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Nine vertical electrical soundings (VES) were carried out in Opolo 
community in Yenagoa local government area of Bayelsa State, the aim is 
to delineate aquifer in the area for the drilling of productive wells, using 
Abem Terrameter, SAS 1000. The interpreted geo-electric sections from 
the VES data and computer modeling curves revealed five (5) geo-electric 
layers. The first geo-electric layer has a resistivity value of 31Ωm with a 
thickness of 2.2m and a depth of 2.2m. This layer is interpreted as topsoil. 
The second geo-electric layer has a resistivity value of 33.87Ωm with a 
thickness of 1.6m and a depth of 4.0m. This layer is interpreted as clay. 
The third geo-electric layer has a resistivity value of 44.33Ωm with a 
thickness of 12.02m and a depth of 15m. This layer is interpreted as silty 
clay. The fourth geo-electric layer has a resistivity value of 684.2Ωm with a 
thickness of 16m and a depth of 17m. This layer is interpreted as fine to 
medium coarse sand and is aquiferous. The fifth layer has a resistivity 
value of 1442Ωm with a depth of 11.86m and a thickness of 7m. This layer 
is interpreted as coarse sand and is aquiferous. The third and the fourth 
layers with high resistivity values should be considered for drilling. The 
geo electric sections were compared with strata log of a nearby borehole 
in Opolo Community and these were correlatable. From this study, a 
benchmark of 26m depth has been recommended to represent subsurface 
horizon saturated with freshwater in the study area. 
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INTRODUCTION 
 
Domestic water supply is problematic in the Niger 
Delta area where, Opolo community is located. This is 
because concentration of iron in the study area is very 
high in the aquiferous zone as well as presence of 
microbes at shallow depth, and intrusion of saline 

water into the aquifer in coastal communities. Apart 
from the above mentioned problems, aquifers in the 
study area have not been properly delineated for 
drilling of productive boreholes. It has become 
importance to use vertical electrical sounding (VES), to 
delineate aquifers in the study area. This resistivity 
method will also give an idea of the water quality of the 
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delineated aquifer. It is believed that the geophysical 
data obtained during the study will be useful in proper 
ground water resource management in the study area. 
It will also add up to the scanty groundwater data in 
Bayelsa state. 
 
Study Area Description 
 
The study area is located between longitude 
6.346999

0
E and latitude 4.939944

0
N of the Greenwich 

meridian. Opolo community is in Yenagoa local 
government area of Bayelsa state (Fig: 1). The 
community is located within the Niger Delta 
sedimentary Basin. The Niger Delta sedimentary basin 
was formed in the Tertiary period due to inter play of 
subsidence and deposition of sediments arising from a 

succession of regressions and transgressions of the 
Atlantic Ocean (Short and Stauble, 1967). This cyclic 
event resulted in the deposition of three litho-
stratigraphic units in the Niger Delta basin. These 
three units are Benin Formation, the Agbada 
Formation and the Akata Formation in order of 
increasing in age (Reyment, 1965). The Benin 
Formation is the main aquiferous stratigraphic unit in 
the study area (Amajor, 1991). It consists mainly of 
thick sands inter fingered with clay bands and lenses. 
The sands are fine to coarse grained and are poorly 
sorted. The sand and clay intercalations give rise to 
multi-aquifer system in the area (Murat, 1970). All the 
electrical resistivity survey that were done in the study 
area terminated in the Benin Formation. 

 
      

 
Fig: 1 Map of the Study Area 
 
 
METHODOLOGY 
 
Nine vertical electrical soundings (VES) were made 
using the schlumberger configuration in the study area. 
The resistivity instrument used was the Abem 
Terrameter SAS 1000, a digital signal averaging 
system. The maximum current electrode separation for 
the VES was 150m. The VES data obtained in the field 
were processed and analyzed using IP12 WIN 
software in accordance with Loke and Baker (1996). 
 
 
RESULT AND DISCUSSION  
 
The study relies on the fact that sand and clay 
materials produce changes in electrical conductivity of 
materials (Nwankwoala, C.N and Emujakporue, G.O 

2012). It is also proven that pore fluid influences the 
resistivity of earth materials. VES technique measures 
the resistivity of rock and can be used to acquire 
information on soil and groundwater quality (Ovuru C. 
and G.J Udom, 2019). Borehole was drilled in Opolo 
community, tap water was obtained from the Benin 
Formation. All the nine VES points were carried out on 
the Benin Formation. A good understanding of the 
geology of the formation is of great importance in the 
interpretation of the resistivity data acquired in the field 
(Ovuru, C. G.J. Udom, and  Oborie 2010 ). Fig:2 to 
Fig:9 are the computer model curves for VES 1 to VES 
9 while Table 1 shows the resistivity values of the 
layers obtained, their depths and thickness and the 
interpreted geo-electric section are given in fig:1 
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Table: 1 Resistivity values, depths, thicknesses with lithological and coordinate.  
VES 
No 

LAYERS RESISTIVITY(Ωm) THICKNESS 
h (m) 

DEPTH d 
(m) 

LITHOLOGY LONGITUDE 
(E) 

 

LATITUDE 
(N) 

1 28.99 1.53 1.53 Top Soil 

 6.346999    4.939944 

VES 
1 

2 5.19 2.19 3.72 Clay 

3 33.87 1.19 4.91 Silty Sand 

4 113.8 5.94 10.86 Fine-Medium Sand 

5 34.6 20.63 31.49 Silty Sand 

6 2202   Fine-Medium Sand 

VES 
2 

1 38 0.6 0.6 Top Soil 

   6.348019  4.939871 

2 9.92 0.79 1.39 Silty sand 

3 5.38 1.83 3.22 Clay 

4 118.5 4.24 7.46 Fine-Medium Sand 

5 32.89 9.81 17.27 Silty Sand 

6 0.08   Clay 

VES 
3 

1 31.18 1.19 1.19 Top Soil 

 6.349250  4.939965 

2 12.28 1.61 2.7 Clay 

3 34.06 12.53 15.33 Silty Sand 

4 214.3 16.04 31.36 Fine-Medium Sand 

5 2.02   Clay 

VES 
4 

1 29.81 1.31 1.31 Top Soil 

   6.346454    4.939524 

2 8.01 1.56 2.87 Clay 

3 9.79 3.41 6.28 Silty Sand 

4 315.7 7.44 13.72 Fine-Medium Sand 

5 48.56 16.28 30 Silty Sand 

6 6.12   Clay 

VES 
5 

1 48.88 0.6 0.6 Top Soil 

 6.348536  4.938645 

2 25.12 0.79 1.39 Silty sand 

3 4.09 1.83 1.22 Clay 

4 121.4 4.24 7.46 Fine -Medium Sand 

5 274.7 9.81 17.27 Fine- Medium Sand 

6 24.81 22.73 40 Silty Sand 

7 47.96   Silty Sand 

VES 
6 

1 43.24 1.01 1.01 Top Soil 

   6.349328  4.938575 

2 28.28 0.09 1.11 Silty Sand 

3 3.77 1.81 2.92 Clay 

4 684.2 3.17 6.089 Fine- Medium Sand 

5 41.29 11.18 17.27 Silty Sand 

6 55.03   Silty Sand 

VES 
7 

1 41.33 0.6 0.6 Top Soil 

 6.347128  4.938711 

2 24.22 0.79 1.39 Silty Sand 

3 9.79 6.07 7.46 Clay 

4 62.71 9.81 17.27 Silty Sand 

5 1942 22.73 40 Fine- Medium Sand 

6 178.2   Fine-Medium Sand 

VES 
8 

1 494.8 0.24 0.24 Top Soil 

 6.348096  4.939371 

2 1.1 0.54 0.78 Clay 

3 466.8 1.047 1.83 Fine- Medium Sand 

4 62.56 3.03 4.85 Silty Sand 

5 2.86 7 11.86 Clay 

6 0.63   Clay 

VES 
9 

1 52.36 0.45 0.45 Top Soil 

   6.348002  4.937945 

2 6.91 1.39 1.84 Silty Sand 

3 1.07 0.14 1.98 Clay 

4 2.05 2.94 4.92 Clay 

5 351 6.933 11.86 Fine-Medium Sand 

6 1353   Fine-Medium Sand 
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Figure 2: VES 1 quantitative interpretation from IPI2win  
 

  
Figure 3: VES 2 quantitative interpretation from IPI2win 
 

  
Figure 4: VES 3 quantitative interpretation from IPI2win 
 

 
Figure 5: VES 4 quantitative interpretation from IPI2win  
 

 
Figure 6: VES 5 quantitative interpretation from IPI2win 
 
 

 
Figure 7: VES 6 quantitative interpretation from IPI2win 
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 Figure 8: VES 7 quantitative interpretation from IPI2win 
 
 

 
Figure 9: VES 8 quantitative interpretation from IPI2win 
 
 

 
Figure 10: VES 9 quantitative interpretation from IPI2win 
 
 
VES 1 fig (2) is located at latitude 4.939944

0
N and 

longitude 6.346999
0
E. It has five interpretative geo-

electric layers with resistivity values, thicknesses and 
depths as shown in (table 1). The geo-electric section 
(fig.11) shows the type of soil in each layer below the 
surface. The first layer has a resistivity value of 
28.99Ωm with a thickness of 1.53m and it has been 
interpreted as top soil. The second layer has a 
resistivity value of 5.19m with a depth of 3.72m and a 
thickness of 2.19m, it has been interpreted as clay. 
The third layer underlies the second layer and it has a 
resistivity value of 38.87Ωm with a thickness of 1.19m 
and a depth of 4.91m. This layer has been interpreted 
as silty clay. There is a fourth layer with a resistivity 
value of 113.8Ωm with a depth of 10.80m and a 
thickness of 5.94m. This layer is interpreted as fine 
grained sand. The fifth layer has a resistivity value of 
3.6Ωm with a depth of 31.49m and with a thickness of 
20.63m. This layer has been interpreted as silty clay. 
The next layer is the sixth layer. This layer has a 
resistivity value of 2202Ωm with an unknown thickness 
and depth. This layer is interpreted as coarse sand 
and is aquiferous. 

VES 2 (Fig.3) is located at latitude 4.9389
0
N and 

longitude 6.348019
0
E. It has (5) five interpretative geo-

electric layers, resistivity values thickness and depth 
as shown in (table 1). The geologic section (fig.11) 
shows the types of soil in each layers and depths 
below the surface. The first layer has a resistivity value 

of 38Ωm with a thickness of 0.60m and a depth of 
0.6m. this layer has been interpreted as top soil 
underlying the first layer is the second layer which has 
a resistivity value of 9.92Ωm with a thickness of 0.79m 
and a depth of 1.39m and this layer has been 
interpreted as clay. The third layer has a resistivity 
value of 5.38Ωm with a thickness of 1.83m and a 
depth of 3.22m. This layer has been interpreted as 
clay and has a resistivity value of 118.50Ωm with a 
thickness of 4.24m and a depth of 7.46m. This layer is 
interpreted as fine sand. The fifth layer has a resistivity 
value of 32.89Ωm with a thickness of 9.81m and a 
depth of 17.27m. This layer is interpreted as silty clay. 
There is a sixth layer, this layer has thickness and 
depth. This layer is interpreted as clay. 

VES 3 (Fig:4) is located at latitude 4.93965
0
N 

and longitude 6.349250
0
E. it has four (4) interpretative 

geo-electric layers, resistivity values, thicknesses and 
depths are shown in (table 1). The geo-electric section 
(Fig 11) shows the types of soil in each layer and 
depths below the subsurface. The first layer has a 
resistivity value of 31.18Ωm with a thickness of 1.19m 
and a depth of 1.119m this layer has been interpreted 
as top soil. The second layer is below the first layer 
and it has a resistivity value of 12.28Ωm with a 
thickness of 1.56m and a depth of 2.7m. This layer is 
interpreted as clay. The third layer has a resistivity 
value of 34.06Ωm with a thickness of 12.53m and a 
depth of 15.33m. This layer has been interpreted as 
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silty clay. The fourth layer has a resistivity value of 
2143Ωm with a thickness of 16.0m and a depth of 
31.36m. This layer has been interpreted as coarse 
sand and the layer is aquiferous. The fifth layer has a 
resistivity value of 202Ωm with an unknown thickness 
and depth. This layer has been interpreted as sand. 

VES 4 (Fig 5) is located at latitude 4.939524
0
N 

and longitude 6.346454
0
 E. It has five geo-electric 

layers, resistivity values, thicknesses and depth, as 
shown in (table 1). The geo-electric section fig (11) 
shows the type of soil in each layer, resistivity value 
and depth below the surface. The first layer has a 
resistivity value of 29.8Ωm with a thickness of 1.31m 
and a depth of 1.31m. This layer has been interpreted 
as top soil. The second layer has a resistivity value of 
8.01Ωm with a thickness of 1.31m and a depth of 
1.31m. This layer has been interpreted as silty clay. 
The fourth layer has a resistivity value of 315.7Ωm with 
a thickness of 7.44m and a depth of 13.72m and it has 
been interpreted as medium grain sand and is 
aquiferous. The fifth layer has a resistivity value of 
48.56Ωm with a thickness of 16.28m and a depth of 
30m.It has been interpreted as silty clay. The sixth 
layer has a resistivity value of 6.12Ωm with an 
unknown thickness and depth, this layer is interpreted 
as clay. 

VES 5 (fig. 6) is located at latitude 4.938645
0
N 

and longitude 6.348536
0
E. It has six (6) geo-electric 

layers, resistivity values thickness and depths as 
shown in table. The geo-electric section (fig. 11) show 
the type of soil in each layer and depth below the 
surface. The first layer has a resistivity value of 
48.88Ωm with a thickness of 0.6m and a depth of 
0.6m. This layer has been interpreted as topsoil. The 
second layer is beneath the first layer. This layer has a 
resistivity value of 25.12Ωm, with a depth of 0.79m and 
a depth of 1.39m. This layer has been interpreted as 
clay. The third layer has a resistivity value of 4.09Ωm 
with a thickness of 1.83m and a depth of 1.22m. This 
layer has been interpreted as silty clay. The fourth 
layer has a resistivity value of 121.4Ωm, with a 
thickness of 4.24m and a depth of 7.46m. This layer is 
interpreted as fine sand. The fifth layer has a resistivity 
value of 274.7Ωm with a depth of 9.51m and a depth 
of 17.27m. This layer has been interpreted as medium 
coarse sand. The sixth layer has a resistivity value of 
24.81Ωm with a thickness of 22.72 and a depth of 
40m, this layer is interpreted as clay. The seventh 
layer has a resistivity value of 47.96Ωm and it has 
unknown thickness and depth.     

VES 6 (Fig: 7) is located at latitude 4.938575
0
N 

and longitude 6.34928
0
E. It has five (5) interpretative 

geo-electric layers, resistivity values, thicknesses and 
depths as presented in table 1. The geo-electric 
section (Fig: 11) show the types of soil in each layer 
and depth below the surface. The first layer has a 
resistivity value of 43.24Ωm with a thickness of 1.01m 
and a depth of 1.01 m, this layer is interpreted as top 
soil. The second layer has a resistivity value of 
28.28Ωm, with a thickness of 0.19m and a depth of 
1.11m. This layer is interpreted as clay. The third layer 
has a resistivity value of 3.77Ωm with a thickness of 
1.81m and with a depth of 2.92m, this layer is 
interpreted as clay. The fourth layer has a resistivity 

value of 684.2Ωm with a thickness of 3.17m and a 
depth of 6.09m, this layer is interpreted as coarse sand 
and this layer is aquiferous. Layer five has a resistivity 
value of 41.29Ωm with a thickness of 11.18m and a 
depth of 12.27m. This layer is interpreted as clay. 
There is a sixth layer which has a resistivity value of 
55.03Ωm with unknown thickness and depth. This 
layer is interpreted as clay. 

VES 7 Fig 8 is located at latitude 4.938711
0
N 

and longitude 6.347128
0
N. it has five (5) interpretative 

geo-electric layers, resistivity values thickness and 
depths as presented in table1. The geo-electric section 
fig 11 shows the type of soil in each layer and depth 
below the surface. The first layer has a resistivity value 
of 41.33Ωm with a thickness of 0.6m and a depth of 
0.6m. this layer is interpreted as topsoil. The second 
layer has resistivity value of 24.22Ωm with a thickness 
of 0.79m and a depth of 1.39m. This layer is 
interpreted as clay. The third layer has a resistivity 
value of 9.79Ωm with a thickness of 6.01m and a 
depth of 7.46m. this layer has been interpreted as silty 
clay. The fourth layer has a resistivity value of 
62.71Ωm with a thickness of 9.81m and a depth of 
17.27m this layer is interpreted as silt. The fifth layer 
has a resistivity value of 1942Ωm with a thickness of 
22.73m and depth of 40m. This layer is interpreted as 
coarse sand and the layer is aquiferous. The next layer 
has a resistivity value of 178.2Ωm with an unknown 
thickness and depth. The layer has interpreted as fine 
grained sand. 

VES 8 Fig 11 is located at longitude 6.34809
0
E 

and latitude 4.939371
0
N. It has five (5) interpretative 

geo-electric layers resistivity values, thickness and 
depths as presented in the table 1.  The geo electric 
section in fig. 11 shows the types of soil in each layer 
and depth below the surface. The first layer has a 
resistivity value of 494.8Ωm with a thickness of 024m 
and a depth of 0.2m. This layer has been interpreted 
as topsoil. The second layer has a resistivity value of 
1.1Ωm with a thickness of 0.54m and a depth of 078m. 
This layer has been interpreted as clay. The third layer 
has a resistivity value of 466.8Ωm with a thickness of 
1.047Ωm and with a depth of 1.83m.This layer has 
been interpreted as coarse sand. The fourth layer has 
a resistivity value of 62.56Ωm with a thickness of 
3.03m and a depth of 4.85m. This layer has been 
interpreted as silty clay. The fifth layer has a resistivity 
value of 2.86Ωm with a thickness of 7m and a depth of 
11.86m. This layer has been interpreted as clay. 

VES 9 Fig .10 is located at longitude 
6.348002

0
E and latitude 4.937945

0
N. it has five (5) 

interpretation geo-electric layers, resistivity values, 
thicknesses and depths, as presented in table 1. The 
geo-electric section as shown in fig (11) shows the 
type of soil in each layer and depth below the surface. 
The first layer has a resistivity value of 52.36Ωm with a 
thickness of 0.45m and a depth of 0.45m. This layer 
has been interpreted as topsoil. The second layer has 
a resistivity value of 6.91Ωm, with a thickness 1.39m 
and a depth of 1.84m. This layer has been interpreted 
as silty clay. The third layer has a resistivity value of 
1.07Ωm with a thickness of 1.39 and a depth of 1.98m. 
This layer has been interpreted as silty clay. The fourth 
layer has a resistivity value of 2.05Ωm with a thickness 
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of 2.94m and a depth of 4.92m. This layer has been 
interpreted as clay. The fifth layer has a resistivity 
value of 351Ωm with a thickness of 6.93m and depth 
of 11.86m. This layer has been interpreted as sand 

and is aquiferous. The next layer has a resistivity value 
of 13.53Ωm with unknown thickness and depth. This 
layer is interpreted as clay. 

 
 

 
Figure 11.: Geo-electric section for VES1-VES9 

 
 
 

 
Fig.12 Lithological profile of a borehole from Opolo Community 
 
 
Strata log of a 63.3m borehole was drilled in Opolo 
Community which shows that the aquifer is mainly 
sand. From the surface to a depth of 6.66m is clay, we 
have medium grain sand occurring from 6.66m to 
13.3m.  From 13.33m to 30m depth is fine sand, and 
from 30m to 36.66m depth we have medium grained 
sand. We have clay between 36.66m to 40m depth 
and silt occurring from 40m to 43.33m depth. Fine 
grained sand occurring from 45m to 63.33m. 
 
 

CONCLUSION AND RECOMMENDATION 
 
VES investigation shows 5 delineable geo-electric 
layers, with layers three and four being aquiferous. A 
depth of about 26m should be targeted in the study 
area so that productive wells can be drilled. The 
lithological profile is correlatable with the interpreted 
geo electric section results obtained from a borehole in 
Opolo community. 
 
 



8   Ovuru and Eteh / Greener Journal of Science, Engineering and Technological Research    

 
REFERENCES 
 
Amajor, L.C (1991). Aquiferous in the Benin formation 

(Miocene-recent), eastern Niger Delta, Niger: 
lithostratigraphic hydraulics and water quality. 
Journals of environmental geology, 17 (2), 85-
101 

Loke, M.H and Barker, R.D (1996). Rapid least 
squares inversion of apparent resistivity 
pseudosection using a quasi-newton method: 
Geophysical prospecting, 44, 131-152. 

Murat, R.C (1970). Stratigraphy and paleogeography 
of creataceous and lower tertiary in the 
southern Nigeria in: Dessanvagie, T.F.G and 
whiteman, A.J Eds. Africa geology, university 
of Ibadan press, Ibadan 251-266 

Nwankwoala, CN and Emujakporue, G.O (2012). 
Geophysical method of investigation of 
groundwater and subsoil contamination: A 

case study. American Journal of 
Environmental Engineering, 2 (3), 49-53. DOI: 
10.5923/j.ajee.20120203.02 

Ovuru, C., Udom, G.J and Oborie, E (2010). Electrical 
resistivity survey for groundwater in parts of 
Yenagoa and Ogbia local government area, 
Bayelsa state, Nigeria. International journal of 
physical science, 5 (3), 2006-1064. 

 Ovuru, C., & Udom, G.J. (2018). Geo- Electric 
Characterization of Recent Hydrocarbon 
Contaminated Soil and Groundwater in Parts 
of Ogale Community, Eleme Local 
Government Area of Rivers State Nigeria. 
International Journal of Research, 5, 505-514. 

Reyment, R.A (1965), Aspects of the geology of 
Nigeria; Ibadan University press, Nigeria 

Short, K.C and Stauble, A.J (1967) Geology of Niger 
Delta. AAPG Bulletin 5,761-779. 

     
 
 

Cite this Article: Ovuru C; Eteh DR (2021). Aquifer Delineation using Electrical Resistivity Method, a Case Study of Opolo 

Community in Yenagoa Local Government Area of Bayelsa State; Nigeria. Greener Journal of Science, Engineering and 

Technological Research, 10(1): 1-8. 

 


