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Abstract The presence of a gassy ground condition is an
important problem in tunneling. In this study, the effects of
groundwater H,S and CH,4 emissions are investigated and
characterized together with the factors that created these
conditions in Nosoud tunnel in Iran. Through the geolog-
ical investigations, the presence of these gasses was not
detected prior to the construction of the tunnel. Ground-
water sampling indicated that about 1 L of H,S is released
per 100 L of the water inflow into the Nosoud tunnel under
normal conditions. However, the volume of the released
gas was varying with the changes in the groundwater dis-
charge rate. Thus, estimation of groundwater inflow into
the tunnel is necessary for predicting the volume of gas
emission. Based on the experience of the Nosoud tunnel
excavations, there are several geological and hydrogeo-
logical factors that must be considered as the indicators of
gas emissions during tunneling. Considering the impor-
tance of ground water gas emission into the tunnels located
in gassy conditions, the present work was conducted to
predict the H,S seepage before the excavation using geo-
logical and hydrogeological indicators.
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Introduction

The prediction of the groundwater inflows in excavations
in fractured bedrock is an important issue not only for
controlling the rate of the excavation but also because of
potential environmental and occupational health impacts
associated with groundwater management. Identifying the
presence of gassy ground conditions is particularly
important in tunneling, especially in cases with toxic and
corrosive gasses, which are rarely considered during the
geological investigations prior to tunnel construction.

H,S emission into tunnels and other underground
structures is a significant health hazard that can cause
fatalities during infrastructure construction. The H,S
emission from groundwater into tunnels is reported in
many studies (Szilas 1985; Gritchfield 1985; Hendry et al.
1985; Novakowski and Lapcevic 1988; O’Brian and Gere
1993; Doyle 2001; Plummer 2002; Schafer et al. 2007,
William and Hansmire 2008; Mirmehrabi et al. 2008;
Morsali et al. 2008; Hansmire and Jafri 2008; Wightman
and Mackay 2008; Wenner and Wannenmacher 2009;
Shahriar et al. 2009; Mirmehrabi et al. 2012; Jalilian Khave
2013; Tali et al. 2014).

Gasses together with soils, rocks, and water are among
the important components of the underground environ-
ments. Hydrogen sulfide, methane, and carbon dioxide are
usually considered as hazardous gasses generated by the
natural biologic and geologic processes. Underground H,S
is generated from different sources including the atmo-
sphere, the mantle, the bacterial decomposition of organic
matter, thermal decomposition of organic and inorganic
compounds, and inorganic geochemical reactions.
Although H,S is widely dispersed at low-level concentra-
tions in the environment, abnormally high concentrations
of this gas may occur under some geologic conditions. H,S
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is a hazardous gas in underground constructions such as
tunnels, shafts, and underground chambers.

In natural waters, hydrogen sulfide concentrations of
100400 mg/L are considered to be high (Hem 1985).
There are substantial natural emissions of sulfur com-
pounds into the troposphere (Blunden and Aneja 2007;
Blunden et al. 2007). Hydrogen sulfide is a colorless gas
with a strong odor similar to “rotten eggs” and can be
readily identified even in a small volume [0.001-0.1 parts
per million (ppm)] in the air. However, the odor will be lost
in 2—15 min of exposure and can no longer be detected.
Higher exposure levels (above 50 ppm) can cause head-
aches, dizziness, nausea, burning eyes, a sore throat, and
respiratory problems. Hydrogen sulfide causes a loss of
consciousness and possibly death in 30 min to 1 h when
present in the air at concentrations in excess of about
500 ppm. Hydrogen sulfide can also be explosive, but only
in much higher concentrations. H,S also causes corrosion
to metals, in particular to the electrical installations on
tunnel boring machines (TBMs).

Hydrogen sulfide gas (H,S) emissions that during the
tunnel construction may pose a number of challenges
during the process. In this regard, test results show that
exposures above 10 ppm in a tunnel can cause significant
occupational health and safety problems. Gas emissions
were previously reported in several constructions in Iran by
Shahriar et al. (2009) and Jalilian Khave (2013) who
reported and studied gas emission into the Zagros tunnel.
Similarly, this problem is present in Nosoud tunnel where
toxic and potentially explosive gasses including hydrogen
sulfide and methane were present simultaneously.

High rates of gas seepage into these tunnels have caused
serious problems with tunnel workers and TBM compo-
nents. In this regard, the recorded H,S caused a four-month
pause in tunneling operations in extreme conditions in
Nosoud tunnel. Gas emissions were found to increase in
direct proportion to the water ingress rate. Therefore, rapid
dewatering systems were established to reduce the rate of
groundwater ingress. According to Doyle (2001), a safe
excavation in gassy ground can be conducted through
controlling the atmosphere by: (1) preventing hazardous
concentrations of gas from accumulating; (2) eliminating
potential ignition sources in the presence of combustible
gas; and (3) by sounding the alarm to evacuate in the event
that gas concentrations approach hazardous levels.

Hydrogen sulfide concentration in groundwater can be
high enough to generate corrosion and pose environmental
problems for underground construction (Doyle 2001).

As aresult of methane and hydrogen sulfide gas emission
into Nosoud tunnel, tunneling operations were slowed down
and high costs were imposed on the TBM (Tali et al. 2014).

This study is conducted to investigate the impacts of
groundwater and gassy ground conditions on the
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construction of the Nosoud tunnel (H,S and methane) and
present the information on the geological and hydrogeo-
logical conditions leading to gas emissions.

Physical setting
Geology and geographical setting

Nosoud tunnel, as a structure designed to transfer water
from Sirvan River to Zahab plain, is located in the Zagros
Mountains in the west of Iran. The tunnel has a diameter of
6.73 m and is 26 km long (Fig. 1). The study area is
underlain by sedimentary rocks that are extensively folded
and faulted and contain abundant fractured zones and
joints. The area is known as the folded Zagros Zone.

Geologically, this region includes simple structures of
reverse faulting and symmetrical anticlines and synclines.
The main structure in the project area is the Aspar anticline
that extends in a northwesterly to southeasterly direction.
The oldest geologic unit along the tunnel axis is a
brownish-gray limestone of the Illam formation (with a
chainage—distance from start of tunnel boring excava-
tion—of 3710-4927 m) that is located in the core of the
Aspar anticline (Fig. 2). Overlying this unit is the Gurpi
formation that consists of an alternating sequence of cal-
careous shales and argillaceous limestones. Some layers of
the Illam Formation transitional with Gurpi formation are
rich in pyrite. The youngest unit in the study area is the
Pabdeh Formation (chainage 0-2300 m) which is com-
prised of an alternating sequence of dark gray calcareous
shales and limestones.

Along the sub-crop of the Illam Formation in the
tunnel, several discontinuities are recognized. The main
joint sets and random joints were surveyed along this
formation. The system of joints which is oriented sub-
parallel to the anticline axis is mostly filled by calcite.
The face of joint set walls is usually rough. The occa-
sional slickenside surfaces and joint filling are mainly
calcite veins. The most significant geological future in
this area is the karst aquifer developed in the Illam For-
mation within the Aspar Anticline. The primary porosity
of this aquifer consists of open joints, locally enlarged by
solution process. A system of frequent vertical joints sub-
parallel to the anticline axis is the dominant system in this
formation. In limestone, the joints and fractures play a
key role in controlling the orientation and extent of karst
features (Milanovic 2000).

Hydrogeological conditions

There are three main formations encountered in the Nosoud
tunnel route. Essentially, the Pabdeh and Gurpi Formations
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Fig. 2 Lithological longitudinal section in tunnel route in the Aspar anticline

are aquiclude layers and, thus, contain a very limited
amount of water. On the other hand, the section of the Illam
Formation within the anticlinal structure is a karstic aqui-
fer. Accordingly, the major water inflows occur in

limestone of Illam Formation. This observation is not
reported for the Pabdeh and Gurpi Formations, except
locally in association with some major discontinuities. A
large aquifer has been formed in the Aspar Anticline. Also,
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the anticline has deep valleys (Jalekouse, Aspar, Abdalan)
including important and permanent springs.

The presence of a recharge area (the surface of the anti-
cline) and a discharge area (deep valleys within the anticline)
has caused significant groundwater flow from many joints and
fractures in this formation. There are not enough piezometers
or observation wells in this hard rock aquifer to adequately
characterize the groundwater flow regime. However,
according to topography and discharge fluctuations of springs
located in Aspar anticline, the main direction of groundwater
flow is along anticline axes and the nose of the structure.
Under natural conditions, the groundwater table is 100 m
above the Nosoud tunnel route crossing Aspar anticline.

There are two sulfur springs around Jalekouse village
and five unsulfurated springs, consisting of Aspar 1 and 2,
Jalekouse 1 and 2, Abdalan springs, one borehole (named
BH-27), and Aspar well in the Illam formation. The dis-
charge rate of this spring is about 1-30 L per min. The
altitude of the springs is almost 100 m above the tunnel
level (Morsali 2007).

Causes and consequences of gas emissions
Gas emission has not been considered in geological

investigations undertaken prior to the commence of tun-
neling project. However, during the constructions of the

tunnel, H,S and methane were detected in problematic
amounts. These gasses were initially attributed to the
anaerobic decomposition of natural petroleum hydrocar-
bons in the area. Further investigations were then under-
taken to determine the characteristics, effects, sources, and
geological indicators of H,S. Gasses tend to seep into
excavations by geostatic, hydrostatic, and barometric
pressure reductions associated with the excavation.

Sampling

A sampling of seepage gas into the tunnel from air and
water inflow was carried out in two steps. Sampling from
the inside of the tunnel and sampling from the dissolved
gas were performed in cooperation with an oil company
and a water and wastewater utility, respectively.

Seepage of hydrogen sulfide (H,S)

Hydrogen sulfide was only detected in sections of the
tunnel with groundwater inflows. As H,S is soluble in
water, there is a direct relationship between dissolved gas
and pressure. Thus, H,S gas is released to air when
groundwater leaks to the tunnel.

Three H,S air samples were taken from different locations
around the TBM (Fig. 3). Table 1 shows the result of this

Fig. 3 Gas sampling with vacuum capsule and sampling of gas dissolved in groundwater inflow in the Aspar tunnel
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Table 1 Results of analysis of gas sampling from inner air and
inflow water

Location of sampling O, (ppm) H,S (ppm) N, (ppm)
Tunnel face 79.48 0.16 20.36
12 m of tunnel face 78.27 0.84 20.87
25 m of tunnel face 78.74 0.25 21.01

Table 2 The results of field sampling of H,S in the tunnel

Number of sampling H,S (mg/L)
Tunnel face Over 5
Chainage 3000 1

Chainage 2000 1

Chainage 1000 0.5
Entrance of tunnel 0.5

Table 3 The results of laboratory sampling

Number of sampling H,S (mg/L)
Tunnel face 15
Chainage 3000 3.7
Chainage 2000 0.8

analysis and consulting of the expert Oil Company. The
results, however, could not prove the hydrocarbons origin for
inner gas of the tunnel as there was no obvious association
between H,S and the presence of hydrocarbons in the area.

Additional sampling was performed to determine the
relationship between H,S levels in groundwater and in the
air within the tunnel. A sampling of air and groundwater
was done at specific distances along the tunnel. Analysis of
H,S levels was carried out in the field and laboratory. The
water sampling and the H,S volume measurement
(35-50 ppm) in the tunnel were done simultaneously.

The dissolved H,S content in water was sampled at five
locations in the tunnel (Fig. 3). The detection threshold for
H,S by this type of sampling of H,S is 5 mg/L. Table 2
shows the results of the sampling process.

The samples were transferred to the laboratory from the
cutter head location in the middle of the tunnel (Chainage
2000 m) and from the entrance of the tunnel. Then, they were
transferred to the laboratory of the Water & Wastewater
Utility within a 24-h period under the standard condition.
The results of laboratory sampling shown in Table 3 were
found to be similar to those from field sampling.

The sampling indicated that H,S is dissolved in water at
the entrance to the tunnel. Along the tunnel, a noticeable
amount of H,S from the water by the end of the tunnel has
decreased significantly. It is likely that H,S in this region

originates from hydrocarbon materials. Some geological
indicators can be applied to predict of probable H,S
seepage before beginning of the excavation. Among these
indicators are geological indicators (formations with high
potential for being the sources or reservoirs for hydrocar-
bons); lithological indicators (depth of faults and particular
smells) together with the excavation of boreholes and fresh
surface fractures and oil or similar indicators on the sur-
faces of fractures); and hydrogeological indicators (springs
with particular smell (sulfur odor) and springs with sulfate
chemical composition and high porosity).

Each of above indicators can implicate the existence of
H,S in the underground environment. Most of above
indicators were investigated in Aspar anticline. When the
tunnel is excavated in a saturated zone, the volume of the
entrance gas to the tunnel depends on hydrogeological
conditions, which are discussed later.

Methane (CHy,)

During the excavation of underground spaces, methane is
the most commonly detected gas and causes more deaths
and injuries than the other gasses (Hanifi et al. 2012). Two
major risks of methane presence are that it is highly
flammable and explosive. For this reasons, scientist have
tried for years to diminish the hazards in underground
spaces (Rodriguez et al. 2012).

Methane (CH,) is only a trace constituent of the atmo-
sphere, but an important greenhouse gas. Although
groundwater is unlikely to be a major source of atmo-
spheric CHy, its contribution to the CH, budget has been
poorly characterized (Gooddy and Darling 2004). Methane
is an odorless gas and only explosive when mixed with air
between 5% (the Lower Explosive Limit) and 15% (the
Upper Explosive Limit). Hence, an adequate ventilation is
the main safeguard in gassy tunnels. This gas was recorded
in the all excavated sections of the Nosoud tunnel. Special
monitoring and testing program were implemented to
control the methane gas intrusions. Automatic alarm
monitors were installed at the three fixed gas detector
stations in the machine. The results showed that, in a few
days, gas concentrations exceed the specified levels and
caused automatic shutoff of the TBM. All workers were
educated about the dangers of gas and fire prevention and
additional firefighting equipment were installed.

Results and discussion
Estimation of the emission rate of H,S

The emission rate of H,S to air in the tunnel was estimated
using Henry’s Law. This law describes the concentration of
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a gas in water as a function of the partial pressure of the gas
in the atmosphere under equilibrium conditions as below:

Ky = HZS(aQ)/P(st)

The concentration of H,S in the entrance water is about
15 mg/L, which is equivalent to 1.5 g H,S per 100 L dis-
charge of entrance water (Morsali et al. 2008).

Based on Henry’s law, the Henry constant of H,S under
standard conditions is 0.1 M/L (Lide and Frederikse 1995;
Dean 1992; Carroll and Mather 1989). Therefore, the
majority of gas is released into the atmosphere.

To design a ventilation system, it can be conservatively
assumed that almost all gas dissolved in water is released
into the air. Under standard conditions (a temperature of
25 °C and a pressure of 1 atmosphere), each mole of H,S is
22.4 L in volume. The volume of H,S release in the tunnel
atmosphere for discharge of 100 L/s is calculated as:

(1.5/34) x 22.4 = 0.988 L (1)

According to Eq. 1, under standard conditions, for 100 L
of water entering the tunnel, about 1 L of H,S is released in
the tunnel atmosphere. As the volume of gas released to the
tunnel varies with the rate of discharge of water, in order to
estimate the rate of gas emissions into the tunnel, the rate of
groundwater inflow into the tunnel needs to be determined.
There are analytical (El Tani 2003; Yoo 2004; Park et al.
2008; Yang et al. 2009; Lachassagne et al. 2015) and
experimental (Heuer 2001) methods for estimation ground-
water inflow into the tunnel. In this regard, there are also
some methods previously applied at tunnels in Iran (Katibeh
and Aalianvari 2009; Morsali et al. 2010; Hosseini et al.
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2011). Lo Russo et al. (2016) focused on quantifying the
amount of water infiltrating into the mine drifts, using a water
balance model in the geographic information system (GIS).

Generally, the discharge rate of the water inflow into
tunnel depends on several factors such as hydrostatic pres-
sure (water height around the tunnel) and rock mass per-
meability. The rock permeability is controlled by joints
properties such as continuity of the joints, sizes of the joint
spaces and openings, and the relationship between joints and
discontinuities or lithology. Discontinues, joints, and faults
are the most important parameters affecting the permeability
of fractured bedrock. The permeability of bedrock is highest
at the intersection of faults and joints. The permeability was
measured directly using Lugeon tests in boreholes. Also,
more than 15 piezometers were bored in the tunnel walls for
direct calculation of the water head during the tunneling.

These data were used to estimate the rate of water inflow
into the tunnel. In the Nosoud tunnel, a significant corre-
lation was derived between the water inflow into the tunnel
and the gas leaking in the tunnel (Fig. 4). In the Nosoud
tunnel, there are correlation between the water inflow into
the tunnel and the gas leaking in the tunnel (Figs. 5, 6).

Based on the daily observation (measured) data through
the boring operation carried out in the saturated zone, it is
seen that sulfide hydrogen increases by a rise in ground-
water inflow into the tunnel.

Origin of gas and fluctuation prediction

H,S has various sources in gas and oil resources including the
bacterial reduction of sulfate, thermochemical sulfate
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any of these possible sources at the Nosoud tunnel site, TSR
is more likely than other possible sources. Ford and Williams
(2007) used the following reaction as the main source of H,S:
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Fig. 7 Interlayer of shale between limestones in the Aspar anticline, seepage hydrocarbons materials into the tunnel in Pabdeh and Gurpi

formations and Pyrite (sulfur balls) decomposition at surface (limonite)

C.H,, + SO4 — H,S + CO, + H,0 (2)

Hydrogen sulfide (H,S) in a shallow subsurface environ-
ment usually originates from bacterial decomposition of
organic matter under anaerobic conditions. It can also occur in
geothermal systems, where it originates from magma degas-
sing and thermal metamorphism (Doyle 2001). Hydrogen
sulfide in the air has a half-life of about 12 h (Jaeschke et al.
1978). Ongoing sulfate reduction is manifested in most
boreholes by the presence of H,S. Groundwater in the area is
characterized by a foul smell caused by sulfate-reducing
bacteria, which convert sulfate into H,S (Adamsa et al. 2001).

Geological evidence of gas emissions

According to the Nosoud tunnel experience, the following
geological and hydrogeological factors should be consid-
ered to assess the probability of gas emissions taking place
during the tunneling:

The occurrence of cap and source rocks for hydrocarbons

In an oil field, the presence of hydrocarbons is accompa-
nied with both cap and source rocks. The presence of a low
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permeability formation overlaying a high permeability
formation increases the potential of the gas trapping. In the
Aspar anticline, the Gurpi and Pabddeh Formations act as
cap rocks while Illam Formation acts as the source rock.
From the perspective of tunnel construction, oil or gas are
not considered as valuable substances as even relatively
low levels of hydrocarbons can lead to significant H,S
emissions.

The presence of sulfur-rich lithologies

The presence of rocks containing sulfur-bearing minerals
such as pyrite, gypsum, and anhydrite along the tunnel
excavation path must be seriously taken into account.
For example, the presence of pyrite often shows that the
oxidation of hydrogen sulfide has taken place. Hence,
this phenomenon can be a sign of the potential presence
of H,S in groundwater. Pyrite can be seen in the Illam
Formation at the Aspar Anticline (Fig.7). Some
lithologies like carbonaceous shale and anhydrite also
are problematic in some cases. During an excavation in
Pabdeh and Gurpi formations, the evidence of hydro-
carbon materials and weak seepage H,S were observed
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in some rocks of the inner face of the tunnel segment
excavation. The Illam Formation contains organic-rich
shale interbedded with limestone (Fig. 7). These indi-
cators must be checked during hydrogeological field
investigations.

The detection of odors on fresh rock surfaces
during the drilling of boreholes

Any smell of gas observed during drilling and other on-site
investigations should be recorded in geotechnical logs of
boreholes. The use of gas sensors can be helpful in this
regard. Although gas seepage in some boreholes drilled in
the Aspar anticline was reported, due to the temporal nature
of theses emissions it was not recorded in the boreholes.

When detecting CH,4 or H,S during probe drilling in
joints far ahead of the cutter head, these joints were cement
grouted for reducing gas conductivity in the rock mass. In
addition, about 6-m-long gas drainage holes were drilled in
the close vicinity of the cutter head to drain the gas
(Wenner and Wannenmacher 2009).

Hydrogen sulfide has been previously encountered in test
borings and in shaft and tunnel excavations on a number of
projects (O’Brian and Gere 1993; Doyle 2001). The ongoing
gas bubbling observed in groundwater in the verification drill
hole can gas detection. Gas monitoring equipment in a
borehole can be used to measure gas concentrations
(Wightman and Mackay 2008). At the Nosoud tunnel site,
hydrogen sulfide gas was observed in most of the site
investigation borings in concentrations exceeding 100 ppm
(0.01%) at the borehole collar (Hansmire and Jafri 2008).

Oil leakage from fractures

Oil leakage from joint and fractures of rock and tunnel seg-
ments is one of the most important indicators of gas seepage in
a tunnel. However, oil leakage from the joints in the Nosoud
tunnel was reported without any gas seepage in the most cases.

Deep fault occurrence

Deep faults can provide a hydraulic connection between
oil-containing formations at depth to the near-surface
environment. In the case of the Nosoud site, H,S migrates
upward from the Illam Formation (original or host forma-
tion) via faults, large joints, and their intersections.
Hydrogeological evidence of gas emission

The presence of springs with strong odors

Springs that have water with a strong sulfurous odor pro-
vide important evidence about the gas presence in the

groundwater. These springs show the chemical quality of
groundwater in the research area and, consequently, in the
tunnel.

There are two low-discharge sulfur springs and many
unsulfurated and high-discharge springs in the Aspar
Anticline. Gas emissions in the Nosoud tunnel indicate that
despite the high-quality spring and the low discharge rates
of sulfurated springs, the existence of even one sulfurated
spring or seepage face in the study area is an important
alarm. In the Aspar Anticline, sulfurated springs discharge
water from a deep and old groundwater source, whereas
high-quality springs are recharged from shallow and
meteoric groundwater. These factors should be assessed
during the excavation of tunnels.

The distance of springs from the tunnel path was
detected as an important factor in the Nosoud tunnel. The
Aspar sulfurated springs located about 50 and 600 m from
tunnel path. In Zagros tunnel (with the similar lithological
condition), there are two sulfureted springs at two parts of
tunnel axis. These springs are located about 3 km away
from the tunnel path and there is no H,S emission in the
tunnel. Demattis et al. (2001) cited many factors for eval-
uating spring drawdown due to tunneling. Based on this
method, it was found that a tunnel-spring distance
exceeding 800 m decreases the mutual effect of springs
and tunnel on each other. Dermatitis’s method was used in
the Karaj tunnel and verified in Iran (Morsali et al. 2010).

Sulfate type springs

Anomalously high sulfate concentrations in groundwater
are a good indicator of gaseous zones. This will only be the
case when there is sufficient organic carbon present to
drive sulfate-reducing conditions. While there is no evi-
dence of sulfuric springs in the research area, the sulfate
content of springs around the sulfuric spring increases
noticeably in some area. In limestone and karstic areas, it
would be generally expected that the anionic composition
of groundwater would be dominated by bicarbonate. The
increased sulfate concentrations in such an environment
would indicate a significant risk of H,S presence.

Other factors

Other hydrogeological factors can be used to predict gas
emission into tunnels. For example, the presence of high
porosity rock in a fractured-rock environment can provide
a pathway for gas transfer. In the case of the Nosoud
tunnel, there are major and minor open joints and calcite
filling (Fig. 8) in the Aspar limestone which influence
groundwater inflow into the tunnel. There are not thermal
springs in Aspar area, but H,S is reported at high con-
centration in thermal springs (Daldal et al. 2010). Dye or
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Fig. 8 Major and minor Open joints in the area Alternation of Calcite veins and carbonated layers (photos by Milanovic)

isotope tracers and the geophysics study result can be used
to trace groundwater flow paths in fractured-rock
environments.

Conclusions

Gaseous emissions, particularly highly toxic and corrosive
gasses like H>S which occur in groundwater inflows, can
be a significant hazard encountered during tunnel con-
struction. Groundwater inflows into Nosoud tunnel were
induced by drawdowns in groundwater levels and decrea-
ses in spring discharges associated with construction pose
serious health hazards and operational problems.

In Nosoud tunnel, the highest concentrations of H,S gas
were detected in limestone because of hydrogen sulfide gas
(H,S) dissolution in groundwater and its release when the
groundwater entering the excavated tunnel. H,S gas seep-
age into the tunnel causes many problems, for instance,
corrosion in the electronics of the tunneling equipment and
unfavorable conditions for working.

It is likely that H,S in this region has originated from the
anaerobic decay of hydrocarbon materials. Some indicators
to predict the probable H,S seepage prior to tunnel exca-
vation are geological indicators (formations with high
potential for being hydrocarbon sources and trap); litho-
logical indicators [depth of faults, odors (e.g., sulfurous
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smells) together with drilling of boreholes, and fresh sur-
face fracture sand oil similar indicators in surface of frac-
tures]; and hydrogeological indicators (springs with
particular smell -sulfur spring-, thermal springs, springs
with sulfate chemical composition, thermal springs and
high porosity).

Each of above indicators can implicate the existence of
H>,S in underground lonely. Most of above indicators were
investigated in the Aspar Anticline. As the bottom line of
this study, we state that the volume of gas seepage into
tunnel depends on hydrogeological condition.
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