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ABSTRACT 
This study investigates subsurface depth 
delineation for aquifer prospecting at Redeemed 
Church Field, Choba, Rivers State, with the aim of 
identifying water-bearing formations to support 
sustainable groundwater development. The 
objectives included acquiring resistivity data, 
interpreting geoelectric curves, and recommending 
optimal borehole depths. Using the Vertical 
Electrical Sounding (VES) method with a 
Schlumberger array, resistivity data were collected 
and processed with geophysical software to 
generate subsurface models. The results revealed 
five distinct geoelectric layers, with resistivity 
values ranging from 53.5Ωm to 773Ωm. The fourth 
layer, characterized by high resistivity and 
significant thickness, was interpreted as the 
principal aquifer zone, likely composed of coarse- 
grained sandstone. The resistivity curve resembled 
an HK-type, typically associated with aquifer- 
bearing formations, and the geoelectric section 
confirmed the lateral continuity and depth of the 
aquifer. The study area, located within the Benin 
Formation of the Niger Delta Basin, exhibits 
favorable hydrogeological conditions due to its 
high porosity and permeability. The findings 
demonstrate the effectiveness of resistivity methods 
in delineating subsurface structures and identifying 
viable aquifer zones. Based on the results, it is 
recommended that boreholes be drilled to target the 
fourth geoelectric layer, and that further 
hydrogeological testing and regular groundwater 
monitoring be conducted to ensure sustainable 
usage. This research provides a scientific basis for 
groundwater exploration and contributes to 
informed water resource management in the region. 
Keywords; Geoelectric, Resistivity, Stratigraphy, 
Exploration, Research 

I.​ INTRODUCTION 
Water is a fundamental resource for 

human survival, economic development, and 
environmental sustainability. In many parts of 
Nigeria, including Rivers State, the increasing 
demand for potable water has placed pressure on 
available surface and groundwater resources. 
Urban expansion, population growth, and climate 
variability have further exacerbated water scarcity, 
especially in semi-urban communities like Choba. 
Groundwater, being relatively protected from 
surface contamination and available year-round, 
has become a vital source of water supply. 
However, successful groundwater development 
depends on accurate subsurface characterization to 
identify aquifer-bearing formations. 

Geophysical methods, particularly 
electrical resistivity techniques, have emerged as 
reliable tools for subsurface investigations. These 
methods offer non-invasive, cost-effective, and 
efficient means of delineating subsurface layers 
and locating aquifers. The Vertical Electrical 
Sounding (VES) technique, using configurations 
such as the Schlumberger array, allows for 
depth-specific resistivity measurements that can be 
interpreted to reveal lithological variations and 
groundwater potential (Akinlalu et al., 2022). 

This study focuses on subsurface depth 
delineation for aquifer prospecting at the 
Redeemed Church Field in Choba, Rivers State. 
The area, situated within the Niger Delta Basin, is 
underlain by the Benin Formation—a geologic unit 
known for its high porosity and permeability. 
Despite its hydrogeological potential, 
indiscriminate borehole drilling without scientific 
guidance has led to failed wells and wasted 
resources. Therefore, this research aims to provide 
a geophysical basis for groundwater   exploration,   
contributing   to 

 



 

 

sustainable water resource management in the 
region. 

Groundwater accounts for a significant 
portion of Nigeria’s domestic and agricultural water 
supply. According to the Nigerian Hydrological 
Services Agency (NHSA, 2023), over 60% of rural 
communities rely on groundwater for drinking and 
sanitation. In urban and peri-urban areas, boreholes 
supplement municipal water systems, especially 
during dry seasons and infrastructure failures. 
However, groundwater development faces 
challenges such as poor siting, over-extraction, and 
contamination from industrial and domestic waste 
(Nwankwo et al., 2023). 

In Rivers State, the situation is particularly 
critical due to the region’s high population density 
and industrial activities. The Port Harcourt 
metropolis, which includes Choba, experiences 
frequent water shortages, prompting residents to 
depend on private boreholes. Unfortunately, many 
of these boreholes are drilled without proper 
subsurface investigation, leading to low yields or 
dry wells. This underscores the need for scientific 
methods to guide groundwater exploration. 

Electrical resistivity methods have gained 
prominence in hydrogeological studies due to their 
ability to detect subsurface features based on 
electrical properties. The VES technique involves 
injecting current into the ground and measuring 
potential differences to calculate apparent 
resistivity. Variations in resistivity correspond to 
different lithologies, allowing for the identification 
of aquifer zones (Amadi et al., 2023). 

The Schlumberger array, used in this 
study, is particularly effective for deep 
investigations. It provides high-resolution data and 
is less sensitive to lateral heterogeneities compared 
to other configurations. Data interpretation involves 
plotting resistivity curves and generating 
geoelectric sections that visualize subsurface 
layers. These outputs help in estimating aquifer 
depth, thickness, and extent—critical parameters 
for borehole design and groundwater management. 

Recent advancements in geophysical 
software, such as RES2DINV and Surfer, have 
enhanced data processing and model accuracy. 
These tools allow for inversion of resistivity data, 
producing realistic subsurface images that aid in 
geological interpretation (Olorunfemi & Fasuyi, 
2022). 

Choba is located within the Niger Delta 
Basin, a sedimentary basin formed during the Late 
Cretaceous to Recent periods. The basin comprises 
three major lithostratigraphic units: the Akata 
Formation (shale), the Agbada Formation 
(sandstone and shale), and the Benin Formation 

(coarse sands and gravels). The Benin Formation, 
which underlies Choba, is the principal aquifer unit 
in the region (Reijers, 2021). 

The formation consists of unconsolidated 
sands, lateritic soils, and clay lenses deposited 
through fluvial and deltaic processes. Its high 
porosity and permeability make it suitable for 
groundwater storage and transmission. However, 
the presence of clay intercalations can impede 
water movement and affect aquifer productivity. 
Therefore, accurate delineation of sandy layers is 
essential for successful borehole siting. 

Previous studies in the Niger Delta have 
confirmed the effectiveness of resistivity methods 
in aquifer delineation. For instance, Oteri and 
Atolagbe (2022) conducted a geophysical survey in 
nearby communities and identified productive 
aquifers within the Benin Formation. Their 
findings support the use of similar techniques in 
Choba. 

Despite the hydrogeological potential of 
the Niger Delta, groundwater development faces 
several challenges. One major issue is the lack of 
baseline data and scientific guidance in borehole 
drilling. Many boreholes are sited based on trial- 
and-error or anecdotal evidence, resulting in low 
yields and financial losses. Additionally, 
urbanization and land-use changes have altered 
recharge patterns and increased the risk of 
contamination (Ibe & Nwankwo, 2022). 

Climate change is another emerging 
threat. Variability in rainfall and temperature 
affects groundwater recharge rates and aquifer 
sustainability. Studies have shown that prolonged 
dry seasons and intense rainfall events can lead to 
reduced infiltration and increased surface runoff, 
impacting groundwater availability (NIMET, 
2023). 

Furthermore, socio-economic factors such 
as poverty, lack of technical expertise, and weak 
regulatory frameworks hinder effective 
groundwater management. There is a need for 
capacity building, public awareness, and policy 
reforms to promote sustainable practices. 

This study addresses the critical need for 
scientific investigation in groundwater exploration. 
By employing geoelectrical resistivity methods, it 
provides a reliable assessment of subsurface 
conditions and identifies potential aquifer zones. 
The findings will guide borehole siting, reduce the 
risk of failure, and support water resource planning 
in Choba. 

Moreover, the study contributes to 
academic research and practical applications in 
hydrogeophysics. It demonstrates the integration of 
field data, geophysical techniques, and geological 
interpretation in solving real-world problems. The 

 



 

 

methodology and results can be replicated in other 
parts of the Niger Delta and beyond. 

The research also aligns with national and 
global goals on water security and sustainable 
development. It supports the United Nations 
Sustainable Development Goal 6 (Clean Water and 
Sanitation) by promoting access to safe and reliable 
water sources In conclusion, the background to this 
study highlights the importance of groundwater in 
Nigeria, the challenges facing its development, and 
the role of geophysical methods in aquifer 
delineation. Choba, located within the 
hydrogeologically favorable Benin Formation, 
presents an ideal setting for resistivity-based 
investigations. The study aims to provide a 
scientific basis for groundwater exploration, 
 
The study is limited to the Redeemed Church Field 
in Choba, Rivers State. 
1.​ It focuses on subsurface characterization using 

geoelectrical resistivity methods. 
2.​ The investigation covers vertical profiling of 

subsurface layers to a depth sufficient for 
aquifer identification. 

3.​ Only one geophysical method (VES with 
Schlumberger array) is employed. 

The research relies solely on resistivity 
data, which may be influenced by factors such as 
soil moisture, temperature, and mineral content, 
limited spatial coverage due to the use of a single 
VES point may affect regional generalization, 
absence of complementary hydrogeological data 
(e.g., borehole logs, water quality tests) restricts 
full aquifer validation and equipment sensitivity 
and field conditions may introduce minor data 
inaccuracies. 
 
Geology of the Study Area 

The study was conducted at the Redeemed 
Church Field in Choba, located within Obio/Akpor 
Local Government Area of Rivers State, Nigeria as 
shown in Figure 1. Choba is a semi-urban 
community that hosts the University of Port 
Harcourt and is experiencing rapid urbanization 
and population growth. 

The geology of Choba and its surrounding 
areas falls within the Niger Delta Basin, one of the 
most prolific sedimentary basins in Africa. This 
basin is characterized by thick sequences of 
unconsolidated sediments, which are favorable for 
groundwater accumulation and movement. 

The Niger Delta Basin is a Tertiary 
sedimentary basin formed during the Late 
Cretaceous to Recent periods. It comprises three 
major  lithostratigraphic  units:  The  Benin 

Formation, the Agbada Formation, and the Akata 
Formation (Doust & Omatsola, 2020). 

Benin Formation: This is the topmost unit, 
consisting mainly of coarse-grained sands, gravels, 
and minor clay lenses. It is highly porous and 
permeable, making it the principal aquifer unit in 
the region. 

Agbada Formation: Lies beneath the 
Benin Formation and consists of alternating layers 
of sandstone and shale. It serves as both aquifer 
and aquitard depending on the lithological 
dominance. 

Akata Formation: The deepest unit, 
composed predominantly of shale and clay, acting 
as a source rock and confining layer. 

Choba is situated within the Benin 
Formation, which is known for its excellent aquifer 
properties due to its high porosity and permeability 
(Reijers, 2021). 

The local geology of Choba is dominated 
by unconsolidated sands lateritic soils, and clayey 
intercalations. These sediments were deposited 
through fluvial and deltaic processes and are 
typical of the upper Niger Delta environment. The 
lithology supports groundwater storage and 
movement, especially in the deeper sandy layers. 

Geophysical surveys conducted in the 
study revealed five distinct geoelectric layers. The 
topsoil is lateritic, followed by clayey and sandy 
clay layers, with the fourth layer interpreted as a 
coarse-grained sandstone aquifer. The fifth layer 
may represent compacted sandstone or weathered 
bedrock. 

The hydrogeology of the area is 
influenced by the lithological composition and 
structural features. The Benin Formation serves as 
the primary aquifer, with groundwater occurring 
under unconfined to semi-confined conditions. 
Recharge occurs mainly through precipitation, and 
the water table fluctuates seasonally. 

Groundwater flow is generally from 
higher elevations toward the New Calabar River. 
The aquifer thickness varies, but in Choba, it 
ranges between 45m and 60m, as indicated by the 
resistivity survey. The high resistivity values (up to 
773Ωm) suggest the presence of clean, coarse 
sands suitable for groundwater extraction (Oteri & 
Atolagbe, 2022). 

The Niger Delta is structurally complex, 
with features such as growth faults, rollover 
anticlines and shale diapirs. However, Choba lies in 
the relatively stable upper deltaic plain, where 
tectonic activity is minimal. The absence of major 
faults enhances aquifer continuity and reduces the 
risk of contamination from deeper formations. 

 



 

 

The geology of Choba supports 
sustainable groundwater development. However, 
urbanization and land-use changes pose risks to 
aquifer recharge and water quality. Proper siting of 
boreholes and regular monitoring are essential to 
mitigate these risks. 

Moreover, the presence of clay lenses and 
lateritic soils in the upper layers may lead to 
seasonal waterlogging and reduced infiltration. 
These factors must be considered in groundwater 
management strategies. 

Recent studies have emphasized the need 
for  integrated  hydrogeological  assessments  in 

urbanizing areas like Choba. Advances in 
geophysical techniques, such as 2D and 3D 
resistivity imaging, offer improved subsurface 
visualization and aquifer characterization (Akinlalu 
et al., 2022). 

Furthermore, climate change and 
variability in rainfall patterns are affecting 
groundwater recharge rates. Adaptive strategies, 
including artificial recharge and rainwater 
harvesting, are being explored to enhance water 
availability (Nwankwo et al., 2023). 

 

 
Figure 1: Geologic map of The Study area 

 

II.​ LITERATURE REVIEW 
Groundwater exploration has become 

increasingly vital in regions facing water scarcity, 
urban expansion, and climate variability. In 
Nigeria, especially in the Niger Delta region, the 
demand for reliable water sources has led to the 
adoption of geophysical methods for subsurface 
investigations. This literature review synthesizes 
existing research on aquifer prospecting using 
resistivity methods, with a focus on the theoretical 
and conceptual frameworks that underpin 
subsurface delineation. It also explores the 

geological context of the Niger Delta, the role of 

 



 

geoelectrical techniques, and recent advancements 
in hydrogeophysical modeling. 

Building on this theoretical foundation, 
the conceptual framework guiding this study 
integrates geophysical principles with 
hydrogeological objectives. It assumes that 
variations in subsurface resistivity can be 
interpreted to delineate lithological boundaries and 
identify aquifer zones. This approach involves the 
acquisition of resistivity data using the Vertical 
Electrical Sounding (VES) technique, particularly 
with the Schlumberger array, which is known for 
its depth penetration and resolution. The collected 

 



 

 

data are then processed using inversion algorithms 
to generate resistivity-depth models that reflect the 
subsurface structure. Interpretation of these models 
is carried out by correlating resistivity values with 
known lithologies, enabling the identification of 
potential aquifer units. To ensure reliability, 
geophysical interpretations are validated against 
borehole logs and hydrogeological data from the 
study area. This integrated framework supports 
decision-making in groundwater exploration by 
providing a systematic and scientifically grounded 
approach to subsurface characterization (Akinlalu 
et al., 2022). 

Electrical resistivity methods have been 
widely used in groundwater studies due to their 
sensitivity to subsurface variations. The Vertical 
Electrical Sounding (VES) technique is particularly 
effective for depth-specific investigations. It 
involves expanding electrode spacing to probe 
deeper layers, allowing for the detection of aquifer- 
bearing formations (Amadi et al., 2023). The 
Schlumberger array, used in this study, offers high- 
resolution data and is suitable for deep 
investigations. It minimizes lateral effects and 
provides reliable resistivity profiles. Data 
interpretation involves plotting resistivity curves 
and generating geoelectric sections that visualize 
subsurface structures (Oteri & Atolagbe, 2022). 

Recent studies have demonstrated the 
effectiveness of resistivity methods in various 
geological settings. For instance, Akinlalu et al. 
(2022) applied 2D resistivity imaging in 
southwestern Nigeria and successfully identified 
aquifer zones. Similarly, Nwankwo et al. (2023) 
used VES to delineate groundwater potential in 
urban areas, highlighting the method’s applicability 
in complex environments. These studies underscore 
the versatility of resistivity techniques in mapping 
aquifers, especially in sedimentary terrains where 
lithological contrasts are pronounced. 

The Niger Delta Basin is a prolific 
sedimentary basin characterized by thick sequences 
of unconsolidated sediments. It comprises three 
major formations: the Benin Formation, the 
Agbada Formation, and the Akata Formation. The 
Benin Formation, which underlies the Choba area, 
consists predominantly of coarse sands and gravels 
with high porosity and permeability, making it the 
principal aquifer unit in the region. The Agbada 
Formation features alternating sandstone and shale 
layers, serving both as aquifers and aquitards 
depending on the local stratigraphy. The Akata 
Formation, composed mainly of shale, acts as a 
confining layer and is generally not favorable for 
groundwater development (Reijers, 2021). Choba, 
located  within  the  Benin  Formation,  exhibits 

favorable hydrogeological conditions for 
groundwater development. The formation’s 
lithology supports aquifer continuity and recharge, 
making it ideal for resistivity-based investigations. 
The unconsolidated nature of the sediments 
enhances the effectiveness of geoelectrical 
methods, as resistivity contrasts between saturated 
and unsaturated zones are more pronounced. 

Technological advancements have 
significantly enhanced the accuracy and efficiency 
of geophysical surveys. Software tools such as 
RES2DINV, IP2WIN, and Surfer allow for data 
inversion and model generation, producing realistic 
subsurface images that aid in geological 
interpretation and aquifer delineation (Olorunfemi 
& Fasuyi, 2022). These tools enable researchers to 
visualize complex subsurface structures and make 
informed decisions about groundwater potential. 

Moreover, the integration of machine 
learning and artificial intelligence into geophysical 
analysis is transforming groundwater exploration. 
Algorithms can classify lithologies based on 
resistivity patterns and predict aquifer properties 
with high precision. These innovations not only 
improve model accuracy but also reduce 
interpretation time, making geophysical surveys 
more accessible and cost-effective (Ibe & 
Nwankwo, 2022). 

Groundwater development must consider 
environmental and socioeconomic factors. 
Urbanization, land-use changes, and industrial 
activities can affect recharge patterns and water 
quality. In Choba, rapid population growth has 
increased demand for water, leading to 
indiscriminate borehole drilling and aquifer stress 
(NPC, 2023). The lack of coordinated groundwater 
management has resulted in overexploitation and 
potential contamination risks. 

Climate change poses additional 
challenges. Variability in rainfall and temperature 
affects groundwater recharge and sustainability. 
Adaptive strategies such as artificial recharge and 
rainwater harvesting are being explored to mitigate 
these impacts (NIMET, 2023). These approaches 
require robust data on aquifer capacity and 
recharge rates, which geophysical methods can 
help provide. 

Community engagement and policy 
reforms are essential for sustainable groundwater 
management. Public awareness, technical training, 
and regulatory frameworks can promote 
responsible usage and protect aquifer systems. 
Institutions such as the Nigerian Hydrological 
Services Agency (NHSA, 2023) are working to 
improve groundwater monitoring and data 
dissemination, but more efforts are needed to 

 



 

 

ensure long-term sustainability. Groundwater 
exploration has become increasingly vital in 
regions facing water scarcity, urban expansion, and 
climate variability. In Nigeria, especially in the 
Niger Delta region, the demand for reliable water 
sources has led to the adoption of geophysical 
methods for subsurface investigations. This 
literature review synthesizes existing research on 
aquifer prospecting using resistivity methods, with 
a focus on the theoretical and conceptual 
frameworks that underpin subsurface delineation. It 
also explores the geological context of the Niger 
Delta, the role of geoelectrical techniques, and 
recent advancements in hydrogeophysical 
modeling. 

The theoretical foundation of this study is 
rooted in electromagnetic theory, which governs 
the behavior of electrical currents in subsurface 
materials. When an electric current is introduced 
into the ground, its flow is influenced by the 
resistivity of the underlying materials. Ohm’s Law 
and Maxwell’s equations describe the relationship 
between current, voltage, and resistivity, forming 
the basis for geoelectrical surveys (Telford et al., 
2022). Resistivity is a function of lithology, 
porosity, saturation, and fluid conductivity. 
Materials such as clay exhibit low resistivity due to 
their high ion exchange capacity, while dry sands 
and gravels show high resistivity. Aquifers 
typically manifest as zones of moderate to high 
resistivity, depending on water content and mineral 
composition (Reynolds, 2021). 

Building on this theoretical foundation, the 
conceptual framework guiding this study integrates 
geophysical principles with hydrogeological 
objectives. It assumes that variations in subsurface 
resistivity can be interpreted to delineate 
lithological boundaries and identify aquifer zones. 
This approach involves the acquisition of resistivity 
data using the Vertical Electrical Sounding (VES) 
technique, particularly with the Schlumberger 
array, which is known for its depth penetration and 
resolution. The collected data are then processed 
using inversion algorithms to generate 
resistivity-depth models that reflect the subsurface 
structure. Interpretation of these models is carried 
out by correlating resistivity values with known 
lithologies, enabling the identification of potential 
aquifer units. To ensure reliability, geophysical 
interpretations are validated against borehole logs 
and hydrogeological data from the study area. This 
integrated framework supports decision-making in 
groundwater exploration by providing a systematic 
and scientifically grounded approach to subsurface 
characterization (Akinlalu et al., 2022). 

Electrical resistivity methods have been 
widely used in groundwater studies due to their 
sensitivity to subsurface variations. The Vertical 
Electrical Sounding (VES) technique is particularly 
effective for depth-specific investigations. It 
involves expanding electrode spacing to probe 
deeper layers, allowing for the detection of aquifer- 
bearing formations (Amadi et al., 2023). The 
Schlumberger array, used in this study, offers high- 
resolution data and is suitable for deep 
investigations. It minimizes lateral effects and 
provides reliable resistivity profiles. Data 
interpretation involves plotting resistivity curves 
and generating geoelectric sections that visualize 
subsurface structures (Oteri & Atolagbe, 2022). 

Recent studies have demonstrated the 
effectiveness of resistivity methods in various 
geological settings. For instance, Akinlalu et al. 
(2022) applied 2D resistivity imaging in 
southwestern Nigeria and successfully identified 
aquifer zones. Similarly, Nwankwo et al. (2023) 
used VES to delineate groundwater potential in 
urban areas, highlighting the method’s applicability 
in complex environments. These studies 
underscore the versatility of resistivity techniques 
in mapping aquifers, especially in sedimentary 
terrains where lithological contrasts are 
pronounced. 

The Niger Delta Basin is a prolific 
sedimentary basin characterized by thick sequences 
of unconsolidated sediments. It comprises three 
major formations: the Benin Formation, the 
Agbada Formation, and the Akata Formation. The 
Benin Formation, which underlies the Choba area, 
consists predominantly of coarse sands and gravels 
with high porosity and permeability, making it the 
principal aquifer unit in the region. The Agbada 
Formation features alternating sandstone and shale 
layers, serving both as aquifers and aquitards 
depending on the local stratigraphy. The Akata 
Formation, composed mainly of shale, acts as a 
confining layer and is generally not favorable for 
groundwater development (Reijers, 2021). Choba, 
located within the Benin Formation, exhibits 
favorable hydrogeological conditions for 
groundwater development. The formation’s 
lithology supports aquifer continuity and recharge, 
making it ideal for resistivity-based investigations. 
The unconsolidated nature of the sediments 
enhances the effectiveness of geoelectrical 
methods, as resistivity contrasts between saturated 
and unsaturated zones are more pronounced. 

Technological advancements have 
significantly enhanced the accuracy and efficiency 
of geophysical surveys. Software tools such as 
RES2DINV, IP2WIN, and Surfer allow for data 
inversion and model generation, producing realistic 

 



 

 

subsurface images that aid in geological 
interpretation and aquifer delineation (Olorunfemi 
& Fasuyi, 2022). These tools enable researchers to 
visualize complex subsurface structures and make 
informed decisions about groundwater potential. 

In Choba, the application of VES using the 
Schlumberger array offers a reliable approach to 
aquifer delineation. The study contributes to 
sustainable water resource management and 
supports national goals on water security and 
development. 
 

III.​ METHODOLOGY 
To carry out the Geoelectric Section Using 

Resistivity Method for Subsurface Interpretation, 
several materials and equipment are required. 
These include: 
1.​ Resistivity Meter: A device used to 
measure the electrical resistivity of subsurface 
materials. Popular models include the ABEM 
Terrameter and Ohmega Resistivity Meter. 
2.​ Electrodes (Current and Potential 
Electrodes): Metallic stakes inserted into the 
ground to transmit and receive electrical signals. 
3.​ Cables and Connectors: Used to connect 
the electrodes to the resistivity meter, ensuring 
proper signal transmission. 
4.​ Power Source: Battery packs or generators 
to supply power to the resistivity meter during field 
measurements. 
5.​ Measuring Tape: For accurate spacing of 
electrodes according to the survey configuration 
(e.g., Schlumberger or Wenner array). 
6.​ GPS Device: To record the geographical 
coordinates of the survey points for mapping and 
analysis. 
7.​ Data Logger: Stores resistivity readings 
during field investigations for later processing. 
8.​ Hammer: Used to drive electrodes into the 
ground for stable contact. 
10.​ Geophysical Software (e.g., RES2DINV, 
IP2WIN, Surfer): Used for processing and 
interpreting resistivity data to generate subsurface 
models. 
11.​ Topographic Map: Helps in identifying 
site elevation and geological features. 
12.​ Notebook and Pen: For documentation of 
field observations and readings. 
13.​ Personal Protective Equipment (PPE): 
Safety gear such as gloves, boots, and reflective 
vests for field operations. 
14.​ Rims: it holds the cable in place and for 
easy if the cable. 

 

The geoelectric resistivity method 
employs several techniques to investigate 
subsurface properties effectively. The primary 
methods used in this study include: 
 
Vertical Electrical Sounding (VES): 

This method involves varying the 
electrode spacing to probe deeper subsurface 
layers. It is widely used for groundwater 
exploration and lithological mapping, as it 
provides depth-specific resistivity variations. 

Geoelectrical Profiling: 
This method is used to map lateral 

variations in resistivity across a study area. It helps 
in identifying geological structures such as faults, 
fractures, and buried objects. 
 
Schlumberger and Wenner Electrode 
Configurations: 

These configurations are commonly used 
in resistivity surveys. The Schlumberger array is 
preferred for deeper investigations, while the 
Wenner array provides better resolution for shallow 
subsurface studies. 
The electrode spacing for this research work is 
200m and half spacing of 100m 
 
Data Processing and Interpretation: 

The collected resistivity data is analyzed 
using geophysical software such as RES2DINV 
and Surfer, which generate subsurface models and 
assist in geological interpretation. 
These methods collectively enhance the accuracy 
of subsurface investigations, making them valuable 
for hydrogeological, environmental, and 
engineering applications. 
 

IV.​ RESULTS 
The interpretation of resistivity curve 

begins after the acquisition of data, which is done 
in the field location at Redeemed Church field, 
Choba, Obio/Akpo Local government, Rivers 
State. Then it is subjected to analysis or processing 
of the data and then to the last known as the 
interpretation of the data. The resistivity curve in 
figure 4.1 and its depth and thickness illustrated in 
a table in table 4.1, and its Geoelectric Section in 
figure 4.2, were the result gotten from data 
acquisition first, as without data acquisition, there 
won’t be result nor interpretation of results. 

 



 

 

 
Figure 2: A vertical electrical sounding curve 

 
Table 1: Table showing the apparent resistivity, depth and thickness of the curve 

S/n Resistivity (Ωm) Depth (m) Thickness (m) 

1 79.4 1.25 1.25 

2 53.5 5.11 3.86 

3 185 11.1 5.96 

4 773 56.5 45.4 

5 534.6   

 

 



 

 

 
Figure 3: Geoelectric section of the VES curve using the apparent resistivity and depth 

 

V.​ DISCUSSION 
The resistivity trend is in the form of 

ℓ1>ℓ2<ℓ3<ℓ4>ℓ5, which is characteristic of an H-type 
resistivity curve type as seen in Figure 2. 

The results from the geoelectrical survey 
conducted at Redeemed Church Field, Choba, 
reveals a Five (5) layered subsurface structure 
indicative of varying lithological compositions and 
groundwater potential with its Four (4) thickness. 
The interpretation of the Vertical Electrical 
Sounding (VES) curve (Figure 2) and the 
geoelectric section (Figure 3) provides a 
comprehensive understanding of the resistivity 
distribution and depth profiles across the study 
area. 

The VES curve displays a five-layer 
geoelectric model, each with distinct resistivity and 
thickness values. The first layer, with a resistivity 
of 79.4Ωm and a thickness of 1.25m, likely 
represents the topsoil or lateritic cover, which is 
typically unsaturated and has low water retention 
capacity. The second layer, with a lower resistivity 
of 53.5Ωm and a thickness of 3.86m, suggests the 
presence of clay or silty materials, which are 

known for their low permeability and poor aquifer 
potential. 

A significant increase in resistivity is 
observed in the third layer (185Ωm), extending to a 
depth of 11.1m. This layer may correspond to 
sandy clay or weathered sandstone, indicating a 
transitional zone with moderate groundwater 
potential. The fourth layer, characterized by a high 
resistivity of 773Ωm and a substantial thickness of 
45.4m, is interpreted as the main aquifer zone. The 
elevated resistivity suggests the presence of coarse- 
grained sandstone or gravel, materials that typically 
exhibit high porosity and permeability, making 
them ideal for groundwater storage and flow. 

The fifth layer, with a resistivity of 
534.6Ωm, marks the base of the surveyed profile. 
Although its thickness is not specified, the 
resistivity value implies a consolidated formation, 
possibly bedrock or compacted sandstone, which 
may act as a confining layer beneath the aquifer. 

The geoelectric section (Figure 3) visually 
reinforces these interpretations, showing the spatial 
arrangement and continuity of the subsurface 
layers. The aquifer zone is prominently displayed, 
highlighting its lateral extent and depth, which are 

 



 

 

critical parameters for groundwater development. 
The curve type observed in Figure 2 resembles an 
H-type curve, characterized by a high-low-high 
resistivity sequence. This curve type is commonly 
associated with aquifer-bearing formations, where a 
resistive layer overlies a conductive zone, followed 
by another resistive layer, indicating the presence of 
water-bearing strata sandwiched between less 
permeable materials. 

Overall, the results demonstrate the 
effectiveness of the resistivity method in 
delineating subsurface structures and identifying 
potential aquifer zones. The data suggest that the 
fourth geoelectric layer offers the most promising 
conditions for groundwater extraction, given its 
depth, thickness, and resistivity characteristics. 

These findings provide a scientific basis 
for targeted borehole drilling and sustainable water 
resource management in the study area. 
 
VI.​ SUMMARY & CONCLUSIONS 

This study employed geoelectrical 
resistivity methods specifically Vertical Electrical 
Sounding (VES) to investigate subsurface lithology 
and delineate aquifer zones within the Redeemed 
Church Field in Choba, Rivers State. Using the 
Schlumberger array configuration, resistivity data 
were collected and interpreted to reveal a five-layer 
geoelectric model. The layers exhibited varying 
resistivity values and thicknesses, indicating 
different lithological compositions. The fourth 
layer, with a high resistivity of 773Ωm and a 
thickness of 45.4m, was identified as the most 
promising aquifer zone due to its depth and 
electrical properties. The geoelectric section 
confirmed the lateral continuity and depth of this 
aquifer-bearing formation. The study successfully 
demonstrated the utility of resistivity methods in 
groundwater exploration and provided a scientific 
basis for future borehole siting and water resource 
development in the area. 

The resistivity survey conducted at the 
Redeemed Church Field revealed a stratified 
subsurface structure with distinct geoelectric layers. 
The interpretation of the VES curve and geoelectric 
section confirmed the presence of a significant 
aquifer zone located within the fourth layer, 
between depths of approximately 11.1m and 
56.5m. The high resistivity values and substantial 
thickness of this layer suggest the presence of 
coarse-grained, permeable materials such as 
sandstone or gravel, which are ideal for 
groundwater storage and transmission. The curve 
type observed (H-type) further supports the aquifer 
interpretation. Overall, the study validates the 
effectiveness  of  geoelectrical  methods  in 

subsurface characterization and aquifer 
prospecting, offering valuable insights for 
hydrogeological planning and sustainable water 
resource management. 
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