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Table 1- List of formulas for predicting water inflow into tunnel (Liu, 2022)

Method Scope of application Formula and Definition of the symbols

0=(2aKHO0/InR-Inr) a=(n/2)HO/R

Q s—predicted stable-state water influx through the tunnel
through the aquifer (m3/d); K—permeability coefficient of the
rock (m/d); HO—distance from the original static-state water
Kosgakov Tunnels through phreatic | level to the center of the equivalent circle of the cave-body cross
formula aquifers section (m); S—depth of groundwater level drop (m); L—tunnel
through the length of the aquifer (m); R—tunnel surge radius of
influence (m); r—equivalent circle radius of tunnel cross
section (m); (single tunnel application to take the value of 3.5 m,
double tunnel application to take the value of 7 m).

Q0=L2rkH/InZ(4H/d) ]
Q O—predicted maximum surge into a tunnel through the
aquifer (m3/); L—tunnel through the length of the aquifer

Goodman's Trans-ridge and adjacent (m); K—permeability coefficient of the rock (m/d); H—vertical

empirical mountain tunnels through X o .
formula submerged water bodies dlstgnce fro_m the orlgl_nal static-state water [evel to the
equivalent circle center in the tunnel cross section (m); d—
diameter of the equivalent circle of the tunnel body cross section
(m),d=2r.
Omax=2xmK(H-r)L/InZ[4(H-r)/d] )
Q max—rpredicted maximum possible water surge through the
. tunnel within the aquifer (m3/d); K—permeability coefficient of
Oshima 3 ) : . .
. . the rock (m/d); H—uvertical distance from the original static-
Yoshi Submerged aquifers . . g
formula state water level in the aquifer to the tunnel floor (m); L—Ilength

of the tunnel through the aquifer (m); d—equivalent circle
diameter of the tunnel cross section (m), d =2r; m—conversion
factor, generally taken as 0.86.
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q0=0.0255+1.9224KHqgs=KH(0.676-0.06K
g0—maximum surge predicted for the tunnel through the
aquifer (m3/d); gs—normal surge predicted for the tunnel
through the aquifer (m3/d); K—permeability coefficient of the
rock (m/d); H—vertical distance from the original static-state
water level to the bottom of the tunnel distance (m).

Submerged aquifers
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Fig. 1. The conditions of basic studies in comparison with other tunnel studies in Iran
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Abstract

Tunneling in a saturated environment and the intrusion of groundwater flow into tunnels during
excavation is one of the most serious problems in tunneling projects. Water ingress into the tunnel
can lead to damage to tunnel construction equipment, personnel, the excavation process, etc. The
hydrogeological studies of the springs along the tunnel route and the estimation of the water
entering the tunnel also investigate the possibility of drying up or reducing the water level of the
tunnel route. The hydrogeological studies of the springs along the tunnel route and the estimation
of the water inflow into the tunnel will also examine the possibility of drying up the springs or
reducing the water level of the tunnel route. On the other hand, the complications of water ingress
into the tunnel and the lack of an accurate and appropriate method increase the importance of
these studies. Experimental and analytical methods are available to predict water inflow into a
tunnel. In this article, in addition to presenting the general process of carrying out hydrogeological
studies of tunnels, the weight percentage of hydrogeological studies and the problems associated
with them are discussed. On average, more than 30% of all tunnel problems are related to
groundwater, but less than 5% of studies are carried out in this field. The disproportionate weight
of the above two cases and its causes are among the other cases discussed in this article.
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Introduction

Today, with the reduction of dam projects, tunneling has become one of the largest national
construction projects in Iran. Given the climatic conditions in the country, it is predicted that tunneling
will become much more prosperous in the coming years. One of the most important issues in
tunneling is the interaction of groundwater with the rock mass and the excavated tunnel. Although
various methods have been proposed to estimate the water inflow into the tunnel, the correct
estimation of this problem has always been one of the main problems of tunnel construction. Due to
the expansion of the country's needs, the construction of tunnels in different areas and under complex
conditions is increasing.

For this reason, this problem is one of the most current and important topics that the industry requires
from applied geological research. One of the things that always causes uncertainty in the analysis is
the presence of underground water. Since the ingress of water into tunnels can cause damage to
tunneling equipment, workers, operations, etc., engineers and tunnel designers should determine how
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much water to expect before excavation begins. Knowing the amount of infiltration and ingress of
groundwater can be effective in selecting the appropriate drilling method, as well as the design and
size of the pump needed to remove the water from the tunnel. In addition, the lowering of the
groundwater table caused by the ingress of water into the tunnel will lead to a reduction in flooding
and the drying up of surface water resources, which will ultimately lead to environmental problems.
It should be noted that the lack of studies or an error in estimating the water entering the tunnel will
lead to the introduction of unnecessary and unplanned costs into the project. Hydrogeological studies
in tunneling projects are among the most fundamental studies and are important in terms of
influencing or affecting the tunneling process. The complications of groundwater inflow into the
tunnel and the lack of an accurate and appropriate method increase the importance of these studies.
Despite the importance of this issue, the weighting of hydrogeological studies is not proportional to
the problems caused by groundwater.

Materials and Methods

Problems of underground water entering the tunnel

As human societies progress and the population increases, the use of underground spaces becomes
more widespread and diverse. One of the most widely used types of underground spaces are tunnels,
which are built for various purposes such as transportation and transfer of water and sewage. The safe
and economical design of tunnels requires knowledge of rock and soil mechanics, geology,
economics, statistics and other related sciences, and the variety of specialities makes the design of
these spaces difficult and complicated.
One of the main reasons for addressing this issue is its extreme importance, which can cause many
problems during the implementation of the project, both economic and technical (executive and
environmental problems and delays in implementation). The presence of groundwater has many
implications in civil engineering projects such as tunnels. Correct estimation of underground water
leakage can affect all designs. Creation of an unsuitable working environment, tunnel collapse and
burying or flooding of the drill and drilling equipment are problems directly related to the amount
and mechanism of water inflow. These risks reduce the excavation speed and increase the
construction cost and time (Dematties, 2005, Lachassagne et al., 2015, Coli and Pranzini, 2013,
Sharifzadeh and Javadi, 2017, Jinfeng et al., 2023). The effect of groundwater on tunnel excavation
and execution can be discussed from two perspectives: the effect of the hydraulic head (head) of
groundwater on the tunnel, and the amount of water entering the tunnel. In order to estimate the
amount of water entering the tunnel, it is necessary to determine the stagnation level. Since, in
experimental and analytical methods, the height of the stability level (Head) and the permeability (k)
of the rock mass around the tunnel play an important role in the calculations, and, on the other hand,
these parameters are variable along the tunnel excavation route, the length of the tunnel is divided
into zones with the same conditions in terms of height of the stagnation level and permeability.

Results and Discussion
The percentage of hydrogeological studies in tunnels is always less than 5% of all studies. However,
it is important to note that the problems caused by the ingress of groundwater into the tunnel during
construction represent a significant proportion of the problems caused by tunneling.
In fact, on average, more than 30% of all tunneling problems are related to the ingress of groundwater.
There is therefore an inconsistency and disproportion between the importance of hydrogeological
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studies and the importance of the problems they cause in tunnel projects carried out in the country.
The work of Dunning-Kruger (Kruger and Dunning, 1999) has been clearly applied by the country's
experts in the way of predicting problems of water inflow in tunnels.
Proposed solutions for giving more attention to hydrogeological studies in tunnel projects are
presented below:
Changing the attitude of project employers
- Changing the attitude of senior managers and consulting engineers
- Increasing the role of hydrogeological studies in route selection studies prior to the start of
operations
- Organizing specialist tunnel hydrogeology meetings and inviting foreign experts
- Research and development of related postgraduate theses
- Presentation of research projects to universities

Conclusions
This study is the first to consider the place of hydrogeological studies in tunnel projects as a new and
current need in the industry. Groundwater is one of the most important studies in the design of tunnel
projects. This is despite the fact that the study weight of this topic is low compared to other studies
and it is not given enough importance.
Unfortunately, the lack of attention to this issue has led to an increase in the problems and costs of
tunnel projects due to problems such as the influx of groundwater into the tunnel, instability of
segments due to water load, drying up of springs and environmental issues, etc. It is therefore very
important to pay sufficient attention to underground water studies before and during the
implementation of tunnel projects, to devote research and academic attention to this issue and to
increase and update the necessary tests and tools, and finally to change the attitude of managers in
order to reduce problems in tunnel projects.



