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Introduction
Geo-electrical resistivity survey is a technique used in a wide 
range of geophysical investigations which include characterization 
of aquifer, geo-electrical imaging, mineral exploration, borehole 
investigation, archaeological surveying, geological mapping [1]. 
It involves the detection of the surface effects produced by the 
electric current in the subsurface. Electrical methods are generally 
classified according to the energy source involved, which could 
be natural or artificial methods [2]. Electrical resistivity technique 
is an effective tool in delineating areas of good potential for 
groundwater development [3].

Aquifers in geological terms are referred to as bodies of saturated 
rocks or geological formations through which volumes of water 
find its way into wells and springs. Aquifers are characterized 
by petro-physical properties such as hydraulic conductivity, 
transmissivity and storage coefficient. The characterization of 
aquifers could be done using certain geophysical techniques like 
electrical resistivity, electromagnetic induction, ground penetrating 
radar (GPR) and seismic techniques [4]. An aquifer is described 
by its depth, thickness, transmissivity and hydraulic conductivity 
through the process of recharge and discharge via water cycle [5].

Vertical electrical sounding (VES) is a geophysical technique 
that uses direct current to determine subsurface resistivity. The 
main objective of vertical electrical sounding (VES) is to observe 
vertical variation of resistivity with depth in the subsurface. It is 
the best technique adopted for aquifer characterization, resistivity 
and depth determination for aquifer and flat lying layered rock 
structures etc. Vertical Electrical Soundings (VES) technique has 
proved to be widely or mostly used in aquifer characterization 

studies due to its simplicity. Using this technique, resistivity, 
thickness and depth of aquifers or subsurface layers and their 
groundwater yielding capacities can be inferred [6].

Area of Study
The area of study (Kaani) is located in Khana Local Government 
Area of Rivers State, Southern Nigeria within the Tropical 
Rain forest zone as shown in Figure 1. It lies between latitude 
4.67608°N and 4.7101N° and longitude 7.3619°E and 7.36153E° 
with an elevation of 16m and 19m respectively [7]. The area covers 
about 49,631.54hackers of land with a rainfall pattern that is in a 
bimodal form which usually start effectively from late February 
to October with a period of low precipitation in August commonly 
called August break. The period of effective low precipitation 
occurs mainly from late November to early March.

The average rainfall in the study area is between 2000mm to 
2500mm with monthly temperature range of 26°C to 35°C and 
relative humidity varying from 81% to 87% which is dependent 
on the season (rainy season and dry season) [7]. 

Figure 1: Map Showing the Study Area
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Materials and Methods
Materials
Materials used for this study include Herojat resistivity meter, Global 
Positioning System (GPS), pairs of electrodes (current and potential 
electrodes), measuring tape, hammers, reels of cables 
(wires) and writing materials (pen and paper).

Method
Procedure for Field Data Acquisition
The vertical electrical sounding (VES) point were mapped out 
using the global positioning system (GPS), direct current (DC) was 
introduced into the ground by means of Herojat resistivity meter 
through the current electrodes and the resulting potential difference 
across the potential electrodes was measured with respect to the 
current electrodes.

The procedure is based on the fact that as the spacing or distance 
between the current electrodes increases, current penetrates 
continuously deeper into the ground. The current electrodes are 
symmetrically moved outwards whereas the potential electrodes 
are kept at a fixed spacing until the observed potential difference 
becomes too small to be measured before being moved outward to 
a new spacing. This implies that the potential electrodes are changed 
after a number of changes in the current electrodes.

At each electrode spacing, the values of the current and potential 
difference are measured and recorded as well as the geometry value. 
The value of the resistance is computed by dividing the potential 
difference (voltage) by the current (eqn. 2) and the apparent resistivity 
is obtained by the multiplication of the computed resistance value and 
the geometric factor (eqn. 3) for the electrode spacing used.

From Ohm’s law:
                V = IR                (1)                                                                                                        

                            (2)                                                                                                
 
                ρa= KR              (3)                                                                                                             

Where V = Potential difference (Voltage)
 I = Current
 R = Resistance
 ρa= Apparent resistivity
 K = Geometric factor

Vertical Electrical Sounding (VES) measurements are made by 
driving an array of current and potential electrodes into the ground, 
at set probe spacing. This creates an electric field allowing for 
the measurement of the potential and hence the calculation of the 
electrical resistance. 

In the field, the procedure is to determine a fixed point or centre and 
the spreading distance and electrode configuration to be used, this is 
to allow for equal spread on the survey area. The greater the electrode 
spacing, the deeper the current will penetrate into an inhomogeneous 
earth and the resistivity so measured does not represent the true 
resistivity of the subsurface, it is the apparent resistivity because of 
the inhomogeneity of the subsurface [8].

Vertical Electrical Sounding (VES) Curve
The computer software IPI2Win was used to plot a graph of apparent 
resistivity against the half current electrode spread AB/2, for both 
the interpretation of the vertical electrical sounding (VES) data and 
generation of VES curves types. These curves type vary from station 

to station based on the geology of the area and also provides an 
insight on the number of geo-electric layers in each VES station as 
shown in Figures 2-5.

  Figure 2: VES Curve for Bekue - Station 1

    Figure 3: VES Curve for Kaani - Station 2

Figure 4: VES Curve for Kebarazor - Station 3
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Figure 5: VES Curve for Gborgbara - Station 4

Results and Discussion
The results of the geo-electrical (vertical electrical sounding) 
investigation carried out in the study area are presented in Tables 
1-2 for the various stations, while Figures 2-5 show the plots of 
computed apparent resistivity values against depth of probe for 
each VES station.

The VES curve of Bekue as shown in Figure 2 is a type KKH curve 
and revealed the presence of seven geologic layers with resistivity 

values ranging from 150Ωm to 1531Ωm, thickness values from 
0.883m to 38.5m and depth from 0.883m to 86.4m. The last layer 
with resistivity value of 1531Ωm cannot be determine due to 
undefined thickness and depth.

The VES curve of Secondary School Kaani as shown in Figure 3 
is a type KAK curve and revealed the presence of seven geologic 
layers with resistivity values ranging from 456Ωm to 6693Ωm, 
thickness values from 2.64m to 32.4m and depth from 2.64m to 
72.7m. The resistivity values of the VES station corresponds to 
that of a sandstone formation.

The VES curve of Kebarazor as shown in Figure 4 is a type 
KK curve and indicates the presence of six geologic layers with 
resistivity values between 80.7Ωm and 2161Ωm, thickness values 
between 1.04m and 25.3m and depth values between 2.64m and 
72.7m. The fifth layer of this VES station has a potential for quality 
aquifer which can be transmit large volume of water.

The VES curve of Gborgbara as shown in Figure 5 is a type HK 
curve and reveals the presence of five geologic layered formations 
with resistivity values ranging from 905Ωm to 2462Ωm, thickness 
values from 1.91m to 18.1m and depth values from 1.91m to 
56.4m. The first layer of this VES station is the topsoil with a 
resistivity value of 1385Ωm, thickness 1.91m and depth of 1.91m, 
it is a very thin layer with high resistivity value. The fourth layer 
of has the characteristics of a good aquifer which can be transmit 
large volume of water to borehole.

Table 1: Summary of Vertical Electrical Sounding Parameters
Resistivity

 (Ωm)
Thickness (m) Depth (m) Curve 

type
RMS 
%

VES 
No.

p1 p2 p3 p4 p5 p6 p7 p8 h1 h2 h3 h4 h5 h6 h7 d1 d2 d3 d4 d5 d6 d7 KKH 2.44

1 150 428 384 567 456 1237 1531 0.883 5.44 16.4 8.68 16.5 38.5 0.883 6.32 22.7 31.4 47.9 86.4 KAK 4.17

985 5396 456 2372 3649 777 6693 2.64 7.83 7.02 6.44 16.44 32.4 2.64 10.5 17.5 23.9 40.3 72.7 KK 2.39

80.7 884 563 3661 1069 2161 1.04 3.6 5.77 12.7 25.3 1.04 4.64 10.4 23.1 48.4 HK 2.41

1385 905 1645 1475 2462 1.91 11 25.3 18.1 1.91 13 38.3 56.4 KA 2.02

289 749 173 1705 7487 246 3.25 11.3 11.3 5.04 45.3 3.25 14.5 25.8 30.9 76.2 AK 3.46

322 727 364 1593 138 0.5 3.23 15.9 29.6 0.5 3.73 19.7 49.5 AH 2.18

660 1016 3685 1550 6964 1656 2.61 10.3 10.9 24.3 18.1 2.61 12.9 23.8 48.2 66.3 KK 5.29

344 689 246 1585 707 1.5 3.98 5.35 30.7 1.5 5.49 10.8 41.5 KK 1.49

2231 398 150 47.7 164 2173 76.9 5.77 10.7 10.2 10.1 12.6 55.85 5.77 16.4 26.6 36.7 49.3 105 QKAK 1.61

2059 358 83.5 181 61.7 351 184 216.9 4.4 5.04 3.85 4.72 12.4 38.4 79.1 4.4 9.44 13.3 18 30.4 38.1 79.1

Table 2: Summary of Aquifer Parameter at Different VES Station
VES 
Stations

LAT. 
(NO)

LONG(EO) d (m) h (m) ρ (Ωm)  K=386.40(Rrw)-93283 
(m/day)

 T = Kh Sc=3X107xh RT  = ρ 
h (Ωm2)

SL = h/ ρ 
(Ω-1)

1 4.7101 7.3615 86.4 38.5 1237 0.5039 17.888 1.56x105 49.624.5 0.03112
2 4.7101 73615 40.3 16.4 3649 0.1837 3.0094 4.92x106 59843.6 0.00449
3 4.7030 7.3640 48.1 25.3 1069 0.5775 14.611 7.59x106 25976.7 0.02370
4 4.7024 7.3590 56.4 18.1 1475 0.4277 7.7414 5.43x106 26697.5 0.01227
5 4.7086 73591 76.2 45.3 7487 0.0939 4.2537 1.36x106 339161.1 0.00605
6 4.6961 7.3619 49.2 29.6 1593 0.3980 11.781 8.88x106 47152.8 0.01860
7 4.6961 7.3651 24.3 48.2 1550 0.4083 19.680 1.44x105 74710 0.03110
8 4.6859 7.3679 41.5 30.7 1585 0.3999 12.277 9.21x106 48659.5 0.01940
9 4.7018 7.3551 105 55.85 2173 0.2979 16.668 1.68x105 121362.1 0.20450
10 4.7045 7.3551 4.4 4.4 2069 0.3118 1.3719 1.32x106 9103.6 0.00217
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Conclusion
From the analysis and interpretation of the results of Vertical 
Electrical Sounding (VES) carried out in the study area, the 
following conclusions were reached:
• The resistivity value of aquifer in the study area ranges from 

61.75Ωm to 7487 Ωm, the thickness value of the aquifer in 
the study area ranges from 0.88m to 55.85m and depth value 
of the aquifer ranges from 0.882m to 105m.

• The interpreted vertical electrical sounding curve revealed 
the following curve types KK, AH, HK, KKH, HK, QKK 
and QKAK.

• The hydraulic parameter which are (hydraulic conductivity, 
transmissivity and storativity) of the aquifer in the study area 
was obtained. The hydraulic conductivity value of the aquifer 
in the study area ranges from 0.000217 to 0.0311m/day, the 
transmissivity value of the aquifer in the study area ranges 
from 1.3719 to 17.888Ωm2 and the storativity value of the 
aquifer in the study area ranges from 1.32x10-5 to 9.21x10-6

• Dar-zarrouk parameter which are (transverse resistance and 
longitudinal conductance) of the aquifer in the study area was 
obtained. The transverse resistance value of the aquifer in the 
study area ranges from 9103.6 to 74710 and the longitudinal 
conductance value in the study area ranges from 0.00217 to 
0.0311Ω-1. The result obtained in the study can be use in 
siting of water well to avoid borehole failure in the study area.
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