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Abstract 
This study uses the self-potential method to map the leachate flow around the Rasau Jaya landfill, 

Sungai Raya District, Kubu Raya Regency. The study was carried out in 2 areas, the north and south of 

the landfill. Data acquisition using a fixed base configuration by applying ten lines. Each line has a 

length of 105 m with 5 m, and the distance between the porous pots is 5 m. The measurement results 

show that the potential value distribution at the first location is -19.62 mV to 8.44 mV, and the potential 

value at the second location is -55.50 mV to 23.26 mV. The interpretation shows that leachate 

accumulation from the landfill in the first area has a potential value of -19.62 mV to -13 mV. The second 

location has a potential value of -55.50 mV to -36 mV. Based on isopotential contour maps, leachate 

accumulation in the first location is thought to be in the north to northeast of the landfill, while in the 

second location, it is thought to be in the southwest to the west of the landfill.  
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Introduction 

The existence of landfills will cause 

problems for the surrounding environment, 

such as the distribution of waste and 

leachate. Leachate comes from rainwater 

that seeps into the waste pile to transport 

dissolved materials from the waste 

decomposition process. Leachate spreading 

is the main problem caused by waste piles 

in landfills because it can potentially 

contain heavy metals that can harm the 

environment. If the treatment is not 

maximized, leachate can contaminate the 

groundwater used by the community. 

(Hartini and Yulianto, 2018). Rasau Jaya 

District has peatlands with an area of 

51,391 ha (Krisnohadi, 2011). Leachate 

flow will easily seep below the peat soil's 

surface so that it can contaminate 

groundwater. 

 

Rasau Jaya landfill is located on peatland, 

and its waste management applies an open 

dumping system. Peatlands will quickly 

absorb water into the soil (Muliadi et al., 

2019). In rainy conditions, the leachate 

discharge into the treatment plant is 

predicted to be more significant. The 

infiltration process of rainwater mixed with 

leachate will quickly seep into the soil. 

Leachate seepage is highly dependent on 

the physical properties of the ground, 

especially porosity and permeability. Peat 

soils have high porosity and permeability, 

making them water-saturated soils 

(Sampurno et al., 2018).  

 

One of the geoelectric surveys that can be 

used to observe leachate distribution is the 

self-potential (SP) method. The SP method 

is a passive geophysical because it utilizes 

natural electric potential. One of the causes 

of electric potential at the surface is water 
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seepage underground (Thanh et al., 2020). 

The natural electrical potential of the earth 

is caused by electrokinetic, diffusion, and 

mineralization processes. This method is 

effectively used for shallow exploration 

activities or no more than 100 m (Telford et 

al., 1990). This method is also often used in 

environmental studies (Soupios and 

Karaoulis, 2015), such as detecting fluid 

flow (Vaidila et al., 2015), identifying 

groundwater flow (Muhardi et al., 2021), 

identifying subsurface hot fluid flow 

(Pratama et al., 2017), leachate distribution 

mapping (Handoko et al., 2016), and 

identifying contaminant fluid flow 

distribution (Bavitra, 2018).  

 
This research aims to map the leachate flow 

around the Rasau Jaya landfill using the SP 

method. This method can detect anomalous 

self-potential values originating from 

subsurface fluid flow indicated by positive 

or negative values of less than 100 mV 

(Telford et al., 1990). Groundwater utilized 

by some residents around the landfill is 

potentially contaminated by leachate 

seepage. Identification of leachate flow can 

provide initial information for the 

community and village government to 

anticipate the impact of leachate on the 

environment. 

Research Method 

The measurement was carried out in 2 

locations around the Rasau Jaya Landfill, 

Sultan Agung Street, Kuala Dua Village, 

Sungai Raya Sub-district, Kubu Raya 

Regency, West Kalimantan. The first 

location is north of the landfill (residential 

area), while the second is south of the 

landfill, as shown in Figure 1. Data 

collection was carried out with as many as 

five passes at each research location. The 

track length was 105 m, the distance 

between tracks was 5 m, and the space 

between porous pots was 5 m. Thus, 

potential data was obtained with a grid of 

105 m. Thus, the data was obtained with a 

5 m x 5 m grid, and the area at each location 

was 3,300 m2. 

 

The use of porous pot electrodes in SP 

method measurements is to avoid 

polarization effects (Siswoyo, 2018). In this 

study, the electrodes were made using a 

1.5-inch paralon with a height of 20 cm. 

The porous medium used as a base is made 

of wood with a thickness of 3 cm. The 

connectors used were copper wires. Copper 

sulfate (CuSO4) solution was used to 

increase the sensitivity of the porous pot 

electrode (Prasetya et al., 2022). An 

illustration of the porous pot scheme can be 

seen in Figure 2. 
 

Measurement of potential values in the field 

using a digital multimeter. The electrode 
installation applied a fixed base 

configuration. One electrode was placed at 

the reference point (base), and the other 

electrode moved along the measurement 

path (rover). The electrodes were installed 

in the ground to a depth of 30-50 cm. Data 

collection in the field is done by two 

methods, namely, based on the time 

function and position function. An 

illustration of natural potential 

measurement in fixed base configuration 

can be seen in Figure 3. 

 

The mapping of leachate flow is based on 

subsurface water flow, which is relatively 

shallow. The distribution of potential 

values shown by the isopotential contour 

map will be a reference in identifying 

leachate flow because leachate flows by the 

flow of subsurface water, from high to low 

potential. Meanwhile, the presence of 

leachate is determined by relatively small 

and negative potential values because 

leachate is conductive. After all, it contains 

metal minerals. 
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Figure 1. Research design map. 

 

 

Figure 2. Porous pot scheme illustration (Goto et 

al., 2012). 

 
Figure 3. Illustration of fixed base configuration 

(Indriana et al., 2007). 

Result and Discussion 

The First Location 

The distribution of natural potential values 

at the first location is shown in Figure 4. 

The values obtained vary from negative to 

positive, which have -19.62 mV to 8.44 

mV. The change in potential value with 

distance on the five lines does not show a 

regular pattern. However, lines 1 and 2 

generally have more negative values than 

the other lines, especially in the middle of 

the line. This is because the first location is 

in a residential area, so this value is strongly 

influenced by the activities of residents, 

especially in water utilization. 

 
The isopotential contour map at the first 

location was obtained by combining the 

five lines, as shown in Figure 5. The lower 

potential values are in the center and the 

southwest, while the higher values are in 

the center to the northeast. The potential 

distribution pattern is thought to be caused 

by the distribution of leachate from the 

landfill and community household 

activities, as this location is in a residential 

area. 
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Figure 4. Graph of self-potential values on each 

line of the first location.

 

 
Figure 5. Isopotential contour map of the first location. 

 

The Second Location 

The distribution of natural potential values 

at the second location is shown in Figure 6. 

The values obtained vary from negative to 

positive, which have -55.5 mV to 23.26 

mV. In general, there is a decrease in 

potential value as the distance from the 

reference point increases. This result shows 

that the closer to the landfill, the smaller the 

potential value obtained. The five lines' 

small and negative potential values are 

generally located at a distance of 10 - 15 m 

from the reference point or 90 - 95 m from 

the landfill. In general, the distribution of 

potential values in the five lines is negative, 

with almost the same pattern. 

 

The isopotential contour map at the second 

location was obtained by combining the 

five lines, as shown in Figure 7. The lower 

potential values are located in the northeast, 

while the higher values are located in the 

southwest. The potential distribution 
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pattern is caused by leachate distribution 

from the landfill.  

 

The natural potential anomalies displayed 

at the first and second locations are thought 

to be due to the accumulation of fluid flow 

below the ground surface. The flow is 

thought to originate from conductive 

material mixed with near-surface 

groundwater and leachate from waste. The 

fluid flow mechanism is also due to the 

influence of gravity, as it is in the direction 

of the topographic slope of the study site. 

At higher topography, the potential value 

tends to be greater than at lower 

topography. The nature of the fluid flows 

from a high place to a lower place. 

 

 

 

 

 

 

Figure 6. Graph of potential values at each line of 

the second location. 

 

 

 

Figure 7. Isopotential contour map of the second location. 
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(a) 

 
(b) 

Figure 8. Isopotential and leachate flow contour maps; (a) first location, (b) second location. 

 

The isopotential map and leachate flow 

direction at the research location can be 

seen in Figure 8. The qualitative 

interpretation shows that a black arrow 

indicates the direction of fluid and leachate 

flow with a direction perpendicular to the 

equipotential plane (Rosid et al., 2012). 

This flow direction results from the 

difference in potential values as the fluid 

moves from high potential to low potential. 

Lower potential values are interpreted as 

groundwater that is thought to have been 

contaminated by leachate. Leachate has a 

relatively lower potential value because it 

contains metal minerals, so the resistivity 

value and potential value of leachate 

become very small. The negative potential 

value in the measurement area is suspected 

to be leachate. Leachate flow generally 

originates from rainwater seepage on waste 

piles which then spreads to the area around 

the landfill. The interpretation results show 

that leachate accumulation from the landfill 

in the first location has a potential value of 

-19.62 mV to -13 mV, and in the second 

location, has a potential value of -55.50 mV 

to -36 mV. 

 

Fluid flow is affected by electrochemical 

potential and electrokinetic potential. The 

movement of electrolytes in leachate water 

is expected to cause electrochemical 

potential. The potential value in the 

leachate area is more negative than in the 

area that is not contaminated by leachate. 

Background potentials create electro-

chemical processes in the leachate stream 

so that it can cause anomalous potential 

values at the identified research location to 

be more negative. The influence of 
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electrokinetic potential shows that the 

accumulation of negative values tends to be 

at a lower topography. It is due to the nature 

of fluid flow that flows from a higher place 

to a lower place.  

 

The natural potential values at the first and 

second research locations differ 

significantly. In the first location, the 

distribution of potential values is more 

varied, allegedly due to activities in 

residential areas and the slope of the land 

tends towards the landfill. In the second 

location, the distribution of potential values 

is more negative, up to -55.5 mV, 

presumably due to the influence of leachate 

water flow caused by the slope of the land 

and by the flow of ditches originating from 

the landfill (Bavitra, 2018). 

 

Fluid flow is also closely related to the 

topographic conditions of the research 

location. The landfill with a pile of garbage 

is at a lower elevation than the surrounding 

area. It is because the load coming from the 

pile of waste at the landfill location will 

cause a decrease in the ground surface. The 

fluid flow tends to follow the slope 

direction with a lower elevation due to the 

influence of gravity. This condition will 

affect the direction of leachate flow at the 

research location. When it rains, the 

leachate that is carried away will flow in the 

direction of the land slope. It causes 

leachate to be carried away and collected at 

locations with lower elevations. The 

measured potential value is dominantly 

lower at points with lower elevation. It is 

due to the influence of leachate transported 

by the fluid flow in the second location. The 

fluid flow direction around the residential 

area in the first location was identified as 

flowing toward the landfill area.   

Conclusion 

The distribution of potential values at the 

first location is -19.62 mV to 8.44 mV, and 

the potential value at the second location is 

-55.50 mV to 23.26 mV. The interpretation 

results show that the accumulation of 

leachate from the landfill in the first 

location has a potential value of -19.62 mV 

to -13 mV, and in the second location has a 

value of -55.50 mV to -36 mV. Based on 

the isopotential contour map, leachate 

accumulation in the first location is thought 

to be in the north to northeast part of the 

landfill, while in the second location, it is 

thought to be in the southwest to the west 

part of the landfill.   
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