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ABSTRACT 

The groundwater depends on when it is available, more in the rainy 

and less in the dry seasons. Fluctuation in water availability is a 

significant problem in activities continuously requiring large amounts 

of water, such as agriculture. Hence, it is necessary to increase the 

number of water resources to meet the community's needs. Therefore, 

the groundwater layer zone was estimated as an initial study at the dry 

farmland in Rejomulyo village, Jati Agung district, South Lampung, 

using a combined method between the 1D resistivity method of the 

Schlumberger array and the 2D form of the Wenner configuration. 

Each sounding point and the 2D line have a maximum stretch length 

of 300 m. The 1D outcome correlates to the 2D data processing result 

to produce a subsurface lithology model. As a result, the research area 

has three primary layers with three rock types. The first layer has a 

resistivity value of less than 20 Ωm and is identified as tuffaceous 

clay. Then the second layer with a resistivity range of 60-66 Ωm is 

tuffaceous sand, this rock which is referred to as the groundwater layer 

with a depth of 11-40 m. The last layer has a high resistivity value of 

120-141 Ωm as tuff. Based on the results of 3D visualization, the 

groundwater layer in the study area spreads to the southeast with a 

confined aquifer type. This targeted rock layer can be utilized for 

groundwater production.   
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INTRODUCTION 

South Lampung is currently facing a water crisis due to the widespread use of land in 

infrastructure development, which causes a decrease in groundwater reserves [1]. In addition, 

water availability also depends on the time; it is more available in the rainy season and less in 

the dry season. Instability in water availability is a significant problem in activities requiring 

continuous water, such as agricultural activities. Groundwater is all water contained in 

subsurface aquifers, including springs on the surface [2]. In Rejomulyo village, the agriculture 

sector has emerged as one of the leading economies, and most residents work in the 

agricultural field. During the dry season, the water availability of several farm locations in the 

village has declined. 

Due to the importance of the groundwater presence, it is necessary to conduct an applied 

physics method in earth science to investigate the confined aquifer, which cannot be 

influenced by seasons [3]. The resistivity method is a popular and effective geophysical survey 

to obtain representations of rock layers below the surface that may contain groundwater. The 

result is that different materials will have different resistivity values [4-6]. The characteristics 

of rock formations in the method can be described by the parameters measured, including 

electrical current and potential. An electrical current injects into the earth's surface and then 

measured value by an amperemeter. Then a voltmeter measures the potential difference due 

to the injected current [4,5,7].  

The 1D resistivity method is commonly applied for groundwater investigation in various 

locations [2,3], [8-12]. Although rare, mineral exploration also has another implementation 

[13]. The 2D application is broader because it can display a cross-section of subsurface 

profiles, for example, ground structure condition [6,14], mineral prospecting [13,15,16], 

agricultural soil analysis [17], landslide mitigation [18,19], and volcanology study [20], as 

well as also for groundwater layer identification [21-23]. 

Several studies have been conducted in a surrounding area applying 1D and 2D resistivity 

methods [10] deployed the groundwater layer mapping at a campus of ITERA, implementing 

the 1D mode with Schlumberger configuration. Then, [9] applied the same approach to 

identify groundwater potential in a neighboring village in the Jati Agung district. Meanwhile, 

[22] conducted the Wenner array of the 2D method in groundwater prospecting in Jatimulyo 

village in the same region. Sometimes if a researcher only relies on one approach, 

misinterpretation often occurs. Therefore, in this study, the authors will combine the methods 

to estimate the groundwater layer in the dry farming area in Rejomulyo village to get a better 

result. 

METHOD 

A 1D electrical resistivity method analyzes the resistivity values distribution below the surface 

vertically [4,5,10,13]. The measurement technique is made at a central point with an increasing 

electrode distance from a small to a larger space FIGURE 1. The Schlumberger array is 

deployed in this study because it is commonly used [8]. In this configuration, the potential 

electrode (P1P2) distance is kept constant FIGURE 1 (b)-(c). Because the distribution target 
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value is vertical, there should be no change in the resistivity value distribution horizontally. It 

means the lateral resolution is consistently still. The potential electrode space controls the 

lateral resolution [24]. 

There is a 2D method to describe the image of the resistivity value below the earth's surface 

horizontally and vertically. Generally, the measurement line will apply the Wenner array. If 

the form is compared to the others for the same 2D line, the Wenner configuration is quicker 

in data acquisition. The illustration of the 2D measurement can be seen in FIGURE 2. The 

electrode spacing controls the 2D image resolution of the resistivity value distribution. In the 

same path length, the smaller the electrode distance, the greater the resolution of the resulting 

image, and vice versa. However, the smaller the electrode distance, the longer the 

measurement time is required, and vice versa. 

According to [4] and [5], the resistivity value (ρa) can be obtained from the following equation. 

   (1) 

with k as a geometrical attribute based on the electrode configuration, ∆V is a value of the 

potential difference between P1 and P2, and I is an electrical current that flows from electrode 

C1 to C2 (all units are in the International System). A specific device measures the electrical 

current and potential; it is a resistivity meter or geolistrik (in Indonesian) [22], while an 

attribute geometrically is manually measured using the following formula. 

   (2) 

and 

   (3) 

where EQUATION (2) is the attribute calculation [10] for the Schlumberger array according 

to FIGURE 1(a), and EQUATION (3) is the calculation formula for the Wenner configuration 

[4,24] based on FIGURE 2. 
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FIGURE 1. The 1D measurement (a) array setting, (b) the electrodes are shifted to the right and left from the 

central point (STA), (c) depth estimation of the datum point from each shifted electrode, and (d) the datum 

reconstruction on a chart between resistivity value and half distance "a" or 𝐴𝐵/2 (modified from [10]) 

 

 

FIGURE 2. The 2D resistivity measurement scheme of the Wenner array with "a" as the electrode interval and 

"dot" point as the datum representation [24] 

 

FIGURE 3 shows the measurement scheme in the study area in one of the farming regions in 

Rejomulyo village. Two sounding points for 1D and three lines for 2D measurements are 
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deployed in the area. Each stretch has a maximum length of 300 m with a distance between 

the electrodes of 15 m (2D method only). Each position of the VES 1 and VES 2 points is 

precisely on lines 1 and 2. Determining the stretch length comes after the maximum depth 

target of about 60 m (the enumeration refers to [24]). 

 

FIGURE 3. Survey design map 

 

Next, each measurement data is computed to attain the observed resistivity value by applying 

EQUATION (1) and (2) for the 1D method, and the other one uses EQUATION (1) and (3). 

Then each technique utilizes a specified software to process the observed value to generate the 

distribution of estimated actual resistivity values. Then the results are associated with the 

related references to identify the groundwater layer, and the first technique product is 

correlated to the outcome of the second one. Finally, 3D modeling is generated to predict the 

radial pattern of the layer in the study area. 

RESULT AND DISCUSSION 

According to the geological map of Tanjungkarang [25], the area is in the Lampung 

Formation. The rock formation is dominated by tuff because of the volcanic activity. Many 

studies have been conducted in Lampung using the 1D resistivity method, especially in 

neighboring areas. The 1D data interpretation only refers to [10] because they implemented 

additional techniques (log resistivity and core sample) to support the results. FIGURE 4 views 

the 1D data processing result. The "dot" point represents the 1D observed resistivity data, the 

curve line is the calculated data, and the square curve shows the model parameter. The model 
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can be considered appropriate if the observed and computed data are fitted well [8]. The curve 

forms of VES 1 and VES 2 are identical, as do each inverted model. 

The model in FIGURE 4 describes the estimated value of true resistivity and the layer 

thickness, which consists of four layers from each sounding point ( 

TABLE 1). By referring to [10], the geological rock information in the area is attained ( 

TABLE 1). The first layer has a value of about 51-121 Ωm and is described as topsoil. Then 

the subsequent layers are the primary approximate lithologies: tuffaceous clay (13-18 Ωm), 

tuffaceous sand (60-66 Ωm), and tuff (120-141 Ωm). [10] explained that the groundwater layer 

usually is in the lithology of tuffaceous sand with the type of confined aquifer. It means the 

groundwater layer is flanked by two impermeable zones at the top and bottom. In this case, 

the top zone is tuffaceous clay, and the other is tuff. Hence, this result is as expected that the 

groundwater layer should be a confined one.  

 

  

(a)                                                                      (b) 

FIGURE 4. The 1D resistivity curves (a) VES 1 and (b) VES 2 

 

TABLE 1. The 1D resistivity results 

Layer(s) 

Sounding point of VES 1 Sounding point of VES 2 

Resistivity 

(Ωm) 

Thickness 

(m) 

Depth 

(m) 

Lithology 

estimation 

Resistivity 

(Ωm) 

Thickness 

(m) 

Depth 

(m) 

Lithology 

estimation 

1 51.4 2.39 0-2.39 Topsoil 120.67 1.30 0-1.30 Topsoil 

2 13.38 19.12 
2.39-

21.51 

Tuffaceous 

clay 
18.27 9.92 

1.30-

11.22 

Tuffaceous 

clay 

3 66.38 20.45 
21.51-

40.96 

Tuffaceous 

sand 
60.01 27.06 

11.22-

38.28 

Tuffaceous 

sand 

4 150 - >40.96 Tuff 140.71 - >38.28 Tuff 

 

Then the 2D processing outcome of three lines is viewed in FIGURE 5. It shows that the image 

of the three lines has a similar pattern. There is a value contrast between the middle bottom 

and the middle top of the 2D cross-section. The high resistivity value is displayed at the middle 

bottom of the 2D pseudo-section. Meanwhile, at the center top, there is a low resistivity value. 
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It looks like only two rock layers, so the 1D result will be applied to clarify the lithology's 

differentiation from the cross-section. 

Consequently, the boundary of the rock type information from the correlation can be obtained 

for the 2D profiles (FIGURE 6). The depth of each rock layer from the 1D product (to simplify 

the correlation, it is changed to a log view) is fitted well with the 2D shapes for the primary 

rock types, except for the topsoil. In the cross-section profile, the upper layer (from the ground 

surface) cannot be displayed because of the processing routine on the software and depending 

on the electrode spacing. The electrode interval of 15 m is implemented, so according to [24], 

the upper layer can be presented in this outcome approximately from 3 m to the bottom view 

(see FIGURE 5 or FIGURE 6). Thus, the profile only delineates three lithologies in the 2D 

cross-section. Then, the third line interpretation will follow the rapport results. The 2D shapes 

represent that the rocks' distribution horizontally is changed drastically in depth. It might be 

like that from a geological point of view. The lithology distribution also provides information 

on the direction of the groundwater layer in the study area. The layer depth varied around 11-

40 m. The arrangement of the 2D shapes in FIGURE 7 provides a more explicit illustration of 

the order of rock distribution. Then the 3D modeling in FIGURE 8 is carried out to depict the 

estimation of groundwater layer spreading. In the area, the tuffaceous sand is centered in the 

middle of three lines but also has the potential to outspread in the southeast direction. It means 

that positions are possible for groundwater production. 
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     (a) 

 

     (b) 

 

     (c) 

FIGURE 5. The 2D resistivity profiles (a) line 1, (b) line 2, and (c) line 3 
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 (a) 

 

 (b) 

FIGURE 6. The correlation of 1D results and 2D resistivity profiles (a) VES 1-line one and (b) VES 2-line two 

 

 

FIGURE 7. The arrangement of the 2D lines is according to their positions on the map 
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FIGURE 8. The 3D modeling of the groundwater layer 

 

These methods can delineate a better interpretation of subsurface rock estimation. A vertical 

resistivity distribution from the 1D technique can confirm and improve the anomaly ambiguity 

of the 2D profiles vertically (FIGURE 6). And then, the horizontal value distribution from the 

2D form can also be depicted well. Accordingly, this combined method can reference other 

studies regarding applied earth physics using the resistivity method. Moreover, this study can 

also be added as one of the literature for other regions geologically in groundwater layer 

identification, particularly in Lampung formation. 

CONCLUSION 

The resistivity measurement of 1D and 2D methods was conducted in the Rejomulyo village, 

Jati Agung district, South Lampung. The groundwater lithology is tuffaceous sand with 

resistivity values ranging from 60 Ωm to 66 Ωm. This combined method can effectively 

delineate the layered rocks in the subsurface. Thus, the lateral and vertical resistivity 

distribution can be described better. Its outcome presents that the groundwater layer is located 

around the middle of the study area and is likely to outspread to the southeast direction. It has 

a depth of about 11-40 m with the confined aquifer type and has a possibility for groundwater 

production. However, forecasting the groundwater layer in the surrounding study area needs 

more data acquisition for better resolution and coverage. Also, a time-lapse investigation is 
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required to see whether any influences of the season change on the groundwater substance 

within the aquifer. 
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