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No. Tunnel Country  Eco-Hydrological and environmental hazards Geological conditions Reference
Railway Tunnels Abrupt drying of springs and wells as a result of The large development of
1 between Malaga water infiltration during excavation (800 liters per karst aquifers in calcareous Gisbert et al.
and Cérdoba Spain second), which has led to public protests and social and dolomite rock due to the (2009)
disputes in the region. crushing rocks in the fault
Zones.
Tunnel excavation has caused water infiltration The development of aquifers
during excavation and a sharp drop in groundwater in the gnaiss rock mass due to Kveerner and
2 Romeriksporten ~ Norway level (180 meters) in fault zones and negative the crushing of the geological Snilsberg
impacts on water resources (chemistry of formation in the fault zones. (2008,2013)
groundwater) and wetlands in the area.
The tunnel excavation causes springs to dry and The development of aquifers  Vincenzi et al.
3 Firenzuola Italy damage aquatic animals and other elements of the in the sandstone. (2009,2014)
ecosystem of the area.
The tunnel excavation has led to a drop in the
surface water level of the underground water in the
area and also the creation of qualitative changes in  Development of aquifers in
the hydrogeochemical composition of the water the igneous rock mass due to  Mossmark et al.
4 Hallandsa®s Sweden  resources. Environmental sensitivity at some times the crushing of the geological (2017)
has stopped the excavation operation and changed formation in the fault zones. Borca(2007)
the method of excavation (drilling & blasting) from
the traditional method to using the TBM.
The tunnel excavation has caused the springs to dry  Development of aquifers in  Liand Kagami
5 Matsumoto Japan and have negative impacts on the rivers in the area. andesitic tuff, sandstones and (1997)
Jyoyama quaternary  river  terrace li and Misawa
sediments. (1994)
The tunnel excavation has reduced the water Development of karst aquifers Liuetal.
6 Tongluoshan China volume of a river and caused the springs to dry. in carbonate rock and (2015)
sandstone mass.
(B GOl BB i n 55 Gilse 5o (e OV &l Sl i Y Jgder
No. Tunnel Country How to monitor Eco-Hydrological and environmental Geological conditions  Reference
hazards
Large-scale geological studies have been carried out with The development of
Water- sufficient funds in the tunnel construction area to ensure that the aquifers in metamorphic  Attanayak
Conveyance United necessary measures are taken to control the adverse environmental — and igneous rock masses e and
1 Tunnels in States of  impacts of excavation operations. Prior to construction of tunnels, due to crushing of the Waterman
the America a 3-year preconstruction program was implemented to monitor rocks in fault zones (2006)
Southwest over 100 wells, springs, and streams in the project area that might  (there are 4 major faults
be affected. in the region)
The effects of a metro system are felt on springs in three zones:  The large development of
shallowly buried areas of limestone, deeply buried areas of aquifers in limestone.
Jinan, 's limestone and spring discharge areas. This paper proposes The geological
2 metro China countermeasures to mitigate the impacts of metro lines on environment, and terrain  Wang et
groundwater seepage and to protect springs. These measures of Jinan provide many al. (2019)

include waterproof curtains, dewatering on demand, groundwater
head monitoring, artificial recharge, tunnel waterproofing, and
groundwater flow path systems.

springs, most of which
are distributed in urban
areas.
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Tunnel Water

Tunnel Position Method of Excavation Input Ou'_[put length transf_er

Elevation(m) Elevation (m) (m) capacity

(m%/sec)
ot 8: Sarb Sardabto Daref Drilling & Blasting 2232 2228 1320 3
Lot 7: Dareh Lako to Dareh Drilling & Blasting 2218 2214 1890 3

Dozdan
Lot 6: Daren g;’;ida” to Dareh Drilling & Blasting 2209 2202 2490 5
Lot 5: Dareh Daei to Anoj Mechanized: A TBM 2092 2080 9172 15
Lots 1&2&3&4: Anoj to Mechanized: Two TBM 2059 2011 35705 23
Ghomroud

Access Tunnel: Moghanak Drilling & Blasting 2212 - 1691 -
Access Tunnel: Asgaran Drilling & Blasting 2216 - 1791 -

(Stocklin, 1968) <l ots L Kiwess 3 sdate
S Glamse U (Sldlee dalee aliigey OIS

Dol Jasta 1y s b Lovs ste sla 35S S5
OYaE) 0L Il 5 S 3l SLELS 55 cnl 3l i
S s & OTAY 5 TR Oes 5 Sasr
5 Y aakas 53) 2508 fig ool wlidipes Slo gt
05 SSd e sSl gladaly tdas ol ol antls (€

A s SiP55A b et b (Sllee Al

Sldlas adain wlid pw) .Y
s IS St ol anlllan 3550 oKL
Olr o =i (gl 055 L3 (VYAY (SLBh ol
L ol el damis (V0 K2) cul w S 18
Olsl b sl S, o 5 b (So 55 oS 3525 (ol
SSp Ol S b e Sy sy (b s s e
odate SOeSS gla i ag ol s dlas S S
L;LaJ(:N&.: g oedkd 5, ladgs 5l Al sl s



\YV/

e Sle3 sy S5t ST S il s ens GO a5 e oS0l

(>ly F s bl bedlesls s Sl 55wt
d5her odalie (LS L Ls ) elie S S gloor
o3l o B8 olem S5 s plaer i s oS
s (ST Ol Cola 5 e ol 6t
Lty ol (gdn ble 3L S5 ol Slles
Cod &S das o Ol adle wlidigw e ool
ol Sl s bl s L bS5 ey
O oL Jusl gl dslee oV 5l K canss

el fg ol Sl 5w s

ohst 2l psme) b b5 GOl o bt Bl )
U3SE s edle il ey (el s Glalss Lo
S i il S (S s
ot S (& dsin) (S5 Sl
A Bl oSS sy 8 g) b sduaY
g g )kl Sl bl 2 s 5551
35 s el S 5 S Side sbol -
aiie sla 5o, e S1 el dd 5ol Slles
5okt Ko Jles (S pSS dd el s

8 48 51 54 57 60 63
@ o
KHOMEIN ¢ Caspian Sea T :39
® : i
135
GOLPAYEGAN s
Koucheheily Dam @ 1
ALIGOUDARZ ' » 131
® -
A . % %i
SAUDI ARABIA \’" q 27
KHANSAR et /") Porsian Gutf R
E¥¥ Sanandaj-Sirjan Zone (=5 Makran
7] Alborz Central Iran
Lut Block [ Zagros
i Sahand-Bazman Belt East Iran
0 5 10 15 2 25 Km Kopeh Dagh — Fault
— = w=Tunnel ® City
—— AccessTunnel — River

S5 sla Bg oWlas 5 (Stocklin, 1977; 51 ulsl ) pwlbidipe) Condge N SKS

2503 Sl g oM s 53 S35 Sl 5 ol Jml it £ Jy

Structural

Lithology of the Excavation Route

Zone

Geological Engineering Hazards

Metamorphic Rocks (Slate, Phyllite, Schist, Graphite Schist, etc.),
sandstone-limestone, Metamorphosed Dolomite, Meta-Vulcanic
Rocks (Andesite, Rhyolite, etc.), Quaternary Alluvium

Sanandaj Sirjan

The influx of water, Collapse into fault
zones, alternation Soft and hard rocks
(Mixed Face Condition), Squeezing
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No. Eco-Hydrological and environmental consequences

Role of geology

Changing the hydrology regime of the area during excavation of tunnels: leading to a drop in the

groundwater level, reduction of groundwater resource (wells, springs, subterranean canals) and reducing

1 - Direct Effect
water Is superficial.
Dehydration of a significant part of agricultural land and gardens: reducing crop and livestock .

2 - . - Indirect Effect
production (weakening the local economic network).

3 The migration of villagers to the city of Aligoudarz and its social consequences (rising unemployment, Indirect Effect
false occupations, etc.).
Damage to habitats associated with surface water: threatening ecological balance of plants and animals .

4 Indirect Effect

in the region.

Changing the regime of the rivers of Sarab Sardab, Dareh Leko, Dareh Dozdan, Dareh Daei in the
downstream of the rivers deviation structures adjacent to the water transfer tunnels: After the phase of
water exploitation and transfer of rivers, despite the allocation of water rights for the lower areas of

5  tunnels, the hydrological equilibrium and marginal lands of the rivers in these areas have been affected

by the decrease of the base flow.

Indirect Effect

Project on the natural landscape of the region.

The weakening of the potential of the geotourism and ecotourism industry: due to the effects of the

Indirect Effect

7  Damage to rangelands: changing the region’s image and soil erosion.

Indirect Effect

Damage to the vegetation of the region during the construction of tunnels and rivers deviation structures
(especially through the establishment of communication routes, roads and other side activities): At the
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8  time of implementation of the plan, due to the large volume of activities (excavation, Cementing

Indirect Effect

materials depot, etc.), the dust caused by the operation and passing of vehicles caused the wilt of the
plants, the destruction of soil texture and the negative effects on the habitat of some species in the

project area.

Entry sewage flow of tunnels and rivers deviation structures in surface water: causing pollution and
increasing the turbidity of rivers in the region and damage to aquatic and fish species.

Indirect Effect

10 adverse effects on the distribution of animal species.

Noise pollution of operations in the area (especially during the excavation of traditional tunnels) and its

Indirect Effect

OIS spry et Gl Koy
A Jelse ple 5 gblis 5 03 55518 dee 8
3 ol 7 JK2) b b5 ol Slles o O oy
Glalingy 53 adken S5 dei Lo 5 Lbold daols
(e SSlae L e ‘JL_BJ?ALZ cﬁAlﬁ\m; MWW
Bl Sar b o s sl L Ol K 5 WSl

Llokds axl g
al> VoSl s das e Ol dabee glaclr Sl )
oy adl> £ s LA SS s L5 ol S s ol
(2 S A3 00 550 L) el L SEalS L 3
> AL BE e 5 el baes L ledd 4l
Shol 3 edls dedm Vv a0 Ol ol 515 Lileds ol g
JolS sbe O Kee Gluy,  awlS ain aex
ady § ol adlie ] g 3l s Wlea i
ssbe bl s eSihe L Sle gble 5 olE
25 g LS Sl G e Ll sl el s lS
e Gl 3 s 4 ol 3sleS Sl has 5 el
W by goli= s a8 LEUIeS JUNCPNE Iy

ol 1y 8 S s Liledys el

o Geins Pl e il i LIS s
9 2spd ksl Ll fig 0 o sbelSaes ol
Sl e s Gl S B Sl e
03 A Bl e S 5 SSlie [ 55 V4r0r Sl xe kS s
o3 sl AN BV e (O Ses Bi5
AYAN aSlogs 5 e ol ods 55158 Lasl 2 3
Cheraghi Seifabad, 2013; \YAQ (g l&dlgd 5 4
Golian et al. 2019; Golian et al. 2018; Shafiei et al.
das o Ol G opl e gl slads sl (2008
Camdse p Give (pdie Ling edd 315 bl e
L Lledd o3 Al Hlrs B e 53 S Sl T sl
3 Sl b Sl pulid ey Bl s
Bl 003 S8 corse (V JS2) g gl e

el 0 ds LS 5 Lol
= mt sl a8l AL B el 3
S S Sl S b 5T ankad Ly 3 (S35 55 s
=3 0> SU la fals Cose g3l 53 LS 5 ails
Yoo ) s s 5 Ll Ll sld badaia 3l galie
Sl ol 3 S sl gl (s s 5 55 )
OUSES ol 2 slady) puwlbidipwes Ll 3 s 4 &S
Oln 53 0T sl 5 ol sslie (55052 3 5m 5 (SIS ske



13 G)LQ.A.; cr.A.})bJJ.L;-‘\rq/\ Q\:..MA) Q‘J._u_] sl qu e, u,«:)u‘ ‘;.ZA}J'.: _L5°“L“ e / \ Y

Groundwater Influx
Fault / Crushed Zone
Rock Mass Collapse
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Type of . - .
No. Water Number Geological Conditions Average water d_|scharge
before drying (liter/sec)
Source
Karstic Its hydrogeological flow originated from the lime rock mass
! Springs One (metamorphic). 301040
Alluvial The water outlet of the springs, though found in alluvial
Springs deposits, but the main source of their hydrogeological flow was L
2 Four formed from the meta-vulcanic rocks (metamorphic rhyolite). Each Spring: 10
3 Semi-deep Their hydrogeological flows originated from the calcareous .
Well Two rock and metamorphic rhyolite rock in the region. Each Well: 50 10

~Joint-and Crushing in Limestone

Massive L:imestone
—————
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1996 Year | 2006 Year | 2011 Year | 2016 Year

No. Village Name -
Population
1 Asgaran (Eshkeron) 238 31 30 29
2 Moghanak Sofla 775 554 483 450
3 Shahryar 181 136 85 81
4 Moghanak Olya 175 114 93 59
5 Dahleh Ebrahim 110 88 49 35
6 Sangh Sefid 350 274 217 184
Total population of villages (population decline process) 1829 1197 957 838
Immigrant increase (%) 0% 35% 48% 54%
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