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Abstract: A direct current electrical resistivity survey using the Vertical Electrical Sounding (VES) 
and Werner profiling techniques was used to investigate structurally, the presence of plume around a 
central septic tank in Ota, Southwestern Nigeria. The geoelectrical interpretation and the inverted 2-D 
resistivity data revealed three subsurface layers: the topsoil, lateritic clay and sand. The lateritic clay 
and sand zones constitute the major aquifer units in the study area. Topsoil resistivity and thickness 
ranges from 4.2 – 2165.2 ohm-m and 0.2m – 0.8m i.e (0.66ft-2.64ft) respectively. The lateritic clay 
resistivities vary from 9.2 – 2033.8ohm-m while its thickness ranges from 3.6m – 8.0m i.e (11.88ft-
26.4ft). The resistivity of the sand zones ranges from 28.7 – 2618.5ohm-m and the thickness vary from 
1.3m – 35.4m (4.29ft-116.82ft). The thickness of the overburden is 5.0m. The 2-Dimensional 
resistivity structures show that zones with low resistivities of (< 35 ohm-m) which indicate leachate 
saturation are not present in the study area. This study showed that leachate does not exist outside the 
septic tank and therefore do not pose as treat to groundwater in the study location. 
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INTRODUCTION 

 
Given the increasing demand for fresh water resources there is a growing concern about the degradation of 

groundwater quality due to anthropogenic inputs in the environment. Large volumes of potentially hazardous 
fluids are stored worldwide in surface and subsurface containers. These subsurface ranges from highly toxic 
industrial wastes to common agricultural waste and domestic sewage. Leakages from vessels pose great threat 
on the quality of valuable groundwater Andrew et al, (1997). Subsurface sewage disposal systems are the largest 
sources of wastewater to the ground, and are the most frequently reported cases of groundwater contamination 
(Miller, 1980). The likelihood of groundwater contamination by these systems is greatest where septic systems 
are closely spaced as in subdivided tracts in suburban areas and in areas where the bedrock is covered by little or 
no soil (Dorothea, 1991). Characterizing and monitoring of underground conditions and the location of 
subsurface contaminants is a challenging and costly endeavor. Many sensors and non-invasive geophysical 
measurement techniques have been developed to interpret the nature of the subsurface without disturbing it. 
Each of these sensors and techniques has its application and limitations. Sensors and non-invasive measurement 
techniques developed for other purposes have been used for site characterization, monitoring, and remediation 
with varying degrees of success. Applying these sensors and techniques under real world conditions, where the 
extent and location of contaminants are largely unknown, is often expensive because their use is usually labor 
intensive and requires drilling closely spaced boreholes to adequately define contaminated areas (Barker, 1989). 

Groundwater is of major importance to civilization since it is the largest reserve of potable water in regions 
where humans live. The health and well being of the population depends on abundance and adequate supply of 
these natural resources (Alile et al, 2009). 

Electrical Resistance Tomography (ERT) for Subsurface Imaging is a geophysical imaging technique that 
measures electrical resistivity in soil and rock. This technology can be used to obtain "snapshot" images of 
relatively static subsurface conditions for site screening or characterization. It can also be used to obtain a series 
of images showing the relatively rapid changes caused during environmental remediation. The ability to look at 
differences in resistivity over time eliminates many sources of resistivity that remain constant during 
remediation and allows selective imaging of the changes occurring during remediation. Remediation processes, 
such as those using subsurface heating or steam injection, can cause rapid temperature and liquid saturation 
changes that immediately affect electrical resistivity. Any natural or remedial process that affects electrical 
resistivity can readily be measured by ERT, and the results can be used to guide remediation efforts. The two- or 
three-dimensional images of the subsurface can have a scale of feet or many thousands of feet depending upon 
the configuration and spacing of electrode arrays. 

An ERT for Subsurface Imaging data acquisition system acquires a series of voltage and current 
measurements from surface electrode arrays or electrode arrays emplaced underground. The electrode arrays 
consist of electrode dipoles that communicate with other dipoles. The electrode dipoles are fastened at regular 
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intervals to a supporting shaft or string. The electrode arrays can be spaced very close to each other or hundreds 
of feet apart, depending upon the resolution needed. 

ERT works well in both the unsaturated and saturated subsurface zones. The extensive data resulting from 
measurements taken between the electrode arrays are processed to produce electrical resistivity tomography 
using state-of-the-art inversion algorithms. These calculated tomography show spatial variations in electrical 
resistivity. The tomography show the location and shape of electrical resistivity zones on a computer monitor, 
and those visual images can be used as a guide for focusing more detailed characterization and monitoring 
evaluations. (Innovative Technology, 2000; Moreau et al, 2003) . 

A typical septic-tank system consists of two parts, the tank itself and field lines installed into an absorption 
field. If the tank is properly constructed, only wastewater will flow through the field lines. Field lines generally 
are installed in trenches dug into soils having a minimum thickness of 3 feet, where the bottom of the trench is 
underlain by at least 2 feet of soil above the water table or fissured bedrock (Dorothea, 1991). 

 

 
Fig. 1: One of the septic tanks in the study area 

 
Waste that is not decomposed by the anaerobic digestion eventually has to be removed from the septic tank, 

or else the septic tank Fig. 1, fills up and undecomposed wastewater discharges directly to the drainage field. 
Not only is this bad for the environment but, if the sludge overflows the septic tank into the leach field, it may 
clog the leach field piping or decrease the soil porosity itself, requiring expensive repairs. 

Septic tanks naturally produces gases (caused by bacteria breaking down the organic material in the 
wastewater), and these gases don't smell good. As new water enters the tank, it displaces the water that's already 
there. This water flows out of the septic tank and into a drain field. A drain field is made of perforated pipes 
buried in trenches filled with gravel.  
 
The Study Area Sewage System: 

The study area is a full residential area with a population of more than 7,000 people. An integrated system 
of boreholes and distribution networks ensures efficient water supply around the area. Water run-off from the 
study area and generally flow into the nearby Iju River (Shalom et al, 2011). The study area sewage disposal 
system Fig. 2, is well networked from all of the buildings in the study area to a central septic system which is at 
the out skirt of the study area. The Sewage Treatment Plant in the study area. The Sewage is discharged into 2 
anaerobic septic tanks and the treated effluent is discharged into a canal which empties into the Iju River.  

 

 
Fig. 2: One of the secondary sewage discharge system (drain field) located in the study area 
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Location, Access and Geology:  
The study area Fig.3 is located within latitudes 3.162E to 3.151E and longitudes 6.671N to 6.673N. It lies to 

the southeast of Ogun State. The study area is within the sedimentary terrain of southwestern Nigeria. Though 
Ogun state as a whole is a mix of sedimentary and basement terrain (Precambrian). 
 
Hydrogeology, Physiographic and Climate: 

The physiographic features of the area are characterized by hills, river valleys, and lowlands. The 
topographical elevations are about 53m above mean sea level. The area is drained by the Iju River and its 
tributaries. The drainage pattern is dendritic. The climate is tropical, typical of the sub-equatorial belt of the 
southwestern Nigeria, with average annual rainfall between 1000-2000mm and an average monthly temperature 
that ranges from 23°C in July to 32°C in February.  

 

 
 

Fig. 3: Aerial view of the study area showing the location of the septic tank. 
 

Theory: 
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 the current and potential electrodes. Where the earth is not homogeneous and isotropic, this estimate 
is called the apparent resistivity, which is an average of the true resistivity in the measured section of the earth. 

The fundamental theory behind the resistivity method is well expounded (Maillet, 1947) and the theory has 
been adequately covered Keller and Frischknecht (1966), Grant and West (1965), and Bhattacharya and Partra 
(1968). The Maxwell’s equation for earth materials having dielectric and magnetic properties is given below 
Feynman et al. (1965). 
 

              (1) 

                 (2) 

              (3) 

              (4) 

Where H = magnetic field strength. 
 

  H=  

The equation of continuity is obtained by taking the divergence of equation 1 

i.e  

But the divergence of a curl is zero, hence 
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Therefore,              (5) 

This is so because the order of derivatives with respect to co-ordinate and time can be reversed. Substituting 
equation 4 into equation 5 we have 

              (6) 

The resistivity method operates in the absence of a field of induction and is based on observations of an 
electric field maintained by direct current.  

However, for source free regions of the earth, equation (2) and (6) become: 
                                       (7) 

                                       (8) 

Equation (7) suggests that the electric field strength may be expressed as the gradient of a scalar potential 
(v): 

                           (9) 

However, Ohm’s law provides the relationship between E and J and it states that the current density is 
proportional to the electric field strength: 

                                (10) 

This proportionality constant is called conductivity. 
It must be noted that for an isotropic medium, the conductivity will be a scalar quantity so that J and E will 

be in the same direction. In general, J and E are not in the same direction because conduction might be easier in 
one direction rather than another. Such a medium is said to be anisotropic and the conductivity is a tensor of 
second rank, the subscripts i, j and k may be any of the x, y or z spatial directions in a rectangular co-ordinate 
system. Ohm’s law becomes:  

EJ rj         or, more fully:                                                                             
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Combining equations (8), (9) and (10) gives a differential equation which is basis of all resistivity 

prospecting with direct current:  

rj  = 0            (12) 

In this isotropic case where the conductivity at a point in the ground is independent of direction, equation 
(11) reduces to Laplace’s equation: 

2 V = 0                       (13) 

Solution to equation (11) and (12) may be developed for a particular model of the earth by selecting a co-
ordinate system to match the geometry of the model and by imposing appropriate boundary conditions. 

Where B = Magnetic flux density, t = time, µ0 = Permeability of free space, P = Polarization, M = 
Magnetization, Q = electric charge density, J = Current density, E = Electric field strength, D = Electric 
displacement = 0 E + P, and 0 = Permittivity of free space 

 
Methodology: 

In this research work, the 1-D and 2-D Resistivity methods were used because it responds favourably to 
measurable parameters that can easily distinguish the aquifer from other formations. The conductivity 
(resistivity reciprocal) variations of formations will enable one delineate different layers using the PASI Earth 
Resistivity Meter. Electrical resistivity varies with rock or sediment type, porosity and the quality and quantity 
of water is a fundamental property of earth materials. Electricity can be conducted in the earth electrolytically 
by interstitial fluids (usually water) and electronically by certain materials, such as clay minerals, by cation 
exchange. As a result, poorer quality ground water (that is water with higher concentrations of dissolved solids) 
or sediments with higher clay content are usually more conductive (Zohdy, 1989). 

Seven Schlumberger vertical electrical soundings (VES) measurements were conducted with maximum 
electrode spacing (AB/2) of 120 m. VES 1- 5 were carried out along transverse 1, located on a margin beside the 
septic tanks downwards. The remaining two (6-7) were located immediately outside the area to observe any 
migration of the leachate outside the perimeter. The VES points were separated by 5 m intervals. Field 
resistivity structures of sounding data were determined by the software, WinRes. A 2 – dimensional survey was 
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conducted upto 180m in the traverse beside the tanks and was interpreted using DIPROWIN software. Table 1 
shows the layer models, their true resistivities, thicknesses, depths and lithology obtained from the results of the 
inversion of the observed apparent resistivity values.  

 
Results, Interpretation And Discussion: 

The results obtained from the interpretation of the field data showed three lithologic units. These units are 
the top soil, sand and lateritic clay. For VES 1-5 which was carried out along transverse 1, the thickness of the 
layers along this transverse is between 0.2m and 35.4m and the resistivity is between 4.2 Ωm and 2618.5 Ωm. 
The main aquifers are located between 13.5m and 39.2m. The thickness of the overburden is 2.6m.  

VES 5 shows that the area around the septic tank is characterized by relatively low resistivity values of 
between 4.2 – 62.8ohm-m and between 4.2 – 9 ohm-m for the topsoil and the second layer respectively. Due to 
the low resistivity values observed for both the topsoil and the second layer, it is suspected that leachate have 
migrated possibly from leaks on surface pipes connecting to the septic tank and the leachate has migrated 
vertically downward from the topsoil into the second layer through to the third layer. 

 
Table 1: Summary of resistivity value, layer thickness and lithology. 

VES Layer Resistivity 
(Ωm) 

Thickness 
(m) 

Depth 
(m) 

Lithology 

1 1 2165.2 0.5 0.5 Top Soil 
 2 644.2 1.3 1.9 Sand 
 3 1042.5 2.0 3.8 Lateritic clay 
 4 2618.5 35.4 39.2 Sand 
 5 230.7    
2 1 55.2 0.8 0.8 Top Soil 
 2 88.2 2.6 3.4 Lateritic clay 
 3 770.5 10.0 13.5 Sand 
 4 28.7   Sand 
3 1 63.3 0.7 0.7 Top Soil 
 2 597.8 3.4 4.0 Lateritic clay 
 3 364.1 8.0 12.1 Lateritic clay 
 4 61.6   Sand 
4 1 59.9 0.5 0.5 Top Soil 
 2 586.8 2.0 2.6 Lateritic clay 
 3 879.7 4.9 7.4 Sand 
 4 130.4    
5 1 4.2 0.2 0.2 Top Soil 
 2 9.2 5.0 5.3 Lateritic clay 
 3 62.8 17.4 22.7 Sand 
 4 8.4    
6 1 40.9 0.6 0.6 Top Soil 
 2 477.4 1.6 2.2 Top Soil 
 3 2033.8 3.6 5.8 Lateritic clay 
 4 130.0   Sand 
7 1 41.3 0.5 0.5 Top Soil 
 2 82.0 4.0 4.5 Lateritic clay 
 3 565.9 10.8 15.3 Sand 
 4 66.7   Sand 

 
 However, from the study area, a visual inspection due to the shallowness of the depth was done around the 

supposed VES 5 area and no physical trace of leachate was found there. For VES 6, there are three lithologic 
units comprising of top soil, sand and lateritic clay. The layers have thicknesses between 0.6m and 3.6m, while 
their resistivity ranges between 40.9 Ωm and 2033.8 Ωm. There are three lithologic units in VES7; comprising 
of top soil, sand and lateritic clay. The layers have thickness between 0.5m and 10.8m. The resistivity ranges 
between 41.3 Ωm and 565.9 Ωm. the main aquifer is located at 15.3m. The thickness of the overburden is 5.0 m. 
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Fig. 7: Inverse model of Ves1 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8: Inverse model of VES2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 9: Inverse model of VES 3 
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Fig. 10: Inverse model of VES4 
 

 
 

Fig. 11: Inverse model of VES5 
 

 
 

Fig. 12: Inverse model of VES6 
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Fig. 13: Inverse model of VES7 
 

 
 
Fig. 14: 2-D Resistivity Structure and Geoelectric Section along Traverse 1 
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The 2-D resistivity structure describes 3 layers; the top soil, the lateritic clay and sand. The topsoil is 
characterized with greenish, yellow and reddish color bands. For an indication of leachate saturation, we would 
be looking for low resistivity <35 Ωm which is indicated by the light and dark blue color and this is not present 
in our 2-D resistivity structure.  
 
Conclusions: 

In conclusion, the electrical resistivity method using the Schlumberger Vertical Electrical Sounding (VES) 
and wenner profiling techniques have been used to investigate the presence of leachate and contaminant plume 
around a central septic tank in Ota, Southwestern Nigeria. Both the VES and the 2-D resistivity structures 
delineated three subsurface geoelectric layers. These are the topsoil, the lateritic clay and the sand region. The 
lateritic clay and the sand region from both the geoelectric sections and the 2-D resistivity structures constitute 
the major aquifer units. The thickness of the overburden was found to be 5.0m. It was also observed that there is 
no presence of leachate or contaminant plume outside the septic tank. 
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