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ABTSRACT - Vertical Electrical Sounding method was applied for the purpose of aquifer characterisation in 

Ishiayi Community in Ahoada West LGA of Rivers State to determine the best point to site borehole in a 

production complex and best depth range of the well to screen to avoid seasonal effect on the aquifer yield and 

high iron content associated with shallow aquiferous unit in the area. Results from 3 (three) VES points along a 

profile within the survey facility showed that 7 (seven) geoelectric layers existed to the depth of investigation, 

with a top to bottom sequence of sandstone > clay & sandstone > clay > sandstone (first aquifer) > clay > 

sandstone (second aquifer) > clay, the layers were laterally continuous across all VES points but varied in 

thicknesses. 2 (two) aquifers were delineated of which the interest was the second aquifer because literature 

from the area showed that the shallower aquifer yield was season dependent and mostly reported to have high 

iron content. The best drilling point (VES 2) with optimum aquifer yield was inferred from the information on 

maximum thickness and depth profile of the aquiferous zone across the survey area. The maximum thickness of 

the target aquifer along the profile is 13.6 m occurring beneath VES 2 with a resistivity of 635 Ωm consistent 

with freshwater bearing sandstones in the area. 
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I. INTRODUCTION 
One of the most important resource required for life to thrive is water. In most communities of the 

Niger Delta, accessibility to potable water is a major challenge, this is due to a rapid population growth in recent 

times which has not been matched with an increase or upgrade in water resource infrastructure by successive 

governments, poor maintenance of distributary and storage facilities of the oil and gas industry which has led to 

the reoccurrence of hydrocarbon spills, indiscriminate activities of oil pipeline vandals and poor waste 

management practices in most communities (Amadi et al., 2010, Nwankwoala et al, 2014; Egai and Douglas, 

2015; Oki and Akana, 2016). Most of the activities mentioned have not only caused a devastation of the 

environment, they have also polluted and contaminated surface water bodies and in some cases shallow aquifers 

in the area. The logical alternative to source for potable water for domestic and industrial purpose is 

underground water. The Earth acts like a natural filter, as surface water seeps into the subsurface impurities are 

trapped or suspended within soil particles, as such, underground water is usually more potable and is not as 

easily contaminated as surface water. 

Vertical Electrical Sounding is a non-invasive geophysical technique that has been successfully 

employed over the years for subsurface characterisation (Zohdy et al, 1974; Ekine and Osobonye, 1996; 

Olorunfemi et al, 1999; Oseji et al, 2006; Oborie and Nwankwoala, 2012; Oborie et al, 2014). It is also fast and 

relatively cheap. This method is employed in groundwater exploration to determine subsurface layer properties 

based on their resistance to flow of electric current. Results obtained by this method can be used to infer water 

bearing units and quality of water they hold when constrained with secondary information from the area (Ushie 

and Nwankwoala, 2011).  
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There have been a lot of reports of high iron content in groundwater from shallow boreholes in Ishiayi 

community in Ahoada West in Local Government Area of Rivers State and surrounding communities (Udom 

and Amah, 2006; Okiongbo and Ogobiri, 2011; Egai and Douglas, 2015). Deeper boreholes have also been 

reported to have negligible iron content in them. Since most boreholes in the area were drilled by quacks, there 

is very little drilling information obtainable from existing wells. This research was carried out to delineate 

shallow and deep aquiferous zones in the area. Based on aquifer properties determined, an informed 

recommendation was made on drilling point and range of screen depth for optimal yield and minimal iron 

content fit for domestic and industrial use. 

 

Physiography and geology of study area 

 The study location is Ishiayi community in Ahoada West LGA in Rivers State, Nigeria. It is located 

within latitudes N05° 03’ 11” and N05° 03’ 46” and longitudes E006° 25’ 00” to E 006° 25’ 30” (Fig. 1). The 

topography in the area is generally low lying with an elevation of 15m above sea level. The survey area lies 

within the rain forest of the Niger Delta Sedimentary Basin. It is drained by tributaries and creeks of the Orashi 

River and River Nun, and traversed by two major roads (Mbiama - Yenagoa and East - West roads) and several 

minor roads. The major economic activities of the locals are farming, fishing and local sand dredging from 

creeks and rivers. The Niger Delta is located in the humid climatic region of the rain forest with characteristic 

seasonal torrential down pours. Rainfall in the Niger Delta is heavy due to the closeness of the delta region to 

the equator, annual rainfall gets as high as 4,000 mm close to the coast (Offodile, 2002) and to about 3,000 mm 

in Ahoada West. 

 
Fig. 1 Location map showing VES stations (Google Earth, 2018) 

 

 The Niger Delta Basin is a complex prolific Basin formed by an extensional rift system in the Niger 

Delta and the Gulf of Guinea on a passive continental margin near the west coast of Nigeria (Reijers et al, 

1996). The major lithostratigraphic units observed on a well-section through the Niger Delta consist of an upper 

delta top facies, a middle delta front lithofacies and a lower prodelta lithofacies. The lithostratigraphic units 

correspond respectively with the uppermost Benin Formation aged Oligocene to recent, the Agbada Formation 

lies beneath the Benin Formation aged Eocene to recent and the lowest lying Akata Formation aged Paleocene 

to recent (Short and Stauble, 1967). The Akata Formation is composed mainly of marine shales with sandy and 

silty beds which are believed to have been laid down as turbidites and continental slope fills with an estimated 

thickness of 7,000 m. The Agbada Formation which the petroleum bearing unit in the Niger Delta, consists 

mostly of shore face and channel sands with minor shales in the upper parts and an intercalation of sands and 

shales in equal proportion in the lower parts, with a thickness of over 3,700 m (Doust and Omatsola, 1990). The 

Benin Formation consisting of continental sands and gravels is about 280 m thick and maybe up to 2,100 m in 

the region of maximum subsidence (Whiteman, 1982). The environment of deposition is partly lagoonal and 

fluviolacustrine/deltaic (Reyment, 1965), the Benin Formation is the aquiferous unit in the Niger Delta Basin 
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(Etu-Efeotor and Akpokodje, 1990; Offodile, 2002), the clayey intercalations of the Formation gives rise to a 

multi-aquifer system with the shallow unconfined aquifer occurring at depths ranging from 20 m to 40 m across 

the area (Etu-Efeotor, 1981; Edet, 1993; Udom and Amah, 2006). The main source of recharge is through direct 

precipitation owing to the relatively high annual rainfall, water infiltrates through the highly permeable sands of 

the Benin Formation to recharge the aquifers (Amajor and Ofoegbu, 1988; Udom and Amah, 2006). 

 

 

 

II. MATERIALS AND METHOD 
 This investigation employed the Vertical Electrical Sounding (VES) method of Electrical Resistivity 

survey to characterise the vertical variation in the subsurface material to a depth of interest. The field procedure 

was carried out with a resistivity machine by applying current into the ground through two electrodes (A and B), 

then measuring the resultant potential difference (ΔV) between them using two potential electrodes (M and N). 

The centre point of the electrode array remained fixed but the spacing of the electrodes was systematically 

increased so as to obtain 1D georesistivity information (vertical variation in resistivity of Earth materials) of the 

midpoint of AB (for detailed explanation see Okiongbo and Ogobiri, 2011). The maximum lateral extent of AB 

was 300 m because secondary information obtained from the area showed that depth to target aquifer was 

expected to be less than 100 m. Three (3) survey stations along a profile within the survey property were 

occupied and data was acquired using the ABEM 3000 Resistivity meter, a self-averaging digital equipment. 

Data processing was done by computer aided modelling and Interpex inversion software from which 

information of layer parameters i.e. layer resistivity and thickness were obtained. Information of layer 

parameters was used to generate a 2-D geo-electric profile of the subsurface of the surveyed area from which the 

best drilling point for maximum aquifer yield was inferred.  

 

III. RESULTS AND DISCUSSION 
 Results from the modelled data from the three VES stations occupied was presented in Table 1. It 

showed that seven distinct layers were delineated by all three geo-electric profiles carried out, also, all three 

VES were of the QHKHK type curve (Figs. 2, 3 and 4).  

 

Table 1 Location points and geo-electric parameters. 
Location  Co-ordinates Layer  Resistivity (Ωm) Thickness (m) Depth (m) Curve type 

VES 1  1 300 2.4 2.4 QHKHK 

 2 85 3.7 6.1  

3 18 3.9 10.0 

4 315 5.8 15.8 

5 75 11.2 27.0 

6 480 8.8 35.8 

7 47 ∞ ∞ 

VES 2  1 220 2.1 2.1 QHKHK 

 2 97 4.6 6.7  

3 23 4.2 10.9 

4 382 9.7 20.6 

5 76 6.7 27.3 

6 635 13.6 40.9 

7 52 ∞ ∞ 

VES 3  1 280 2.7 2.7 QHKHK 

 2 83 5.8 8.5  

3 15 3.3 11.8 

4 287 7.0 18.8 

5 24 7.9 26.7 

6 515 10.6 37.3 

7 67 ∞ ∞ 
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Fig. 2 VES 1 geo-electric curve 

 
Fig. 3VES 2 geo-electric curve 

 

 
Fig. 4VES 3 geo-electric curve 

 

 On VES 1, the top soil had a resistivity of 300 Ωm consistent with sandstones, with a thickness of 2.4 

m, the site had obviously been sand-filled and compacted in the recent past. A second layer 3.7 m thick, with a 

resistivity of 85 Ωm consistent with silty-clay was observed. Beneath this second layer, a distinct clayey third 

layer was delineated, it had a resistivity of 18 Ωm and a thickness of 3.9 m.   The fourth layer had resistivity of 

315 Ωm consistent with a freshwater coarse grained sandstone aquifers in the area, it had a thickness of 5.8 m. It 

was the first inferred aquifer delineated.  The shallow aquifer is sealed at the base by a fifth layer with resistivity 

of 75 Ωm associated with clayey material having a thickness of 11.2 m.   The sixth layer had a resistivity of 480 

Ωm associated with freshwater bearing coarse grained sandstones, it had a thickness of 8.8 m, this is the second 

inferred aquifer delineated and it was sealed by a clayey seventh layer with resistivity of 47 Ωm. VES 2 had a 
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compacted sandstone top soil with resistivity 220 Ωm and 2.1 m thick, underlain by a silty-clay layer with 

resistivity 97 Ωm and a thickness of 4.6 m. The third layer had a resistivity of 23 Ωm, consistent with clays that 

was 4.2 m thick. The fourth geo-electric layer had a resistivity of 382 Ωm consistent with freshwater bearing 

sandstones in the area, this layer was inferred as the shallow aquifer earlier delineated by VES 1. It had a 

thickness of 9.7 m. Beneath the fourth layer is a clayed layer with a resistivity of 76 Ωm and thickness 6.9 m, it 

acted as a bottom confining material for the shallow aquifer and a top seal for the deeper aquifer in the sixth 

layer, which had a resistivity of 635 Ωm consistent with the freshwater bearing sandstones in the area. The 

second aquifer had a thickness of 13.6 m and was underlain by a clayey seventh layer, which had a resistivity of 

52 Ωm. The third station occupied (VES 3), like the first two also had an artificial top soil of compacted 

sandstones with a resistivity of 280 Ωm and thickness of 2.7 m. The second layer delineated by the 1D profile 

had a resistivity of 83 Ωm and thickness of 5.8 m associated with silty-clay soil, beneath is a clayey third layer 

with resistivity of 15 Ωm and thickness 3.3 m. The fourth layer was the shallow aquifer material with a 

resistivity of 287 Ωm and a thickness of 7.0 m, consistent with the shallow aquifer earlier delineated by the first 

two VES’s. A fifth clayey layer existed beneath the shallow aquifer with a resistivity of 24 Ωm and a thickness 

of 7.0 m. The second aquifer material (coarse grained sandstones) with a resistivity of 515 Ωm and a thickness 

of 10. 6 m was delineated by the geo-electric profile as the sixth layer, which was underlain by a seventh layer 

with resistivity of 67 Ωm consistent with clay material.  

 Using information of layer parameters obtained from the three VES points occupied a 2D cross-section 

profile across the survey stations was then generated, this was used to predict the drilling point and screen depth 

range that would have the best aquifer yield in the area based on the aquifer thickness and depth of occurrence 

with respect to the other points along the profile (Fig. 5). 

 

 
Fig. 52D geo-electric cross-section over sampled area showing recommended drilling target 

 

IV. SUMMARY AND CONCLUSION 

 A successful attempt was made to characterise the aquifer system in Ishiayi community of Ahoada 

West LGA of Rivers state using Vertical Electrical Sounding method. Results obtained showed that although 

most subsurface layers where laterally continuous, they varied in thickness. The shallow unconfined aquifer in 

the area is documented to have a higher iron content than the second aquifer in the multi-aquifer system that 

exits in the area, based on this knowledge the second aquifer was of primary interest in this investigation. The 

second aquifer beneath VES 2 was recommended as the best drilling point, this was because it was thicker than 

that beneath both VES’s 1 & 2. 
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