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Introduction 

roundwater has gained increased 

recognition in many parts of the world 

today. Water is said to be a requisite 

resource for livelihood and consequently, its 

importance cannot be overstrained. It is 

however disturbing if this all-important 

resource is becoming more and more scarce. 

Worldwide, 1.1 billion people do not have 

access to safe water (Van Winckel et al., 2021). 

The scarcity of water is more intense in 

developing countries where statistics show 

that 67% of the rural populations have no 

access to a safe water supply (Araffa, Soliman, 

El Khafif, Younis, & Shazley, 2019). This is so, 

because, people in the rural areas tend to  
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ABSTRACT 
A geophysical 

survey was 

carried out at 

Kaduna 

Polytechnic’s 

staff quarters, 

Panteka-Tudun 

Nufawa, 

Kaduna, to 

determine the 

geo-electrical 

and 

hydrogeologica

l characteristics 

of the aquifers 

present in the 

area, and to 

delineate the 

geoelectric 

stratigraphy of 

each profile. A 

total of four (4) 

profile sections 

were carried 
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depend mostly on surface water (from lakes, streams, ponds, and 

rivers) for sustenance. Surface water bodies, however, are not 

reliable in that they are associated with high evaporation rates 

usually in high temperate environments, and often susceptible to 

pollution and water-borne diseases (Van Winckel et al., 2021). 

This research work is borne out of the need to evaluate the 

groundwater resources at          Kaduna Polytechnic’s staff quarters, 

Panteka-Tudun Nupawa, Kaduna state, Nigeria. It will provide 

valuable information about the potentiality and quality of the 

groundwater within the study area. 

The 2D electrical resistivity imaging can be carried out using the 
electrical resistivity method with the necessary software for 
processing and interpreting the acquired field data. The 2D 
electrical resistivity imaging in which the subsurface is assumed to 
be varying vertically down and laterally along the direction of 
profile but constant in the perpendicular direction has been used to 
investigate areas with moderately complex geology (Dahlin, 1996). 
The array has a moderate depth of investigation and generally 

out with the ABEM Terrameter SAS 4000C, Wenner Configuration 

array was adopted. The potential electrodes separation was 

maintained between each electrode, and spacing of 5m, 20m, 25m, 

30m, for Wenner, were used in the traverse.  Two-dimension (2D) 

Pseudo section maps were created. The 2D sections were 

quantitatively interpreted by computer iteration techniques, using 

RES2DIV software. The results of the interpreted data confirmed 

from the geoelectric sections revealed that the aquiferous units 

within the study area, are mostly confined, this means that there 

is a reasonable amount of safe and clean water within the study 

area. 

  

Keywords: Groundwater, Geoelectric, Wenner, Aquifer, Pseudo-

section 
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strong signal strength which is inversely proportional to its 
geometric factor which is used in calculating the apparent 
resistivity. The major limitation of this array is the relatively poor 
horizontal coverage with increased electrode spacing. The Wenner 
array is preferred for surveys in noisy sites because of its high signal 
strength (Aigbogun, Alile, & Egbai, 2017) 
 

STUDY AREA 
The study area which is part of the Kaduna South area is in the 
Northern region of Nigeria which is underlain by Precambrian 
Magmatite-Gneiss Complex, Meta-sediment volcanic (mostly 
Schist, Quartzite, Amphibolite, and Banded iron formation). Pan 
African Granitoid and Calc-alkaline Granite and volcanic of Jurassic, 
and was said to have been formed as a result of large regional 
Igneous and Metamorphic activities. These various rock units 
especially the Gneiss and the Schist have been affected by many 
periods of earth movement resulting in extensive deformation and 
Magmatisation (Obaje, 2009). The area lies between Longitudes 
7°25′09″ and 7°26′36″ E to Latitude 10°31′21″ and 10°32′39″ N, and 
covers two and a half kilometres (2.5km), with an elevation of 607 
metres, above the sea level. 
 

 
Figure 2.1: Geological Map, showing the Geology of Kaduna State 

(source: ArcGIS 2019) 
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MATERIALS AND METHOD 

Vertical electrical sounding (VES) was conducted to acquire 

electromagnetic profiling. 

The ABEM Terrameter SAS 4000C, equipment was employed for the 

sounding. 

In all, four (4) (VES) were conducted using the Wenner 

configuration as mentioned, Due to the rugged and robust nature 

of the ABEM Terrameter SAS 4000C equipment, it could be used for 

challenging fieldwork and has been well proven over the years in all 

parts of the world. This equipment comprises a powerful built-in 

constant current transmitter (that runs on either a clip-on battery 

pack or an external power source), a high-resolution receiver 

(which provides an excellent dynamic range), an intuitive user 

interface, and other accessories like cable sets and steel electrodes. 

The fundamental principle of operation of the Terrameter is to 

determine the variation of the subsurface resistivity with depth by 

measuring the resistance of the ground. 

 
Figure 3.1: Map of Tudun Nupawa showing the location of the 

study area 
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ARRAY SELECTION 

The Wenner electrode array is the simplest of arrays; in it, the four 

electrodes A, M, N, and B are placed in line and spaced equidistant 

from each other. The two outer electrodes, A and B, are current 

electrodes, and the two inner electrodes, M and N, are potential 

electrodes (fig.3.2). With the Wenner array, the resistivity of 

subsurface layers is found by increasing the distance between the 

electrodes while maintaining the location of the centre point of the 

array. Detection of horizontal changes of resistivity is achieved by 

moving the four electrodes across the surface while maintaining 

constant electrode separation. 

 

 
Figure 3.2 shows the field arrangement of the Wenner array 

 

DATA ACQUISITION 

To achieve the objectives of this research project, the field study 

commenced with the preliminary survey to locate possible areas that 

are free from obstacle and obstruction, a traverse profile of 100m 

length was delineated. The field resistivity data were collected along 

four (4) profiles using a typical layout of the Wenner electrode array 

(fig. 3.2). 

 

PLANTING OF ELECTRODES 

Electrodes were planted after the reconnaissance survey and the 

determination of the proposed profile. A total number of (21) 

electrodes were planted using a hammer symmetrically and vertically 
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erected and stand firmly in other to inject current into the ground and 

measures the resulting voltage through the potential electrodes at an 

equal spacing of 5m each, an electric current is passed through the 

ground between a pair of current electrodes and the potential 

electrodes. The four electrodes are equally spaced in a straight line. 

 

INSTRUMENT CONNECTIONS 

The instrument connection is in such a way that the Terrameter has a 

battery terminal head where the battery is connected beneath the 

Terrameter which serves as a source of power, the battery must be 

fully charged enough for the daily activities. The Terrameter also has 

other four terminals where the currents and potential cables are 

connected. The current is C1 and C2 respectively while the potential 

terminals are P1 and P2 which are connected to potentials electrodes 

P1 and P2 also the current terminals are connected to reel of wires 

serve as the current wire which also has a terminal that is connected 

to the planted current electrodes (Hebbache & Boubaya, 2021). 

 

RESISTIVITY MEASUREMENTS 

Two dimensional (2D) electrical resistivity surveys were performed 

along with four profiles at the study site. The profiles are lines 

1(A),2(B),3(C), and line 4(D). 

The resistivity measurements are normally made by injecting current 

into the ground through two current electrodes C1 and C2 and 

measuring the resulting voltage difference at two potential electrodes 

P1 and P2. The current (1) and voltage (V) values and apparent 

resistivity value is calculated 

𝜌𝑎 =
𝐾𝑉

𝐼
 

Where; (K) is the geometric factor that depends on the arrangement 

of the four electrodes. 

Resistivity meters normally give a resistance value (R) so in practice, 

the apparent  
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resistivity value is calculated (Bamforth & Singleton, 2005) 

 

RESULTS AND DISCUSSIONS 

This chapter represents the investigations conducted on the site 

profile (S-N1), (S-N2), (W-E1), and (W-E2). The data developed from the 

ABEM Terrameter, SAS 4000C, was imputed into the software RES2DIV 

and the following Pseudo sections were generated and interpreted. 

 
Figure 3.1 (S-N1) Pseudo section of Wenner  
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Figure 3.2 (S-N2) Pseudo section of Wenner 
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Figure 3.3 (W-E1) Pseudo section of Wenner 
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Figure 3.4 (W-E2) Pseudo section of Wenner 

 

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 

DISCUSSION OF RESULTS 

From the Pseudo section profile, (S-N1) fig.3.1, the area with low 

resistivity is between 30-35m by the profiling and the depth of 6-

12.5m, it shows that the area has a confined aquifer and is 

recommended for drilling.  While the Pseudo section of the second 

profile, (S-N2) fig.3.2, the area with low resistivity is between 5-10m 

by the profiling and the depth of 2-5m, it shows that the area has an 

unconfined aquifer and aquifer low depth, this is not recommended 
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for water drilling, because the low resistivity might be a result of 

surface run-off water. The Pseudo section of the third profile, (W-E1) 

fig.3.3, the area with low resistivity is between 60-65m by the 

profiling and the depth of 3-5m, shows that the area also has an 

unconfined aquifer and second profile low depth, this is not 

recommended for water drilling, because the low resistivity might 

be a result of surface run-off water. The Pseudo section of the fourth 

profile, (W-E2) fig.3.4, the area with low resistivity is between 45-

50m by the profiling and the depth of 3-12m, shows that the area has 

a confined aquifer and) fig. Reasonable depth thus is recommended 

for water drilling. The result obtained shows that Wenner covers a 

large area to a shallow depth and a basement of various degrees of 

weathering which indicates a fresh basement. The Wenner array is 

suitable enough for water investigation. 

The section shows that high resistivity has little moisture (water and 

the low resistivity shows high water content or moisture which 

means that areas with high moisture content can be suitable for 

drilling of water. 

 

CONCLUSION 

In conclusion, the geophysical analysis using the 2D electrical 

resistivity methods has successfully reached its objective of 

investigating groundwater potential zones in the study area. In the 

quest for finding suitable locations for sitting boreholes in Panteka, 

Kaduna polytechnic’s staff quarters Kaduna, the concept of 

geophysics was applied using the ABEM SAS 4000C Terrameter 

equipment’s. The subsurface resistivity data collected from the 

survey were processed with the software to obtain a 2D image of 

the underground. The variation of the result shows that the section 

with low resistivity material can be drilled to site a borehole. 
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RECOMMENDATION 

It is worth considering to know that all the geophysical methods of 

exploration have their limitations and specialities. In the view of this 

research, it can be recommended that the 2D electrical resistivity 

imaging be used as the preferred techniques method for subsurface 

investigation, whose objectives have to do with subsurface 

structures and for ease of interpretations. Also, further research 

should be carried out with 3D electrical resistivity on the proposed 

site for further studies.  

 

REFERENCES 

Aigbogun, C., Alile, O., & Egbai, J. (2017). Geoelectrical Imaging for Shallow 
Site Investigation at Ekiugbo in Uhunmwode Local Government Area of 
Edo State, Nigeria. Journal of Applied Science & Environmental 
Management, 21(5), 873-876.  

Araffa, S. A. S., Soliman, S. A., El Khafif, A., Younis, A., & Shazley, T. (2019). 
Environmental investigation using geophysical data at East Sadat City, 
Egypt. Egyptian Journal of Petroleum, 28(1), 117-125.  

Bamforth, S. M., & Singleton, I. (2005). Bioremediation of polycyclic 
aromatic hydrocarbons: current knowledge and future directions. J 
Chem Techno Biot, 80. doi:10.1002/jctb.1276 

Dahlin, T. (1996). 2D resistivity surveying for environmental and engineering 
applications. The first break, 14(7).  

Hebbache, K., & Boubaya, D. (2021). The behaviour of six electrode arrays 
used in electrical resistivity imaging to detect underground cavities: a 
numerical study.  

Obaje, N. G. (2009). Geology and mineral resources of Nigeria (Vol. 120): 
Springer. 

Van Winckel, T., Cools, J., Vlaeminck, S. E., Joos, P., Van Meenen, E., 
Borregán-Ochando, E., . . . Blust, R. (2021). Towards harmonization of 
water quality management: A comparison of chemical drinking water 
and surface water quality standards around the globe. Journal of 
Environmental Management, 298, 113447.  

 

  


