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ABSTRACT 

In the geophysical investigation of the groundwater contamination around a dumpsite in 
Ikot Ekpene, the vertical electrical sounding (VES) method was used to investigate the 
groundwater quality in the area. The study area is located along the Cardinal Ekanem 
Avenue in Ikot Ekpene, 20m from Ikot Ekpene club house and delineated between latitude 
5010’N and 5014’N and longitude 7040’E and 70 45’E. The study is aimed at determining 
the presence of any contamination of the groundwater as well as assessing the extent of 
contamination with distant from the site. Ten vertical electrical soundings using the 
schlumberger array configuration was obtained using the Abem Terranmeter SAS1000. The 
profile line of length 150m placed at a specific distance close to the dumpsite had a 
minimum electrode spacing of 10.0m. The resistivities, thickness and depth to bottom 
showed a very low value of 35.4m in VES 1 at a depth of about 3.2m. In VES 2, 4, 5, 8 
and 9, a high resistivity ranging from 1304.5 to 4657.7m in the first layer with thickness 
ranging from 30.9-2.6 was noticed. The second layer also had high resistivity values 
ranging from 1032.9 to 4934.3m with thickness ranging from 3.9 to 10.2m. The resistivity 
of the third layer in most of the VES was also high with thickness ranging from 13.8 to 
6.9.6m. These layers were predominantly sands. In the fourth layer of the VES 2,3,4,5,8 
and 9, the resistivity ranged from 423.8 to 963.9m which is lower than the resistivities of 
the upper layers due to possible saturation. This layer is the probable aquifer at the 
average depth of 50 to 65m. The groundwater in the areas around the dumpsite have not 
yet been contaminated but a good drinking water is still available at the depth of 65m.    
Keywords: Vertical Electrical Sounding, Dumpsite, Abem Terraneter, Electrode Spacing, 
Aquifer, Groundwater.  

 
INTRODUCTION  
Groundwater is understood to mean water in the saturated voids in rock formations is the subsurface. The 
source of groundwater is mainly from precipitation of the atmospheric moisture which has percolated down 
into the soil and subsoil layers (Ward, 1975). It is available only when the rocks in the zone of saturation are 
permeable enough to transmit sufficient water to wells, springs or streams.  
It is naturally expected that areas close to a dumpsite would be directly affected by the influence of the 
waste, thereby constituting environmental problems and health hazards, and in many cases, groundwater 
contamination. Ikot Ekpene is a part of the state where development groundwater in the vicinity of the 
dumpsite can be contaminated by leachate from the waste deposited (Bernstone and Dahlin, 1996). Without 
suitable treatment, such wastes become a source of contamination of the environment at large, leading to air, 
water and environmental pollutions (Bell, 2005). Portable water is an essential ingredient for good health, 
and socio-economic development of man. Therefore, any factor threatening its purity must be eliminated 
because consumption of contaminated or polluted water could lead to water-borne disease (Mathias, et al; 
1994). With recent technological, development groundwater is the choice for domestic and industrial use. A 
better knowledge of the aquifer formation and characteristics (confine or unconfined) in the study area is 
important to ascertain whether the aquifer is prone to contamination or not.  
The electrical resistivity method has now been developed in its field  procedure to the extent that resolute 
imaging of the subsurface could be obtained over a large area, making it gain widespread application in the 
survey of waste sites (Dahlind and Zhou, 2002).  
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High conductivity usually associated with contaminants due to high ionic concentration of different elements 
in the decomposing waste thereby constituting low resistivity, make resistivity method very suitable in the 
investigation of contaminant plumes around dumpsites (Rosqvist et al, 2003).  
The electrical resistivity method is used at dumpsites for locating and mapping contaminant plumes, 
establishing direction and rate of flow of contaminant plumes. The method could be used for defining 
natural geohydrologic conditions such as depth to water table or to water bearing horizons, and depth of 
bedrock and thickness of soil (Zohdy, 1964).  
The study area is located along Cardinal Ekanem Avenue in Ikot Ekpene Local Government Area of Akwa 
Ibom State of Nigeria. The site is approximately 20m from Ikot Ekpene club house and delineated between 
latitudes 5010’N and 5014’N and longitudes 7040’E and 7045’E, Figure 1.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Geological Map of Akwa Ibom State   
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GEOLOGY OF THE STUDY AREA  
The study area belongs to the area classified geographically as coastal plain sands known as the Benin 
formation (Mbipom et al, 1996). The Benin formation is composed of loosely consolidated sands and 
gravels with minor intercalations of shales. The sands are poorly sorted, sub-rounded to rounded, medium to 
coarse grained and often pebbly (Olasehinde and Olawuyi, 2013). Etu-Efeoter (1981), stand that the Benin 
formation is predominantly sandy with intercalations of shales which may represent back swamp deposits. 
The formation has a maximum thickness of 2,100m in places. Also, the formation is the uppermost unit of 
the Niger Delta complex and overlies the Agbada formation. The Aquifer characterization are very 
pronounced in terms of permeability, porosity and transmissivity (Driscol, 1999).  
 
INSTRUMENTATION AND METHODOLOGY  
Instrumentation: The equipment used for measuring the resistivity is the ABEM Terrameter SAS (signal 
averaging system) model 1000 and other accessories. Consecutive readings are taken automatically and the 
results are averaged continuously while the continuously running average is presented automatically in the 
display. The Terrameter comprise of a 12 volt D. C. battery. The instrument is designed in such a way that it 
is easily carried from one point to another, it is also versatile and very sensitive. Each electrode has one 
pointed end for easy driving with the hammer into the ground at the respective positions during the survey. 
Two reels of potential and current cables respectively were used for the study. Four tapes were used for 
mapping the survey lines, electrode distances and locations.  
 
METHODOLOGY 
The survey includes a total of ten vertical electrical soundings and one survey profile line. Field work started 
by marking out sounding stations for the vertical electrical sounding (VES) as well as electrode positions in 
the traverses for the profile line. The coordinates of the VES points in the study area are shown on Table 1, 
with the positions of the VES sounding points. A series of resistivity measurements were taken with an 
expanding current electrode separation. The midpoint of the electrode configuration was generally increased. 
A well defined electrical signal current was injected into the ground through the current electrodes. The 
resulting voltage was measured between the potential electrodes. The Terrameter then calculated and 
displayed the quotients ∆V/I, which is the resistance ‘R’ of the earth’s path through which the current 
passed. The geometrical factor for Schlumberger arrangement is 
 
K = 휋 −  
 
Where a is the current electrode separation  
and b is the potential electrode spacing.  
By multiplying the displayed resistance R with K which depends on the electrode separation, the apparent 
resistivity was obtained, (Table 2). This was done for the ten VES stations. The VES field data was 
processed using the Schlumberger Automatic Analysis Software (RESIST). This computer programme 
automatically generates model curves using initial layer parameters and calculated the true parameters of the 
geo-electric section.  
 
RESULTS AND DISCUSSION  
The processing of the vertical electrical sounding (VES) data employed the RESIST which generated the 
interpretation model VES curves as well as calculating the depth to geo-electric layers and their resistivities 
are presented in figures below.  
VES 1 shown in Figure 2, has three geoelectric layers of resistivity variations. A first layer at a depth of 
0.7m has a resistivity of 131.1 Ωm which is underlain by a second layer of resistivity of 35.4 Ω m at a depth 
of 3.2m. the Third layer has a resistivity of  246.0 Ωm at a depth that could not be determined from the 
acquired data. The first layer in interpreted as the top soil. The relatively high resistivity is due to the 
presence of non conducting waste materials which can be confirmed from physical site condition at the 
surface. The second layer is interpreted as a contaminated sand area. The third layer of resistivity of 
247.0Ωm at an undetermined depth is interpreted as a fine sand.  
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Resistivity (Ωm)   Thickness (m)  

131.1    0.7 

35.4    3.2  

247.0    -  

 

 

 

 

 

Figure 2:  Result of VES I showing the model geoelectric sounding curves, the layer 
resistivities and their corresponding thickness.   
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Resistivity (Ωm)   Thickness (m)  

2364.9    1.2 

1051.3    4.9 

6583.8    16.9 

423.8    - 

 

 

 

 

 

Figure 3:  Result of VES 2 showing the model geoelectric sounding curves, the 
layer resistivities and their corresponding thickness.   
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Figure 3 shows the VES 2 with four geoelectric layer curve. The first layer has a resistivity of 2364.9Ωm at 
a depth of a 1.2m. This layer is considered as a top soil with relatively high resistivity due to the presence of 
non conductive organic compound from waste materials as this sounding point is close to dumpsite. The 
second layer has a lower resistivity of 1051.3Ωm at a depth of 4.9m. This layer is interpreted as a fine sand. 
The third layer follows with a sharp increase in resistivity to 6583.8Ωm at a depth of 16.9m. This layer is 
however considered to be an unsaturated formation. But the fourth layer which has low resistivity of 423.8m 
at a depth not determined, indicates possible saturation at that depth.                   
Figure 4 represents the interpreted four sounding curves and geologic section of VES 3. The first layer has a 
higher resistivity of 2551.0Ωm at a thickness of 0.9m. It decreased to 635. 9Ωm at a depth of 5.1m which is 
underlain by a third layer of resistivity 1848.7Ωm higher than that of the second layer. The fourth layer also 
have a low resistivity of 472.1Ωm at an undetermined depth.  
Figure 5 shows the VES 4 with four layer curves. The first layer has a higher resistivity of 4657.Ωm at the 
depth of 2.6m. the second layer is of resistivity of 1032.9Ωm at a depth of 10.4m. This is followed by the 
third layer of higher resistivity of 3711.5Ωm at a depth of 33.9m. The resistivity of the fourth layer is low 
586.3Ωm at an undetermined depth.  
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Resistivity (Ωm)   Thickness (m)  

2551.0    0.9 

635    5.1 

1848.7    26.3 

472.1    -  

 

 

 

 

 

Figure 4:  Result of VES 3 showing the model geoelectric sounding curves, the layer resistivities 
and their corresponding thickness.   
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VES 5 as shown in Figures 6, has a moderately high resistivity of 1574.8Ωm of a depth of 2.0m in 
the first layer. The resitivity dropped to 609.8 Ωm at the depth of 5.3m in the second layer while 
the resistivity increased to 4404.3Ωm at a depth of 69.6m in the third layer. A drop in the resistivity 
to a value of 963.9Ωm was obtained in the fourth layer at an undetermined depth.  
At VES 6 location, Figure 7, a low resistivity of 418.6Ωm was obtained at a depth of 1.7m in the 
first layer. At a depth of 114.0m, the resistivity increased to 1913.0Ωm in the second layer. A low 
resistivity of 392.1Ωm was obtained at an undetermined depth.  
VES 7 is a curve with five layers shown in Figure 8. The first layer has a moderately high 
resistivity of 2467.8Ωm at a depth of 1.8m. The resistivity increased to 4934.2Ωm at a depth of 
3.9m in the second layer. At the third layer, the resistivity decreased to 1438.1Ωm at a depth of 
13.8m. Another increase in resistivity was obtained at the fourth layer with resistivity of 3820.0Ωm 
at a depth of 79.3m while the fifth layer recorded the lowest resistivity of 786.8Ωm at an 
undetermined depth. 
Figure 9 shows the VES 8 with four layer curves. The first layer has a high resistivity of 2996.7Ωm 
at a depth of 1.7m. A low resistivity of 897.2Ωm at a depth of 5.3m was obtained in the second 
layer, which is underlain by a third layer of resistivity of 1726.0Ωm  at a depth of 67.5m higher 
than that of the second layer. Another lower resistivity of 627.0Ωm at an undetermined depth was 
obtained in the fourth layer.  
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Resistivity (Ωm)   Thickness (m)  

4657.7    2.6 

1032.9    10.4 

3711.5    33.9 

586.3    - 

 

 

 

 

Figure 5:  Result of VES 4 showing the model geoelectric sounding curves, the layer 
resistivities and their corresponding thickness.   
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Resistivity (Ωm)   Thickness (m)  

1574.8    2.0  

609.8    5.3 

4404.3    69.6 

963.9    -   

 

 

 

 

 

Figure 6:  Result of VES 5 showing the model geoelectric sounding curves, the layer 
resistivities and their corresponding thickness.   
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Resistivity (Ωm)   Thickness (m)  

418.6    1.7 

1913.0    114.0 

392.1    - 

 

 

 

 

 

Figure 7:  Result of VES 6 showing the model geoelectric sounding curves, the layer 
resistivities and their corresponding thickness.   
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Figure 8:  Result of VES 7 showing the model geoelectric sounding curves, the layer 
resistivities and their corresponding thickness.   

VES 9 has a similarity in lithology with VES 8 due to the fact that these areas are away from the dumpsite. 
Figure 10 shows that the resistivity in the first layer was higher with a value of 1304.5Ωm at a depth of 
1.2m, lower in the second layer with a value of 720.2Ωm at a depth of 16.2m. There was an increase in 
resistivity in the third layer with a value of 2049.4m at an undetermined depth.  
Figure 11 shows the VES 10. It is a curve with four layers. The first layer at a depth of 0.5m has a resistivity 
of 147.7Ωm which is underlain by a second layer of resistivity of 4451.7Ωm, higher than that in the first 
layer, at a depth of 6.2m. A drop in resistivity was obtained in the third layer to a value of 525.7Ωm  at a 
depth of 60.9m. However, the resistivity again increased to 1324.6Ωm at an undetermined depth in the 
fourth layer.  
Meanwhile, from VES 3 to VES 10, there is similarity in the lithology of the areas due to the fact the these 
areas are farther away from the dumpsite. The curve type for virtually all these locations are mostly H-K 
curve type. The moderately high resistivity values in these locations indicate a medium which is sand, the 
high resistivity presents a picture of a coarse sand while the very high resistivity values indicate gravel.  
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Resistivity (Ωm)   Thickness (m)  

2996.7    1.7 

897.2    5.3 

1726.0    67.5 

627.0    - 

 

 

 

 

Figure 9:  Result of VES 8 showing the model geoelectric sounding curves, the layer 
resistivities and their corresponding thickness.   
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Figure 10:  Result of VES 9 showing the model geoelectric sounding curves, the layer 
resistivities and their corresponding thickness.   
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Resistivity (Ωm)   Thickness (m)  

147.7    0.5 

4451.7    6.2 

525.7    60.9 

1324.6    - 

 

 

 

Figure 11:  Result of VES 10 showing the model geoelectric sounding curves, the layer 
resistivities and their corresponding thickness.   
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SUMMARY AND CONCLUSION 
The result of the VES 1-10 showed low and high resistivities. In VES 1, the low resistivity value of 35.4Ωm 
at a depth of 3.2m was noticed. Farther away from the dumpsite, the first geoelectric layers of VES 
2,3,4,5,7,8 and 9 have a high resistivities ranging from 1304.5Ωm to 4657.7Ωm as compared to the first 
layer of VES 1. The third geoelectric layers of 2 to 9 has resistivities ranging from 1726.0Ωm to 6583.8Ωm 
and depth ranging from 4.9m to 16.2m. After the high resistivities in the third layer, the fourth geoeletric 
layer has resistivity values for VES 2, 4, 5, 8, and 9 ranging from 423.8Ωm to 9663.9Ωm at an undetermined 
thickness. This layers is the saturated sands which constitutes an aquifer. The average depth of this aquifer is 
between 50-65m. The resistivity survey yielded low resistivity values at location close to the dumpsite and 
higher values farther from it. The pollutant identified in this study emerged from the dumpsite and migrated 
down the subsurface to a depth of about 12.8m from the surface.  
The result revealed that there is a contaminant plume migrating down the subsurface to a depth of about 
12.8m from the surface. This depth is not in anywhere close to the aquifer system in the area which is 
between 50m and 65m. It can be concluded that groundwater in the areas around the dumpsite have not  yet 
been contaminated but a good drinking water is still available at the depth of 65m.  
Meanwhile, it is recommended that serious efforts be made by government agencies in charge of 
environmental protection to ensure that regular survey is carried out in areas around a waste site to ascertain 
the subsurface condition of the area and its potential risks to the environment, most especially on 
groundwater.  
Also, the biological and chemical constituents of the pollutants identified in the study area are unknown and 
should be investigated using a more detailed geochemical and geophysical methods to ascertain their nature.  
The depth of any borehole to be drilled in the study area should not be less than 60m; and before drilling is 
done geoelectric logging should be done to determine the best screen position.  
 
Table 1: Coordinates of VES Points  
VES  LATITUDE  LONGITUDE  
1 5010’33.4”N 7042’40.8”E 
2 5010’32.1”N 7042’38.9”E 
3 5010’29.8”N 7042’37.9”E 
4 50 9’38.5”N 7042’58.3”E 
5 5010’49.3”N 7041’19.1”E 
6 5012’47.2”N 7041’31.2”E 
7 5011’49.7”N 7042’45.9”E 
8 509’34.3”N 7044’3.7”E 
9 509’56.0”N 7043’6.4”E 
10 5010’41.1”N 7041’57.4”E 
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Table 2: Summary of Result for Vertical Electrical Sounding Modelling  
VES 
Station 
Number  

Number of Resistivity of Layer (e) in 

ohm (Ωm) 

Thickness of Layer (t) in 

metres (m) 

Depth to Buttom of Layer 

(d) in Metre (m)  

 휌  휌  휌  휌  휌  푡  푡  푡  푡  푡  푑  푑  푑  푑  푑  

1 131.1 35.4 247.0 - - 0.7 2.5 - - - 0.7 3.2 - - - 
2 2364.9 1051.3 6583.8 423.8 - 1.2 3.7 12.0 - - 1.2 4.9 16.9 - - 
3 2551.0 635.8 1848.7 472.1 - 0.8 4.2 20.2 - - 0.9 5.1 25.3 - - 
4 4657.7 1032.9 3711.5 586.3 - 2.6 7.9 23.4 - - 2.6 10.4 33.9 - - 
5 1574.8 608.9 4404.3 963.9 - 2.0 3.3 64.2 - - 2.0 5.3 69.6 - - 
6 418.6 1913.0 392.1 - - 1.7 112.3 - - - 1.7 114.0 - - - 
7 2467.8 4994.2 1438.1 3920.0 786.8 1.8 2.1 9.9 65.4 - 1.8 3.9 13.6 79.3 - 
8 2996.7 897.2 1726.0 627.0 - 1.7 3.6 62.2 - - 1.7 5.3 67.5 - - 
9 1304.5 720.2 2049.4 434.5 - 1.2 15.0 51.2 - - 1.2 16.2 67.4 - - 
10 147.7 4451.7 525.7 1324.6 - 0.5 5.6 54.7 - - 0.5 6.2 60.9 - - 
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