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Fig. 1. A) Water leakage from under the dam, and B) Water leakage from the left abutment of Gharetikan
dam.
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Table 1. Specifications of the joint study stations at the Gharetikan dam site.
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Fig. 2. A) The location of the Gharetikan dam’s boreholes ,B) profile of the Lugeon changes in the
exploratory boreholes in three different directions.
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Fig. 3. A) Geological map of the study area (Prepared from the 1:100,000 map of the Geological survey of

Iran), B) the Gharetikan dam’s Construction and the location of the joints study stations, and C) Geological
profile in AB trend.
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Fig. 4. The performance of three fault systems on the left side of the Gharetikan dam.
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Fig. 5. A) The diagram of the extension of fault systems G1, G2 and G3 in the central part of the study area
(in the Sarroud fault zone in the Sarroud anticline), B) The Sarroud fault zone (green area) and the curvature
of the Sarroud anticline in the place where it collides with the south-western continuation of the Sarroud fault
zone (view towards the north-west, almost in line with the axis of the anticline).
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Table 2. The behavior of the rock mass against the water pressure in the Lugeon tests of the Gharetikan dam

construction.
- = - T Sstpe
145 32 6.5 12.9 9.7 53.2 ) oS
0.0 7.7 115 7.7 30.8 423 -
e
23.6 1.6 4.3 15.6 14.8 40.1 _> o545
0 100 200 300 400 500 600
1 1 1 1 1
E1 E2 E3 E4 ES E6 E7 E8 E9 E10 E11 E12 E13 E14 _E15 E16 E17 E18 E19 E20 E21 E22 E23 E24 E25 E26 E28F29E30
T .. — ) E13-1 ( |
1P 1} s &
o . [
R ] \ 8
| 2 .
PPN I " . .
s v mo v =" T : =
i — o I e T T
g T s e s T T 2
3 e
I 1 1 I 1
0 100 200 300 400 500 600
lugeon .
Legend Laial & Exploratory boreholes  SLEST sla wileS
[: 0-1 I: 8-30 injection gallery G5 s
!:] 1-8 - 30-80 Divertion Tunnel Sl g
. il S 5 i3
-Ksr S ®Kt S - >80 overflow shoot Rope g
e BORHOLE LS Jgb

OBe Rt j57ma Sl ) (gabatyy add A JSS
Fig. 8. Lugeon zoning map of the Gharetikan dam axis.
Ole B adlaio )0 (ol (w5 Juiliy (guduaiy 4l g (w5 slbosay
T 695 = OhL e 5, 1 )0 a5 e, Oyge a4 Gl | 50,8 adlate sl S KA (py iege

L izmed 0905 osalie 1) Wgd oo sl (2)L 5 (8L JUB 5 lad )9 slacbly; Sl o a5 pdy Plovl glaS


http://dx.doi.org/10.22034/JEG.2023.17.4.1019011
https://system.khu.ac.ir/jeg/article-1-3050-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.4.1019011 ]

e S8 o pgie Jbo 5 )8 an b il (g p i3 s oL

frs

éﬁ] sl I |).>u Ll ,e @....Jo ‘_gL:bL;M)b (St;"‘"") o lbax e gsl)bul Q|).a_'> Ml g b, e du.ﬂ)s‘
&loyd DLl a8l jeme Capz 50 G 15 wjle Ploul b 18050 ,8 o Cawd by 5o (A JSE) 0l e 0959 4

(o= USS) 098 o0 0030 (S )5 Baas

0,0 (B g (o 44 350) s ez zliz 50 b KuSls slacel jo 8 15 w5l ssal Dol (azle) o,a> (A A IS
(3% 4 03) o Cawd Gy ()5
Fig. 9. A) Dissolution cavity of Tirgan limestone Formation along the fractures on the left side of the dam
(view to the north), and B) Karst valley downstream of the dam (view to the east).

S5 dnngs )3 Jhe SLMbl sloa¥ 51 Sy s sl 650 laaidi Il ()5 angs Joundlly (o 2 polaie 4
alllas 5590 0390000 (Sl )5 drgs Jounily (oiainy (2l AdE G g (Ve JSO8) (G508 adhate 6l

O JSs) ol s @ Sl ade gy 4 basy cpl Sligien 130 )8
W30 il i 4l ()5 el (saiaigy 5l Jol (ol 4t ((Slane Slaaline 5 Con )5 Gl Jgol olel 2
IS5l )5 dmngs Jouily Dlib wo s g Cobae g b anai Vb (L 9 YU chagio (oml Jondly (il
bl sy gl sl o @ VY S (65, U39z 50 (aye ook VEA 3505 imlce 45) oo aslllae o0g00e
52 9 3r0 50 Ohedre 5 QB 5 slasile odguze (nl )3 a5 aad o (LAS (S0 B adlate )5 (b (S daitase

ABl oo CT0,8 03gamme bl a5l Sasise ol S )l g e )l anwgi bl l ddlaie 0y el


http://dx.doi.org/10.22034/JEG.2023.17.4.1019011
https://system.khu.ac.ir/jeg/article-1-3050-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.4.1019011 ]

fry VEY Gl ¥ 5lad oadin Mo o pbige oolidipme 40,55

=

T wddow wnion wriaco aondon

A ;.......S...J/" 5y L&bo)‘)o A gs"")“’ alle 009y A Qliz.’io):s dglaio o Cm)lf drwgl 0 Ko sy ool ans leazas. V- Jiw
CAP(G ‘ui‘:)l.g o F (ks )5 e g il S slaaisle) (s5elgd E (D ‘(‘Scl.é.’:')l) @I)fyas (C ‘chd.mlﬁi )'| alols (B

Fig. 10. Prepared maps for the effective layers in karst development in the Gharetikan region using AHP
method: A) Joints and fractures, B) Distance from rivers C) Topography (altitude), D) Slope, E) Lithology
(carbonate and non-carbonate formations) F) Rainfall, G) Slope direction, H) Isothermal, and 1) Land use
(vegetation).
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Abstract
Due to the complex hydrogeology of karst areas, the sealing of dams in such areas is more

difficult, time-consuming and expensive, and the possibility of water leaksge is higher. After the
dewatering of the Gharetikan dam and appearance of downstream springs and the leakage of
water from the abutment of the Tirgan limestone formation, the possibility of karst development
is considered to be the most important problem of this dam. In this article, the potential of karst
development in the area and supports of the Gharetikan Dam has been studied by carrying out
geological studies, structural geology and joint studies, geotechnical permeability and analysis
hierarchy method (AHP).. The results show that about 14.6% of the Gharetikan dam area has a
high potential for karst development. The area of Gharetikan dam area is affected by the Sarroud
fault zone system, which has caused the collapse of the left side of the dam axis. The joint studies
in the abutment of Gharetikan dam show three main types of joints. Two groups of joints are
located at the intersection with the dam axis and the slope of the other group of joints is towards
the dam basin. The investigating of Lugeon permeability tests in the dam construction shows that
the highest permeability can be seen in the left abutment with turbulent flow, and then under the
river bed with linear and turbulent flow, but there is no permeability in the right abutment. And
the flow is mostly linear. According to the structural-conceptual model prepared from the location
of the Gharetikan dam, to the location of the dam axis in the Sarroud fault system, and the amount
opening and the slope direction of the joints in each station, it is expected that the amount of water
leakage and escape and the possibility of karst development from the left side and the bed of the
dam will be more than the right side of the dam.

Keywords: Gharetikan dam, karst, structural geology, geotechnic, AHP.

Introduction
Due to the complex hydrogeology, the sealing of dams that built in karstic areas is more difficult,
expensive, and time-consuming. Therefore, it is very necessary to investigate the potential of karst
development in the area of dam . In Iran, a large number of dams (such as Lar, Maron, Seymareh,
Karun, Kosar and Salman Farsi dams) were built in karstic areas and they have the problem of water
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leakage (Milanovic, 2018). The Gharetikan dam was built near the Kalat city on the Gharetikan river.
After the impoundment of the Gharetikan dam and the appeance of springs downstream, the
possibility of karst development due the outflow of water from faults, joints and fracture, is the most
important problem of this dam.

Materials and methods

In this research, geological studies, aerial photography and remote sensing, field structural survey (in
8 stations), and the study of karst phenomena in the region were carried out. Considering the direct
relationship between Lugeon test and the degree of openness and permeability of the rock masses,
and in turn on the potential of karstification and dissolution, the geotechnical permeability were
estimated using the data of 20 exploratory drilling Lugeon tests and the Lugeon zoning map for the
dam construction was prepared (Qalibaf Mohammadabadi, 2017). Also, in order to investigate the
potential of Kkarst development, the different raster maps for each parameter affecting karst
development and then the karst development potential zoning map was prepared in GIS platform
using Analytical Hierarchy Process (AHP) method (Mohammadzadeh et al., 2023). Finally, by using
the obtained results, a conceptual-structural model was developed for the location and the karst
abutments of the Gharetikan dam.

Results and Discussion

The Gharetikan dam is located in the Kepe Dagh basin and the Tirgan limestone formation, as the
main formation in the hydraulic connection, can be seen under the dam body and in the bottom of the
dam reservoir as well as in downstream. A highly weathered and fractured grey shaleis also exposed
on the Tirgan formation. The area of Gharetikan dam is influenced by Sarroud fault zone, with the
northeast-southwest direction, which has three main fault systems: 1) the reverse fault group, with a
trend parallel to the axis of the Sarroud anticline, which can be seen in the limestone of the Tirgan
formation at the dam abutment on both sides; 2) the second group of faults are perpendicular to the
axis of the dam, which bent the layers of the Tirgan formation on the left side; and 3) the third group
of left strike-slip faults which caused the collapse of the left flank of the dam axis. The Gharetikan
dam is located along the E30S direction, and the rose diagrams shows the general trend of E10N for
the joints in the area. In general, three main types of joints can be observed in the abutment of the
dam. Two groups of joints are at the intersection with the axis of the dam cause water flow out.
However, it is not expecting much water to come out in joint set whose slope is towards the dam
basin. In upstream stations located in the Sarcheshme formation, two sets of joints (parallel and
perpendicular to the layering) can be seen, however. water can flow from the perpendicular one. The
dominant dip of the joints in the left flank, right flank, and in bed are towards outside (north), inside
and outside (east/northeast) the reservoir, respectively. Therefore, the amount of water leakage from
the bed and the left side of the dam is much greater than the right side of the dam.

By drawing the Lugeon permeability tests variations profiles in exploratory wells, the permeability
and flow path can be determined to some extent. All three boreholes, on the left side of the dam, have
more permeability in almost the same rock mass level. Also, under the river bed up to 15 meters
depth, there is another path of flow and water leakage. But there is no permeability in the right
abutment and the water flow is not predictable. It can also be seen in the zoning map of Lugeon that
there is a crushed zone under the overflow and at the end of the left wing. Examining the flow-time
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graphs in borehole Lugeon tests shows that in the right abutment, the flow is mostly linear, and in the
bed, in addition to the linear behavior, the flow is turbulent. In the left abutment, the turbulent
behavior of the flow is more compared to the right abutment, and the flow is less linear, but the
opening occurs with increasing pressure.

The karst development potential zoning of the Gharetikan region, prepared using AHP method (Fig.
1), indicate that about 14.6% of the Gharetikan dam area (748 Kmz2), which covered by Tirgan and
Mozdooran formations in the east, west and southwest of the region, have a high potential in karst
development. The most important karstic features in the region are in the forms of dissolution karsts
(Karen, karstic valleys and caves) in Tirgan formation.
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Fig. 1. Karst development potential zoning map of the Gharetikan region

Conclusion

The results indicate the existence of leakage from the abutments and a high potential for karstification
in the area of the Gharetikan Dam. As a result of compressive forces perpendicular to the axis of folds
and faults in the region, the stratigraphy of the Tirgan Formation has a dip of about 20 degrees towards
the reservoir. Under the influence of this stress, reverse faults have developed on the left side of the
dam, creating joints and cracks in the Tirgan Formation down to a depth of 90 meters. On the right
side of the dam, at a depth of 45-60 meters, and in the riverbed, at a depth of 0-15 meters, there is a
high number of lugeons, indicating high permeability and the possibility of karst development.
Despite the extensive fractures of the Tirgan limestone formation, the dam's impoundment and the
consequent increase in water level and hydraulic pressure behind the dam will increase the dissolution
and the possibility of karst development.
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