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ABSTRACT 

A VES survey has been carried out in this study to ultimately delineate high prospect zones for clean 

potable groundwater. Measurements were taken along two profile lines at the VES station occupied 

during the survey. A total of six points were sounded along Profile 1 with a maximum distance of 60m 

traversed and represent the first set of measurements taken with the Digital Terameter ADMT 200 Series 

and current electrodes alone. In our second set of measurements, a total of six points were equally 

sounded along Profile 2 but in this case the current electrodes were replaced with a ground sensor. Our 

equipment permits injection of current to a 200m depth irrespective of a relatively small spacing between 

the current electrodes. This depth represents the maximum depth penetrated by the current through the 

subsurface layers. The AIDU Resistivity Software was used to generate 2D and 3D high resolution 

contour maps in real time for Profile 1, which clearly reveal the presence of potable groundwater at the 

40-70m, 110m, 140m and 190m depth zones. These are sand layers encased at the top and bottom by clay 

beds. The electrical signature reveals high resistivity values in the region of 500Ωm represented by blue 

and purple colourations on the contour for the clean water sand aquifers, while the clay beds are 

characterized by comparatively high conductivity (low resistivity) response. For Profile 2, a similar result 

was obtained, with the clean groundwater sand zone clearly delineated at the 60m depth zone. The 

electrical signature for this profile also indicates relatively higher resistivities for the clean water sand 

aquifer (in the region of 500Ωm) compared to the electrical response of the clay sedimentary sequences, 

which are characterized by lower resistivity values. In Profile 2 just as in Profile 1, the clean water-

bearing sand is again encased by clay at its top and bottom. The geoelectric sections for both profiles 

show that the subsurface at the study area has clay and sand lithologic sequence, with the sand beds 
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indicated as the high prospect zones for potable groundwater. Besides, the use of the Digital Terameter 

ADMT 200S which incorporates in-built electrodes and a ground sensor helpfully eliminates operational 

cumbersomeness during field measurements in comparison to conventional instruments that involve 

extensive layout of cables and other operational difficulties. Apart from the operational convenience this 

method offers, it adds the advantage of producing high resolution results in real time. 
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1.0 INTRODUCTION 

Water is important for human consumption, domestic activities, agriculture, industrial processes, 

engineering projects and many other purposes. Nigeria, with a population of about 200 hundred million 

people, has invested enormously in water borehole projects throughout the country in a bid to satisfy the 

nation’s growing demand for water as well as improve the people’s socio-economic status (Eduvie, 2006).  

Most of the worlds’ surface water is found to be polluted either by the anthropogenic activities of man or 

intrusion of salinity and other factors. These factors have necessitated the purification of surface water 

before consumption and other uses (Bashir et al, 2014). The exposure of surface water to uncontrolled 

pollution presents groundwater as a veritable option to meet the ever increasing demand for clean 

drinkable water. In other words, the most important concern of man in the use of water for consumption 

and domestic purposes is whether the water is potable and contaminant-free. Agbalagba et al (2019) 

recommend that exploration for good water aquifer and exploitaton through drilling deep wells is required 

for supply of potable water that meets the standard of World Health Organization. They assert that 

relevant procedures, as part of ensuring water quality, should include geophysical evaluation, 

radionuclide concentration assessment in the soil depth lithology, and assessment of the physico-chemical 

parameters of the water aquifer. Salihu (2006) in his work gives quantitative geoelectric information on 

the subsurface depth zones where possible groundwater saturation can be found. He reports that the 

weathered and fractured basements beneath the overburden are the lithological units favoured as the most 

probable units for potable groundwater exploitation. Etu-Efeotor (1995) also reports that the weathered or 

fractured bedrock, underlying the overburden topsoil, represents the best zone where aquifers containing 

groundwater at saturation levels occur.  

In this study, our core objective is to investigate the subsurface lithologic structure and determine the 

depth of best groundwater aquifer. This is aimed at solving not only the problem of drilling dry boreholes 

but also finding the aquifer where clean potable groundwater can be drilled. To achieve this objective, the 

vertical electrical sounding resistivity technique has been employed in this study. This technique is 

reputed as the most effective technique conventionally adopted in investigation of subsurface layering and 

exploration for groundwater. It involves the injection of artificially-generated and controlled current into 

the ground to sound subsurface horizontal or near horizontal beds. As the current flows through the 

different subsurface layers of earth materials, the layer/formation resistivities resulting from the potential 

differences that now exist on the earth’s surface are automatically measured. The method then relies on 

differences in the resistivities of the layers or formations to infer the nature of the earth’s lithologic 

structure and detect clean water-saturated zones (Okwueze and Ezeanyi, 1985; Ofodile, 2002; Joshua et 

al. 2011). If we regard the earth’s subsurface as a homogenous half-space, the measured formation 

resistivities are then known as the true resistivities. However, since in reality the earth is non-homogenous 

and anisotropic, variations in layer resistivities occur and are known as apparent resistivities, ρa, which 

can be measured on the earth’s surface at depths or points where non-homogeneity occurs. (Kearey et al, 

2003). The measurable apparent resistivity depends mathematically on the magnitude of current, voltage 

and the geometric factor. 

It is well known that lithologic units or formations within the earth have their characteristic resistivity or 

conductivity due to the electrical nature of rocks and their associated pore spaces. However, most of the 

rock-forming minerals are not electrically conductive such that the passage of current by subsurface earth 

materials is electrolytic or ionic. In other words, the conductivity of rocks is a function of lithology and 

fluid contents of the pore spaces (Kearey et al 2003; Omusuyi et al, 2008; Bashir et al, 2014. It has been 
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found that the more porous a rock type is, the greater is its conductivity and the smaller is its resistivity 

since resistivity is an inverse of conductivity. High porosity brings about low resistivity in water-saturated 

rocks, implying that both resistivity and porosity are inversely proportional (Archie, 1942). 

Two methods of electrodes configuration are commonly used in vertical electrical sounding namely the 

Wenner electrode array and Schlumberger electrode array (Olisah and Obiekezie , 2020). One of the best 

known configurations for depth sounding is the Wenner array in which both the current (AB) and 

potential (MN) electrodes are equidistantly or uniformly spaced along a profile line (Olisah and 

Obiekezie, 2020). Measurement of potential differences and by extension layer resistivities are made on 

the earth’s surface as the whole array is expanded symmetrically about a fixed central point. Classical and 

long-established theories of electrodes configuration show that operational difficulty arises in the Wenner 

array because of the necessity of having to move all four electrodes at the same time after each sounding, 

since equal spacing must be maintained between the potential and current electrodes (Grant and West, 

1965; Kearey et al, 2003; Okwueze 2005). In the Schlumberger spread, the spacing between the inner 

potential electrodes is kept small and fixed compared to that of the outer current electrodes. In other 

words, while the potential electrode spacing is kept small and constant, the current electrode spacing is 

kept large and symmetrically expanded about the centre of the spread. Because the current electrodes are 

the only electrodes that are moved along the profile line, this helps to overcome the operational difficulty 

of moving all four electrodes as in the Wenner array. Increasing the current electrode spacing allows the 

current penetrate deeper into the ground.  Kearey et al. (2003) reports that the depth of penetration of the 

current is a function of the current electrode spacing /AB/ such that when /AB/ = Z where Z is a given 

depth, about 30% of the current flows beneath Z and when /AB/ = 2Z, about 50% of the current flows 

beneath Z. The current electrode separation must therefore be chosen such that the ground is energized to 

the required depth.  

This study exploits the Wenner array sounding technique to obtain veritable information with respect to 

the possible existence of a sand aquifer layer that contains clean potable groundwater at a depth. The 

study adds the advantage of the robustness and compactness of the equipment used for the resistivity 

survey to minimize the operational difficulty associated with conventional Wenner configuration.  

 

2.0 MATERIALS AND METHOD 

2.1 The Study Area  
The study area, University of Port Harcourt, is located in Choba, Rivers State, South-south in the Eastern 

Niger Delta region of Nigeria. Choba lies on latitude 4o54′ and longitude 6o55′ (Fig. 1) and forms part of 

the coastal plain of southern Nigeria. There are many productive boreholes already drilled in the area 

which supports the coastal plain sands as the prolific aquifer zones (Nwankwo et al., 2013). The study 

was conducted precisely at the Abuja Campus of the university (Fig.1). The university houses two other 

campuses-the Choba Park and Delta Park- all located within the same vicinity. 

The underlying sediments at the University of Port Harcourt, Choba, forms part of the stratigraphic 

sequence in the Niger Delta complex. The Niger Delta has been described as a prograding depositional 

complex within the Cenozoic Formation of southern Nigeria. It is a sedimentary basin with a sequence of 

clastic sediments ranging in thickness from 9km to12km (Ofodile, 1992) 

The study area is underlain by the Benin Formation which is a stratigraphic unit that was laid down 

during the end of the Tertiary and early Quatenary period. It consists of lenticular, unconsolidated coarse 

to medium fine sands and clayey shale. The sands are generally moderately sorted, poorly cemented and 

angular in shape. The Benin Formation is overlain by a considerable thickness of lateritic red earth 

formed by weathering and subsequent ferruginization of the weathered older sequences. The high 

permeability of the Benin Formation, the overlying clay-shale member of the Bende-Ameki series 

provides the hydrologic conditions favouring aquifer formation in the area. 
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2.2 METHODS  

Vertical electrical sounding survey using the Wenner electrode configuration was carried out in this study 

(Figs. 2 and 3). Measurements were taken as the current and potential electrodes were all moved at the 

same time after each sounding and maintained at equal spacing between them. A profile distance of 60m 

with a total of six (6) sampling/sounding points was traversed. In other words, the spacing between the 

electrodes was small compared to conventional approach, yet the required depths were sufficiently 

energized. This was made feasible by the current penetration power of the instrument used, which is 

capable of injecting current into the subsurface to a depth of 200m. 
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Fig 2: The Wenner Array Used for the VES Survey 

Fig. 1: Map of University of Port Harcourt Choba, Showing the Abuja 

Campus (Chima & Ofodile, 2015)  
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For the Wenner spread, the apparent resistivity is given by 

                         ρa   = K                                                                                        (1) 

where V is the measured potential difference; 

          I is the current injected into the ground; and 

         K is the geometric factor which is a function of the electrodes spacing. 

For this spread,  

                          K =                                                                                  (2) 

But                    MN = AB/3 

So Equation (1) may be written as: 

                         ρa  =  (3𝞹)                                                                (3) 

 

The instrument used for the resistivity survey is known as the Digital Terameter ADMT 200 Series 

(Figs.4 and 5). It is a portable, compact and robust equipment that consists of a battery-powered current-

transmitting and receiving system (known as the mainframe) which produces a current output that 

sufficiently energizes the ground to a depth of 200m. It further comprises two moveable current 

electrodes, in-built potential electrodes and a ground sensor (or scanner). The equipment can be operated 

either separately by the use of the digital mainframe and the two current electrodes or separately by the 

use of the mainframe and the ground sensor. The cabling set consists of two current cables that are 

connected from the mainframe to the current electrodes. The sensor must make adequate contact with the 

ground surface when in use and requires a single cable to connect it to the mainframe (Fig.4). The 

simplicity and compactness of the instrument provides far more operational convenience than the 

conventional VES resistivity survey that involves laborious extension of cables during electrodes spacing. 

Fig. 3: The Wenner Array VES Survey (Field Photograph) 
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Moreover, it can be conveniently used for VES survey in environments with confined space as it is 

capable of injecting current deeper into the subsurface. 

The apparent resistivities are measured automatically on a digital computer that is remotely connected to 

the mainframe and uses the AIDU Resistivity Software to process the measured data and generate 2D and 

3D contour maps that give well resolved resistivity information, revealing the presence of clean drinkable 

water aquifers at various depths within the subsurface.  A total of two (2) VES profiles were surveyed 

during the study, with the first set of measurements in Profile 1 carried out using the mainframe and 

electrodes only and the second set of measurements in Profile 2 carried out using the mainframe and 

ground sensor alone. 

                                         

 

 

Fig.4: The Compact Digital Terameter ADMT 200S Used for the VES 

Survey. Shown here is the Digital Mainframe Connected to the Ground 

Sensor (Field Photograph) 
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3.0 RESULTS 

Profile 1: Profile 1 represents the first set of measurements carried out using the terameter mainframe and 

electrodes only, with a profile distance of 60m traversed during the survey. Table 1  shows the values of 

conductivities (with resistivity as the inverse) obtained through the subsurface depths, while Figures 1 to 

10 are 2D/3D contours also depicting the resistivity response vertically down the subsurface layers, 

revealing the presence of clay bed sequences and existence of  potable water within clean sand beds.                         

Table 1: Values for the VES measurements for Profile 1 carried out using the digital mainframe 

and electrodes alone. 

                                                    

Fig.6 shows contour closures depicting the positions of clean water aquifers at various depths. A 

cylindrical well bore has been delineated which cuts across zones of clean potable water at depths of 40 to 

70m (131.2 – 229.6ft) and another multi-aquifer system depicting sand zones of clean drinkable water at 

Fig.5: The Digital Terameter ADMT 200S Used for the VES 

Survey. Shown here are the Digital Mainframe and Hand-held 

Electrodes (Field Photograph) 
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depths of 110m (360.8ft), 140m (459.2ft) and 190m (623.2ft).Wells drilled to these depths will produce 

potable water. 

                                       

 

Fig.7 represents a 3D contour section showing the same clean water aquifers captured in Figure 6. These 

potable water aquifers are indicated with blue and purple colourations and occur at depths of 40-70m, 

110m, 140m and 190m. They are clean sand zones/beds of characteristic higher resistivities. Wells drilled 

at these depths will produce clean drinkable water.  

                                                   

 

 

Fig.6: Showing Contour Closures of Clean Water 

Aquifers at the Indicated Depths 

Fig.7: Showing a 3D Contour Section of the Clean Water 

Aquifers at Various Depths within the Subsurface 
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Fig.8 represents another 3D map on which a deflection of the electrical signatures to the right indicates 

areas of high resistivity response characteristic of sand beds at the 40-70m, 110m, 140m and 190m depths 

revealing the presence of clean freshwater, while a deflection of the signatures to the left indicates areas 

of high conductivity response characteristic of clay beds within the sedimentary sequence. Resistivity 

values with the clean groundwater sand zones are in the region of 500Ωm. 

                                                          

 

 

 

Fig. 9 is the top view of a 3D model showing the zones of potable drinking water at the 40-70m, 110m, 

140m and 190m depths within the sand layers. Clay beds are deposited as top and bottom seals within the 

sedimentary sequence of the subsurface layers, which have enabled the confinement of the clean water 

aquifer formations. 

 

 

Fig 8: Showing Areas of High Resistivities Characteristic of the Sand Beds 

Encapsulating Clean Water and Areas of High Conductivity Response 

Indicating the Clay Beds. 

Fig. 9: Top View of a 3D Model Showing the Clean 

Water Aquifers Sealed at the Top and Bottom by 

Clay Beds 
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Fig. 10 is the geoelectric section for Profile 1 showing that the lithology consists of clay-sand sequences. 

The sand zones, encased by the clay beds, are the high prospect zones encapsulating the clean water 

aquifers. 

                                      

 

 

 

Profile 2: Profile 2 represents the second set of measurements carried out using the digital terameter and 

ground sensor only, with a profile distance of 60m traversed during the survey. Table 2 shows the values 

of conductivities (with resistivity as the inverse) obtained through the subsurface depths.  Figures 11 to 13 

are 2D/3D contours also depicting the resistivity response vertically down the subsurface layers, revealing 

the presence of clay bed sequences and existence of potable water within clean sand beds.                                                   

 

Table 2: Values for the VES measurements for Profile 2 carried out using the mainframe and 

sensor alone. The same VES station was occupied for both Profile 1 and Profile 2. 

 

Fig.10: The Geoelectric Section for Profile 1 Showing 

the Different Rock Types and Clean Water Sand 

Layers 
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Fig. 11 shows a 2D contour section depicting the zones of clean water aquifers (prospect zones) at the 

60m depth. A cylindrical well bore showing these zones are clearly delineated. A Well drilled into this 

60m depth layer will produce clean drinkable water. 
 

                                                   

Fig.12 shows the areas within the sedimentary sequence that are occupied by clay beds encasing the sand 

aquifer formation at its top and bottom. The clean water aquifer bed can be seen confined at the 60m 

depth. 

                                       

 

Fig.11: Showing a 2D Contour Section on which a Clean 

Water Aquifer has been Mapped at the 60m Depth 

Fig.12: Showing Areas of the Sediments Occupied by Clay Beds and the 

Presence of Clean Water Sand Aquifer Confined at the 60m Depth 

between the Clay Beds 
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Figure 13 is the geoelectric section for Profile 2 showing that the lithology consists of clay-sand 

sequence. The sand zone, encased by the clay beds, is the high prospect zone encapsulating clean water. 

                                      

 

4.0 DISCUSSION 

A VES survey has been carried out in this study to ultimately delineate high prospect zones for clean 

potable groundwater. Measurements were taken along two profile lines at the VES station occupied 

during the survey. A total of six points were sounded along Profile 1 with a maximum distance of 60m 

traversed and represent the first set of measurements taken with the digital tetrameter ADMT 200 Series 

and current electrodes alone (Fig.3). In our second set of measurements, a total of six points were equally 

sounded along Profile 2 but in this case the current electrodes were replaced with the ground sensor 

(Fig.4). Our equipment permits injection of current to a 200m depth irrespective of a relatively small 

spacing between the current electrodes. This depth represents the maximum depth penetrated by the 

current through the subsurface layers.  

High resolution 2D and 3D contour sections/maps (Figs 6-9) were generated for Profile 1 in real time by 

the AIDU Software used for our interpretations, which clearly reveal the presence of potable groundwater 

at the 40-70m, 110m, 140m and 190m depth zones. These are sand layers encased by clay at their top and 

bottom, hence acting as seals for the prolific sand beds. The electrical signature reveals high resistivity 

values in the region of 500Ωm represented by blue and purple colourations on the contour for the clean 

water sand aquifers, while the clay beds are characterized by comparatively higher conductivity (lower 

resistivity) response (Figs 6-9).  

For Profile 2, a similar result was obtained in real time showing a well-delineated clean groundwater sand 

zone at the 60m depth (Figs. 11-12). The electrical signature for this profile also indicates relatively 

higher resistivities for the sand aquifer (in the region of 500Ωm) compared to the electrical response of 

the clay sedimentary sequences which are characterized by lower resistivity values. In Profile 2 just as in 

Fig.13: The Geo-electric Section for Profile 2 

Showing the Different Rock Types and Clean 

Water Sand Beds 
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Profile 1, the clean water-bearing sand is again encased by clay at its top and bottom. The geoelectric 

sections for both profiles show that the subsurface at the study area is characterized by clay and sand 

sequences, with the sand beds as the high prospect zones for potable groundwater. 

 

5.0 CONCLUSION 

In this study, we have demonstrated the use of a high resolution real-time resistivity technique to 

investigate the subsurface layers in the study area. We have been able to clearly map clean groundwater 

aquifers within the subsurface and shown that for the study area which lies in the Eastern Niger Delta, 

these clean water zones are found between 40 and 190m depths within sand beds encased by clay 

sediments. The use of the ADMT 200S Digital Terameter which incorporates in-built electrodes and a 

ground sensor helpfully eliminates operational cumbersomeness during field work. This technique 

therefore opens a new phase in VES surveying when compared to conventional instruments that involve 

extensive layout of cables and other operational difficulties. The instrument can also be used in a very 

confined space to implement VES survey as it allows deep penetration of current into subsurface depths 

even when the spacing between the current electrodes is relatively small. Apart from the operational 

convenience this method offers, it adds the advantage of producing high resolution results in real time. 
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