[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

Journal of Engineering Geology OPEN ACCESS

Journal home page https://jeg.khu.ac.ir Online ISSN
Kharazmi University 2981-1600

Sabzkuh Tunnel Excavation and Its Interaction with Environment Hazards
in the Zagros zone, Iran

Majid Taromi™, Abbas Eftekhari?, Jafar Khademi Hamidi®, Mahdi Saeidi*, Reza Zarifpoor®
1. Young Researchers and Elite Club, South Tehran Branch, Islamic Azad University, Tehran, Iran. E-mail:
majid.taromi@yahoo.com
2. Mining Engineering Department, Faculty of Engineering, Kashan University, Kashan, Iran. E-mail:
msc.eftekhari@yahoo.com
3. Mining Engineering Department, Faculty of Engineering, Tarbiat Modares University, Tehran, Iran. E-mail:
jafarkhademi@modares.ac.ir
4. School of Mining Engineering, College of Engineering, University of Tehran, Tehran, Iran. E-mail: me_saeidi@yahoo.com
5. Mining Engineering Department, Isfahan University of Technology, Isfahan, Iran. E-mail: rzarifpoor@yahoo.com

Article Info ABSTRACT

Article type: The Sabzkuh Water Conveyance System was planned as an inter-basin water
Research Article transfer project in the Sabzkuh region of the Chaharmahal and Bakhtiari province,
a tributary of the Karun River. Initially, the project included a diversion dam, an
Article history: open canal, and a tunnel. However, in the initial feasibility studies, the potential
Received 14 April 2025 environmental risks to the Choghakhor lagoon, ecosystem and regional
Accepted 23 November 2025 groundwater resources were not given sufficient consideration.Only due to land
acquisition problems in the Chahartagh forest area, the tunnel route was changed
Keywords: and the channel was also removed. Consequently, the project was scaled down to
Solaghan fault, Water inrush, comprise only a diversion dam and a 11-kilometre-long tunnel. This is while the
TBM selection, Geological geological and environmental risks of the project area were not fully investigated
model, Environment. in the selection of the final route. After 484 meters of excavation, the Solagan
fault was encountered and a sudden inrush of water with a flow rate of 100 liters
per second and the liquefaction of the excavation front caused the TBM to get
stuck. Subsequently, the drainage of water caused the drying of the Alogareh
spring and the depletion of the Shirkoshteh spring, and negative environmental
and social consequences for the region. To release the TBM, two side galleries
were constructed and grouting and drainage were carried out. Ultimately, the
tunnel excavation operation was stopped due to the problems that arose. The
challenges that arose in this project indicate the need for a comprehensive study
and planning in the selection of the route and TBM, as well as environmental,
economic and social assessments at all stages and examining their interaction
with each other.

Introduction

The 11-kilometer-long Sabzkuh Water Transfer
Tunnel in the Zagros Mountains of Iran was
designed to be constructed using two methods:
conventional (T1) and mechanized (T2).
However, several factors prevented the
development of a comprehensive geological
model for this project, including (1) complex
geology, (2) the tunnel alignment passing
through high mountains, (3) overburden
exceeding one kilometer, and (4) environmental
constraints-prevented  development of a

comprehensive geological model. Therefore, the
geological interpretation was subject to
uncertainty and contained local gaps. Despite
these limitations, the model showed numerous
potential hazards along the tunnel route, such as
slip surfaces, fractured and faulted zones,
raveling, squeezing, water inrush, mixed-face
conditions, karst, rock burst, and gassy ground.
Several of these hazards were encountered
during the excavation of the conventional
section (T1) (Eftekhari etal., 2014; Taromi et al.,
2017). However, given the short length of this
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section (350 m), their impact on overall project
cost and schedule remained limited (Taromi et
al., 2018). In contrast, the mechanized
excavation (T2) faced serious challenges that
ultimately led to the project being stopped.

Geology

According to the tectonic divisions of Iran, the
study area is located in the northern margin of
the Zagros Mountains and in its central parts,
within the structural zone of the Zagros or High
Zagros (HZ). This zone is bounded by the Main
Reverse Zagros Fault (MRZF) to the northeast

~ Kalar Mountain
w w
B T
o O

7] Sabzkuh River

Sabzkuh Section

and by the group of major Zagros faults,
including the High Zagros Fault (HZF) to the
southwest.

The study area is located south of Choghakhor
lagoon, at the entrance to the tunnel excavation.
It extends 3,500 metres and has relatively mild
topography. The area consists mostly of fault
zones and is located in the higher part of the
Zagros Mountains. There is also higher seismic
activity in this area compared to other parts. This
section contains two thrusts of the Solaghan
faults and the Avardegan fault, as well as several
branching faults (see Fig. 1).
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Fig. 1. Sabzkuh tunnel route: (a) longitudinal geological profile and Hazard, (b) Study area modified after (Taromi

etal., 2018)

Interaction of tunnel excavation and springs
In order to investigate the effects of tunnel
excavation on water resources (such as wells,
springs, and ganats), the Drawdown Hazard
Index DHI (Dematteis et al., 2001) and the
Tunneling Impacts on Springs (TIS) method
(Hassanpour et al., 2021) were used.

The Khanekat Formation and the Mesozoic
Shear Dolomite in the Choghakhor section have

a very high potential for groundwater to rush into
the tunnel due to the crushing of rock and the
development of a shear zone caused by the main
Solaghan and Avardegan faults. The distribution
of springs in this section clearly demonstrates the
significance of these faults in relation to
groundwater discharge in the region. Table 1
summarises the characteristics of the springs in
the Choghakhor region and the predicted impact
of tunnel excavation on their discharge rates.
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Table 1. Characteristics of springs in the studied hydrogeological area.

horizontal Method
. dlstt':mce of Q Predicted behavior of spring during of
No. Spring springs to . .
. (lit/s) DHI TIS tunneling
tunnel axis
(m)
1 Galogerd 4000 42 0.13 4.5 Very low reduction in spring discharge
2 Shesh Dong 5111 15 0.13 35 Very low reduction in spring discharge
Considerable reduction in spring

Kheder .
3 Abad 1147 3 0.20 6.9 discharge
4 Ab Barik 2657 27 0.20 5.95 Partial reduction in spring discharge
5 | Choghayurd 3369 30 0.17 5 Partial reduction in spring discharge
6 Ta(régi;sail)ah 4827 252 0.04 3.65 Very low reduction in spring discharge

Ahmad
7 Abad 3746 326 0.18 4.09 Partial reduction in spring discharge

(Sybak)

Shir
8 Koshted 262 130 0.62 8.85
Aloghareh

9 (Saki Abad) 47 70 0.78 9.65

TBM Features

According to the geological model of the tunnel
route, sufficient and professional knowledge of
all the factors that directly and indirectly affect
tunnel excavation is required for tunnelling in
this area. In this regard, the Sabzkuh Tunnel
TBM was designed with the following
capabilities after examining the possible risks in
similar formations and the experiences gained
from them:- Ability to overcut up to 110 mm,
which can be increased to 150 mm in the crown
section.

- Increased cutterhead efficiency in soft ground
by installing knife bit

- Increased cutterhead torque to more than
double that of DS TBM excavators (at the level
of EPB machines of this diameter at 4000 KN/m)
- Possibility of long-term drilling using the
Single Mode method for soft ground

- Significant increase in thrust force, about 2550
kKN (close to EPB machines of the same
diameter)

- Ability to inject various types of resin and foam
at the front bumper in a 360-degree manner and
at the end bumper up to 180 degrees

- Equipped with high waterproof -electrical
system and panels (IP65)

- Equipped with anti-gas system for all panels

- Capable of drilling with casing and sampling
from the ground at the front of the excavation

- Ability to drill a leading borehole with an angle
of 8 to 13 degrees, stabilizing crushed zones and
forward fault using grout and foam injection up
to 40 meters in length (Fig. 2)

- Use of universal segments with gaskets for
sealing

- Installation of a valve on the shield for use
when stuck

- 30% increase in the sealing rate of the shield
compared to similar machines
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Fig. 2. Probe drilling system specification of the TBM

Collapse in Tunnel and Solution

After excavation of 458 meters, encountering a
loose and weak zone along with a strong water
flow at the tunnel face caused the fault zone
materials to flow towards the cutterhead (Fig. 3).
The collapse of these materials, as well as the
washing-out of fine materials due to water
inflow, created cavity and led to the
development of an unstable zone above the

(1) Guillotine
® (2) Rotation head
(3) Lifting ring
(4) Drill shaft
(5) Electric cabinet

shield. Under these conditions, the increased
volume of material in front of TBM and the fall
of large rock blocks onto the -cutterhead
prevented the machine from generating
sufficient torque to rotate the cutterhead and
collect the, excavated material causing the TBM
to get stuck. The instability created a cavity
approximately 5 m in height and 10 m in width
in front of the cutterhead.

Fig. 3. Flow of fault zone mud and water towards the TBM cutterhead

In mechanized tunneling projects, there are
generally two practical solutions to address soil
inflow into the tunnel:

First method: Stabilization through the chambers
on the TBM

Second method: Using a service tunnel (bypass)
Initial attempts to pass through the collapse zone
using the chambers on the TBM were
unsuccessful. The next step to cross the collapse
zone was to excavate two galleries on sides of
the shield (Fig. 4).
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Fig. 4. Bypass gallery excavation: (a) right side of TBM, (b) left side, (c) plan and section of bypass gallery

Conclusion

The preparation of a comprehensive geological
model, the selection of an appropriate water
transfer route, and the determination of the most
suitable transfer method (pipeline, canal, tunnel,
etc.) are essential elements in the technical
planning of inter-basin water transfer projects. In
the case of the tunnel method, selection of TBM
with the highest probability of success is the
most difficult and effective stage in planning and
risk management for mechanized tunneling in
complex and challenging ground conditions.
Planning in this regard should consider: (1)
achieving an appropriate advance rate, (2) the

possibility of passing through critical points
along the tunnel route, and (3) minimizing
environmental impacts.

Insufficient consideration of technical and
environmental factors during the excavation of
the  Sabzkuh  tunnel disrupted  the
hydrogeological balance of the aquifers and
reducing the discharge of local springs
Crossing the fault zone was achieved using side
access galleries and chemical injection.
However, the reduction and drying of the springs
caused negative environmental consequences
and social dissatisfaction, which ultimately led
to the project stopping.
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Table 1. The characteristics of geological units along the tunnel route

Y g

P, o G 4
Q o = Ceen s Ny -
Vo) = 8 )] < E‘ @»MM o gl .,\.;)l...; g
- 3 . s £
] Bl ¢ ! g e
o ‘)E: o
sy o g il sSal 5 ol Gurpi KgSh_
Sl S5 ; MI
= ~ Sl 5y a4 s
< = % ~ -
7 ° N & < o (Sh-MlI)
. =z =z i . e . .
5 # = ' = S35 K ol s )l 5 S
- llam K;sh-MiI
oY :
slaaY 5o b Sl slasal 5 o)k .
- . Gurpi KgM!
N Sl Jumnd
> = - B :
z TBD Z g E O | a5 LS K5 a bk closal (Ma-MlI)
= b = P -
' - o s bolen g 4¥ S5U 5 0o, llam KiM!
“ boa pan 3 Sz
= = Sz s bolen 5 oy)le 5 Sl ¥
: : & N \‘Z__ - e “ . e. - _ I_
‘< ‘< ;‘; L ‘¢ o bc‘ﬂadﬂjbboﬁ#\_ﬁ)@ Gurpl KgLMl ls/la)
% :\: - ) E et sbaY
om bolyen Ky 05 Gz sloSal |
c . llam-
= bogio 9 K s b Sl s | Kis-
<
P s g 4 & aY
[>4 [>2 - -
z z p: b & @ (L)
g —aY o Lol en S5, 65 oSl L
3 o
Y by U S35 Jod 5l sl ’
b e g Sobo sloaY o g b Kt
S
a¥ bagie bS50 g (50, 5SS
Sarvak
b s Sl sbsal 5 ol N
S
¥ g bS5l () 5S>
< $ o Sal 5 ol 5 cbay ¢
= 3 g g 2 5 b 3l sy oy s ks (Li-sh)
= = 2 . & o WY S5 ) s
= > \ :
< =
£ o
sy o g Gyl slbSal 5 )k KM
K
¥ S5y et =
&
N . = [oX
5 S50 5 by, srmSE slaSal S "
=3 K



http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

Y O)LA.A':: AR 0,99 ‘LSNWCSMJL‘“ LJ’“'A)

v

il b g loclgi] lacSal
. A Darian-
B Sl sl Slyas ol jan g Fahlian Kg-P
¥ bugis 5 S5 slosed
-
= = A
= = e ¢ = el G b (g Sl Sl 5 (M-Do)
= = N N o L Jsm-n
& & 3 o ¥ Surmeh-
' - Nyriz
S e SacSal 5 (e ecosly y o
@Y basto bS50 5 (b slosed b o
. = " SO {ESRN TIPSR {ERCN =
= = 3 B i i S el = Tind (Br-Do)
L T D i = &Y Lyt b 36 (o4, 2
= = > >4 : =
_ . ::: ki 9 oy S ".;Lm_iﬂ
B4 2 3 B = ~Y 5 Jed 5 sloaV Lol (slosgs PdP (Do-Li)
R - D A B S sle
> g e
f Dalan
~ = O b oy S oS sl et
7 = = B i3 5 S5, 3058 slamanls 5l slaay CprS (Sh-Sa)
3 5 2 = - St
- & &= . B}
c
‘ﬁ = & = _E— Bad (Sabs S Jewily L ast (C2)
ST oE] s
* (>4

il‘bmﬁtch Spring

G xg N ‘,\.

SE

aiS b deiz Joe 0 ATF2 5 SF2 SFL sl L5 ablss O S
Fig. 5. Intersection of SF1, SF2 and ATF2 faults at Shirkoshteh spring


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

FYA

S g ool | e j3 aomacans s Syl 5 095 5w Jigi (5l 2

RYUR PR CL - IRV Sals’ e sla g, a5yl 5l
Soby, b amlio ;o @S (Jl cnl b el pole; lag]
3 osS e Bigi 4 6999 Ol Jlake iy jshited;
(S Ghgy pd W edliul (025 g (el sla g,
5hamy alolidl (V) sl 5 50 Jigs @ 59959 < oz
(V) ¢ (nitial Heading Inflow) ,IS" a0 g5 o>
Long Term ) sgi o o)l bgs ojlom 5l a5 b >
Golgsy () JSb 0 ab e, «Steady State
Al Gl Slallle Gl ol pozd Sy Joniliy
3,90 4>l oad bl glo cw,pm b Billas ol ouls
S g5 o @ (elir idu gedgune) asllla
@b S 510l 0)LSs pgmn Blodd 51 150 51 (lalges
oanlive (F) 5o ;0 a5 jebjlen piores .l 1o 195
Sl a (helos slogsby, 5l easl usay plrat w05l oo
56 31 B ey DM pl sl 025 g 3l i
S 0ud 3,3 slagyg; yo pegaty lane 25l et

Analytical Method
—— Empirical Method in Initial Heading
—— Emperical Method in Long Term

Fo¥ 4 69959 P (St
ilite SYolo ez el 55 ok Gliie (956
loojlu & (e Glac] 4l e aslxe gl
SIS bl OYolas cpl 5ST . ailosls &Sl ey s
G5 Gy s goae b (el e sl
30 5 sp,ab (Heuer, 1995) jon ugs a5 conl b,
ol 00 00ls anwgs (Raymer, 2001) josl, Lawgs anls!
500 sla big 5l saeliamsds o o olwl 5 g, ol
bl g dilond yax alie (So59l559 000 Ll o &5
s sl oszge (Sujslsiis,ne oledlll
Col gl (o 3 S 5 wbend Lol
P e s 5 S0, (Dematteis et al., 2001)
sla¥ awne o SNl L Dupuit Jses oyl
Lobdye gpddshi (2alS 5 (595)5 Colus sl
sy SLbl s S5 5 5 (Sdgee sa Sl s
L olsies | s & 09y5 <l plz ool Goos
S e 9055 S3ludde 35 (g00e slaghy, 5l eoliiul
e Jore cilides Lylyd y az i b g oo | Lo b &

o Ll il 0550 j0 (orel> slaosls 4y o g, ol 08

400

Low Risk Zone

10,000 9000 8000 7000 6000

Scarce Hydrogeological Data Zone

300

200

100

High Risk Zone

(99s7317) moyyu| Ja3em

4000 3000 2000 1000 0

Chainage (m)

Fig. 6. Predicting the volume of water ingress the tunnel

Bos 4 6399 O o2 i £ SO


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

Y o)Lo..,.'f: AR 0,99 s‘sw..x..e‘.c ‘SNL.N )

V4

b g Jg il oleel LB gomanw
(gdmdw Gilw e jo LAIE pul oed
byl o) Coahad pas 5l Jo8 1 d mhaw
A8 ol Bgs b >
Wled SJsjue colie slaiole;l wlie @
Ol slodae 1) (Scolindgjaun (634, 45
o.\&dpﬂhﬂ p kil Lcs,o& RCEXPRL
wa&y(@pwo»}a%)
29 o) Sl 8590 by Slaptugs ;5 250
L oldome) sljlsle 38 gilul @
5 S blie aile YU 6 pdydsi Jomsly
Jolas obul a4 ol a5 cado > bl
IO N LR PRCTRVI PP CLOWE- Y O IO WR N PRV
A oyse abgipe ebde 0 g3 Ll
g (55l Je uslgs oo
9 GL" UZBJ ‘S’ O‘?““ ) TIS 9 DHI GL“J:‘@) ‘Cﬁ‘)'.’b-.’
Col 3l Gl (b ossw] cass a4 lo s b og
ode oo Sog) sln Fhe (Sl by Ko oS wles S
(Dematteis et al., 2025) swon
5 P9y 99 2 Sl p oudelxl lagew,p aslsl o
ool &5l aslllas 8,90 03game ol mlie p of @lsh

(DHI) cdl ks asli b,
WJolse 51 Soye Olpss als @l DHE g, 50
oo ()59 4l (peud ol a8 5 a0 o5 (6108 0]
Slgiion |y Jelse l el 0038, s 35 Jole 2 (sl
9 (s Ay Sy waS (29,5 05 Byme 0,5 90 0
S 529 Jold 9 95800 by aly (nl (gwiige Dloogas

Lacis g g g b sl
b O @l cal (Sew by 6 li> a5 5,50
o9 4o g cle g (2hb 10 e LB bl atils
yobie 4 Wb Ol 31l asS oo Wyl o SlawnsS sl o
Wigd (Gilw oS (BB e g rals Claladl Sl
] o 515 By )l Sl ey polateny
9 M sol.? J...la)) QS’T @Luo 8 aslais u‘}.?u]
(Drawdown Hazard Index, DHI) ¢l s asLs
lasiz> » o3k il 5 (Dematteis et al., 2001)
(Tunneling  Impacts on  Springs, TIS)
o aelyl8 g o 5 Jglae 5l (Hassanpour et al., 2021)
(rebl slagts, ol s ane) cnl o b,
FYRPLY Sl o3 L U;L,J;o (_gl.an))i‘:’s) ‘_g|).3 u.:)i:l.>
o liiime) odzy Llpt 5o Jlainl 0lpsb ol
sleojsy ,o ol ool 1S o S8 (Ll @
sl slaal,l @l o 1y of @YU asu il wasie
ool 2 (o5 o 4 Aty anssST So  Jles]
B (sloonls b 58 (Sajslsta,ed sospie Joo S
ulia‘ ‘La’ui’ﬁ) U”‘ el ool uLmJ ol395 uLA) o9 pS
)_,..w..g ul..n.,_n.?u Le )l..g GJLuL.u ‘0143 \))‘9,0 6)L.um))
w3 1) b 5l Jae @b 5l i Sldlas Yo
& Slodigs sloosgy 50 Ygene 45 () slausgaze
oolidme) odezmy Lulpd b (SliaasS bl ;o ohy
1gud sad ol @l 342
& (SUISieee g (oulidime) slaadl, o

S0 Sleby 0 S ldlas lawgs

Cole S50 Vsemo wipS oo 1,3 sl

wor FF e jpe A S35 Sgame

Silwdas 5l mile ccosgaze ol gl oo


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

A

S g ool | e j3 aomacans s Syl 5 095 5w Jigi (5l 2

5 @5 5 ol Gl @il gl wgwy Of Jlal
oz Joe (G5 95 7 Lo 059 alewgay (o Le]
sl 03,5 @l laaaiir 5 silaist 3B 85500 610 )
99,9 21 o2 (V) (ol el ez » Joiiie Joo (0]
Volume of Water Inflow Toward the ) g «
Distance ) g 9o b dei> oo alols (V) «(Tunnel
Sl bLs I () (Between Spring and Tunnel
5 (Hydraulic Connectivity) . lssol losa g Jig o
Aquifer Recharge ) .lssol some wdss cobld (F)
> & GiSu ol o edeis Cusdge .ol (POtential
aibats o)y sl adss o) 550 gla oS ik
Ol g el Gisn sledeis Olasuiv aas o olis
g b el oo &1, (V) oo o o)l 5 bgs (s la>
Sl Olaslin g bysis 51 S )0 lcgakd poc 4
@ Cod Aol plas 15 Cudge 283) )5S0 (2b5)1 50
el dlme I Jol> mlS ganger (g 515
50 a8 dihie ppe loacis 5l atws o can] Ol bl
S35k 090 aiwd @dly Jigi j97me 5l (6 jhagkS B alold
s Gl (o] Sl 5 ST 8 cige gl

A LY Jgoz 50 bdeis

«(Fracture Frequency, FF) ool Jlgl 4 leoj,s
«(Rock Mass Permeability, MK ) S o055 o4l
Sz 4>l Sl 5 (Overburden, OV) o,ls, glas )|
alols Jolis pg0 09,5 .l (Plastic Zone Radius, PZ)
Distance Between the Spring ) g s | acie
S b 5,95 comsg «@nd the Tunnel Axis, DT
(Intersection with Fault and Crushed Zones, IF)
39 b 5 Spring Type, ST) ol Jhi jl asizr g5

] LSS
odguze (owlidine) 5 S39I9859 00 Cundy (o b
o dplre aniiz ;o 5l DHI sl el s casdllas 5 )50
oads oolaiwl (V) alayly 3l s el )by 200y59 jskaieds .ol
sl &L (7)) Jgoo 5o ool Joms slo o gl Candl

DHI=(41*FF+22*MK+17*OV+20*PZ)*(IF+1)*(ST
+1)*(DT+1) M

(TIS) Loz y J3 k55 ¥l 9y
oion @i ) el Cavony Sloyz elel » bg, ol

sl bish) olpl wlbibime) At slagyg; ;o (S35

axJllas Sjy90 Q’Su)}.ijj)”m 09g9dte LSLQW Slaseie =Y Jj”

Table 2. Characteristics of springs in the studied hydrogeological area.
e a2 ) (466 yid) o] () Jigh s970 3l alold dodaz oU | o,
DHI TIS
S ol |y 10 Y fooo ALY \
S ol |y Y10 0 OV Sl il Y
obj mals | -/v- #/1 e VVFY oLl s 58 ¥
ogerme pals |y o120 Yy Yrov Sub ol ¥
egerme als | oY I Y- TYea 3,5l o
S ol | Y80 AN FAYY ol K5 I
TSN IERVAVY /-9 YY$ YVES ARV v
-I5Y AAD VY. YPY ansS b A



http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

Y o)Lo..,.'f: AR 0,99 s‘sw..x..e‘.c ‘SNL.N )

AN

@ asly S oo 9t [ 2D g el e & 050,
lisiee; Luls s sailalsT Lol sla g, Sl
@eeien sl (Jie Oy 4 a0 SS 5 ey
S,055 by asiles saaie 5 gpwy aluS bl as
Sheslinad (Gl ganail b sble) wuS oo j5e
wler) (st g3le biss slay, g5k £95 5l Guble
b sl pas 5 (6,55Ll 05l cad dnogi (5,
@B ) Sloy &S0 (SLalls 5,8 > (il
Coddge pae el oSy pulidiine Ll byl
Gy slp e slee i LTBM a5 S o adelg
Ois 5 #25 sleailed gl ¢ Bs (ysel e Silete s
Sl ol o Sy sleosn Caldse o anol Ly
Wb i ety phase ool anily g pSets b
B S ez eogazma 5l Ol JUil sy p3¥ Gliezs
o) o] Jleiml i az g b 500 )b sladl asls
G Sl (g e (oolidiinej losijl sl (S 50
S 9se Ll ol (5l a8lal sloml ClbilB il sans
S o] bl o olSiws polidl 15 5 aile b ol ansls
s oad 5 4 4z b izen 008 bl
s 10l by e SOLs (S sloaY o 5 o
SrSslr cllas 5 T 09)9 51 b edgy iy (sl oS
05l g la> o paly 00 YU ojlee sanaex LS
Gblio ailed sagzm i ae) Slyble b gblis 4
odliisl (T pozee Jlaiol g 0l (Faio 3 b gasg aleS
(EPB-Hard RoCK) .Sy ,ew la> oSiws
el bz

coaiile o Jixl Slblie oy b Ll, ol o
095 s Jig5 TBM a1 51 ool s 45 il o5 g anlins
b Lk ony gleelBl

oo 1545 el V) b g i 2Ll ool colls -

(Y USC5) ol Gaal33l LB el V0 4y £l

S0 00995t ,O dadx O A4S W o L gwyp C-’l*’
Wy o )18 B g )li 5l o guz jsb 4 anlllas
9039 a5l p il Ae e sga> ladeiir (pl ggeme o]
B L».MJ?) \- )‘ U’“‘"’ u).m u] 9 6))5L5 oslazul Zoo
ladoi pl o Of o5 bfg o Sas anil oo dibaie
FB Oy 3b dbbie 659 0pls 5 (55,5laS 5 pasST
olewl 1, Jlglyd eloim! O ase yiomen )l g2 e

2,5 algs

o0 Jow 9 TBM olsi!
05l 3l b5 swosgn s )3 (JuuS Bblis 3929
SeallE 4 az g5 b ienlis olfius Sy 5l ooliiul plin
e Sl S adian pme g 8yl gle TBM
TBM S s,1s 5525 ol slo oS L blis 5 oloaiges
ol sl 005 y5ee bl 5l gy BB S (g
SLbl slaSis jo Ol o5 Jled 5 Jigs I aez oo
@S e 1y (S adlaie 51 g, e Sl (See
Hassanpour et al., ) ;Ko 5y (Jlo Glgie
oy Lo L ailate o 1, olKiws 5 Shee (2017
(V askd) )5 Of Jasl by e 50 @moys o)
b s & LS adlae a8 axdly s byl 5,5 o
odidy S5t i 1y (o1 0 Shos oSl ot olSis (59
silod plo JuS 3 giloiss 425 %o b 5l o
33 63k gy Jigi wiilen (Lol o 515 5 @i 0 5
o 5 (st IS Alef Bblis L 355 Jlatol o 55,05 s
Sl o el ools plas |, Bg S5l 4 ol olgl,d polis
2o o olis 3blie oyl jo Bg5 s la> 5l ol caws 4
JB oadaislis Gl uS lp b mhe St &
55,5 58 g slage lallhae plxil L TBM Gl
& Sy Sl sy opliiiend bulyd Lol

il 035 s stz 5 Qbls S laanjp g DS b als


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

FAY

S g ool | e j3 aomacans s Syl 5 095 5w Jigi (5l 2

Do &gl e 0 o8 g (n, Elyl Buyp B -
(A J5s) ax,0 VA U@Le;;ilﬁ.w)ajdq)o\‘%

YU Clos cools a5 laghl 5 8y piiwas (090 e -
(IP65)

S 8S pcns @ laghl S 90 e -

U o) 3 (65 Wged (TN L g )la> <l -
sl 8

Gkl @ 0 VYW B A asgly b g in ailed (g )la> -
G Sl esliiul Lo,y i aleS 5 eal 05wy
Fo ¥ Jsb U pgs 5 Clégo

LSS olpor 4 Jlo s bcieXw 5l eolaiwl -
sonol cox

OO 55 Ol o ool Sz s (59, Azmyo Ansd -

S o s 5300l (i groy0 Yo ldl -
wliw slbolKiws 4

pobaiesy s S8 Bl b glal ook
Sy bla s o ki ailol ol 5l S eslinul
Sz a2l o lslhs eSie sl o 4 azgi b
Ol 5 5 slag Il 5 o)l b 13

Sheo Sl J5US Cuz wa sl Sead el
(6ol Hhd ol s o ol G 4y ol
Knife 4o by slosae; 0 aals SIS ol
bit

e pln 93 5 e @ ae 0 jglas ol
EPB sleolfiws u> ,0) DS.TBM ,la> sl yile
e p g sheS Foo e e 4 Jlad o
Single g, 5l oolatwl b Sow SYsb (5 la> 1!

p 0 o) 4o ool cg> Mode

YOO« 30> )3 wenl (5950 ala>Me LB ol38l
(EPB g5 51 b o (slaolfiws 4 153 (g oS
(A JS2) a2 2 YO bWl oSl oG

- >

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

6li> 5 a5l O Jnl shooy piaw Ol jgas A JSS Soyud gblis yo Jla> uile g la> aslal bl Y s
Fig. 8. Equipment to pumping system from the tunnel  Fig. 7. Over cutting system for squeezing zone
face

e ol yee 51, ADECO-RS s Sig, 5l oolasn! 0 juwilso (g i o Wl
sla,lsaly 5 (e onl o By szl 5l s Slo L (TL1:350M) o5Sj bigs ool Lido s k> o
Sore slp b e Gl ) Sy @ble Sl e Sl 4l o allS T 2le g (i5sd ey O bl

(Taromi etal., 2018) 5 5 «1,1 ol 5l o 55le bigs L) U1 Ko (B, A ¢ loeed glite gonasY b


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

Y O)Ln..:': AR a)eé‘swwswm u»...c)

FAY

)55 n eeiny o s 4 60 YYID Gos 5 (5 L
onl Slasio 0ol Vb (5550 VAP Gas b 0T 5155 5 005
olis 15 Jgaz 50 o gy, o bl b yislesl g ailed
5o ddhaie pl 10 K 00y S asli .ol o ools

(0 JS2) 815 1B s o o0,

:
1/STAGE 1 = ST e, ORLUNG &
7/STAGE 7| o BN 2
DRILL'S SUPPORT ; \ <

/ ORILLING 5
ORLUNG 2 <

ORILLING 1

(1)

S DSl olaie 4y 053l (5 lax Slikee £9,8 51 Ay
Y& 5l 0 BH-F Gl3 (e JuS 0uis > ()
s sse 5l e 7 goges alols L aileS (ol ol 5 )la>
YY 5 Sl sloaiins ;o e OF Ges 4 Mo il yo
5 Ol o Gzl QLT (S glaasly o e

ey dleS bl suls glis s ewlole

Guillotine
Shee Sz (Y
Lifitingring (v
i cas (F

Sl el ©

TBM 9y LS)Lé" PSeW slaazis A Jiw

PROTE et
S e,

Box:9 45 {os, Laf, |

om-,'g_w I

Da— _E" 92 : =

Locatow: wesd '|‘ = -
' .

Depth (m)  Angle (deg.)  CPT Lufran  Lugan RQD (%) Rock quality  Alluvium (m) R(%C)k
BH-F
75 90 15 10 3 25 poor 53 22

Fig. 10. BH-F Borehole specification

BH-F ales owlils iy Slasein Vo IS


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

FAF

S g ool | e j3 aomacans s Syl 5 095 5w Jigi (5l 2

el 0929 4y el e B 3o a4 o bz 0wl
20 Sy glads 5 bbb (g5 GhyS 5 JB lad
x> u,...abs‘ oyl u.»\ P oKws o 5l5 YL
S oSl bod 55 g (5 li> alS o> wllas
slp p¥ ,tss TBM wi cel wals 5, S)n
—ako bug i) wlas 6jslrex 5 w5 il >
ul%)? ‘6]4»‘)...4 O o bl ol 1y oKiws sl
Oley Rl o 5 Al 195 50 0l ,Lad b ol SleS
g&ﬂb&jbﬁf@mdyj)lsmdm‘
Gy Ngy b TBM e85 > 5 (5)la> e 5l iy
095 4 2 Ol olye 4y oS 00l 5y ol (28 by
zb o asle 1S0g0 o JB Slias 6,5 IS el bigs
u.uLw‘ » (\Y JS..») L olKiws OOLJ‘ )..f 9 uL'9"
5 S elo Camdae 3 oud )l 5y VY slaailes
B Sga> 0ald > (95 9 B slad cwlbes wolliws o83k

WA 00 s o Ve .39..\:>QT€L65)19):;.°

Gy b o £9,% VO 5l 5l Jigh ojilSie (5l
Gy b (2l AigSd o (g la> e VYO ST i
w03l g la £9,0 LL(V) SS) il aslsl Jod LB
o3jlsn sla fls oly By alaie ++FAQ 5l oLS
..\J)Lw LS...J)) ‘_gl.bu...aj.lso 005..\.799 U"‘ )o W) &.55)93.][4
I8 g S o 55l o a8 w5 0,50 cS Wl
5 Gyl Slaslin ol csslie Jig 0wl a8 3
Lgode sdp IS,eb aaxly cplasols plis oo
Sl 0 il jo 0ty (ol ol Jls (35S @ ax g
Olowws U oads el wads jlaw iwle 8 bbewd 5l
Jo o Jb ol b o)l8 sy b Sy o
9 6&5)5 g_j UL’)} J).._S l.a oli"i...m) wl...a leibu...l.vlﬁ
‘)15 A 6919 ).b s_j O)L:S.:" 9 J.\d.w fﬁ?& SFAD )!).».a )é

205 o & LS 5 las L b ee

S0 095 4 0,95 x5l S8 (s la> IS A Cunsg VY JSS

Fig. 11. The condition of the excavation face before collapse zone


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

Y O)LA.A:': AR 0,99 ELSM)W‘SMJLM LJ’“'A)

AL

i etle w515 Caons 4 aleS (g5 llan (80 by Y S

Fig. 12. Flow of fault zone mud and water towards the cutter of the TBM

w258 9 )y sledly) als alasil g Ll -
Front Shield ,s sos
Gy 38lee Bayb 5l an 515 (VL (sLad o ps8 35 -
Front Shield
o3litl b (goSuli o 5l psd B2y 5 I8 Wy -
oS 108 jlas 0g5 slaol,
lbazle 6,5 5003 g wa 58 20 5l g)lop 2, -
Sl OBl (38 o 0929 Jdo 4 )l pew slagreile 5o
il e iy lSel o153 5 s o olg3ds Ll 5,1 |
SLad 5l ym )0 0ad an laglism Gayb 5l S s
waly> 2929 35 5 )l Il bS5 S ol
2 9z ojgn )li ofws ;o ezl sm (ol il
50 dbbge sae ) plaS o 8 b s g oae B o YL
3,13 9929 ly9 VY 525,93l TBM gol> s Lane
Loyl jo ole> oKl (B lad 099 pac Judo 4y a5
gl ot S 57y Jyare > clrolSius
A aygly b ealed aSsyg0 5o 5 Sl a0 A ol 50 S
Vb g s)lax Joo 5l e V- abold ;5035 ja> a0
by Jigs i 3l oo VIF Jobes glalold aileF w515
A e
25 kY 4 TBM 5 ouls avms glaco Ll o2, e

325 595 3 335 9 w8 SIS (g3Lwsls

blie jlaie 4 0550 (55l bigs slooggn yo (S 5k 4

Ogo a2 slos 80l 50 By JS 4 L85, slage; b

10,0 5g>g 5

3y Sorge leabiaze @bl ilell sl b,

TBM oKiws

(BY Pass) sy Jisi 5l oolitl ipgs (s,

Gk 5l a3l ilwolil ogas o adgl Sleladl lool

S5 B jges )3 olws (59, Ssr g slaalaise

2 el 509 By 095 ileslnl g pSeu sk @

4 pgd Ll Hlosw 3l colatwl sabolm! J slad o5

3hoolatnl b ouSow ol slpaiin oS 5 L Iime g0

Folel @izl Gog) 5 58 e o) de Gl (G098

2 3y50 ol 5 1y o1 5l ol oS sl ol pan 1 bla L

2,5 Ghpdy JBps nj Yo

Lo 355 Ol pae 5 Of was (b, =)

A3 LTBM 2 515 5 o s s 4 leg cetS31, -7
o) TBM s sgace 5 ol Sl 0
(g3,

@l 4usS plee @ (binh pgd 5l eslinul cnlply

pgd 5l eolatul b va 5 gilwoly]l Sldes ol sl

192 25 O,lge Jolio


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

YAS

OlSen 5 ool [ . shrmreiany; Skl g 05 s Jigh (gl (iS50l

Slles g glax ¥V oceln Casdge 0 Slazin e
sk 4 ad plxil ol &,k 5 TBM (g3leslsT g (65l
bl Slles oy qwyiws g o> Gl Gy oS
ez bl eolaul b as 55 oYLy Lol g cad
2l g a9 Lol Vb slad (0,5 5 g pw YL S
S5 4 a5l Lg)"Lwol)'T o g Sodoigs i sl mllas
25 J=le lax Slles o)bgs £9,0 jskaie 4 Colys jo
0 plosl ez ge JB (glalad o Saiw Sou jglaie 4
Sl ded) (o) A 5 02 S o (glad (o5 5 -)
oolarwl b Vb e o 0o 5 Llis yuoren 5 (Mo 55
2 sz o sl oSS sbml jelate 4y Cudsng
)LY‘U-:.‘M

w38 BF sl Wl &)y sbdyd olil> Y
..\.m).:lf ‘55.1? (_ngT:lé w..:

Gygpo g o S Sl ool n5 e Sy T
P9 B,5 sy anss 1 b lojen oS %

g 92,55 o> J glalad ol 5 5l laell 51 ey ¥
Oeizred 5 il 5 S an B0 4 098 555 daB (YL
Lo B J&1o 51 (e ¥ Blaz) selads & j50 45y (5,
2l B Sl 5l e o olégs 8,5 9 Sl -0
e ¥ JBlas Ges a4 A pgd Cly

22,35 gl y0 0uls a4 slacdgisy 0,5 ) -F
aog o315l lisedsl Jgam g am 515 saze (gjluslel, -V

o)
@Leﬁ.;l sl 5l s, == FBlas 535 e obul -A
@ e 5l g entile Troalols (o (g Jig 9o o
o 3l OB YL ool 0 S o jelaie

Fomes b Jlail 4l jo cadgin Clégs &5 -9
e 9 yew Sl 5l uls jelaie 4 lag JIE 51

0 iz dloml g Stdly gl g )lbl g5 0k S -
s YL e Ve el o

P Sewd 5355 5k g bazly )5 el Sl pas -
09° G el 5 Baw 05, las 55 cux
Saze gllas 89,9 Jodo 4 aleds 5 SIS

R Ve o b iy ol peme g s by -
Soiiad 9 OUyg (b pod (25 Ol pae 5 4l
Sl bl e Jgame (ib) oad G5 slapsd
(0 ookl 0595 (ol 4o 0aijle

o] alols (oSo0 Lin sbales Jsb sbojl L -
Gl w4 l) 05 LS g et i B Ak
Vo 045 690 4yl Gl bbaileS 5,55 glads
Voo gy VA By il alol e 65
Sy i TIV @ alold ) (60

Syzrge gbrakaaze 3,k 5l (55l luly CuBbge pas 5l g

a5l ileoljl cax gom pladl TBM olXws (g9,

33 B oslms Bk g3 5l lajer g0 4 5 JE 5o i

22555 T dslsl 5 pg0 e slol 4o 9 SA cuSn 5l

SIS 99 i Cuze O JS2) 05y olfiws g3luslil

il 2y 0)lpe Jold (losen

SHE 55 Boybo 5l o VL g 92 515 03500 4S5 -)

ol 4 a5 G s 5l o285 Ol e 2alS

ol IS a5 o

02 s by 095 & AT s 8,55 5 Oyg0 50 =Y
32 515 4y (o s Sz £330 68 1 Gl o0 05 O
2,5 solazwl

Voo lebe SanBae )3 9 p9d e el 0 Hekite cnl sl n

Jolsd 09 )lam e oTA (oye g e VIV el L (Ligs

T gz oo & o cpl b b S 5 (6,55 /0

Gk 3 sl Slibes SIS (a1 2 A0 sl

L 500 (o B SO g 0ml oS e B (]


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

¥ ooyl 19 0,08 ¢ omiiges owlid (yne) FAV

o215 i gl 5l eel (518 lakad pled (4o S 215 ) ) s o bl g ew ube JB slalad o5 5 -
5 sl Jyol cole, bcsls j1 )8 6 la> alade 0 a5 .. g IS Oyge j0 5 Sz S adeis leslatul b o JB
Selginn 5 pod s b T 00,8 puiSlr pod 30,5

Rigth Gallery

********************* <:| Right By Pass
Gallery

4
<

TBM Sheild .

Seg I‘I‘Ié.ld‘l;ta

i Lining

Collapse Zone [y

4 4.

.
CvZiunnnnnnnnnmnm

5.0 m 7.0 m
IPE 140@0.3m IPE 140@0.5m

5 O (©) i s i 5 JE (D) esly Caos ooy (55 @) TBM LS 5 ouniss o> By Pass sl JIE Y JSs

o red Sl )5 (850 alaie
Fig. 13. By pass gallery excavation in (a) right ,(b) left of TBM, (c) plan and section of by pass gallery



http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

FAA

OlSen 5 ool [ . shrmreiany; Skl g 05 s Jigh (gl (iS50l

S3els! llpd (1) 5,95l (Melline SYB adlase
Lol ol g Glb )y (JSKr adlaie

Jls] wlobes aslen glasg> om o] Jisl glog,b 4o
Vb Cal 1 (S3elsiss e Slilas gS e o
- O Dol Jods 4 gadge cnl el lo 05 5
O golandl Clse w4 5 e 5 2l
O (eens ool Clgs ol (Ll 1 (s
Ol 56 gl 2,505 el (g2 HB aiz 50l ooy
bl ool 5l e slaasn e g Ol 5 ganple;
P90 3,509, Cewl UL colils g Sladllas 0905 Jdo 4
colio (oidn 2o 5 S 8l pac 9 YU Cawg g s
Ol 5o el (G559559 )0 (VL S, b (g 5l jgee 50
Sy dibie ol mle ol Wl s 4 0,50,
ol 5 5 elai] Gilises glacyls b ol Canss
9 b 0395 (eland 4 pzeie Sl (Sien oled o
Ao 5l S ©eped 4 pgase O Jlil )b
WYl JUil a5 2k ol sl 58 T Uil slaoss s
4 5085 leasia sl Ol coSayie (seles VA
2bo s OIS (loeds wgles o8 i (635 50 (sla e
aS Sy bl a4 Jbps el I3 Gae |, sblis
llae ool 009 baxz b e poly> (sl ] slaowly
ShalS b ol (Sis 4y gg ol sl e sloosls L
s Loy VP 050 10 esin ol mlie Gegmne
Iy 2liwg, Comex 3l ool ise &zl g ool mie
s LSJWS Ol by, Bblse jo .culaiils 4 jo
e sl ol Jlis 4y e 5 (solatdl slasly
SISl b 8 Geee (flekz] latennS 4
slcdlon; 095 (alivg) slaclbcisSn L3l
Copde OBl e slaslys Sgazme <8l 5 ax LS,
pcaw] ooy, S .l 00,5 Chmdl Soba |, ol

2 3 Ol 5l G (5358 5 O ol s

&)l Jooly
b Slanss (o jo0 by ol )l> (Bs, 50
@bt slaghy) 5l (o dacealss pae 5 (Sazmn
9 obdimes Pilse @ it sohe 4 o)
9 S8 (S g 0ad 83 Glalad o SSSg)
L a> ,51 .cwl Tunnel Seismic Prediction, TSP
s 3l (SzsS slrosgazme o5 oy, cnl I eslazal
S Sey (alS j0 J (ol bogd oo ololils (5l
5° o9y ol 5 ookl jreloviise pladised ol S
Joudaki) sls 0925 ez 5 olnl 5o S5 cleessr
w0gS e Jig5 0392 ,o (€t al., 2018; Liu etal., 2025
9 (SlmnsS bl (09 jgalloaa g obj o)y, Judo 4
b @bl glais, plo 5 aled g li> (Sl poe
Fo Sl plebid Gl by, 5l esliiul (o553
TSP (g, g 5 sloygo plowil b oadls (6928 Ol oo
Slblrs g98s 5l i) seloyble 5 Jeizme (g 50
9 &)li> Wy Sy Sga sanie SleMbl ((oulidis
o Lacl 9] caws @ lgi oo oY Slasges awdu ]
s bty ;5 L TSP bt 3udls b iy oo ()l (28
Sinlig aleS i) i dle ogzge glacolls
Qi ol Slles byl Slpis g, J5uS

L1y yees ool SlacSiw 0095 Loyl i ¢ (e wyo3l

Dled (e i ax,e S8

o jlamo 9 Jigi (5,
Sl il slagsb hemecin; gloasir Coeal s ol
Lyl s w08 o JUil wlols aiilen (glds> oy
bl () idals ojlse cnl el Tase oje>
5 095 o Al509)) Tane s> Ol glie (Sojaliss in
9095 o 4339, (S92 9 (ool (al S (V) By romns


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

Y o)Lo..,.'f: AR 0,99 “5.,;.)...@‘.4 ‘SMJld-AlJ )

AL

3y S g 095y dlE3g; eS| (65lbL -
ia..:.a 50 aslso,,

Tos )0 o jlasms slaasl s> pals -

195z dibie ;o (65,5laS slaal 5> rals -

2 o0sS e ol Jlsl bl szl oSt el

13,5 0)Lal 3259190 & Blgion (srml SlaptacsS]

SBain s @l sbas Szl Gl Jlasl -
095 jow Ail>0g, ddg> 0

o by Mallon VB o OF (Sodll Jlasl -
TBM L Jigs o e 5 o5 ol alanls

095 o A0, adg> ;0 bl Comes ol -

209> ol GlapiussS| 4 og j sladisS 3955 -
i el

dibio LS (iby 5 &gl slowiss s, b -
30 5 ol g aiad))l lodisS o a5 5lb,l>
e 9 By S dels el ks b

Sopals p (e SISl 5 adlate o polaS O 2l -
s plie

szl gla ool -

pos w058 s ol JUiil ailabs 2 b coibse pas LYo

]yt a3l S 5 35 4l Elalllas

Sy90 ddhie aorecn; OMSie ol VF S o

ol plie 5 by o li> blize ol 56 asla

ol oo ools LaS gy )

e S591835 0 5 (el Slalllae gonpex b

dalol a5 al eseie 0hlSe > bl Slaxie

B e 01y g BB (anmotans ) b s i

el ool olyan g0l Slblie b 45 S o ooyl

AL Bgte he) (I b Bg s la> aslol

halpd Gz yo Wl 1 plagly e Sl
Ot 2l @lie alsd (e 5 4z, LSe S e 50

Oydon pole] oy |
sk g Jlwha Gl jo alie Slojas (o)
S KijasS g slade> o ol Jiml 25k alex
Slplshls bl co lis |y a5 & 5o
5 BT ol 2t Ol s iudle om ol it
B i ol e (AR o 4 Ol ol
laizl Ol gl onee LYo 5l (Seo e bigh yo>
A8 hl O adbie Sl S2les b
5 obeod & SSpass figh Slasl (darme S S
ailais) & ghon 5 g cabeblis sble 5l S L @ jglone
(S @l B onl ilim Sl el (5 pad
aS oy pfeiz la dalaie Glgid g bol> dedcis
Sad 4 |y adbie Saie g i SHonel 5 5))leS

ol 1,8 5e5 )...,L, S
o3l i oy e w095 s O JUiil ailols (Sl 50
SIS S5y e Syt alS jolate 4 Jigs 4 JUIS
s eglbyly sabeblis dibie S>3
055 s 2 JUiil ailolis 5l 53 (21 (61,8 aions o
ol gy s (LS £ g e Jsb Lo 4
adbhie ol o s ol Gl a5 ASgsa
w555, ol palS abalyy 3l la 5 068 je sibitllis
O Sad danlgd (Lisu g atly (Sojsly e e g
@ ol Glaliug, 5 j53liz ogams o Slgid 5 laaais
i 55 2 e Sl oSl 3lisl Jigs (s la> abauy
3 o5 S 5 05 e o

M g2 TS 4 0l
Soyin Ol gho il 5 xaw gl ielS -

P e )3 (S


http://dx.doi.org/10.22034/JEG.2025.19.3.1015453
https://dor.isc.ac/dor/20.1001.1.22286837.1404.19.3.6.3
https://ndea10.khu.ac.ir/jeg/article-1-3156-fa.html

fa. OlSen 5 ool [ . shrmreiany; Skl g 05 s Jigh (gl (iS50l

855 it g 1550

[ Downloaded from ndeal0.khu.ac.ir on 2026-06-10 ]

[ DOR: 20.1001.1.22286837.1404.19.3.6.3 ]

[ DOI: 10.22034/JEG.2025.19.3.1015453 ]

s

bt iyl

H $A558T 5 ] H st e 2 5ln a5 |<7

l ol syl

v v
gl dlag,
% Jatller JSox( IS 15103

055).4...: J.a}: 6)Lé> G]a.omw) 9 ‘SCLQS.?| LngAAL.a AY JSW:

Fig. 14. Social and environmental repercussion of the Sabzkouh tunnel excavation
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