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The Sabzkuh Water Conveyance System was planned as an inter-basin water
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
open canal, and a tunnel. However, in the initial feasibility studies, the potential
environmental risks to the Choghakhor lagoon, ecosystem and regional
groundwater resources were not given sufficient consideration.Only due to land
acquisition problems in the Chahartagh forest area, the tunnel route was changed
and the channel was also removed. Consequently, the project was scaled down to
comprise only a diversion dam and a 11-kilometre-long tunnel. This is while the
geological and environmental risks of the project area were not fully investigated
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

comprehensive geological model. Therefore, the
geological interpretation was subject to

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

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

o~
[y
I
o

F3

Madian Spring 2

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

et al., 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

avery 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
. dlstgnce 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 Tig?sai')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
Aloghareh

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

‘A‘,

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

(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.

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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Fig. 2. Sabzkuh water conveyance system route options
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Table 1. The characteristics of geological units along the tunnel route
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Fig. 14. Social and environmental repercussion of the Sabzkouh tunnel excavation
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