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Abstract Occurrence of hydrogen sulfide gas (H2S) is

one of the most important engineering geological hazards

during tunneling. Its hazards and consequent challenges are

very difficult and costly to solve. During site investigation,

one of the tasks for engineering geologists is prediction and

evaluation of the risk of H2S gas in the underground

spaces. In this study, water conveyance tunnel of Aspar,

which was excavated in H2S-bearing environments, is

discussed. The tunnel is excavated in the hydrocarbon

formations. Applied experiments suggest that geological

formations pertaining to hydrocarbon resources are crucial

in formation and reservation of H2S gas. This paper briefly

discusses hazards and geological sources of H2S, as well as

remedial measures for decreasing the risks and problems in

excavation of the tunnel. To predict the risk of H2S gas in

the underground spaces, it is possible to use some precur-

sors such as: sulfur springs, organic traces, organic argil-

laceous rocks, exposure of H2S odor from fresh surface of

rock and smell of H2S during boreholes drilling. Control-

ling the inflow of groundwater into the excavation, diluting

the concentration of H2S, training the personnel and utili-

zation of some proper safety equipment have been used to

mitigate risks and problems in tunnel excavation.

Keywords Mechanized tunneling � Hydrogen sulfide �
Gassy ground � Underground construction � Engineering

geological hazard

Introduction

Hydrogen sulfide gas is colorless with a rotten egg odor but

the scent to the nose is lost within 2–15 min of exposure.

H2S is considered explosive between the concentrations of

4.3% (LEL) and 45% (UEL) by volume. Also, when H2S

burns, it produces another highly toxic gas: sulfur dioxide

(SO2). High exposure levels (above 50 ppm) can cause

headaches, dizziness, nausea, burning eyes, sore throat, and

respiratory problems. At concentrations of above 500 ppm,

hydrogen sulfide can result in loss of consciousness and

possibly death in 30 min to 1 h (Naeemi et al. 2000).

Public and occupational exposure to hydrogen sulfide

(H2S) can result from many industries, including petro-

chemical, agricultural and wastewater treatment (Lambert

et al. 2006). Hydrogen sulfide in high concentrations (up to

200 mg/l) has been encountered in the groundwater of

Kuwait City and its suburbs at relatively shallow depths

(Mukhopadhyay et al. 2007). A number of tunneling pro-

jects in the United States have had to address issues related

to encountering hydrogen sulfide gas (H2S) during con-

struction and/or operation (Naeemi et al. 2000). The second

major concern to the Los Angeles metro rail project is

related to naturally occurring subsurface gases mainly

combustible methane and toxic hydrogen sulfide (Proctor

and Monsees 1985). H2S gas with concentrations of more

H. Mirmehrabi � M. Ghafoori (&) � G. Lashkaripour �
S. Tarigh Azali

Department of Geology, Faculty of Science,

Ferdowsi University of Mashhad, Mashhad, Iran

e-mail: ghafoori@um.ac.ir

H. Mirmehrabi

e-mail: hosseinmirmehrabi@gmail.com

G. Lashkaripour

e-mail: lashkarg@usb.ac.ir

S. Tarigh Azali

e-mail: sadeghazali@gmail.com

J. Hassanpour

SAHEL Consulting Engineers, Tehran, Iran

e-mail: jafar_hassanpour@yahoo.com

123

Environ Earth Sci (2012) 66:529–535

DOI 10.1007/s12665-011-1262-y

Author's personal copy



than 100 ppm, released from water and dry rock, have been

encountered in Alborz Service Tunnel, the longest tunnel

(6.4 km) along Tehran Shomal Freeway (Wenner and

Wannenmacher 2009). Tunneling in areas where hydro-

carbons are present requires special precautions and special

procedures (Proctor 2002). Sometimes, the H2S is liberated

from the groundwater in underground excavation. Experi-

ences have proven that H2S concentration above 10 ppm,

for long periods of time, can cause many problems for

workers and machinery, due to its explosive-toxic and

corrosive properties, respectively.

In this paper, the problems associated with H2S in Aspar

tunnel, along with related risk assessment measures, are

discussed. The gas emission in this project caused sus-

pension of excavation for several months. In addition, this

accident has increased the costs for the contractor and

client for more than 2 years. Corrosive gases that affect the

electronic boards led to numerous destruction and repeti-

tive errors in normal functioning of important parts of the

TBM machine. Procurement and replacement of destroyed

parts took several months. Furthermore, some symptoms of

dizziness and burning eyes, especially in areas with poor

ventilation, were observed. The bad condition for workers

forced the contractor to revise safety strategies in the tun-

nel. Employing of a more technical HSE team and pur-

chasing proper safety tools, besides other technical

corrections (for example, supplying fresh air for electrical

boxes and operator cabin, via a specific compressed air

tube from outside of the tunnel), has considerably increased

the cost of tunnel construction.

Aspar tunnel is excavating in sedimentary formations

containing some hydrocarbons traces.

Project specification

Aspar water conveyance tunnel is an important part of a

great water transport project in Zagros mountainous range,

in Kermanshah province, west of Iran. This project aims to

irrigate the plains in southwest Iran. The project contains

6.73 m diameter tunnel with 26 km length and capacity of

70 m3/s. The tunnel is excavating from southwest to

northeast by a double shield gripper TBM of Herrenknecht

technology and is supported with a hexagonal segment

lining system.

Geology

The mechanized tunnel was advanced through Pabdeh and

Gurpi Formations (alternation of argillaceous limestone

and shale) and reached the hazardous gassy ground of Ilam

Formation (well bedded limestone). Figure 1 illustrates the

geological section of the first 4.5 km of the tunnel as well

as the engineering geological problems. Geologically, this

region includes simple structures of reverse faulting and

symmetrical anticlines and synclines. Aspar anticline is one

of the main structures in the project area (Mirmehrabi et al.

2008). The axis of the anticline extended from west-north

to east-south. The area is known as folded Zagros province.

The oldest geologic unit along the tunnel alignment is

brownish gray limestone of Ilam Formation (chainage

03?710 to 04?927) which is located in the core of Aspar

anticline. Overlying this unit is the Gurpi Formation

(chainage 02?300 to 03?710). The youngest unit is Pab-

deh Formation (chainage 00?000 to 02?300). Essentially,

Pabdeh and Gurpi sections are aquiclude layers; so there is

no considerable groundwater in these parts of the tunnel.

However, Ilam section in the form of anticline serves as a

good unconfined aquifer. The project level in the Ilam

Formation is below the water table. Major water inflows

happened in limestone of Ilam Formation whereas

groundwater inrush has not been reported in the Pabdeh

and Gurpi Formations, except in small parts in association

with some major discontinuities.

Generally, there are famous oil-fields, with various

sources, in the southwest of Iran. Some of the source rocks

are stratigraphically older than Ilam Formation. Therefore,

they have to be located beneath the tunnel route. As a

result, some hydrocarbon materials could migrate upward

Fig. 1 Geological section and

engineering geological

problems
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to discontinuities of the Ilam Formation, during geological

times.

Investigations

Before the main accident (exposure to high level

of H2S)

In the geological documents of the project, some evidences

associated with H2S have been reported such as sulfur

springs in the anticline of the Ilam Formation. Numbers of

residual molds of pyrite nodules are another marker

observed in the surface of some limestone layers. Besides,

bad smell of core samples extracted from a borehole in the

mentioned formation was reported by a drilling member.

On the other hand, another hydrocarbon trace was reported

from the tunnel. For example, infiltration of hydrocarbons

from segment joints toward the tunnel (Fig. 2). Releasing

of some minor bubbles of H2S gas, from invert waters, was

also observed in previous chainages of the tunnel. Organic

materials along with excavated cuttings are occasionally

reported. Fixed gas detector stations were installed by the

manufacturer. In Pabdeh and Gurpi Formations, at least

five automatic shutdowns of machine have taken place due

to encountering very high concentrations of methane gas.

During the main accident

After encountering a problematic amount of H2S, some

extra investigations were carried out to verify the problem

and select proper remedial measures. Some monitoring and

data collection activities were done at the site as well.

These activities are briefly discussed.

Monitoring

The volume of water has been measured daily at the tunnel

portal. Concentration of various gases has also been

recorded by fixed stations on the TBM and by mobile

sensors at the beginning, midpoint and end of each working

shift. Some useful data have been collected by these

attempts.

To chainage of 3,500 m, water inflows and gas emis-

sions occurred occasionally, but as TBM penetrated to Ilam

Formation, water and gas inflow increased continually.

Maximum of recorded water and H2S was [300 l/s and

[50 ppm, respectively. H2S was dissolved in the ground-

water that flowed into the tunnel; thus, once the ground-

water pressure reduced to ambient air pressure within the

tunnel, the solubility of hydrogen sulfide in the water

reduced, and the H2S gradually liberated into the air.

Indisputably, despite other effective parameters such as

ventilation, pumping and tunnel activity conditions, con-

centration of the gas intensified as water inflow increased

and vice versa (Fig. 3). For checking this fact in the pro-

ject, a special duration with better correlation and less

irregularity was selected and analyzed (Fig. 4). The chart

indicates a same trend for water and gas.

Field and laboratory tests

To verify the source of gases and determination of type, it

is useful to measure the concentration and relative ratio of

gases in the air of tunnel. Therefore, three vacuumed

capsules filled with air from the tunnel were sampled from

three locations, including: (a) cutter head, (b) segment

erector position and (c) beside the control cabin. The

samples were sent to Research Institute of Petroleum

Industry for chemical analysis. The analysis results are

Fig. 2 Infiltrated hydrocarbons from lining joints (Mirmehrabi et al.

2008)
Fig. 3 H2S concentration in cutter head and shield beside water

inflow versus time
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presented in Table 1. The achieved information was inad-

equate and could not prove any relation between H2S gas

and the surrounding oil fields. Perhaps this is because of the

complexity of gas migration phenomenon and other inter-

fering factors.

Because of the dissolution of H2S gas in the water, its

concentrations in water and in air were measured by col-

laboration of Water and Wastewater Company Laboratory,

simultaneously. Sampling was implemented in various

chainages of the tunnel. The samples were tested in site and

in the laboratory. Figures 5 and 6 show sampling and field

testing while Tables 2 and 3 present the field and labora-

tory results, respectively. The upper threshold which can be

measured by field testing is 5 mg/l of H2S. Specific sam-

ples have been transferred to the laboratory in less than

24 h and in standard condition (SAHEL Consulting Engi-

neers 2007). With respect to intrinsic differences between

field tests and laboratory experiments, both results con-

firmed each other. They also support the fact that dissolved

gas is released from water by increasing distance from the

infiltration zone (and so by increasing elapsed time). Fig-

ure 7 reveals another fact that maximum liberation takes

place in initial distances (and initial times) and then it

decreases considerably. Therefore, to improve the tunnel

environment, it is necessary to control the gas emission as

soon as possible.

From these data, volume of the gas for different amounts

of water inflow can be estimated and based on these

evaluations, necessary ventilation capacity can be calcu-

lated. For example, suppose whole liberation of gas

occurred immediately, if the water inflow = 100 l/s and

with given data for H2S: molecular mass = 34 g/l and

1 mol = 22.4 l, for unit time (s) one can write:

15 mg=l � 100 l ¼ 1:5 g

1:5 g=34 gð Þ � 22:4 l=mol ¼ 0:988 l � 1 l

Therefore, every second 1 l of the gas will pollute the air

of tunnel and extra ventilation would be needed to improve

this condition to return to standard value.

Source of hydrogen sulfide

Hydrogen sulfide is a naturally occurring gas substance,

normally a byproduct of natural decomposition or decay of

organic matter (e.g. fossils in the bedrock). Bedrock For-

mations containing pyrite inclusions and residual soils that

Fig. 4 H2S concentration in air and water inflow toward the tunnel

versus time in a selected period

Table 1 Analysis results for filled capsules (%mol)

Sampling location O2 H2S N2

Segment erector 20.87 0.84 78.27

Cutter head 20.36 0.16 79.48

Control cabin 21.01 0.25 78.74

Fig. 5 Sampling of water for laboratory and field testing

Fig. 6 Field testing of cutter head waters
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contain high concentrations of sulfur also tend to carry

detectable hydrogen sulfide levels (Naeemi et al. 2000).

Moreover, hydrogen sulfide occurs naturally in the earth in

crude petroleum, natural gas reservoirs, volcanic gases and

hot springs (Government of Alberta, Imployment and

Immigration 2009).

Groundwater in near downtown of Los Angeles was

contaminated with high concentrations of dissolved pale-

ogeologic petroleum residual hydrogen sulfide (Stirbys

et al. 1999).

H2S has various sources in gas and oil resources, like

SRB (sulfate reducing bacteria), TSR (thermochemical

sulfate reduction), thermal, pyrite dissolution, reduction

and oxidation reaction and H2S migration. It is impossible

to reject each of these sources completely. However, TSR

source has more probability than others as Eq. 1 shows:

CnHm
Petroleumð Þ

þ SO4 ! H2S þ CO2 þ H2O ð1Þ

As previously mentioned, the source rocks of some of

the oil-fields are covered by Ilam Formation. As a result,

some hydrocarbon materials could migrate upward to

discontinuities of the Ilam Formation, in geological times.

Due to the presence of the aquifer, the migrated gases

depend on the solubility, and can exhaust from Ilam

discontinuities or dissolve and concentrate in the water

(e.g. H2S).

Challenges

Health problems for workers, unwanted downtimes due to

corrosion of electronics and PLC system of TBM, unpre-

dicted expensive counter measure costs, durability decrease

of tools (e.g. pumps), decrease in shift time and unfavor-

able conditions for working are some consequences of the

presence of H2S in the tunnel. Besides, corrosion of TBM

electronic boards caused stopping of machine operation for

at least 4 months. The presence of H2S gas also hardened

or even prevents special maintenance for cutter head (disk

cutter checking, replacement of worn tools, etc.). The H2S

concentration from January to June is presented in Fig. 8.

As illustrated, during this period, there were difficult and

hazardous conditions for workers.

Remedial measures

A number of methods might be considered to reduce the

concentration or liberation rate of H2S in an underground

excavation. These mitigation measures fall under three

general categories (Naeemi et al. 2000):

• methods which reduce inflow of groundwater into the

excavation;

• methods that dilute concentration of H2S once it is

released into the air; and

• methods that convert H2S into a non-hazardous

substance.

The foam and cement injections, extensive drainage

measures to handle the water quantities and various pro-

tective equipments against H2S gas were employed in Al-

borz Service Tunnel of Iran to counter with problems

(Wenner and Wannenmacher 2009).

Some measures implemented in the project are as

follows:

• Provision of appropriate protective equipment.

• Informing workers of hazards and training them for

using special masks with filters and other security

equipment for necessary occasions such as respirators,

compressed air capsule, etc., in emergency occasions.

• Provisions of safety tools for the site and replacement

of expired equipment.

Table 2 Results of field testing

Test no. location H2S (mg/l)

1 Cutter head [5

2 3,000 m 1

3 2,000 m 1

4 1,000 m 0.5

5 0 m (Portal) 0.5

Table 3 Results of laboratory testing

Test no. Location H2S (mg/l)

1 Cutter head 15

2 3,000 m 3.7

3 2,000 m 0.8

Fig. 7 H2S concentration in water for different sections
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• Installation of two new powerful jet fans with 240 kW

power instead of 120 kW, for improving ventilation.

• Establishment of a special line of fresh air for

protecting electrical units of machinery, for positive

pressure of fresh air and restriction of entrance of the

gassy air.

• Frequent and regular maintenance of sensitive parts by

skilled personnel.

• Installation of a 400 mm collector conduit to minimize

agitation of the groundwater and to transport it in a

closed system, with length of more than 3 km distance.

• Improvement of pumping system through installation

of extra pumps to collect water from the tunnel as

quickly as possible into closed pipes.

• Installation of fixed gas detector in several sections.

• Use of suitable additives for plugging segment joints to

prevent splashing of water into the tunnel.

Conclusions

The presence of H2S in Aspar tunnel brought about many

interfering problems and huge costs due to its toxic and

corrosive properties. The gas emission in the project caused

suspension of excavation for several months. Highest con-

centration of H2S gas occurred in Ilam limestone, due to an

inrush of H2S-laden groundwater. This study demonstrated

that gas can originate from petroleum related formations

under the Ilam Formation. Sulfur springs, organic materials

along with muck cuttings, small bubbles of the gas in pre-

vious chainages, infiltrations of hydrocarbons from segment

joints and the smell of rotten egg of cores during the borehole

drilling are some evidences that had been reported. Fur-

thermore, more safety measures were implemented for

workers who suffered from respiratory health issues. The

corrosive property of gas also affected the metals and elec-

tronic boards and caused many down times. Therefore, some

extra investigation was carried out to verify the problem and

select proper remedial measures. Some monitoring pro-

grams, data collection activities and important countermea-

sures were employed in the site.

Hydrogen sulfide was liberated from the groundwater;

so, its amount is directly related to the quantity of water

inflow. Experiences gained from this case reveal that

comprehensive geological study together with project

designing with the capability to meet the gassy ground

hazards can significantly decrease risks, losses, down times

and costs.

Acknowledgments The authors would like to express their sincere

appreciation to all the participants, especially SAHEL Consulting

Engineers who have helped in making this paper.

References

Government of Alberta, Imployment and Immigration (2009) Hydro-

gen sulphide at the work site. Workplace Health and Safety

Bulletin; CH029—Hydrogen Sulphide 1-17

Lambert TW, Goodwin VM, Stefani D, Strosher L (2006) Hydrogen

sulfide (H2S) and sour gas effects on the eye. A historical

perspective. Sci Total Environ 367:1–22

Mirmehrabi H, Hassanpour J, Morsali M, Tarighazali S (2008)

Experiences gained from gas and water inflow toward the tunnel,

case study: aspar anticline, Kermanshah, Iran. Proceedings of 5th

Asian Rock Mechanics Symposium (ARMS), Tehran, Iran.pp

1469–76

Mukhopadhyay A, Al-Haddad A, Al-Senafy M (2007) Occurrence of

hydrogen sulfide in the ground water of Kuwait. Environ Geol

52:1151–1161

Naeemi AH, Essex RJ, Giberson KA (2000) The effects of Hydrogen

sulfide during underground construction. North American Tun-

neling, Balkema, Rotterdam ISBN 90 5809 162 7

Fig. 8 H2S concentration

versus permissible exposure

limit

534 Environ Earth Sci (2012) 66:529–535

123

Author's personal copy



Proctor RJ (2002) The San Fernando Tunnel explosion, California.

Eng Geol 67:1–3

Proctor RJ, Monsees JE (1985) Metro rail project design issues

related to gassy ground. Proceedings of the rapid excavation and

tunneling conference, ASCE/AIME, NY, 488–505

SAHEL Consulting Engineers (2007) Report of investigation of gas

and water inflow toward the tunnel. In reports of ‘‘dasht e zahab’’

project. In Persian

Stirbys AF, Radwanski ZR, Proctor RJ, Escandon RF (1999) Los

Angeles metro rail project–geologic and geotechnical design and

construction constraints. Eng Geol 51:203–224

Wenner D, Wannenmacher H (2009) Alborz Service Tunnel in Iran:

TBM Tunnelling in Difficult Ground Conditions and its Solu-

tions. 1st Regional and 8th Iranian Tunneling Conference,

Tehran, Iran

Environ Earth Sci (2012) 66:529–535 535

123

Author's personal copy


	Hazards of mechanized tunnel excavation in H2S bearing ground in Aspar tunnel, Iran
	Abstract
	Introduction
	Project specification
	Geology
	Investigations
	Before the main accident (exposure to high level of H2S)
	During the main accident
	Monitoring
	Field and laboratory tests

	Source of hydrogen sulfide
	Challenges
	Remedial measures
	Conclusions
	Acknowledgments
	References


