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ABSTRACT 

A research has been done to determined groundwater potential in Pamah Paku 
Kutambaru Langkat Regency where that area has hilly topography and natural potential in the 
form of limestone. Identification groundwater potential has been based on the resistivity of 
ground subsurface as a result of Geoelectric ARES (Automatic Resistivity System) with 
Schlumberger method. Six geoelectric soundings using the Schlumberger array were 
conducted across the area. The exploration results were then processed using IPI2WIN 
software that leads to a model of bedding subsurface based on the amount of resistivity then 
processed again using surfer8 software to produce contour of groundwater potential. The result 
showed that the lithology of Pamah Paku consists of limestone, claystone, sandstone and 
groundwater. Groundwater potential common found in depth between 10 m – 30 m with 
resistivity values ranging from 100Ωm – 500Ωm.  
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INTRODUCTION 

Water is generally accepted as one of the principal element of life. Groundwater is an 

important source of water throughout the world. All water beneath the land surface is referred to 

as underground water (or subsurface water). Underground water occurs in two different zones. 

One zone, which occurs immediately below the land surface in most areas, contains both water 

and air is almost invariably by a zone in which all interconnected openings are full of water. This 

zone is referred to as the saturated zone. Water in saturated zone is the only underground 

water that is available to supply wells and springs and is the only water to which the name 

groundwater is correctly applied. Recharge of saturated zone occurs by percolation of water 

from land surface through the unsaturated zone. The unsaturated zone is, therefore, of great 

importance to groundwater. This zone may be divided usefully into three parts the soil zone, the 

intermediate zone and the upper part of capillary fringe. (Harter, 2003) 

Groundwater is water that usually fills pores and fractures in the ground much as milk fills 

the voids within bits granola in a breakfast bowl (Figure 1). Groundwater is the water that is 

found in cracks and spaces within the soil, sand and rocks. The area where water fills the space 

is called the saturated zone. The top of this zone is water table. Assume the top of water to be a 



 

Fakultas Matematika dan Ilmu Pengetahuan Alam 

The Center of Excellency 

Proceeding: The First International Seminar on Trends in Science and Science Education 2014 – ISBN 978-602-9115-37-6 
 

202 Universitas Negeri Medan 
The Character Building University 

 

table. Groundwater can be found almost everywhere. The water table may be deep or swallow 

and may rise or fall depending on many factors. Groundwater is stored in and moves slowly 

through layers of soil, sand and rocks called aquifers. The size of the spaces in the soil or rock 

and how well the spaces are connected determine the speed at which groundwater flows.  

        

Well-sorted sand poorly-sorted sand     fractures in granite     caverns in limestone 

Figure 1. primary and secondary openings 

 

There are different kinds of voids in rocks and it is sometimes useful to be aware of them. 

If the voids were formed at the same time as the rock, they are referred to as primary openings. 

The pores in sand and gravel and in other unconsolidated deposits are primary openings. The 

lava tubes and other openings in basalt are also primary openings. If the voids were formed 

after the rock was formed, they are referred to as secondary openings. The fractures in granite 

and in consolidated sedimentary rocks are secondary openings. Voids in limestone, which are 

formed as ground water slowly dissolves the rock, are especially important type of secondary 

openings. Aquifers typically consist of gravel, sand sandstone or fractured rock, like limestone. 

These materials are permeable because they have large connected spaces that allow water to 

flow. Aquifers are also known as underground reservoirs otherwise called underground flood 

and the water that reached this chamber is usually much cleaner than the water or reservoirs at 

the earth surface (Oseji, 2010) 

Groundwater exists only in a karst (a land composed of limestone). Limestone is a rock 

that is highly reactive to water. If it is below the surface there is interaction with water. then the 

limestone to form caves which are then fed by the water. North Sumatera has limestone’s 

spread that common location in conservation forest, production forest and protection forest area 

like in Langkat Regency at Taman Nasional Gunung Lauser (TNGL). Pamah Paku with UTM 

coordinate 419371 – 420118 mN dan 366001 – 366238 mE where direct confine with TNGL. 

Pamah Paku has karst condition with limestone form and no surface water when it was dry 

season specifically for Ketuken River that through over Pamah Paku area. (Pohan. 2009) 

Ground water prospecting is essentially a geological problem and geophysical approach 

is dependent on the mood of the geological occurrence of water. Geophysical electrical 

resistivity methods were develop in the early 1990s and have been extensively used for 

groundwater investigation by many worker and considered to be the most suitable method for 

groundwater investigation in most geological occurrence due to simplicity of technique (Singh, 
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2010). Electrical resistivity method is one of most useful techniques in groundwater geophysical 

exploration because the resistivity of rock is very sensitive to its water content. Alile, et.al.  

(2011) carried out a geophysical exploration for groundwater in a sedimentary environment in 

Iyanomon, Nigeria. They research have resulted that a total depth of 85.8 and 89.4 m 

respectively which corroborated over acquired from the study area. The geologic section of a 

nearby location was delineated and its total depth was found to be 95.37 m and this also 

corroborated with borehole data in that area. 

 
 
METHODOLOGY 

The research have done in Pamah Paku Kutambaru Langkat Regency where it placed 

around in Ketuken River with Geoelectric ARES method. Schlumberger array in electrical 

resistivity survey was adopted in this research. Electricity can be conducted in the earth 

electrolitically by interstitial fluids (usually water) and electronically by certain materials, such as 

clay minerals, by cation exchange. As a result, poored quality ground water or sediments with 

higher clay content are usually more conductive. Resistivity is expressed in ohm meters and is 

an estimate of the earth resistivity calculated using the relationship between resistivity, an 

electric field and current density (ohm’s law) and the geometry constant, spacing of current and 

potential electrodes. (Irjan, 2012) 

Where the earth is not homogeneous and isotropic. This estimated is called the 

apparent resistivity, which is an average of true resistivity in the measured section of the earth. 

Processing data is used IPI2WIN software and Surfer8 software. Data which had been input in 

IPI2WIN software contain distance of current electrodes value, distance potential electrodes 

value and resistivity value. Data were processed by IPI2WIN software acquired the information 

about the true resistivity, depth, thickness, and number of rocks layer. With surfer8 software 

data were processed for obtain contour of the area and can show the depth of groundwater 

layer in each sounding point at research area. 

 
 
RESULTS AND DISCUSSION 

Research has been done at area that reached from the Northern to Southern. Sounding 

measurement has done in six data that is datum 121, 101, 106, 107, 108, and 110. That data 

ware taken around Ketuken River that usually dry when it is dry season and have water when 

rainy season (Figure 3). Each line was taken with 155 m cable of geoelectric. The field data 

were interpreted and processed qualitatively and quantitatively by using partial curve matching 

techniques and computer to obtain the resistivity values of different subsurface layers and their 
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corresponding. From the interpretation of vertical electrical sounding (VES) curves, there are 3-5 

kind of subsurface rocks layer identified within the study area (Figure 4). 

 

 

Figure 2. Geology map of research area 

   

Figure 3. Ketuken River (A) have water condition, (B) dry condition 

 

The inversion results from Schlumberger sounding data delivered at each datum in the 

form of subsurface layer models that shown in figure 4  

Locations 121, 101,106, 107, 108, and 110 can explained by between three and five 

layers model. From Table 1 show how many kind of rocks were detected. From data input 

above have got the error values in every datum < 10% and output a number of layer as many 

as 3 – 5 layers. 

Table 1. Qualitative analysis of curve types where   represents resistivity of the layer 

VES Curve Characteristics Number Of Geo electric layer 

121_B  1 >  2 >  3  3 

101_B  1 >  2 >  3  3 

106_B  1 >  2 <  3 >  4 >  5 5 

107_B  1 <  2 <  3 <  4  4 
108_B  1 >  2 >  3  3 

110_B  1 >  2 <  3 <  4 >  5 5 

 

Research Area 

B A 
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Figure 4. Inversion Result of Vertical Electrical Sounding Fields Curves 

 
First VES have 3 layers that are dominated by limestone with resistivitas values ranging  

from 1562 Ωm – 3060 Ωm in depth 0-11 m and in depth 11-30 m is dominated by claystone with 

it thickness 23.2 m. second VES have 3 layers too and it contains limestone, clay sand and 

claystone. In the third VES have 5 layers. The area is dominated by clay sand in depth 15-30 m 

with resistivity values is 114 Ωm. the other formation in the third layer are Claystone and 

Limestone but they are not as much as clay sand. Same with the third layer, the forth layer is 

dominated by tuff sand more than 50% of that layer consisted by tuff sand from 8-30 m. In the 

fifth VES, there are 3 layers, it consist limestone in depth 0-7 m with resistivity values is 3436 

Ωm, tuff sand in depth 7-17.5 m with resistivity values is 312 and clay sand in depth 17.5-30 m 

with resistivity values 156 Ωm. the last VES there are 5 layer consist claystone in the first until 

the third layer and the fifth layer but in the forth layer id dominated by limestone in depth 14-15 

m with resistivity values is 35213 Ωm. 

101_B 
121_B 

106_B 107_B 

110_B 108_B 
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Tabel 2. Estimate lithology of rocks composed in each layer 

VES 121 

Layer 
Depth 
(m) 

Thickness 
(m) 

Resistivity 
(Ωm) Lithology 

1 7.15 7.15 3060 Limestone 

2 11 3.84 1562 Limestone 

3 30 23.2 17.8 Claystone 

VES 101 

1 7.54 7.54 650 Limestone 

2 15.7 8.12 114 Clay Sand 

3 30 23.3 40.8 Claystone 

VES 106 

1 2.71 2.71 1277 Limestone 

2 2.9 0.19 102 Clay Sand 

3 13.9 11 641 Limestone 

4 15 1.05 23.2 Claystone 

5 30 - 114 Clay Sand 

VES 107 

1 5.54 5.52 104 Clay Sand 

2 5.87 0.35 115 Clay Sand 

3 7.56 1.69 328 Tuff Sand 

4 30 79.6 437 Tuff Sand 

VES 108 

1 7.08 7.08 3436 Limestone 

2 17.5 10.4 312 Tuff Sand 

3 30 16 156 Clay Sand 

VES 110 

1 2.71 2.71 23.9 Claystone 

2 2.97 0.26 22.7 Claystone 

3 13.9 10.9 44 Claystone 

4 14.9 1.05 35213 Limestone 

5 30 - 37.1 Claystone 

 

Figure 5 is the result of data processed with IPI2WIN in all lines. Area that was estimated 

has shallow groundwater aquifer at line 121 in depth 11-30 m. shallow groundwater aquifer is 

area that has resistivity value < 20Ωm ( Sadjab, 2012). In line 110 has low resistivity values that 

it can be estimated as clay formation (Milsom, 2003) which it formation may act as a confining 

bed. However, because the thickness, this layer is impermeable. So it can not be the aquifer. 
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Figure 5. IPI2WIN Processed Result 

 

Legend 

 : Layer with resistivity value < 100 Ωm 

 : Layer with resistivity value 100 Ωm - 500 Ωm 

 : Layer with resistivity value 500 Ωm – 1000 Ωm 

 : Layer with resistivity value > 1000 Ωm 

Figure 6. across section model inter datum point 

 

Figure 4 is representative of lithology from aquifer zones that it can be determined 

between continue layer and the other layers. That figure is interpretation research data result 

that was taken after it has been done by cross correlation of depth with four colors which 

representative rocks formation in resistivity values range. Pattern  is estimated as layer 

which is not a good aquifer because probably is dominated by claystone. This layer can be filled 

by water however cannot flow it, or aquiclude. For layer that the pattern  has resistivity 

values ranging from 100 Ωm - 500 Ωm and it layer is estimated as the best aquifer of very good 

quantity of groundwater and is estimated as sandy tuff. Layer with resistivity values ranging from 

500 Ωm – 1000 Ωm that image with pattern  is estimated as limestone and have bigger 

porosity values than two other and can be fiiled by water, or aquitard. For layer that pattern  

is interpretative as limestone which is have resistivity value > 1000 Ωm that has aquifuge 

characteristic or waterproof. 

 

Figure 7. Contour of subsurface which is processed by surfer8 
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Figure 7 has shown the contour of subsurface from area was measurement and the result 

is resistivity values ranging 200- 500Ωm dominated the area. It means that have sandy tuffs and 

limestone formation. That formations is shallow aquifer whose efficiency may be reduced by the 

filling of the pore spaces with fine grain sand formation and can become the best aquifer in 

depth 5 – 30 m. 

 
 
CONCLUSIONS  

 Present work has shown that in a hard rock environment, Vertical Electrical Sounding 

(VES) has proved to be very reliable for groundwater studies and therefore the method can 

excellently be used for shallow and deep groundwater geophysical Resistivity investigation. The 

most part of the study area consists of good quality of groundwater because the study area is 

dominated by sandy tuffs and limestone. The best layer which acts as the good aquifer of 

Pamah Paku is the second layer which consists of fracture/weathered rock formations at the 

depth between 5-30 m.  
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