bearing Content (CBC) CBC>35 35 >CBC>5 CBC<5
Score 1 8.8 6.5
Tunnel Depth (TD) TD<200 500>TD>200 TD>500
Score 4.1 7.3 3.2
B- Quantitative and qualitative classification water seepage risk in tunnel construction sites using the TIC analytical
method
Tunnel category | 1l 11l v V VI
Tunnel Score <10 10-25 26-40 41-60 61-80 81-100
ualitative description of the .
anount of seepage into the Very low Low risk Modgrately High risk Very high Extre mely
risk risk risk risk
tunnel
Amount of seepage into the <10 11-60 61-120  121-300  301-800 >800

tunnel
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Slightly metamorphosed

sandstone Type of rock
2.67 Dry Density (gr/cm?) Physical tests
2.69 Saturated Density (gr/cm®)
2.26 Porosity %
69.9 compressive strength (MPa)
62 (MPa) Saturation compressive strength
Young's modulus (GPa) L
252 g Uniaxial tests
24.7 Saturated Young's modulus (GPa)
0.24 Poisson's ratio
cohesion (MPa) L
131 __ Triaxial test
46 Internal friction angle (deg)
0.2 cohesion(MPa) seam surface shear
35 Internal friction angle (deg) test
0.39-0.61 Minimum horizontal to vertical stress ratio
0.71- 15 Maximum horizontal to vertical stress ratio Hydraulic fracture test
N 56 -93 Strike Maximum horizontal stress
20.5 AP1 borehole
27.6 AP2 borehole luian's number
3.3 AP3 borehole I
2.1 AP4 borehole
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JOB TITLE: unbal
UDEC (Version 5.00)

(e 005)
1.4

Time

IDesktop

16-Jan-2022 23:0008 |7

L
Flow Time — 7.040E-03 sec

Ilistory Plot 08 \
Y - axis q
0- maximum unbalanced )
06 ‘
K- axis \
Number of cycles ‘ A\
% 0.4 ‘
) ‘ o
0.00 ‘ - s
05 o000 05 1 15 2 25 3 35

Ttasca Consulting Group | Tne

LEGEND A

= 7.040E-03 sec [ \
\

(CHO2)

Cyele 340
Time 7.040F-03 scc
Flow Tinte 7.040E-03 sed
plock Plot
Poined block edges

1

0

-1
T 0 072

JOB TITLE: unbal *10°2)
UDEC (Version 5.00) 1750
LEGEND
17-JAN-2022 09:40:28 1 1250
Cycle 340 -
Time ~ 7.040E-03 sec
Flow Time — 7.040E-03 sec
domain pore pressures 075
maximum pressure= 3,580F+06
each line thick= 7.160E+05
|3.3R05 105
7.160C 1 05 .25
1.074L106 240m
42E 06
3 (.25
L -0.75
120 m -1.28
Itasca Consulting Group , Inc
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UDEC (Version 3.00) 1,750,
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eyels 340 13
time = 0.000E+00 sec
flow time = 0.00E+00 SEC
block plot A
0.250
-0.25
-0.75(
=1.25(
Itasca Consulting Groupm, Inc
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Loge = —0.251log E - 0.85 o)
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The  equivalent
Risk leve Il1 Risk leve Il Risk leve | radius of the
cavern is (m)
Displacement Critical Displacement Cs?rg:::I Displacement Critical
(cm) strain (%) (cm) (cm) strain (%) 19
(%)
2.8 0.15 6.4 0.34 15 0.8

Jde om%)ﬁqda‘?}é&l{&&@ju Sl gz A J g

Density (kg/m®) Poisson's ratio

Young's modulus (Gpa) Thickness (m)

2500 0.2 21 0.25
e 5 edian S 58 @ el ol iy SOI Olos gz & J g
Modul Density Prestressing diameter
2
Gpa) (Kg/m?) kN) Mesh A(mm?) - length (m) (mm) Characteristic
200 7800 450 2x2 1018 8 36 Roof
200 7800 450 3x3 1018 20 36 Wall
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Modul Density diameter
) I
Gpa) (Kg/m?) Mesh A (mm?) length (m) (mm) Characteristic
200 7800 1.5x1.5 6 32 Roof
200 7800 3x3 6 25 Wall
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water Seepage rates (L/S)
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[: The rate of water seepage into the cavern by the minimum hydraulic gradient

[1 The rate of water seepage into the cavern by the maximum hydraulic gradient
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SGR-SGRM
water Seepage Rate of Seepage
Range rates (L/S) per unit length Score S7 S6 S5 S4 S3  S2 S1
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