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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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Fig. 7. The opening of the joints in the stations of Gharetikan Dam.

S $) o (wlal p2 (632093985 § Co )5 druwgs

5° SLiST glaaile jix gl «Sow 0095 (Shwgn 9 i (@ (b ) Camdg S50 5 (olulid jslate 4
b ey gelaw 51 1) o)l omany (858 Gl oo (5l slaojie )3 .l i8S )18 ()0 3590 s 9o
Syzry Dyge o 1) G5 Gleo i kb oald ja sbailed leosas Job o 5 aas | aleS sl
Lo zalejl plosl b ogas osmlive ailaS Jobo o 1y o hans Slyei (lgi o mizead § w005 (lolids 5 (o) 2
396 4 4295 L 45 Sged i |y (S slaosgs 258 5 I 50 0lyz g5 Olyiee s LS slaaileS’ jo (5
2z b Ve s 50 AleS (5 e o phaie iy S S 0 a5 (i) 2 Jlade i (9 9xly SO) 59
w5 sals patie 55 Sl laoe (SWgyuns Solas g 0l g9 (53995 B gl Jloges )3, 5 (358 o0
o (6 & deas saimd i ol YL 3e) sae ax ;e (VEAY (K 5 00lj0xe) 9 (Milanovic,2018)

g alyS i a5 dngl ami )0 5 ok b g B S slalme § S ooy
S )5 iy )T @ 1 9 (F J592) 0,10 s alasly (S (slooogs 5 ,033585 5 (S5l lie b 038) o905] b
S iz glasl 1o 055 (6 pdidei lagialesl (ol Gy I ey o Gl (Sl slrosg Pl 5 (Sad
5 SrNdsd OlFes (G -V JS8) (SLeasT glaaileS o 03¢ Sl sladedsn a5 b (S0 8 o oS L
o Loy aw 0 a5 GT4 3 GT104 GT103 wled dus jos oz o5AST ;3 .0,5 sl 60505 B 1) 0l ,2 ees

oo 3 &ilB0g5 w23 50 Gl 5l e 9 (b e (e (19 o0 5l (S p SRl (S 00y 15 SO

S ddghs Conly BB jo Lol Lo,ls 09y O s g by 500 s 5o VO L Gee 40 GT10 3 GTI9 slaailes


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

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.4.1019011 ]

v VEOY Ol ¥ &)l oaitis Ao pwdige ol s 4,00

2 oz gl o a5 55l e camline 5 (A JS8) (30 (gaaigy 4 )0 wib ool gt FB ol olyz 5 el
laasleS ()35) slostalel )0 ploj Sl )o50d (o) 2 ¥ Jsuz ;5O YA BLIB) 3,15 5925 00l 5,5 (455 52y 0 25
Sl b L8, poedle yws o g el ad ol m i Gl o5 AT (o a5 wes o lid d(VWAY (ladlais )\
b Jy ol (s bz S 5 ol i cal) oBaSS 4 cos by (Sad] [, Co oA (o ool axas]

el e 3l Sasl Lz sl

OIS0 ,8 aw oKl (4590 laialesT jo Ol jLiad blie jo  (Soww 0095 ,li8, .Y Jgax
Table 2. The behavior of the rock mass against the water pressure in the Lugeon tests of the Gharetikan dam
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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).



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

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.4.1019011 ]

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

YA

749]000 755]000 763]000 77°|°°° 777|°°° 764‘000

T
4085000

T
4080000

T
4075000

T
4070000

T
4065000

oo Al gy bl s 0,3 At 45 S s il sanaigy adE 1)) S
Fig. 11. Zoning map of karst development potential in Gharetikan region based on the AHP method
OG0 8 aw oS L jo ey cogpdo Juo
5 by Slallae g0 5l Giomw 5 2lse S eSe (5,050 (e lacidlsn il Jol mls 4 az g L
S wJLSj.«o )‘ ‘5409.0{0.«0 - d)t&Lw Jd.o ‘Q""S“"")IS LJ"’B) )‘ oolazul L\ 9 ‘(0)9'1 6;;&)09.04) ‘-i"‘S"B:') Lngbo\b‘«b J.a.m.o.?
Pl el oals &8lg I s adl) ales sleasl jo 50,3 o (VY USK8) o dgd o )I5 sloolSasST [ )30 3
30 (e s ()35 Caaww Ay OB Wil ganay i, 1S LmL;o)pL}g 397 1 Ogas oh,lid glag s
9 500 Sl el a5 wilos] 3929 4 o zh> o wsSre sla fus (i oyl ,..:b S 0,08 dx 0 Ve squ

LA ...\.(b‘? w)ls drwgl g Ltbo)')é U"‘ slocel ) J)l?u‘ 9 ub‘f‘j J.:)Lu: BN @Lm_elS.u


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

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.4.1019011 ]

fra VEOY Oy F ol (oadis A oo olidipe 4,50

Sarcheshmeh F.

OGS0, a5 )l dnngl s 5 by Sz 3l cegpie Joe VY S
Fig. 12. Conceptual model of the flow direction and path of karst development in Gharetikan Dam.

ashis gwlidipe) 9 ) K050 Oldlhae ¢ ol o slacils ()90 5l Jiomw 5 olse Gl WS gy p 5l Jol> @l
A8 Ol atles 5o 5 DAl Bl 038 55 5 99, 5 Bl 3,5 )0 39,5 (LS algy 50 G0, S s e (LS
S Sl 00l duw u)m Coww A ulf),.}' ‘SLQQJY M M.CL) ‘;0)5?0..} 9 u.ul.uj)‘ G..JL» d)m ‘59)...: ! 4...9;
Awd g g0 oadlive 00,8 duw oFAST ;0 0,0 Alwd A Jw BT [0 04d 0 0 095 4 Cely L o
atws idlbce ol 185 by Gl (o5 e g Aliad S jeme b @bl (o a5 siee olee; 0 I3 512 slaoj e
elgzs 05 1) e o cnl 51Ol g5 Sl g ol (anaY L (55lp0 o) Canl s dzmdgo oo 0 ] e J1 0550
csls

3 @YU il adlate 5l as 0 YO/ 00 wps co Hlis codls Agd S5 drwgl (Gaiudigy ALE] cw)p (eisred
O Gyl Bl Sl ddlate 03 ogir g 008 5 35 50 Oliedie 5 GBS slasiile g o)l as ()l Bl
Al se 50 8 osguze bl a5l Fasius

02 Gy Ve Glasl Ul Sl () g conl yiiion o0 5 by SKieSls lade o 7l [0 (cogpe Joo 4 4> g5 b
o0 Al30g) yiaw 10 g aale ) Ol 3985 i Sy Fo-FO Gos U ynne SO 0 S sl zls j0 040 0 000
J.mf)‘ kSM)LASML’LSA Cowd U""L’ W:&Julf).u GLQ&Q—‘ 6[&0)’)05 C)Bj J.l>)‘ u] ws‘f)‘ wl.;..\.u = Cl...>
5 Sy )3 (Sdgpaee jLad 5 O3 il g s e xSl b sl cor gl 5o (85 wile (9,55

LBl dalgd wais dgxge slee,s 40 Mol (5 15 Sl wile GBI § 5,0 5l (6 i mhaw 38,5 5


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

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.4.1019011 ]

e S8 P Jbo 5wyl ann g J:—-—'ki “5J£_:\.45}a}' ‘f_Li‘:Jl

¥F-

53‘&)»\5

3 orizen 5 (alme Sliles 5 Glalon plxil Lulyd (051 0818 Jbls ) cgio (qugd,b oSl Sty Ciglas |
S5 sl 1) T (sl digas LT 5 SleMbl 5 58 JLis ] 1o bl 4 wsi, plals ol glalare LT o8
53,5 oo 6155 Lol (KOGWO9004-4 o Lo

&lw

5 ol A0 g (55me s pgd Al po Slalllae (S 5 giige (ulidine) GBS VAT w50, ol slaibate O
02 YAV ol o w558, ool > sladhie o 28,05 (83 03 (25e)

a59>) (o5l o ek Jlo (b 5l ooliiial b cew )57 Joou (ganaige ATAR ep il ol Gl ep 555 e o S)le L5,
ATV FY o)leds poaze Jlo ()l nl (@bl ozl (Mol 5 (g3 - (ole dolidad (XS GlwnsS

0aSLisle s )| gl IS el LL L 0, et RSl (ST g55 st gwlidipe) Sluogas gwyypm AV (BLJG
o V05 ¢ dgtis g b olSils psle

Gy 5 O slansslos (6 355L0 Az B ol 5 (ilSew ()10 iz VA el i pigammo i) o (00> Samge ol dd)b Loy S

02 VoA giin (cwgo,8 ol8isls (pole 0aSCadls o)l cwlids ) IS 4ol LL. 350 4l )0 ol g8l o

2 OTF 4l e o] SIS e lS (S5lsd 90955 5 S3835538,em ATAF gl o0

3550l o oSl g 03gute ;0 G IS cospre Jow g S )5 Anwgd Jowsly VT Y o i can g la> (5500w 00l) deze
olKiils . pwdige (owlidme) o yis . AHP 3l dlads b9, 5 iS5 555 (ks lo cmlids oy Slalllas 51 ool b
VPR oyled VP 000 e (cwgd B

102 VA7 wdgeio cagin a8l sl Shilasl (oe 5 6l (Gleo) S 5 05 slansslor (5905559 0 NTAY e Y

Adinehvand, R., 2017. Application of Hydrogeology, Modeling and Dye Tracing in Evaluation of Leakage
Potential from Karstic Dam Sites Case Study.School of Science Ph.D. Dissertation in Geology-
Hydrogeology. Univ of Shiraz, Shiraz, Iran,103 p.

Ghobadi, M., Khanlari, G., Dilalay, H., 2005. Seepage problems in the right abutment of the Shahid
Abbaspour. Engineering Geology, 82, 119-126.

Hocini, N., Mami, N., 2011. Detection of water leakage in the Beni-Haroun dam (Algeria), IAEA, Pub1580-
vol2-web, 343-349.

Laksiri, L., 2007. Investigation of water leakage mechanism in the karstic site Samanalawewadam,
Serilanka.department of engineering systems and technology.the requirements for the Degree of Doctor of
Philosoph, Saga University,Saga, Japan, 136 p.

Milanovic, P., 2018. Engineering karstology of dams and reservoirs. CRC press, Boca Raton,USA, 354 p.

Mozafari, M., Raeisi, E., 2014. Understanding Karst Leakage at the Kowsar Dam, Iran, by Hydro geological
Analysis. Environmental & Engineering Geoscience, Vol. XXI, No.4,325-339.

Mozafari,M. ,Raeisi, E., 2017. Leakage paths at the Lar Dam site, northern Iran. Quarterly Journal of
Engineering Geology and Hydrogeology, 50, 444-453.

Unal, B.,ErenM.,Yalcin, M., 2007. Investigation of leakage at Ataturk dam and hydroelectric powerplant by
means of hydrometric Measurements. Engineering Geology, 93,45-63


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

[ Downloaded from jeg.khu.ac.ir on 2026-06-20 ]

[ DOI: 10.22034/JEG.2023.17.4.1019011 ]

Journal of Engineering Geology, Vol. 17, No. 4, Winter 2023 441

Evaluation of permeability, karst development potential and karst conceptual
model of Ghareikan dam construction — Razavi Khorasan

Hossein Mohammadzadeh?*, Vahid Naseri Hesar?, Hamid Ghalibaf Mohammadabadi?®

1. Professor, Faculty of Science, Ferdowsi University of Mashhad, Mashhad, Iran
Head of Groundwater and Geothermal Research Center (GRC), Faculty of Science, Ferdowsi
University of Mashhad, Mashhad, Iran
2. M.Sc. in Hydrogeology, Department of Geology, Ferdowsi University of Mashhad, Mashhad, Iran
3. PhD in Engineering Geology, Department of Geology, Ferdowsi University of Mashhad, Mashhad, Iran,

Received: 23 Oct 2023 Accepted: 27 Dec 2023

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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