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Intact rock strenoth (N-tvne Schmidt Hammer ‘R*)

Total rating and classification of Kanisib Tunnel

= .
Parameter vl o W)
aramete 1 2 3 4 5 }, owo! KV @
Parameter Very stron Stron Moderate Weak Very weak ¢ ¢ *
ry g g ry . “
Rating 100-91 9071 70-51 50-26 <26 }ow 99,499 GSMM
*” ) * *
HYDROGEOLOGICAL
8,10 34,69 1,5 2 7
Z0nE 45°200'E 45°250'E
1 1
&
ooy a = .
zone | P El &~
{ 1 .| t
kft‘ vk
Spacing of fissures - " - (§Q
—_— 7
Parameter >3 m 3-1m 1-0.3 m 300-50 mm :.-% =%, &
Rating 30 28 21 15 - . F &
H . "”...-" F
Tunnel ; 3 J F - |
Hydrogeologic | 8,10 34,6,9 1,2,5 ' 3
zone : il 7
! ¥ .
" . > WE
= I oy
Fissure orientations :_ . L -F."
Parameter ~ Very favourable Favourable Fair Unfavourable 2 ,_:
Rating 20 18 14 9 o *5
T
Hydrogeologic 2 34,6,89,10 1,25
zone ! ‘ﬂ
¢
IR B S U U U U UUUUUUUUUUUU U U U S UUUUUUUUUUUUUUUUUUY UUUUUUUUUUUUUUUUUUUUUUT & d 3
=8
Width of fissures o e B LTSNS
Parameter <0.1lmm 0.1-1mm 1-5mm 5-20 mm "i:
Rating 7 6 5 4 - LC;__",C nd i
Tunnel § :_ D s "
Hydrogeologic. | 8,10 9 34,6 125 iy | HG ZONE Lo
zone ! ,’ - iz
Continuity of fissures #5 Moderats
Parameter  None continuous Few continuous Continuous, no infill Continuous, thin in: P
. o ¥
Rating : 7 6 5 4 i3 L &'?} Strong
; : - .
Tunnel { o @M 4
Hydrogeologic ; 8,9,10 34,6 1,25 - ID ﬁ —apy Sirong
zone 2 .F é{"‘
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, | \5:"‘6 3 9 -4 oy Wealk
= - =
Outflow of groundwater oy Ej-la\a (] o % Sid £
Parameter None Trace Slight Moderate "1 - wﬁ : e L=
Rating 6 5 4 3 [ o E s
s = > “‘ villige 3
Tunnel ! 5 ﬂ
Hydrogeologic ? 3,5,8,10 1,2 4,6,7,9 {.'I =] ! = = :
zone ; I.
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. DHI, = (41FF X 22MK X 170V X 20PZ) X(IF+1) X(SP+1) X(DT+1)




Key factors

ov

PZ

Frequency of
fracturation

High 1

Degree of
Permeability

Overburden

Amplitude of the

plastic zone

Very high 0.9

OV=<=350m 09

= tunnel

diameter

High

<700m 500m

< tunnel
diameter

o0m = QV

0.5

From hligh 0.7
to medium

OV <

Medium

0,5

Qv =

0,1

Fram

mediumto 04

oW ks

S00m

Very low 0.1
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Introduction

* Different methods of water inflow assessment
* Analytical methods
* Empirical methods
* Numerical methods

* Analytical methods * Empirical methods * Numerical methods
* Muskat (1937), Goodman et al. * Heuer (1995) *  Seep/w
(1965) e FEFLOW
* Freeze & Cherry (1979) e NAPSAC
* ElTani (1999) .« UDEC
* Lee (1999) . Flac2D

e Karlsrud (2001)
. FG.Bell Flac3D

« Lombardi (2002) * GMS




Introduction

* |n assessment of water inflow:

* Permeability
e Water head
* Tunnel Radius h




Probabilistic analysis

* Variability/Uncertainty in the data
* Natural variability
* Changes over time
* Uncertainty of rock mass properties
* Uncertainty in measuring their values

e Using probabilistic analysis
* Expressed as a probability distribution, rather than a single value.

For probabilistic analysis we recommend Monte Carlo method




Monte Carlo Simulation

Monte Carlo Simulation is a computational algorithm that rely on repeated
random sampling to obtain numerical results.

How Monte Carlo Simulation works

L

e A probability distribution for an.s) factor that 'hzas inherent uncertainty

* Calculates results over and over, using a different set of random values

e Produces distributions of po,séible outcome values




VBA Programing Language

VBA stands for Visual Basic for Applications an object based
programming language from Microsoft that is now predominantly used

with Microsoft office applications such as MS-Excel, MS-Word and MS-
Access.

Application of VBA:
* Automating repetitive operations

* Developing new worksheet functions

* Creating complete, macro-driven applications




Introducing the New Program

Probabilistic Analysis of Water Inflow into Tunnels

2016 - 2017

PAWIT_0.9 - Excel Ashkan Lotfipoor Eal

Home Insert Page Layout Formulas Data Review View Developer Q Tell me what you want to do

Distribution : ’ II

IR

Iteration

Number Start Charts Report  Clear  Mean Help About
of Zones Simulation and Stolev

Muodel Simulation Result Toaols Help e
Al b Je v
ANAN B | € | B ||lE | F G H | ¥k | L | M | N 0 P a | R S T u [
1 Analytical Methods Empirical Method |J
2 h (m} K (m/sec) g (lit/sec/m) Heuer {1995}

Length F &
R {m)|Zone " Lee reeee Karlsrud Goodman | Lombardi |El Tani Total q dn Total
(m) [Mean|StDev| Mean | StDev Cherry F. G. Bell Average | 5 !

3 (1999) (1979) (2001) et al. (1965)| (2002) |(1999) (lit/sec) (lit/sec/m) | (lit/sec/m) (lit/sec)
4 H1




Introducing the New Program

Viean and Standard Deviation >

[ Mean [
[ sDev [

Calculate

PAWIT 0.9 - Encel Ashkan Lotfipoor &l
Home Insert Page Layout Formulas Data Review View Developer Q@ Tell me what you want to do
= Distribution ¥ l—‘| S==s ’? .3‘
lteration b I I " —#F o -
Mumber Start Charts Report  Cled Help About
of Zones Simulation
Muodel Simulation Result Help A
Al o Je W
y A B | € | B | E | F G H | | ] | K | L M | N ] P Q | R 5 1F U [«
1 Analytical Methods Empirical Method |J
L) h (m) K (m/sec) g (lit/sec/m) Heuer (1995)
Length Freeze & : ;
R {m)| Zone Lee Karlsrud Goodman | Lombardi | El Tani Total q (o] Total
(m) |Mean|S5tDev| Mean | StDev Cherry F. G. Bell Average | S y
3 (1999) (1979) (2001) etal. (1965)| (2002) |(1999) {lit/sec) (lit/sec/m) | (lit/sec/m) (lit/sec)
' H1




Introducing the New Program

Mumber of fones

Insert the number of zones | 10

Cancel | Ok

PAWIT_0.9 - Excel

Ashkan Lotfipoor &l

Insert Page Layout Formulas Data [ fieu Developer Q@ Tell me what you want to do
| S R | T ? &
Mumber Start Charts Report  Clear Mean Help About
pf Zones Simulation and Stodev
Muodel Simulation Result Toals Help A
Al » F .
y A B | € | B | E | F G H | | ] | K | L M | N ] P Q | R 5 1F U [«
1 Analytical Methods Empirical Method |J
L) h (m) K (m/sec) g (lit/sec/m) Heuer (1995)
Length Freeze & : ;
R {m)| Zone Lee Karlsrud Goodman | Lombardi | El Tani Total q (o] Total
(m) |Mean|S5tDev| Mean | StDev Cherry F. G. Bell Average | S y
3 (1999) (1979) (2001) etal. (1965)| (2002) |(1999) {lit/sec) (lit/sec/m) | (lit/sec/m) (lit/sec)
H1




Introducing the New Program

PAWIT
— Distribution .

[teration Mormal

Barb Lognormal
of Zones J

Triangular
Mode g
Uniform

PAWIT

Distribution

-

— [teration l
Mumber

of Zones 1

=
==

Lo |

Mode 3
1

=
(=)
T

PAWIT_0.9 - Excel

Ashkan Lotfipoor &l
Insert Page Layout Formulas Data [ Developer Q@ Tell me what you want to do
= #istribution ¥ =] == e®
| >l @ ? &
teration -
Mumber Start Charts Report  Clear Mean Help About
of Zones Simulation and Stodev
Muodel Simulation Result Toals Help A
Al o Je W
y A E e | B | El| F | 8 H | | J | K | L M | N o | P Q | R 5 1F | U E'
1 Analytical Methods Empirical Method ||
L) h (m) K (m/sec) g (lit/sec/m) Heuer (1995)
Length Freeze & : ;
R {m)| Zone Lee Karlsrud Goodman | Lombardi | El Tani Total q (o] Total
(m) |Mean|S5tDev| Mean | StDev Cherry F. G. Bell Average | S y
3 (1999) (1979) (2001) etal. (1965)| (2002) |(1999) {lit/sec) (lit/sec/m) | (lit/sec/m) (lit/sec)
H1




Introducing the New Program

PAWIT 0.9 - Excel Ashkan Lotfipoor =
Home Insert Page Layout Formulas Data Review View Developer Q Tell me what you want to do
== Distribution Mormal - +H EEE |_T| !
Iteration 1000 - ’ I I B"q %E ? av‘
Number Start Charts Report Clear  Mean Help About
of Zones Gimulatio and Stdev
Model i ] Result Toals Help ~

Al - S v
4 A 8| e |plEe| | 6 H|l v | ¥ | ¥ | L | ™ |N o | P Q | R s | 1 | u [+
1 Analytical Methods Empirical Method

2 h (m) K {m/sec) g (lit/sec/m) Heuer (1995)

Length Freeze &
R (m) | Zone Y [ ey pwr P Lee g Karlsrud S Goodman | Lombardi |El Tani — Total d. dh Total
ry g - .

3 (1999) (1979) (2001) et al. (1965)| (2002) |(1999) (lit/sec) (lit/sec/m) | (lit/sec/m) (lit/sec)

4 | 2.50fH1 109 30 5| 5.00E-07| 2.50E-08

5 i IHZ 643 60 10| 1.00E-07| 2.50E-08

5_ IH3 480 60 10| 1.00E-07| 2.50E-08

7_ IH4 83 60 10| 1.00E-06| 2.50E-07

8 1 |H5 2013 S0 10| 1.00E-07| 2.50E-08

9 | IHEr 68| 160 20| 1.00E-07| 2.50E-08

10_ IH?r 82| 140 15| 1.00E-06| 2.50E-07

11_ IHB 406| 140 15| 1.00E-07| 2.50E-08

12_ IH9 305 145 16| 1.00E-07| 2.50E-08

13_ |H10 1837| 270 30| 1.00E-07| 2.50E-08




Introducing the New Program

PAWIT 0.9 - Excel Ashkan Lotfipoor =

Home Insert Page Layout Formulas Data Review View Developer Q Tell me what you want to do

= Distribution Mormal ™ == Smas |_T| .'.
Iteration 1000 ’ I I 5‘ : x %E ? “v‘
Number Start Charts Report  Clear  Mean Help About
of Zones Simulation and Stdev
Model Simulation Result Toals Help -

Al - e ¥

y ! B & | B | CE || F | & H | | | J | K| L | M | N a [ P Q | R S | il§ | U |-
1 Analytical Methods Empirical Method

= h (m) K {m/sec) g (lit/sec/m) Heuer (1995)

Length Freeze &
R (m) | Zone T [ e g R Lee P Karlsrud £ Eisll Goodman | Lombardi |El Tani 5 Total d. dn Total
Ty . G. Be verage | y

3 (1999) (1979) (2001) et al. (1965)| (2002) |({1999) (lit/sec) (lit/sec/m) | (lit/sec/m) (lit/sec)

4 | 2.50fH1 109 30 5|5.00E-07| 2.50E-08| 0.030 0.030| 0.032 0.030 0.030 0.031| 0.031 0.030[ 3.249 0.0024 0.0024| 0.263275

5 IHZ 643 60 10| 1.00E-07| 2.50E-08| 0.009 0.009| 0.009 0.009 0.009 0.009| 0.009| 0.008( 5.989 0.0009 0.0009] 0.560389

6 |H3 480 60 10| 1.00E-07| 2.50E-08| 0.010 0.010| 0.010 0.010 0.010 0.010| 0.010f 0.010( 4.632 0.0010 0.0010] 0.491761

p |H4 83 60 10| 1.00E-06| 2.50E-07| 0.097 0.097| 0.097 0.097 0.097 0.097| 0.097| 0.097( 8.039 0.0103 0.0103] 0.857258

8 |H5 2013 a0 10| 1.00E-07| 2.50E-08| 0.012 0.012| 0.012 0.012 0.012 0.012| 0.012 0.012| 24.492 0.0016 0.0016] 3.2087

2 IHE 68| 160 20| 1.00E-07| 2.50E-08| 0.023 0.023 0.023 0.023 0.023 0.023| 0.023 0.023| 1.541 0.0023 0.0023) 0.153642
10 | IH?r 82| 140 15|1.00E-06| 2.50E-07| 0.180 0.180| 0.180 0.180 0.180 0.180| 0.180| 0.180( 14.776 0.0246 0.0246] 2.014706
i1 |H8 406| 140 15| 1.00E-07| 2.50E-08| 0.017 0.017| 0.017 0.017 0.017 0.017| 0.017| 0.017( 6.945 0.0021 0.0021] 0.839794
12 |H9 305 145 16| 1.00E-07| 2.50E-08 0.019% 0.019| 0.019 0.019 0.019 0.019| 0.019| 0.019( 5.659 0.0022 0.0022| 0.684605
13 IH‘_‘LO 1837 270 30| 1.00E-07| 2.50E-08| 0.030 0.030| 0.030 0.030 0.030 0.030| 0.030| 0.030 54.360 0.0044 0.0044) 8.04232




Introducing the New Program

Insert Zone to Create Charts H7
[Example: H1)

Cancel | Create

PAWIT 0.9 - Excel Ashkan Lotfipoor &l
Home Insert Page Layout Formulas Data Review View Developer Q Tell me what you want to do
A= Distribution Marmal - l_| =T |_T| .‘
- lteration 1000 - ’ & 5‘ ,__>"< %E ? uv‘
Number Start eport  Clear  Mean Help About
of Zones Simulation and Stodev
Muodel Simulation Result Toaols Help e
Al - £ v
y A BE| € | B | E| F | G H | | | J | K | L | M | N e | P Q | R S | il | u |«
1 Analytical Methods Empirical Method
2 h (m} K (m/sec) g (lit/sec/m) Heuer {1995}
Length Freeze &
R {m)|Zone Lee Karlsrud Goodman | Lombardi |El Tani Total d. (o] Total
(m) [Mean|5tDev| Mean | StDev Cherry F. G. Bell Average | !
3 (1999) (1979) (2001) et al. (1965)| (2002) |(1999) (lit/sec) (lit/sec/m) | (lit/sec/m) (lit/sec)
4 | 2.50§H1 109 30 5| 5.00E-07| 2.50E-08| 0.030 0.030 0.032 0.030 0.030 0.031] 0.031 0.030( 3.249 0.0024 0.0024| 0.263275
5 | |H2 643 60 10|1.00E-07| 2.50E-08| 0.009 0.009 0.009 0.009 0.009 0.009| 0.009 0.008| 5.989 0.0009 0.0009| 0.560389
6__ IHS 480 60 10| 1.00E-07| 2.50E-08| 0.010 0.010 0.010 0.010 0.010 0.010| 0.010 0.010( 4.632 0.0010 0.0010( 0.491761
T ! |H4 83 60 10| 1.00E-06| 2.50E-07| 0.097 0.097 0.097 0.097 0.097 0.097| 0.097 0.097| 8.039 0.0103 0.0103| 0.857258
8 |H5 2013 50 10| 1.00E-07| 2.50E-08| 0.012 0.012 0.012 0.012 0.012 0.012| 0.012 0.012 24.492 0.0016 0.0016| 3.2087
9 | IHE 68 160 20| 1.00E-07| 2.50E-08| 0.023 0.023 0.023 0.023 0022 0.023| 0.023 0.023] 1.541 0.0023 0.0023| 0.153642
10_ IH? 82| 140 15|1.00E-06| 2.50E-07| 0.180 0.180 0.180 0.180 0.180 0.180| 0.180 0.180( 14.776 0.0246 0.0246( 2.014706
11 4 IHB 406 140 15|1.00E-07|2.50E-08| 0.017 0.017 0.017 0.017 0.017 0.017| 0.017 0.017| 6.945 0.0021 0.0021| 0.839794
12 | |H9 305| 145 16| 1.00E-07| 2.50E-08| 0.018 0.019 0.019 0.019 0.019 0.019| 0.019 0.019| 5.659 0.0022 0.0022| 0.684605
13 H10 1837| 270 30(1.00E-07| 2.50E-08| 0.030 0.030 0.030 0.030 0.030 0.030| 0.030 0.030| 54.360 0.0044 0.0044( B.04232




Introducing the New Program

PAWIT 0.9 - Excel Ashkan Lotfipoor =

Home Insert Page Layout Formulas Data Review fiew Developer Q@ Tell me what you want to do

F=F Distribution Mormal - ==z === - D el
b (! .
X 4 H
Iteration 1000 ’ I I ’. x DJ—E -
Mumber Start Charts Report  Clear  Mean Help  About
of Zones Simulation and Stcev

Muaodel Simulation Result Toals Help -
Al e e LEE v

B 0.0B7T3 1 ;:. CSeaeBOsS 10000

7 | 00786 f oo Hu..*’“”‘ e

s | 00833 :

9 | 0102 1 ! FEaE.

o | omze 7 0 10.00%

Wo|ooRaT e @ Eﬂll HH —

2 | 0135 % i lihe— i

1 | 0463 g e 5 5

| 0576 7 j

5 | 01533 i o

% | 01302 el an

7 0191 8

18_ 0.2027 g —8— Cumulative % — — B Frequency  —8 — EEEFrecuency  —3 oy — —

13_ 0.214 To ooEus LN 4 B3aus [LFaU L] [ R ' W HEA [ C 4 B3duL (AR LY [ S P o [ R EA (RN [ B o Fu 16 T (ALY [ JU s o [ E R N N Pl i [ e 11 F W B P e } (N3 [ A [ENa L] 4

@ | 0.2253 T4 77307 0.2253 T4 TR0 02257 75 V707 02253 T4 7R.a07 0.2253 T4 77307 02253 T4 TEA0 02253 74| 7730/ 00233 65 7A80/ 00289 65 79.80¢ 02254 74

21 | 0.2366 57 83.00; 0.2356 57 B3004 0237 56 B2.90/ 02355 57 83.00{ 0.2365 57 B3.004 02355 57 8300/ 0.2355 57 83.004 00304 59 8570¢ 0.0304 59 85.70¢ 02356 57

zz | 02473 63 8330/ 0.2479 63 53304 0.2483 69 8330/ 0.2479 63 83307 0.2473 63 8330/ 02479 63 83307 0.2479 63 8330/ 0.0313 43 30607 00313 43 3060/ 02479 63

23 | 0.2592 | 9z.d0¢| 02592! 3 82407 02596 | 92.40¢ 02532 3 oazdoy 02542 | 92407 02532 I oazd40¢ 0259 3 92407 00333 26 93207 0.0333 26 93204 02592 k)l

& | 0.2705 28 9520/ 0.2705 28 95204 02709 28 95207 02705 28 95.20¢ 0.2705 28 95207 02704 28 95.20¢ 02704 28 95.20; 00348 20 95.20¢ 00348 200 95.20¢) 02705 28

25 | 02813 5 96.70; 0.2818 15 96704 0.2822 15 96.70; 0.2817 1B 9704 02818 15 96.70X 02817 1B 98704 02817 15 96707 00382 18 97.00¢ 00382 18 97.00¢ 0.2818 5

2% | 0233 8 97.50¢ 0233 8 97.50f 0.2935 5 97.50¢ 0233 8 9750¢ 0233 5 9750/ 0233 § 9750/ 0293 § 97.504 00377 8 37.80¢f 0.0377 8 97.80¢ 02331 5

27 | 0.3043 0 58507 03043 0 56507 03046 0 58507 03043 0 56507 03043 0 58507 03043 0 8850 03043 0 5850 00352 3 8ETOY 00352 3 98704 03044 10

28 | 03156 E 93107 0.3156 £ 93107 038 B 937107 03156 £ 99.10¢ 03156 B 9310/ 03156 £ 9310¢ 03156 £ 93107 00408 3 9300¢ 00406 3 99004 03157 6

23 | 03263 1 99207 03263 199204 03274 1 99207 03263 1 99.20¢ 03269 1 99207 03263 1 93204 03269 1 99.z0¢ 00421 2 89a20f 00421 2 93204 037 1
3 ; 3 899507 0.3387 3| 9950/ 03382 3 99507 0.3382 3| 9950/ 03362 3 89507 0338 3 93507 00435 3 899507 0.0435 3| 99504 03353 3=
3 3 83807 035 3 99807 03435 3 89807 03495 3 93807 03454 3 89807 03434 3 99807 0045 3 83807 0045 3. 990804 03495 3
0 0 99807 03613 0 93807 03508 0 93807 0.3608 0 93.807 03607 0 9380¢ 03807 0 93807 00465 0 93804 00485 0 93807 03603 IR oo

® [« ' [»]

Ready  Mum Lock

i mo-—




Introducing the New Program

PAWIT 0.9 - Excel Ashkan Lotfipoor =

Insert Page Layout Formulas Data Review View Developer Q@ Tell me what you want to do

ﬁ Distribution Mormal : ’ II

lteration 1000

= g8 ? &

Mumber Start Charts\Report J Clear  Mean Help  About
of Zones Simulation and Stcev
Muaodel Simulation Result Toals Help -
A1 e e »
y A B | € | B | E | F | &G H | | | J | K | L | M | N e | P Q | R S | 1F | U [
1 Analytical Methods Empirical Method
2 h (m} K (m/sec) q (lit/sec/m) Heuer {1995}
Length Freeze &
R {m)|Zone Y [ e p— S Lee . Karlsrud i Bl Goodman | Lombardi |El Tani X Total (o 8 dn Total
" . G. Be verage | !
B (1999) (1979) (2001) etal. (1965)| (2002} |[{1999) (lit/sec) | (lit/sec/m) | (lit/sec/m) | (lit/sec)
4 | 2.50(H1 109 30 5|5.00E-07| 2.50E-08| 0.030 0.030 0.032 0.030 0.030 0.031) 0.031 0.030[ 3.24% 0.0024 0.0024| 0.263275
5 q IH2 643 60 10(1.00E-07| 2.50E-08| 0.009 0.009 0.009 0.009 0.009 0.009| 0.009 0.009| 5.989 0.0009 0.0009| 0.560389
5__ IH3 480 60 10(1.00E-07| 2.50E-08| 0.010 0.010 0.010 0.010 0.010 0.010| 0.010 0.010f 4.632 0.0010 0.0010( 0.491761
i ‘] IHd 83 60 10(1.00E-06| 2.50E-07| 0.097 0.097 0.097 0.087 0.097 0.097| 0.097 0.097| B8.039 0.0103 0.0103| 0.857258
8 |H5 2013 20 10{1.00E-07| 2.50E-08| 0.012 0.012 0.012 0.012 0.012 0.012) 0.012 0.012| 24.492 0.0016 0.0016 3.2087
9 d IHE 68| 160 20(1.00E-07| 2.50E-08| 0.023 0.023 0.023 0.023 0.023 0.023| 0.023 0.023| 1.5M4 0.0023 0.0023| 0.153642
10_ IH?r 82| 140 15(1.00E-06| 2.50E-07| 0.180 0.180 0.180 0.180 0.180 0.180| 0.180 0.180| 14.776 0.0246 0.0246| 2.014706
11 < IHB 406] 140 15(1.00E-07|2.50E-08| 0.017 0.017 0.017 0.017 0.017 0.017| 0.017 0.017| 6.945 0.0021 0.0021| 0.839794
12 1 IH9 305| 145 16(1.00E-07| 2.50E-08| 0.019 0.019 0.019 0.019 0.019 0.019| 0.019 0.019| 5.659 0.0022 0.0022| 0.684605
1 3_. IHiO 1837 270 30| 1.00E-07| 2.50E-08 0.030 0.030 0.030 0.030 0.030 0.030| 0.030 0.030 54.360 0.0044 0.0044| B8.04232




Introducing the New Program

PAWIT 0.9 - Excel Ashkan Lotfipoor =
Insert Page Layout Formulas Data Review View Developer Q@ Tell me what you want to do
= Distribution MNormal T gz [ o®
lteration 1000 ’ I I ? %E ? o
Mumber Start Charts Report Mean Help  About
of Zones Simulation and Stoev
Muaodel Simulation Result Toals Help -

Al > S "

a A B | € | B | E | F | G H | | | J | K | L | M | N e | P Q | R S | T | U [
1 Analytical Methods Empirical Method

2 h (m} K (m/sec) q (lit/sec/m) Heuer {1995}

Length Freeze &
R {m)|Zone Y [ e p— S Lee . Karlsrud i Bl Goodman | Lombardi |El Tani X Total (o 8 dn Total
Ty . G. Be verage | ;

B (1999) (1979) (2001) etal. (1965)| (2002} |[{1999) (lit/sec) | (lit/sec/m) | (lit/sec/m) | (lit/sec)

4 | 2.50fH1 109 30 5|5.00E-07| 2.50E-08| 0.030 0.030 0.032 0.030 0.030 0.031| 0.031 0.030| 3.249 0.0024 0.0024| 0.263275

5 q |H2 643 60 10|1.00E-07| 2.50E-08| 0.009 0.009 0.009 0.009 0.009 0.009| 0.009 0.009] 5.989 0.0009 0.0009( 0.560389

5__ |H3 480 60 10|1.00E-07| 2.50E-08 0.010 0.010 0.010 0.010 0.010 0.010| 0.010 0.010| 4.632 0.0010 0.0010( 0.491761

7_ IHd 83 60 10|1.00E-06|2.50E-07| 0.097 0.097 0.097 0.097 0.097 0.097| 0.097 0.097| B8.03% 0.0103 0.0103| 0.857258

8 |H5 2013 20 10|1.00E-07| 2.50E-08| 0.012 0.012 0.012 0.012 0.012 0.012| 0.012 0.012| 24.492 0.0016 0.0016 3.2087

9 d IHEr 68 160 20|1.00E-07| 2.50E-08| 0.023 0.023 0.023 0.023 0.023 0.023| 0.023 0.023| 1.541 0.0023 0.0023( 0.153642
10_ IH?r 82| 140 15|1.00E-06| 2.50E-07| 0.180 0.180 0.180 0.180 0.180 0.180| 0.180 0.180| 14.776 0.0246 0.0246( 2.014706
1 'I_ IHB 406| 140 15|1.00E-07|2.50E-08| 0.017 0.017 0.017 0.017 0.017 0.017| 0.017 0.017| 6.945 0.0021 0.0021| 0.839794
12_ |H9 305| 145 16|1.00E-07| 2.50E-08| 0.013 0.019 0.019 0.019 0.019 0.019| 0.019 0.019| b5.659 0.0022 0.0022| 0.684605
13_. |H10 1837 270 30| 1.00E-07| 2.50E-C8| 0.030 0.030 0.030 0.030 0.030 0.030| 0.030 0.030| 54.360 0.0044 0.0044( B.04232
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Conclusion

Variability/Uncertainty in the data

Probabilistic methods

Using VBA language for probabilistic analysis of water

inflow into tunnels

New method for estimating water inflow







