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Abstract. From years to years, the usage of electrical resistivity imaging (ERI) method 

dominated by geophysicist has increased tremendously in the application of geotechnical 

engineering owing to the effectiveness of the method in term of time, cost and also data coverage. 

The forensic assessment performed with respect to the particular reference to ERI in assessing 

the landfills leachate at Simpang Renggam, Malaysia. There were two lines of ERI performed at 

the study area using ABEM Terrameter LS 2 set of equipment based on Schlumberger protocol. 

Furthermore, the analysis made based on the electrical resistivity anomaly managed to detect the 

presence of chemical contaminants in the soil with particular reference to the chemicals 

resistivity values which was associated to low resistivity anomaly. Besides, the heterogeneous 

of the subsurface material presented in the paper by using integrated ERI analysis enabled 

forensic assessment of the leachate. The leachate from the landfills was believed to occur owing 

to the failure of the systems in accommodating and treating the waste which became worst with 

the present of heavy rainfall. In retrospect, the ERI result was applicable to be adopted in 

detecting the leachate and thus can assist the authority in taking immediate measure to prevent 

the frequent water disruptions at the study area. 

1.  Introduction 

Over the past few years, the consequences and frequency related to the human activities and natural 

event around the whole world has increased rapidly with continuous trend. In engineering, forensic 

assessment is the investigation of structures, products, materials or breakdown components which may 

lead to property damage and cause injury [1]. As were already known, forensic engineering in 

geotechnical field is growing in most of the countries where the soil failures may lead to criminal action 

and even litigation [1, 2]. Related to the study, in most of the cases, some countries may have different 

soils but similar patterns of rainfall or some countries may have different rainfall but similar soils [3]. 

As stated by [4, 5], the main source of environmental problems is from the development of residential 

areas which resulted to the high production of domestic waste through daily activities. Lack of 

systematically efficient systems in developing countries to prevent the solid waste disposal problem 

leading to the open dumping areas which were considered as a cost-effective and speedy solution. The 

soil, surface water and lastly to the groundwater which are the areas normally surrounding the waste 

disposal sites will be polluted through the open dumping activities [4, 6]. 

The next point that need to be highlighted is solid waste are the production of the daily basis as a 

result of unescapable human activities. The increment volume of solid waste all over the world despite 

of current level of industrialization and global technological advancement occurred owing to the 
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intensity of human’s activities. Dumpsite or landfill acts as the important recipient of municipal solid 

waste. Theoretically, it is a common waste management employed by most of the nations in any parts 

of the world [7, 8]. Besides, the waste dump in this process causes a variety of public health and aesthetic 

problems which will also attracts rodents, insects and various disease vectors [7, 9, 10]. In this dumping 

process, the solid waste undergoes slow, anaerobic decomposition over a period of time and generate 

large amount of leachate with decomposing products such as heavy metals, leachate, landfill gas and 

varieties of hazardous contaminants which may seep into underground aquifers from the landfill site 

thus polluting the urban water resources [7, 11]. 

Based on [4] leachate is delineated as any liquid that is contaminated or wastewater which is 

produced from rain water percolating through accumulating contaminants, solid waste materials and 

moving into subsurface and surrounding areas. Owing to the presence of dissolved salts and has higher 

conductivity, leachate is formed which is in the liquid state from the decomposed waste [7]. Moreover, 

as stated by [12], leachate is an influence of surface run-off, precipitation and intrusion or infiltration of 

groundwater percolating through the landfill, inherent water content of wastes and biochemical 

processes in wastes cells themselves which is produced when liquid or water comes into contact with 

the wastes. The landfill leachate is a serious issue pointed out due to the continuous inflow of the leachate 

into subsurface materials [13]. Next, [13] also stated that the process of diffusion of the leachate occurs 

quickly and is extensive due to the increasing value in the groundwater flux following the heavy rain. 

On the other side of discussion, the landfill leachate possibly results in a groundwater contamination 

and the supply of surface water which can affects human health when migrating into neighbouring lands 

and waters occurring from the landfill [12]. 

Additionally, when dealing with the leachate analysis, certain number of complicated factors should 

be taken into account such as solid waste composition, operation of the landfill, age of the waste, 

hydrogeological conditions in vicinity of the site, temperature, moisture content, rate of the water 

movement through the waste, biological activities, landfill chemicals and seasonal weather variations 

which varies for four seasons country [12], [14-17]. The method of treatment and characterisation of 

landfill leachate have been developed for the past 40 years [7, 12], [18-21] and various techniques can 

be applied to describe the properties of the landfill, regional contamination from offsite seepage or 

leachate circulation [22]. 

Compare to groundwater resistivity, the leachate electrical resistivity is much lower and 

contaminants and pollutants released into the environment barely remains at the point of discharge. Most 

of them are transported via the porous media by four mechanisms such as molecular diffusion, 

advection, adsorption and mechanical dispersion [22-23]. Adsorption which determine the chemicals 

contribution in the soil water environment and affect the fate of chemicals in soils is one of the most 

influential transport mechanisms [22, 24]. The groundwater was polluted owing to the infiltration of 

contaminants and percolation of fluvial water via the soil in waste disposal sites [22, 25] where the 

leachate of the landfill is associated with high ion concentrations which resulted to low value of 

resistivity of the rock formations containing them [22, 26]. Electromagnetic and electric geophysical 

methods such as ERI have been broadly used for investigating and exploring various works especially 

in investigating the groundwater [7, 28], geological [19, 29-31] and environmental features [32, 33-36]  

Therefore, geoelectrical techniques or mostly known as geophysical methods are the most suitable for 

mapping the leachate contamination around the landfills [22, 27]. 

Geophysical methods play an important role in finding the hidden subsurface of a soil accurately and 

adequately without bore holing or drilling [37]. This method proves the fact that the electrical resistivity 

(reciprocal of electrical conductivity) of the landfill leachate is much lower than that of a clean 

groundwater by which small changes are detectable owing to the high data resolution [38-40] and 

variations in ERI may demonstrate changes in composition contaminant or layer levels [41]. ERI or 

Electrical resistivity tomography (ERT) is recognized [43] to be one of the best tool for site 

characterization at disposal site owing to the pollutant of the leachate which are rich in soluble ions that 

will facilitate the flow of an electrical current hence lowering the resistivity of the medium [44]. Last 

but not least, geophysical investigation offers a faster, cheaper [42] and has the ability to cover greater 
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areas more thoroughly [45-46] by getting credible and detailed information about the subsurface [42]. 

Various researchers from all over the world especially in geophysics and geotechnical field have 

exposed that the integration of geotechnical data and geophysical survey can provide a useful data and 

interpretation for subsurface profile characterization [47-50]. Hence, a forensic assessment is conducted 

on landfills by ERI at Simpang Renggam in Johor, Malaysia. Basically, this study was conducted aiming 

to bestow to those related parties on the good anticipation of ERI as an alternative method in forensic 

leachate of the landfill investigations and exploration. 

2.  Methodology 

The ERI method is classified into the group of geoelectrical methods commonly used in geophysical 

engineering which measures the differences in electrical resistivity of the ground [17, 52-54].ERI 

method was chosen in this research owing to the abilities of the leachate ions to facilitate the current 

movement in the medium. The study involves three phases which are through desk study, field 

measurement and data processing. Desk study starts with gathering necessary information and data 

regarding the study area thru maps and journals in order to obtain early information such as topography, 

geology of the sites, etc. in global and localize scale as presented in subsection 2.1. Later, the field 

measurement was conducted by using ERI and finally raw data from the field measurement was 

analyzed and processed by using RES2DINV software as illustrated in subsection 2.2. In this method, 

subsurface potentials that was measured owing to the passage of direct current are utilized in calculating 

the apparent resistivity and later applied as inputs in inverse modeling to construct a subsurface true 

resistivity model [51]. It is more accurate when the 2D model of the subsurface having the resistivity 

changes in the vertical direction along the survey line [55] and the 2D measurements via ERI should be 

taken along profiles in chronological order [48]. 

2.1.  Study area and geologic setting 

The study area was located at Simpang Renggam landfill site which was located in Simpang Renggam, 

Kluang, Johor, with the coordinate of 1°53'41"N, 103°22'35"E as shown in Figure 1. The location of the 

study area is about two kilometres away from Simpang Renggam town. With a total of six hectares in 

size, the landfill receives 400-500 tonnes of wet solid wastes per day which is from three different areas 

such as Simpang Renggam, Batu Pahat and Kluang. Based on the previous research conducted by the 

othe researchers, it was claimed that the leachate at the landfill is severe and disturbed the nearest river 

which became the sources of water supply to the residents of Simpang Renggam. 

 

 

Figure 1. Study area 
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2.2.  Equipment 

The ERI equipment consists of three main components such as record, inducer and source [1]. The ERI 

source was set up by using a DC battery of 12 volt. A 61 of steel electrode was used as a current inducer 

and ABEM Terrameter LS 2 was used to record and plot the apparent resistivity value and finally the 

raw data obtained from the field measurement was analysed and clarified by using RES2DINV software. 

2.3.  Data acquisition and processing 

By using ABEM Terrameter LS 2 equipment set, the ERI was conducted with a total number of two (2) 

spread lines of ERI survey were conducted (Resistivity Line, RL1 and Resistivity Line 2, RL2) at the 

study area as shown in Figure 2. The test configuration of the equipment was conducted based on the 

Schlumberger array by using four (4) resistivity cables, sixty one (61) numbers of electrode and sixty 

four (64) numbers of jumper cable. Electrode spacing and total electrical survey length are illustrated in 

Table 1. The field arrangement of the ERI was illustrated in Figure 3. Besides, the Schlumberger array 

was used during the data acquisition owing to the ability of the protocol to provide dense near-surface 

data of the resistivity. 

Table 1. Electrode spacing and total electrical resistivity length 

Resistivity Cable Electrode Spacing 

(m) 

Takeout Number Total Length (m) 

Cable 1 (C1) 5.0 20 100 

Cable 2 (C2) 2.5 20 50 

Cable 3 (C3) 2.5 20 50 

Cable 4 (C4) 5.0 20 100 

Total ERI Length (m) 300 

 
Figure 2. Entire location of resistivity lines (spread lines) conducted at Simpang Renggam Landfill, 

Johor. 

As exposed by [57], the Schlumberger array can give a clear image and can provide a good vertical 

resolution which is suitable to be used to detect the leachate of the landfill. Additionally, raw data 

obtained from the data acquisition were being processed by using commercialize RES2DINV software 
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of [51] to present an inverse model that closely shown the actual subsurface structure. From the input 

resistivity data which is by using the inversion code of RES2DINV, the 2D inverse resistivity models 

of the subsurface was obtained and the RES2DINV can automatically determines the 2D resistivity 

models from the resistivity data input by using smoothness constrained least squares method [53-57]. 

Figure 2 shows the location of the entire resistivity lines (spread lines) conducted at Simpang Renggam 

landfill, Johor. 

 
Figure 3. Four cables configuration of field arrangement in electrical resistivity imaging (ERI). 

3.  Results and Discussions 

A total of two (2) resistivity spread lines were modelled by using RES2DINV software as shown in 

Figure 2. At the study area, the lines are randomly located occupying the side part of the landfill as well 

as certain part of the nearest oil palm plantation. The interpretation of the inverse resistivity models are 

basically based on the resistivity values of the mixture between leachate with clay, clayey sand and 

sandy clay experimentally measured by previous researcher in a small scale laboratory studies. 

Generally, the range of resistivity values observed and recorded in both of the of the inverse models 

differ from 1.0 Ωm to about 120 Ωm which describe the contaminated (less than  10 Ωm) or 

uncontaminated (more than 10 Ωm) soil and groundwater from the surface to a maximum depth 

approximately about 34 m in the ground. 

Basically, the resistivity distributions can be grouped into three (3) different major zones interrelated 

with high resistivity values which is between 50 Ωm to 100 Ωm that represent the decomposed waste 

or waste pile covered with soil at the depth of 0-2.5 m. Noted that, in the areas that is away from the 

landfill which is at resistivity line 2 (RL2) located in the palm oil plantation, the high resistivity top 

layer can be correlated to the dry soil situated above the water table. Next, a zone with much lower 

resistivity value was observed with a range of value of 1 Ωm to 10 Ωm at a depth of 0-5 m below the 

surface coincide to sandy clay and clay soils based on [53]. 

Figure 4 and Figure 6 shows the inverse model of resistivity of RL 1 and RL 2 respectively which is 

in sync with the graph of resistivity (Ωm) versus distance (m) at a certain depth of 0.5 m, 4.5 m, 2.5m, 

4.0 m and 5.0 m as shown in Figure 5 and Figure 7 respectively. The dotted line in Figure 4 and Figure 

6 represents the depth of the study for the leachate at the landfill which is starting from 0.5 m until 5.0 

m depth. Besides, high leachate contents is always described by a much lower resistivity values as stated 

by previous researcher which is lower than 10 Ωm. Therefore, the high concentrated leachate zone could 

barely detected in the inverse model from both of the survey lines conducted in clay areas where both 

the leachate and clay have quite similarity in resistivity values. Based on the resistivity value obtained 

in RES2DINV along RL1, it can be observed that there is a presence of the leachate with resistivity 

values around 2-9.5 Ωm in resistivity models of profiles RL1 measured across some parts of the active 

landfill towards the southwest borders of the oil palm plantation. The leachate was detected at a distance 

of 86.0 m to 91.0 m and at the depth of 1.5 m to 4.0 m. Figure 5 shows the resistivity value plotted 
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against the distance of the ERI survey by taking the depth of exploration into consideration for RL1. 

The graph (Figure 5) was correlated with the inverse model plotted with RES2DINV software as shown 

in Figure 4. 

 
Figure 4. The inverse model of resistivity for Resistivity Line 1 (RL 1). 

 

 

Figure 5. Graph of resistivity (Ωm) versus distance (m) at a certain depth of 0.5 m, 4.5 m, 2.5m, 4.0 m 

and 5.0 m for Resistivity Line 1 (RL 1). 

 

One line (RL2) of resistivity imaging was carried out outside of the landfill area which is situated in 

the oil palm plantation. Based on the resistivity value obtained in RES2DINV along RL2, it can be 

observed that there is a presence of the leachate with resistivity values around 1.5-9.5 Ωm in resistivity 

models of profiles RL2 measured across outside of the active landfill towards the northeast borders of 

the landfills. The leachate was detected at a distance of 87.0 m to 89.0 m and at the depth of 1.5 m to 

5.0 m. RL2 was carried out near the drainage which the water from the landfill was discharge. Figure 6 

shows the leachate that was detected in the inverse model of the resistivity of RL2. Figure 7 shows the 

resistivity value plotted against the distance of the ERI survey by taking the depth of exploration into 

consideration for RL2. The graph (Figure 7) was correlated with the inverse model plotted with 

RES2DINV software as shown in Figure 6. 
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Figure 6. The inverse model of resistivity for Resistivity Line 2 (RL 2). 

 

 
Figure 7. Graph of resistivity (Ωm) versus distance (m) at a certain depth of 0.5 m, 4.5 m, 2.5m, 4.0 m 

and 5.0 m for Resistivity Line 2 (RL 2). 

4.  Conclusions 

The 2D electrical resistivity imaging conducted at Simpang Renggam, Johor managed to prove the 

existing and the leachate movement from the landfill into the surrounding of soil and water. Based on 

the analysis conducted the leachate also affected the nearby oil palm plantation which was situated 

southwest of the landfills area. Generally, the maximum leachate infiltration was detected at 1.5 to 4.0 

m depth vertically below the surface of the soil and 80 m laterally away from it. From 1 to 10 Ωm of the 

resistivity values observed which described the most contaminated zone in both of the inverse model of 

resistivity (RL1 and RL2). Finally, by detecting the presence of the leachate under the ground, it can be 

confirmed that the ERI technique or 2D electrical resistivity imaging is among the effective technique 

for detecting the presence of the leachate. 
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