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 Embung Batur Agung is a source of irrigation for residents around Embung. 

Depreciation of water in the reservoir occurs due to leakage from the 

geomembrane layer of the Embung Batur Agung. This study aims to 

determine the direction of leakage from the reservoir so that appropriate 

treatment can be carried out. This research was done using hydrogeological 

analysis and electrical resistivity tomography (ERT) geoelectrical 

measurements. ERT Geoelectrical measurement uses a dipole-dipole 

configuration with a spacing of 5 m and 10 m and a line length of 100 m. 

There are 2 lines in the southwest and southeast of the reservoir. The results 

of geohydrology analysis, it was found that the aquifer system around the 

reservoir included in the Gunungsewu aquifer system, and the dynamics of 

surface groundwater are controlled by faults and fractures. The results of the 

ERT geoelectrical measurement, there is a low anomaly which can indicate a 

reservoir leak at 50-60 m on line 1 which is in the southwest of the reservoir. 

This low anomaly has a vertical pattern as well as there is a fracture which is 

the cause of the reservoir leak. These low anomaly values range from  

4-30 Ωm which can be interpreted as the presence of water that has 

conductive properties. The results of this study are expected to be used by 

the local government to handle the leakage of the reservoir. 
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1. INTRODUCTION 

Embung Batur Agung, located in Gedangrejo village, Karangmojo District, Gunungkidul Regency, 

Indonesia is an artificial reservoir that has become one of the tourist destinations in the Gunungkidul area [1]. 

This reservoir is one of 22 reservoir units built by the Ministry of Villages for Disadvantaged Regions and 

Transmigration and inaugurated in 2018 through the Director General of Disadvantaged Areas Development. 

This reservoir is expected to be a source of irrigation and water for residents so that the water can be used 

during the dry season. In addition, this reservoir is a tourist destination because of its very strategic location 

to see the sunset. 

Embung Batur Agung was damaged in 2019 which is shown by the leakage of the geomembrane 

layer at the bottom of the reservoir [1]. This damage occurs due to the pressure of the water that fills the 

https://creativecommons.org/licenses/by-sa/4.0/
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reservoir and the rocky and uneven bottom surface. This reservoir leak makes the water storage function not 

optimal. At the beginning of the dry season, the water had run out so it could not be used as a source of water 

for residents. One of the repair efforts is to patch the leaky part [1]. The position of the leak from the 

reservoir is important for optimizing repair activities. 

The geoelectric method is one solution to determine the direction of this reservoir leak. The 

geoelectric method is one of the methods in geophysics that studies the nature of the electricity flow in the 

earth by injecting a direct current (DC) electric current that has a high voltage into the ground. Then this 

potential difference will be measured through a potential electrode [2]–[4]. This geoelectric method is also a 

method that is quite widely used and the results are quite good for detecting the presence of groundwater [5]–

[8]. This method is also the main method of mineral exploration [9], [10]. In a study conducted by Bahagiarti 

[5], the geoelectric method was proven to be able to show the presence of subsurface caves filled with water, 

where geoelectrical measurements were carried out in karst areas. A study conducted by Zakaria and Suyanto 

[6], also shows that the geoelectric method can show the depth and thickness of a groundwater layer fairly 

deep depth, which is approximately 70 m where measurements are made in sedimentary areas. This means 

that the geoelectric method can be applied in various surface conditions with different lithologies of surface 

rocks. The result of this geoelectric method is the variation of the subsurface resistivity value along the 

measurement path. The cross-section of the resistivity value on the measurement path can be interpreted into 

rock types and water content. This study aims to determine the position and direction of the reservoir leakage 

using the geoelectric method by looking at the low resistivity value. 

 

 

2. RESEARCH METHOD 

This research was conducted to determine the leakage direction of the Embung Batur Agung using 

several methods which are hydrogeological analysis and electrical resistivity tomography (ERT) geoelectrical 

measurement method. The hydrogeological analysis is carried out in several stages, drone measurements, 

field investigations (geological mapping), and fracture analysis on the surface. 

ERT is part of the geoelectrical method that measures electrical properties along lines and gets the 

imaging of the 2D lines [11]–[13]. The basic principle of the ERT geoelectric is to measure the response of 

the electric potential to the potential electrode due to the current that is inserted into the earth through the 

current electrode [14]–[16]. The purpose of the resistivity measurement is to determine the subsurface 

resistivity distribution from above-ground measurements. From these measurements, the actual value of 

resistivity can be predicted for subsurface resistivity related to variations in geological parameters such as 

mineral and fluid content, porosity, and degree of saturation of a rock. The acquisition used in this study used 

the geoelectric method of resistivity with a dipole-dipole configuration. This configuration is sensitive to 

lateral resistivity changes but has a shallow depth. Figure 1 shows the electrode placement of the dipole-

dipole configuration. 
 

 

 
 

Figure 1. The electrode placement of dipole-dipole configuration [2] 
 
 

Geoelectric data acquisition in this study was done along 2 lines, each with a length of 100 m. These 

measurement lines are designed to determine the leakage of the reservoir at a lower elevation than the 

reservoir, in the northwest direction of the reservoir (line 1) and southeast of the reservoir (line 2) (Figure 2). 

Line 1 is directed at N 150 E, and line 2 is directed at N 45 E. The configuration used in each path is a 

dipole-dipole configuration with varying spacing between electrodes (a) (5 and 10 m) and a multiplier factor 

(n) 8 (Figure 1). The penetration depth of the configuration used is around 30 m. Dipole-dipole configuration 

geoelectric method processing using 2D inversion of field data. The final result obtained is a cross-section of 

the true resistivity value. 
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Figure 2. Embung Batur Agung situation map  

 

 

According to Figure 2, the red line represents the ERT geoelectrical’s line and the arrow is the 

direction of the lines. The area inside the blue dotted line is the Embung area. The yellow dotted line is the 

direction of reservoir leakage from ERT geoelectric analysis. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Embung Batur Agung's recent condition and local geology 

Embung Batur Agung is located in the village of Gedangrejo, Karangmojo District, Gunungkidul 

Regency, Indonesia. This reservoir can be accessed by road for 1.5 hours from downtown Yogyakarta to the 

east. Embung Batur Agung has been functioning as a source of irrigation for residents’ agriculture since it 

was inaugurated in 2018, but damaged in 2019 and up to 2022 it has not been repaired. When filled, the 

volume of water that can be accommodated by this reservoir is around 15,000 m3, but at this time, the 

remaining water volume is only around 5% of the total water volume. Reservoir damage occurred due to 

leakage of the geomembrane layer that forms the bottom of the reservoir to collect water. The bottom 

condition of the unleveled and rocky reservoir is the main problem of leakage from this waterproof 

membrane layer. 

The leak that occurred in the Batur Agung reservoir is thought to be due to several things. This 

initial analysis was obtained from direct observations in the field. The initial hypothesis for the cause of the 

reservoir leak are; i) High water pressure on the geomembrane; ii) The bottom layer of the reservoir is 

uneven and not smooth (pointed and rough rocks) causing the geomembrane layer to tear; iii) The 

geomembrane layer is not glued at the boundary between layers. The geomembrane layer has a limited area 

so its installation must be done carefully. The boundary between layers usually uses overlap and is glued so 

that water cannot pass through the boundary between the layers. The installation of the geomembrane on the 

Batur Agung reservoir does not use glue so that water can pass through the gap; and iv) It is suspected that 

there is an active fault zone or fracture at the bottom of the reservoir, resulting in an uneven accumulation of 

stresses in the rock at the bottom of the reservoir which results in the tearing of the geomembrane that 

underlies the reservoir. 
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3.2. Geology of Embung Batur Agung 

Generally, the geomorphology of the Karangwetan, Gedangrejo, Karangmojo District consists of 

hills and undulating plains, composed of volcanic rocks, with an elevation of around 880 meters above sea 

level. Figure 3 shows the landscape of the Karangwetan area and its surroundings, in the form of hills and 

undulating plains. 

 

 

 
 

Figure 3. The landscape of the Karangwetan area and its surroundings 

 

 

Physiographically, the Karangwetan area and its surroundings are part of the Baturagung sub-zone, 

the Southern Mountains zone of the western part of East Java. Van Bemmelen [17] divided the Southern 

Mountains into 3 sub-zones, namely the Baturagung, Panggung, Plopoh sub-zone in the north, the Wonosari 

Plateau in the middle, and the Gunungsewu sub-zone in the south. 

Based on the regional geological map, the study area is constructed by the Semilir Formation, on 

which there are Nglanggran Formation, Oyo Formation, Wonosari Formation, and alluvial deposits 

respectively. The research area where the Baturagung Embung is located was composed of the Semilir 

Formation as shown in Figure 4. 

 

3.2.1. Semilir Formation 

Semilir Formation conformably overlaying above the Kebo-Butak Formation. This formation is well 

exposed at Mount Semilir near Baturagung, consisting of tuffaceous sandstone, lapilli tuff, tuff, sandstone, 

poly mixed breccia, claystone, siltstone, and shale. Repeated and alternating layering is a very typical 

sedimentary structure in this formation. Semilir Formation was deposited in the marine environment, during 

the Early Miocene age. In the Semilir Formation, especially the upper part, andesitic breccia lenses are found. 

There is an interfingering relationship. The thickness of the Semilir Formation is estimated at 1200 m. 

 

3.2.2. Nglanggran Formation 

Nglanggran Formation consists of volcanic breccias with andesite to basalt fragments. Sometimes 

tuffaceous sandstone can be found as an inserted layer. In the breccia, limestone fragments are often found, 

especially in the lower Nglanggran Formation. This formation was deposited in the marine environment to 

the terrestrial environment. The age of the Nglanggran Formation is early Miocene. 
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3.2.3. Oyo Formation 

Oyo Formation is unconformably overlaying the Nglanggran Formation. In the Northern of the 

Southern Mountains area, above the Nglanggran Formation, there is a Sambipitu Formation, but in the study 

area, this formation is not found. The Oyo Formation consists of sandstone limestone, calcarenite, tuffaceous 

sandstone, and marl. Sedimentary structures that are usually found are alternating layers between calcarenite 

and marl. This formation is Middle Miocene in age. 

 

3.2.4. Wonosari Formation 

Wonosari Formation and Oyo Formation have a conformable relationship. Consists of bioherm 

limestone, reef limestone, and bedded limestone. The thickness of this formation is approximately  

800 m. The Wonosari Formation was deposited in a shallow marine environment. The age of the Wonosari 

Formation is Miocene. 

 

 

 
 

Figure 4. Geology map of Karangwetan Area [18] 

 

 

3.3. Hydrogeological system of Embung Batur Agung 

The hydrogeological system of the research area, and its surroundings, are included in the 

Gunungsewu hydrogeological system of North Gunungkidul Regency [19], [20]. The hydrogeological system 

in the area is built by compact volcanic sedimentary rocks, geologically belonging to the Semilir Formation. 

The existence and dynamics of groundwater in this area are generally controlled by geological structures, 

namely joints, cracks and fractures, and faults as shown in Figure 5. The movement of groundwater follows 

the evolving structural pattern. The shallow aquifer of the study area is assumed to be a crevice aquifer as 

shown in Figure 6. In the research area, the local people can dig a well or drill wells, which are generally not 

difficult to get water. From the field data, it was found that the depth of the dug wells ranged from 6 m to 27 

m, while the depth of the drilled wells reached 100 m. Based on dug well data, it was found that in general, 

shallow groundwater in the study area flows relatively from the northwest to the southeast. The recharge area 

is in the Northwest while the discharge area is in the South. 
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Figure 5. In Crevice aquifer, groundwater occupies and flows through cracks/fractures 

 

 

 
 

Figure 6. In the Crevice aquifer, water seeps out of the rock crevices, these springs are the source of water for 

the Baturagung Embung 

 

 

3.4. ERT geoelectric analysis 

The results of the ERT method are variations in resistivity values along the measurement lines. This 

resistivity value will be interpreted as the type of rock and water content. In the first line, the 100 m length of 

measurement in the southwest part of the reservoir has the N 135 E direction. The inversion results showed 

variations in resistivity values between 4.24 Ωm to 1096 Ωm. Low resistivity values (4.24 Ωm to 45.9 Ωm) 

dominate the surface along the line. This value is the response of the surface soil in the subsurface (shown in 

brown color in Figure 7). The depth of this layer from the surface to a depth of 5 m. At a depth of 5 m to  

30 m is dominated by high resistivity values (45.9 Ωm to 1096 Ωm). This value is the response of the Dacite 

pumice breccia. This Dacite pumice breccia occurs on the surface at the beginning of the lines and becomes a 
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reference value that the high value is a Dacite pumice breccia. At the 70-80th m of the line, a low resistivity 

value appears (4.24 Ωm to 20.7 Ωm). This part is interpreted to be the effect of reservoir leakage. The 

leakage occurs because of the fractures in the Dacite pumice breccia. This fracture becomes a path of the 

water to the southwest of the reservoir and makes the resistivity values decrease. 

The results of the inversion process on line 2, show a similar pattern (Figure 8). The surface soil on 

this line is thicker (from the surface up to 10 m depth) and is continued by massive Dacite pumice breccia 

below the surface soil layer. On line 2, massive Dacite pumice breccia with high resistivity values continue 

from the beginning of the track to the end of the track. There is no occurrence of low resistivity values in this 

path. This means that on line 2, there is no reservoir leakage which causes the Dacite pumice breccia to 

become wet and the resistivity value to decrease. 

 

 

 
(a) 

 

 

 
(b) 

 

Figure 7. Interpretation of resistivity values on line 1, (a) The result of inversion of field data into actual 

resistivity and (b) The result of interpretation of resistivity values into rock types and water content 

 

 

Based on Figure 7, there is surface soil almost along the track on the surface to a depth of 10 m. 

Beneath it is a massive Dacite pumice breccia. At the 80th m, there is a low resistivity value that continues up 

to a depth of 30 m, this value is thought to be the effect of a reservoir leak, the presence of a fracture as a 

passage for water and causing the Dasitan pumice breccia to be wet around the fracture. 
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(a) 

 

 

 
(b) 

 

Figure 8. Interpretation of resistivity values on Track 2 (a) the result of inversion of field data into 

actual resistivity and (b) the result of interpretation of resistivity values into rock types and water content 

 

 

The direction of the leak is in the southwest direction of the reservoir (Figure 2). This leakage is 

indicated by the low resistivity value that continues to the subsurface on line 1 (Figure 7). In the southwest 

part of the Batur Agung reservoir, it is also a low area with a height difference of about 15 m from the 

reservoir. The possibility of water flowing through the fracture in the southwest part of the reservoir to a 

lower direction due to gravity. 

 

 

4. CONCLUSION 

The hydrogeological system of the research area is included in the Gunungsewu system which is 

built by compact volcanic sedimentary rocks (Semilir Formation). In general, the shallow groundwater flows 

from northwest to southeast. The ERT results show a resistivity value between 4.24 to 1096 Ωm. The 

subsurface is dominated by a high resistivity value as the response of Dacite pumice breccia, and there is low 

resistivity on the 70-80 m of the line as the response of wet Dacite pumice breccia. This part is estimated as a 

fracture that becomes a leakage of the reservoir. The direction of the leakage is southwest of the reservoir, 

and the water is estimated flowing through fracture due to the gravity effect (lower part of the reservoir). 

 

 

5. ACKNOWLEDGEMENTS 

The authors would like to thank the Geoelectric Team team who helped make data acquisition at the 

research site and LPPM UPN “Veteran” Yogyakarta which funded this research. 



Int J Adv Appl Sci  ISSN: 2252-8814  

 

ERT geoelectric application to determine the leakage direction of … (Muhammad Faizal Zakaria) 

101 

REFERENCES 
[1] Harianjogja.com, “Embung Batur Agung has been stalled for years (In Indonesian),” Harianjogja Digital Media, 2021. 

https://jogjapolitan.harianjogja.com/read/2021/07/08/513/1076490/embung-batur-agung-mangkrak-bertahun-tahun (accessed Jul. 
22, 2022). 

[2] W. M. Telford, L. P. Geldart, and R. E. Sheriff, Applied geophysics, 2nd ed. Cambridge University Press, 1990. 

[3] W. Lowrie and A. Fichtner, Fundamentals of geophysics, 3rd ed. Cambridge University Press, 2020. 
[4] D. S. Parasnis, Principles of applied geophysics, 1st ed. Dordrecht: Springer Netherlands, 1979. 

[5] S. B. Kusumayudha, M. F. Zakaria, B. Prastistho, I. Rahatmawati, and T. Setyaningrum, “The potencies of cave geo-ecotourism 

development in Tanjungsari District, Gunungkidul Regency, Yogyakarta Special Region,” in Proceeding of LPPM UPN 
“VETERAN” Yogyakarta Conference Series 2020- Political and Social Science Series, Oct. 2020, pp. 301–314, doi: 

10.31098/pss.v1i1.208. 

[6] M. F. Zakaria and I. Suyanto, “Identification of groundwater aquifers in Senawang Village, Orong Telu Subdistrict, Sumbawa 
Regency using schlumberger geoelectric method (In Indonesian),” J. Fis., vol. 10, no. 1, pp. 44–49, 2020, doi: 

https://doi.org/10.15294/jf.v10i1.24519. 

[7] Z. Wanfang, B. F. Beck, and J. B. Stephenson, “Investigation of groundwater flow in karst areas using component separation of 
natural potential measurements,” Environ. Geol., vol. 37, no. 1–2, pp. 19–25, Jan. 1999, doi: 10.1007/s002540050355. 

[8] M. H. Loke, Electrical imaging surveys for environmrntal and engineering studies: a practical guide to 2D and 3D surveys. 

1999. 

[9] Y. Yatini, I. Suyanto, and D. Puspaningrum, “Application of polarization method (IP) to delineate the gold mineralization zones 

in Cihonje Areas, Banyumas Regency, Province of Central Java,” IOP Conf. Ser. Mater. Sci. Eng., vol. 546, no. 7, p. 072013, 

Jun. 2019, doi: 10.1088/1757-899X/546/7/072013. 
[10] S. Bahri, M. F. Zakaria, and Y. Yatini, “Mineral exploration using induced polarization method in Kasihan area, Tegalombo sub-

district, Pacitan district (In Indonesian),” 2016, [Online]. Available: http://eprints.upnyk.ac.id/18957/. 
[11] J. M. Reynolds, An introduction to applied and environmental geophysics, 2nd ed. John Wiley & Sons, Ltd, 2011. 

[12] M. I. I. Mohamaden, “Delineating groundwater aquifer and subsurface structures by using geoelectrical data: Case study (Dakhla 

Oasis, Egypt),” NRIAG J. Astron. Geophys., vol. 5, no. 1, pp. 247–253, Jun. 2016, doi: 10.1016/j.nrjag.2016.05.001. 
[13] A. Ferhat et al., “A geoelectric approach for karst groundwater analysis,” IOP Conf. Ser. Earth Environ. Sci., vol. 998, no. 1, p. 

012012, Feb. 2022, doi: 10.1088/1755-1315/998/1/012012. 

[14] D. Vogelsang, Environmental geophysics. Berlin, Heidelberg: Springer Berlin Heidelberg, 1995. 
[15] M. F. Zakaria, “Identification of deep groundwater aquifers using schlumberger geoelectric method in Wedomartani Village, 

Sleman Regency (In Indonesian),” J. Miner. Energi, dan Lingkung., vol. 3, no. 1, p. 20, Dec. 2019, doi: 10.31315/jmel.v3i1.2743. 

[16] A. de Almeida, D. F. Maciel, K. F. Sousa, C. T. C. Nascimento, and S. Koide, “Vertical electrical sounding (VES) for estimation 
of hydraulic parameters in the porous aquifer,” Water, vol. 13, no. 2, p. 170, Jan. 2021, doi: 10.3390/w13020170. 

[17] R. W. van Bemmelen, The geology of Indonesia, General Ge. Goverment Printing, 1949. 

[18] Surono, I. Sudarno, and B. Toha, Geological map of the Surakarta-Giritontro quadrangle, Jawa. Bandung: Pusat Penelitian dan 
Pengembangan Geologi, 1992. 

[19] S. B. Kusumayudha, Get to know karst hydrogeology (In Indonesian). Pusat Studi Karst LPPM UPN “Veteran” Yogyakarta, 

2004. 
[20] S. B. Kusumayudha, M. T. Zen, S. Notosiswoyo, and R. S. Gautama, “Fractal analysis of the Oyo River, cave systems, and 

topography of the Gunungsewu karst area, central Java, Indonesia,” Hydrogeol. J., vol. 8, no. 3, pp. 271–278, Jun. 2000, doi: 

10.1007/s100400050014. 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Muhammad Faizal Zakaria     is a Lecturer at Geophysics Engineering, Faculty of 

Mineral Technology, Universitas Pembangunan Nasional “Veteran” Yogyakarta. From 2012 

to 2015, the author served as Operations and Field Manager of PT. Geo Survey of Barokah 

Jaya Prasasta. In 2015-2017 the author became a freelance teaching staff at the Physics Study 

Program of UIN Sunan Kalijaga Yogyakarta. He can be contacted at email: 

mfaizal@upnyk.ac.id. 

  

 

Prof. Sari Bahagiarti Kusumayudha     is a Professor at the Department of 

Geological Engineering, Faculty of Mineral Technology, Universitas Pembangunan Nasional 

“Veteran” Yogyakarta, is active in research, scientific publications, and seminars both 

nationally and internationally, in the fields of hydrogeology, karst hydrology, engineering 

geology, and geological disaster mitigation. active as a member of several professional 

organizations, such as the Indonesian Association of Geologists (IAGI), the Indonesian 

Groundwater Experts Association (PAAI), the International Association of Hydrogeologists 

(IAH), and a senior member of Honk Kong Chemical, Biological & Environmental. She can 

be contacted at email: saribk@upnyk.ac.id. 

  

mailto:mfaizal@upnyk.ac.id


      ISSN: 2252-8814 

Int J Adv Appl Sci, Vol. 12, No. 2, June 2023: 93-102 

102 

 

Hanafiah Hamid     is a student at National Development University "Veteran" 

Yogyakarta, Universitas Pembangunan Nasional “Veteran” Yogyakarta, majoring in 

Geophysical Engineering.  Her interest in earth science is a mineral exploration with 

geophysical methods. She can be contacted at email: hamidhanafiah@gmail.com. 

 

 


