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ABSTRACT

Groundwater of the continent are found beneath the earth surface which are water found in the rocks, consolidated or
unconsolidated, that are permeable enough to permit usable quantities of water to move into wells. For the assessment of
Groundwater there is need for investigation of the potentiality which triggered the application of Very Low Frequency-
Electromagnetic (VLF-EM) as Reconnaissance survey for Fractures which are five (5) Traverse within the study area and
Vertical Electrical Sounding (VES) for the confirmation of the yield rate.

Ten (10) VES were carried out using schlumberger electrode arrangement and their results are interpreted using
computer iteration technique.

Interpretation of VES curves has led to the classification of the curves into five (5) types which are HH, HHA, KHH,
AAH and H. The curves are of four to five layers with varying resistivities and thickness. The results of the interpretation
revealed six distinct layers viz Topsoil, sand clay, clayey sand, lateritic, weathered basement (sand) and fresh basement (sand
stone). The topsoil is generally lateritic and is characterized by relatively high layer resistivity values.

The underlain material is mostly sandy clay or clayey sand with reasonable resistivity values. The third layer consist
of clayey sand or sandy clay or shale and sand (weathered/fractures) in some with reasonable resistivity values also. The
fourth and fifth layer are made up of fractured and fresh basement and is characterised by high layer resistivity values.

The results of this research indicate that the sandy clay and sand (weathered or fractured) constitutes the major aquifer

material and the occurrence of thick aquifer in term of the weathered/fractured basement are responsible for existence of
good groundwater prospect in the study area.
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CHAPTER ONE
INTRODUCTION

» Background Study

The need for an uninterrupted supply of potable water for human consumption, farming system and the tremendous amount
of money in building visible artificial reservoirs and irrigation canals involving surface water and in the treatment of the latter tend
to encourage the development of groundwater resource.

Groundwater is that water contained in the voids of the geologic materials that comprise the crust of the earth and exists at a
pressure greater than or equal to atmospheric pressure (Al Sabahi., 2009). It has been reported that at least 1.1 billion people across
the world lack access to safe, clean drinking water. Nigeria with a population of over 160 million people have invested heavily in
borehole Projects throughout the Country to satisfy the fast-growing demand for safe water and to improve the socio-economic
development of its populace (Eduvie. 2006). Groundwater is also widely used as a source for drinking supply and irrigation
(UNESCO, 2004). According to (Alabi. 2010), about 53% of all population relies on groundwater as a source of drinking water.
Groundwater is water that fills water saturated pathways, including springs that surface naturally. Groundwater is a vital source of
water, especially in areas with no drains, streams and rain, and provides an indication of groundwater to the potential for community
formation to the extent permitted by their validity in terms of quality and quantity (M. Mohamaden, et al., 2016). Groundwater of
the continent are found beneath the earth surface which are water found in the rocks, consolidated or unconsolidated, that are
permeable enough to permit usable quantities of water to move into wells. The Groundwater can be in the sedimentary terrain where
itis less difficult to exploit or in the basement complex terrain in which it can be a bit difficult to locate especially in areas underlined
by crystalline rocks (Fadele et al., 2013). Groundwater is recommended for its natural microbiological quality and its general
chemical quality for most uses (McDonald et al. 2002). The intrusions that gave rise to the existence of rocks and minerals during
the Santonian uplift account for several fractures within the shale. These fractures contain water, serving as aquifer.

Groundwater flow in fractured aquifers is very complicated, and accuracy in estimation of the hydraulic parameters depends
on the hydraulic behavior in particular fractures, which is site specific (Singh 2005). Fractured crystalline bedrock aquifers are good
sources of potable water in many parts of the world. However, sitting of highly productive wells in these rock units remains a
challenging and expensive task because fracture development at the regional scale is both heterogeneous and anisotropic (Manda,
2006). Weathering is not a uniform phenomenon in any environment and results in heterogeneous and hydrological characteristics
of the rock formations. The conceptual structure of hard rocks is that of a fresh basement overlain by materials which have undergone
different stages of weathering. Groundwater availability is therefore attributed to weathering in the overburden and basement surface.
Basement weathering presents themselves as zones of disintegration (K’Orowo, 2008). These zones appear as low electrical
resistivity anomalies compared to the massive basement rocks that surround them. Consequently, basement troughs with deep
weathering are points of disintegration which are hydro-geologically viable as far as groundwater aquifers are concerned (K’Orowo.
2008). Geological media capable of accumulating groundwater have always been the target of groundwater Explorationist in any
environment (Kayode et al., 2016). The search may prove to be more challenging, especially in hard crystalline basement complex
environment, were availability of fresh water is dependent on fractured crystalline bedrock and other favourable parameters, porosity,
permeability, transmissivity and all the rest given the heterogeneous and anisotropic nature of basement rocks formations (Manda
et al., 2006). Therefore, extensive groundwater exploration in the basement complex region recognised the fractured bedrock and
thick-weathered regolith as the two major prolific formations from which water can be extracted. An intrinsically low porosity limits
the quantity of water stored in fractured crystalline rock. Sustainable well yields for bedrock, may strongly depend on the quantity
of water stored in surficial materials that can leak downward into bedrock and on periodic replenishment by recharge (Lyford, 2004).
This research becomes very necessary as a result of the frequent high failure rate of boreholes, being much higher where the
weathered overburden is thin; shallow occurrence and fissure permeability of the bedrock aquifer unit which makes for susceptibility
to surface contaminants; and the low storage capacity of fractured aquifers which are easily depleted during dry seasons. Therefore,
to meet the ever-increasing demand of water in the study area, there is need for a detailed geophysical survey so as to site viable
locations for withdrawal wells. This will also require understanding the geologic and hydrogeologic characteristics of the crystalline
bedrock as well as the regional tectonic setting which are critical to identifying favourable areas to site large groundwater wells
(Talkington. 2004).

Several works have been carried out on the assessment, abstraction, development and management of groundwater within the
hard rock terrain of Nigeria. In areas underlain by crystalline rocks, groundwater occurs in fracture zone or in highly weathered
basement (Ariyoet al. 2003). The types of geophysical method used for a survey depends mainly on the extent or size of area to be
surveyed, the cost of the survey, geology of the area and the ease of the interpretation of data obtained. It also provides information
on the depth of water table, the lithology in the subsurface layering and ensures a higher degree of accuracy in the location of hydro
resources (Omosuyi et al. 2003). The geoelectric resistivity method is considered to be the most suitable and efficient method for
groundwater exploration. It is based on the concept of subsurface determination, which can yield useful information on the structure,
composition and water content of the soil. Geoelectric can also be used to determine the aquifer depth, stratigraphy and water quality
of the aquifer (M. Mohamaden, et al., 2016).
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However, groundwater investigation in hard rock areas are often more difficult. It is very difficult to perform resistivity
soundings everywhere without a-priori information.

Therefore, a combined study of VLF and DC resistivity has potential to be successful (Bernard and Valla 1991: Benson et al.
1997: Sharma and Baranwal 2005). The VLFEM method was adopted as a fast reconnaissance tool to map possible linear features
such as; fault, and fracture zones while the electrical resistivity method was used to investigate prominent electromagnetic anomalies
and provide a geo-electric image or section of the subsurface sequence. The advantage of VLF-EM is that it is relatively fast
compared to many other geophysical methods. Hence, this method has probably been the most popular electromagnetic tool for
quick mapping of near surface geologic structures in mineral exploration. However, it is being increasingly used for shallow
groundwater exploration (Palacky et al. 1981) as a reconnaissance tool for weathered layer investigations. Also, VLF-EM has proved
to be successful in identifying deep water bearing fractures in bedrock (Sundararajan et al. 2007).

A detailed knowledge of the subsurface geology and structure is provided by the geophysical surveys. The electrical resistivity
method has been the most commonly used geophysical tool for groundwater investigation because of its advantage which include
simplicity in field technique and data handling procedure (Anomohanran. 2013).

Electrical resistivity methods are effectively used for groundwater exploration in areas where good electrical resistivity
contrast exists between the water bearing formation and the underlying rocks (Nejad. 2009). The method enables the determination
of subsurface resistivity by sending an electric current into the ground and measuring the electrical potential produced by the current.
Electrical resistivity method has been used successfully in delineation and exploitation of groundwater (Evans et al. 2010; George
et al. 2010; Ibuot et al. 2013). It gives detailed information about hydrogeological settings and groundwater repositories. The
electrical resistivity method and seismic refraction method are the surface geophysical methods commonly used for groundwater
exploration (Odumodu et al, 2012). The method has been recognized to be more suitable for hydrogeological survey of sedimentary
basin (Alabi., 2010 and Emekeme., 2004).

Nowadays the used of geophysical techniques for groundwater exploration and water quality evaluation has increases due to
rapid advances in computer software and other numerical modelling techniques. The use of Vertical Electrical Sounding (VES) has
become very popular with groundwater prospecting due to simplicity of the technique.

The purpose of electrical geophysical survey method is to detect the surface effects that produce by flow of electric current
inside the earth. This technique has been used in a wide range of geophysical investigation such as mineral exploration,
archaeological investigation, engineering studies, geothermal exploration, permafrost mapping and geological mapping (Fadele et
al., 2013). The reason for its wide use is because the instrument is simple; field logistics are easy and straight forward while the
analysis of data is less tedious and economical. This is the reason why many researchers such as Olowofela. (2005), Oseji. (2005,
2006), Iserhien-Emekeme. (2004), Okolie. (2005), Omosuyi. (2007), Batayneh (2009), Ezeh and Ugwu (2010), Nwankwo (2011),
Batayneh. (2010) and Tammaneni. (2006) have all used this method for the determination of aquifer boundary. Potential field
methods like gravity and magnetics have been successfully used to map regional aquifers and large-scale basin features.

Subsurface geological characterizations using surficial geo electrical resistivity technique are sufficient to address variety of
problems related hydrological investigations in complex geological terrains such as crystalline basement. In groundwater
exploration, vertical electrical sounding (VES) employing Schlumberger electrode configuration is a common geophysical
technique (Ezeh and Ugwu 2010; Olawuyi and Abolarin 2013; George. 2011; Ibuot. 2013). The resistivity method is aimed at
measuring the potential differences on the surface due to the current flow within the ground. Since the mechanisms that control the
fluid flow and electric current and conduction are generally governed by the same physical parameters and lithological attributes,
the hydraulic and electrical conductivities are dependent on each other (George. 2015). The geoelectric resistivity method is
considered to be the most suitable and efficient method for groundwater exploration. It is based on the concept of subsurface
determination, which can yield useful information on the structure, composition and water content of the soil. Geoelectric can also
be used to determine the aquifer depth, stratigraphy and water quality of the aquifer (Mohamaden, et al, 2016). It is one of the
geophysical methods that study the nature of electrical current in the earth and to know the change of resistance of rock layers
beneath the soil surface by passing a DC current (direct current) that has high voltage into the ground. This method is more effective
for superficial exploration, such as determination of depth of bedrock, Water reservoir search, and also for geothermal exploration.

This capacity is used by humans to distinguish the type of rock without having to make physical contact or drilling that takes
a long time and high cost, yet the accuracy level of data is reliable because the pumping test can provide important information on
transmissivity and storativity of groundwater aquifers (Mahmoud et al, 2017). The electromagnetic and resistivity methods are both
responsive to water bearing basement fracture columns due to the relatively high bulk electric conductivities, both methods were,
therefore, found relevant and were hence integrated in the geophysical investigation.
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» Problem Statement

The need for water in the study area has aroused interest in the use of groundwater due to lack of surface water both saline and
fraught with coliform. Most of the hand-dug wells or drilled boreholes have been done without any preliminary geophysical
investigations. This has resulted to failures of some boreholes and contamination of water which has resulted to various waterborne
diseases. None of the surface water is as hygienic or as economical for exploitation as the groundwater (Singh. 2007). Since there
is no evenly distribution of water within the study area, however there is need for vast water supply for municipal uses which
enhances efficient therapy for patient in the general hospital and within the environ for domestic and irrigation uses by local farmers.

» Justification

Electrical Sounding (VES) technique, had been found effective in achieving good spatial coverage for mapping of aquifer
units (Ojo et al., 2007). The geoelectrical method is capable of mapping both low and high resistive formations and therefore a
valuable tool for vulnerability studies (Serensen et al. 2005). This technique has been used in a wide range of geophysical
investigation such as mineral exploration, archaeological investigation, engineering studies, geothermal exploration, permafrost
mapping and geological mapping (Fadele et al., 2013). The electrical resistivity method and seismic refraction method are the
surface geophysical methods commonly used for groundwater exploration (Odumodu et al. 2012). The Electrical Resistivity method
amongst several other geophysical methods has been used to solve environmental problems (Shevnin et al., 2005; Tse and Nwankwo,
2013; Atakpo, 2013).

» Broad Objectives
The objective of this study is to locate areas of weathered or fractured zones in the fresh basement for the investigation
geophysical characterization of basement rocks and the aquifer potentiality of Odeda general hospital and its environment.

» Specific Objectives

e To determine the number and properties of the geo electrical layer vis a vis the apparent resistivity values, thickness and depth
to basement.

e To determine the types distribution and continuity of the aquiferous zone such as fractures, faults and joints in the study area.

e To determine degree of weathering and thickness of the overburden and their variation relating to the topography of the selected
points.

e To develop a geo-hydrological database for the study area that will guide government and individuals in groundwater
development on the characteristics of the aquifers, the distribution of the aquifers as well as the depths boreholes could be drilled
for sustainable water supply.
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CHAPTER TWO
LITERATURE REVIEW

Science of Geophysics applies the principles of physics to the study of the earth. Geophysical investigation of the earth involves
taking measurement at or near the earth’s surface that are influenced by the internal distribution of physical properties. The Very
Low Frequency — Electromagnetic (VLF-EM) technique is a passive method that uses radiation from ground-based military radio
transmitters as the primary EM field for geophysical survey. These transmitters generate plane EM waves that can induce secondary
eddy currents, particularly in electrically conductive elongated 2-D targets. The EM waves propagate through the subsurface and
are subjected to local distortions by the conductivity contracts in this medium. These distortions indicate the variations in
geoelectrical properties which may be related to the presence of groundwater (Shendi., 1997). The subsurface occurrence of these
conductive bodies creates a local secondary field which has its own components. Measurement of these components may be used
as an indicator for locating the subsurface conductive zones. The VLF-EM waves travel in three modes: skywave, space wave
(wave-guided by the ionosphere and earth surface), and groundwave. As the groundwave is attenuated through long distances, only
the skywave and space wave are received as the primary wave (Jeng. 2004). VLF —EM ground surveys provide a quick and powerful
tool for the study of geologic features within distance of 100 m of the surface. The magnetic component of the VLF wave is mainly
used for field measurement. According to the basic EM theory, the primary EM field is shifted in phase when encountering a
conductive body and the conductive body then becomes the source of a secondary field. The VLF instrument detects the primary
and secondary fields, and separates the secondary field into in-phase and quadrature components based on the phase lag of the
secondary field. These two components of the secondary field are sometimes referred to as the tilt (in-phase) and ellipticity
(quadrature). When the VLF-EM method is used for geophysical survey, the in-phase response is sensitive to metal or good
conductive bodies. The quadrature response, on the other hand, is sensitive to the variation of the earth electrical properties (Jeng.,
2004).

Geophysical surveys have been most widely used because of the basic advantage of providing more accurate results than other
methods. For instance, (Gabr et al. 2012) successfully used the seismic refraction method to investigate the groundwater level in the
Wadi Al-an area of United Arab Emirates. The objective was to confirm or not the assumption that groundwater level can primarily
be revealed by seismic refraction technique. (Ayolabi et al. 2009) used the seismic refraction shooting to determine the structural
setting of subsurface materials and groundwater potential in Igbogbo Township. This method was able to delineate the formation
layers and the aquifer characteristics of the location under study. (Lawrence and Ojo., 2012) applied the low frequency
electromagnetic and the electrical resistivity methods to evaluate the aquifer potential of a typical basement complex terrain of Ado-
Ekiti in Nigeria. Other researchers such as Oseji et al., 2006; Nejad, 2009; Egbai, 2011; Anudu et al., 2011; Sirhen et al., 2011,
Ibrahim et al. 2012; Utom et al., 2012; and Anomohanran, 2013 have all used the electrical resistivity method to explore for
groundwater in different locations. The geoelectric resistivity method is considered to be the most suitable and efficient method for
groundwater exploration, it is based on the concept of subsurface determination, which can yield useful information on the structure,
composition and water content of the soil. Geoelectric can also be used to determine the aquifer depth, stratigraphy and water quality
of the aquifer (Mohamaden. 2016). The types of geophysical method used for a survey depends mainly on the extent or size of area
to be surveyed, the cost of the survey, geology of the area and the ease of the interpretation of data obtained. It also provides
information on the depth of water table, the lithology in the subsurface layering and ensures a higher degree of accuracy in the
location of hydro resources (Omosuyi et al. 2003). This capacity is used by humans to distinguish the type of rock without having
to make physical contact or drilling that takes a long time and high cost, yet the accuracy level of data is reliable because the pumping
test can provide important information on transmissivity and storativity of groundwater aquifers. (Mahmoud and Ghoubachi. 2017).
Geophysical investigations of the buried strata can be made either from the land surface or in a drilled hole in the formation, there
are many numbers of geophysical exploration techniques which can give insight on the nature of the water bearing layers and these
include geoelectric, electromagnetic, seismic and geophysical borehole logging (Alile., 2008). Based on the configuration of
potential electrodes and current electrodes, there are several types of resistivity methods, such as Schlumberger Method, Wenner
Method, Gradient, Poledipole and Dipole Sounding Method. These methods measure of formation materials, which determine
whether such formation may be sufficiently porous and permeable to serve as an aquifer. A detailed knowledge of the subsurface
geology and structure is provided by the geophysical surveys. Electrical resistivity method has been used successfully in delineation
and exploitation of groundwater (Evans. 2010; George. 2010; lbuot. 2013). The electrical resistivity method and seismic refraction
method are the surface geophysical methods commonly used for groundwater exploration (Odumodu et al. 2012). Conrad
schlumberger in 1920 was the first person to conduct experiment in the field of Normandy and at the end, he perfected the techniques
in geophysical method. Electrical resistivity has been successfully used in several countries, including U.S.S.R, Spain, Egypt and
Nigeria for the study of sub-structures of petroliferous interest to depth of several kilometres. Some deep crustal studies which has
effective depth of tens of kilometre have been carried out in France, U.S. A and U.S.S.R. The procedure has been widely applied
also to hydrologic investigations (Habibou. 2003). Thus, they concluded that the highest transverse resistance (T) corresponds to
the zone with the highest borehole yield and determined the strike of foliation of concealed solid rock (in which the predominant
structural feature is the foliation or where the fracture/joint direction are generally in line with strike of foliation). The electrical
resistivity method has been used successfully in location site for borehole development in south western basement of Nigeria. It is
unique because of its ability to detect increases in pore water conductivity (Abdul Nasir., 2000, Adepelumi. 2008). The studies
reviewed show that geophysical methods are applicable to hydrological investigation and the delineation of geologic structures and
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materials. A lot of geophysical investigations have been carried out in different parts of the world for groundwater investigation:
Bayor (2004) applied the electromagnetic and electrical resistivity methods in groundwater exploration at the Tolon-Kumbugu
district of the Northern Region of Ghana. The study aimed at locating good yielding wells to be fitted with hand pumps to supply
the communities with potable water. Results showed that, major aquifers were confined to hard, fractured sandstone formation and
no water was found in the weathered zone or fresh rock aquifers. (Bayewu. 2017) proclaimed the prospecting location for
groundwater yield at Awa-llaporu near, Ago Iwoye southwestern Nigeria using VLF-EM and VES survey methods. He used this
method to delineate regions of fractured zones, faults, and thickness of the top layer, conductivity and impermeable strata which
gave clues to the presence of groundwater. Ariyo and Banjo (2008) used the same method to study groundwater zone in a
sedimentary terrain of llara-Remo, southwestern Nigeria. Their investigation involved the utilization of vertical electrical sounding
(VES) technique with schlumberger array system; applied in ten (10) stations and the results were interpreted using the spatial curve-
matching method and computer assisted iteration technique. Badmus and Olatinsu (2012) also used Vertical Electrical Sounding to
determine the geophysical characteristics and groundwater potentials in Odeda quarry site, southwestern Nigeria and presumed
groundwater to be very low within the study area as outcrops of gneissic rocks dominate the area.

» Theory of Very Low Frequency-Electromagnetic (VIfem)

The VLF-EM method uses radio signals in the bandwidths of 15 — 30 KHz and is powerful tool for quick detection of near
surface structures. Powerful radio transmitters set up for the purpose of military communication with submarines create such
magnetic flux. In radio technology, the frequencies are called very low frequencies (VLF) since the frequency of ordinary radio
programs is more than ten times as high. In the reconnaissance mode, Very Low Frequency profiles can be run quickly to identify
anomalous areas which may require further investigation with more detailed geophysical measurements. It may be used wherever
as electrical conductivity contrast is present between geological units. This may include fault mapping, groundwater investigations,
overburden mapping, contaminant mapping and mineral exploration (Oluwafemi and Oladunjoye. 2013). Because of the easy
operation of the instrument, speed of field survey and low operation cost, this method is suitable for rapid preliminary surveys and
has been widely used in many geophysical investigations (Milson. 2002, Sharma and Baranwal. 2015). The existence of fracture
zone in a geological medium can assist in creating ground water conduit medium and aids groundwater accumulation. Therefore,
the use of VLF as geophysical tool is very crucial as it is very sensitive to changes in lithology and can detects zones of relatively
low conductivity (fractures). The results can serve as primary information for the relevant ministries to set overall picture of
migrating Leachate plume which will go a long way in preserving the abundant natural ground water as well as safe guarding the
health of the nation, thereby preventing waste of public funds. One big advantage with the method is that it does not need direct
contact with the ground which eliminates problems associated with rocky surface or bad contact due to dry conditions (Nils and
Lennart, 2005).

e Concept of Very Low Frequency- Electromagnetic (VLF-EM)

Data filtering are applied in other to eliminate errors and enhance interpretation of data. This is done by applying a filter
operator (Q) which transform true anomaly inflection to peak positive anomalies also referred to as conductivity because they are
proportional (Parasnis., 1986). The filter operation is given by Fraser (1969):

F1=(Q3+Q4)-(Q1+Q2)
Fraser filtering; where Q1, Q2, Q3 and Q4 are consecutive readings of the measured raw data obtained on the field.

» Theory of Electrical Resistivity Method

The electrical resistivity involves use of a direct current produced by artificial sources and the study of the electric field. For
this study we restrict attention to the more important application of this method, viz vertical electrical sounding (VES). VES finds
its principal use in areas where the geological structure can be approximated by layers which are horizontal or nearly so. The goal
of VES is to determine the depth to the sub surfaces layers together with their electrical resistivities of conductivities from surface
measurements. The less important application of this method, geoelectrical profiling using a constant electrode spacing will not be
specifically used for detecting and delineating horizontal changes in electrical resistivity.

o Concept of Apparent Resistivity

Data from resistivity surveys are customarily presented and interpreted in the form of values of apparent resistivity f a.
Apparent resistivity is defined as the resistivity of an electrically homogeneous and isotropic half-space that would yield the
measured relationship between the applied current and the potential difference for a particular arrangement and spacing of electrodes
(Wightman et al., 2003). An equation giving the apparent resistivity in terms of applied current, distribution of potential, and
arrangement of electrodes can be arrived at through an examination of the potential distribution due to a single current electrode.
For the general case of a set of four electrodes arbitrarily located on the flat surface of an electrically homogeneous and isotropic
half space. The two current electrodes may be identified by letters A and B and the two potential electrodes by M and N. Let | be
intensity of the total current that flows into the Earth at A and B, and Let ¥ (Rho) designates the electrical resistivity (assumed
constant) of the subsurface. Aside from an additive constant (usually taken as zero to satisfy the boundary condition at infinity), the
potential V at a distance r from a single point on the surface of a uniform half space is given by;
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Considering the first potential electrode M, the potential V1 at a distance AM is:
VL= FPU20AM ..ol 2)
The potential V2 at distance BM is
V2= FU20BM oo (3)
The combined effects of A and B on M will be analogous to a potential gradient which can be expressed as:
AV’ =vl —v2
=P 128 (VAM = I/BM) oo, 4)
Considering the second potential electrode N, the potential V3 at distance AN is:
V3= FPU2RAN Lo (5)
The potential V4 at distance BN is:
VA =P U2EBN. oo (6)
The potential gradient AV’ =V3 -V4
SPI27 (/AN — 1/BN) oo (7)
Thus, the potential difference which will observed between M and N is:
AV =AV’ - AV”

= f 1/2n [(UAM — 1/BM) — (1/AN — 1/BN)]

With K’ = [(1/AM — 1/BM) — (1/AN — 1/BN)]
Solving for f in this equation:
f = AV2n/IK,
= (AVID K oo )
With K = 2wk’ = 2z [(L/AM — 1/BM) — (/AN — 1/BN)]

Wherever these measurements are made over a real heterogeneous earth, as distinguished from the fictitious homogeneous
half-space, the symbol p is replaced by pa for apparent resistivity. The resistivity surveying problem is, reduced to its essence, the
use of apparent resistivity values from field observations at various locations and with various electrode configurations to estimate

the true resistivities of the several earth materials present at a site and to locate their boundaries spatially below the surface of the
site.

An electrode array with constant spacing is used to investigate lateral changes in apparent resistivity reflecting lateral geologic
variability or localized anomalous features. To investigate changes in resistivity with depth, the size of the electrode array is varied.
The apparent resistivity is affected by material at increasingly greater depths (hence larger volume) as the electrode spacing is
increased, Because of this effect, a plot of apparent resistivity against electrode spacing can be used to indicate vertical variations
in resistivity (Wightman et al., 2003). The goal of geo-electrical interpretation is to delineate the nature of subsurface geologic
variations from the observed variations in apparent resistivity (Habibou. 2003).
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o Electrode Configuration
There are various electrodes arrangements:

v’ Gradient

v" Dipole-Dipole
v' Pole-dipole

v Schlumberger
v Wenner Array

The electrode arrangement configuration for the aforementioned geophysical methods in (fig. 1).

For VES, the two most important are Schlumberger and Wenner. They are used in measuring the Earth resistivity and their
variation with depth. This is primarily based on their arrangement relative to one another. For the purpose of this study,
Schlumberger array, which is the most widely used is employed for the qualitative interpretation (Habibou., 2003).

v" Schlumberger Arrangement
In Schlumberger arrangement the distance between the two inner potential electrodes (MN) is kept constant for some time and
the distance between the current electrodes (AB) is varied.
The apparent resisitivity T a for a measured Resistance R = (/1) is given by:
fa=n[((AB/2)2 — (MN/2)2) /MN]R,AB>MN ..........coeoeininnnnnn. (10)
fa=nAB2/AMN, if AB>5MN .....ooiiiiiiiiiiiiee e (11)

For practical application, accurate and good results can be obtained if AB > 5MN

(Habibou. 2003).

ARRAY ELECTRODE USE
NAME CONFIGURATION
-
GRADIENT AL -— & 718 Profiling
X
v

15
DIPOLE-DIPOLE Sounding-
s 1 g a2 na Ty T profiling

c Cs P, o
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na g na —
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Fig 1 Electrode arrangements
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CHAPTER THREE
STUDY AREA

The study area is Odeda general hospital and it environ situated within Odeda town, along Abeokuta-Ibadan express road. It
lies between longitude 30 31°23”’E and 30 31°39”’E and between latitude 70 14°06’N’ and 70 14’43”’N. The elevation increases
from 167 to 180m above sea level. The study area falls within the basement complex of southwestern Nigeria. The entire area of
Odeda is approximately 1560km2 (https://en.m.wikipedia.org), while the study area covers only area of about 2km2.

» Climate and Vegetation

The study area falls within the humid tropical lowland region of the south-western Nigeria with two distinct season viz rainy
season and dry season which generally characterized, by high rainfall and high relative humidity. This is attributable to the
prevalence of moisture laden tropical Maritime air mass over the state for about nine months in a year. The mean relative humidity
varies from 66.2% in January to 88.4% in July (Akanni. 2000). The rainfall shows a double maxima distribution reaching the peak
during the months of June and September. The average monthly rainfall for the state ranges between 7.1mm in the month of January
to 208.27mm in the month of June. The mean annual temperature is 26°C; although with some variations over time. The mean
diurnal minimum temperature varies from 21.800C in December to 24.34°C in April while the mean diurnal maximum temperature
varies from 33.92°C to 37.1°C at the onset of the wet season (March and April) (Akanni., 2000). On the basis of climatic features,
the state is characterized by two distinct weather seasons: the wet and dry. The wet season marked by lower mean temperature,
higher total rainfall and higher relative humidity is usually experienced between the months of February and October. However,
little dry season is sometimes experienced in August, a phenomenon characterized by drastic reduction in the frequency and intensity
of rainfall and referred to as August break. The dry season sets in by November and persists till the end of January. It is usually
accomplished by harmattan cold, brought by the prevailing north-west winds. In terms of vegetation, the state can be divided into
three distinctive zones. Where the state shares a boundary with the Atlantic Ocean, the vegetation is of a swampy type with
mangroves and other edaphic trees. There is also rainforest vegetation in some section of the state while the state capital (Abeokuta)
and some areas are characterized by derived forest vegetation, having been altered by human activities.

» Geology and Hydrogeology

The study area is underlain by basement complex, and the basement complex rocks of Nigeria are well-represented in the
selected study areas of Ogun State (Figure 2). These rocks are of Precambrian to early Palaeozoic age and they extend from the
north-eastern part of the Ogun state running southwest and dipping towards the coast (Ako. 1979). The basement complex
metamorphic rocks are characterized by various folds, structures of various degrees of complexity, faults and foliation. These
structural features have a predominant North-South or North-North-East-South-South-West (NNE-SSW) orientation which is
particularly strong within the low grade metamorphic. The common metamorphic rocks encountered are gneiss, schist, quartzite
and amphiboles. The study area is characterized by various rock types ranging from, granite granitic gneiss and pegmatite. The
individual rocks have various hydro-geologic characteristics and belongs to the stable plate which was not subjected to intense
tectonics in the past. Therefore, the underground faulting system is minimal and this has contributed to the problem of underground
water occurrence in this area (Adeleke et al., 2015). When fresh such rocks will have practically no porosity or permeability due to
the interlocking crystal structure.

Crystalline rocks are formed by interlocking silicate minerals such as quartz, feldspars, micas, hornblende, pyroxenes, olivine and
a host of minor accessories. Chemical weathering involves the dissolution of these minerals resulting in the formation of both soluble
as well as solid phase products. The groundwater potential in crystalline rock terrains depend on post emplacement processes such
as tectonics and weathering which could lead to the development of secondary porosity and permeability. Basement aquifers are
developed within weathered residual overburden known as regolith (relatively high storage but low permeability) or the fractured
bedrock (low storage capacity with a relatively high permeability).6
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» Methodology

Fig 2 Ogun State Geological Map Showing Study Area.

This study is divided into two components:

e Data Collection

o Data analysis and interpretation using computer iteration technique.

> Data Collection

Two geophysical methods were used for this work; the Very Low Frequency Electromagnetic (VLF-EM) and Vertical
Electrical Sounding (VES). The location and arrangement of the VES method in the area is shown in (Fig. 1.).

e Instrumentation

v Very Low Frequency- Electromagnetic (VLF-EM)
VLF-EM data were collected using VLF-EM16 instrument manufactured by GEONICS. For the purpose of this work, five
traverses were conducted at interval of five metres (5) at five different locations where vertical electrical sounding were later

conducted.
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v" Vertical Electrical Sounding (VES)
The geophysical survey using electrical resistivity method was be carried out for the purpose of this research. The instrument
used in the survey was APEX RESISTIVITY TERRAMETER, and its accessories.

e Reconnaissance Survey
Reconnaissance survey involves the following:

The VLF-EM equipment used measured the real (in phase) and quadrature (out of phase) components of the vertical to
horizontal magnetic field ratio.

Followed by;

v VES stations were selected within the study area with respect to their topographic features. This is because the topography of an
area has been reported to have influence on the thickness of the overburden in the crystalline basement areas (Davies and Dewiest
1966).

The Resistivity Meter was placed at the middle from which the spacing of both electrodes (current and potential) was measured.
Care was taken for checking both electrode and battery connection to the Resistivity Meter.

The resistance (R=V/I) was read up directly from Resistivity Meter at each point before changing the electrodes spacing.
Points were selected to avoid interference (electric lines, rails, pipes etc.) which may affect the readings.

AN NN

e Field Procedure

The VLF-EM survey was carried out at different stations and were surveyed at 5m interval along five traverses approximately
east-west direction ranging from 0 to 200 metres in length using ABEM 16 VLF-EM unit. The VLF-EM was used to initially
delineate areas with conductive or fractured zone. And for VES survey, ten points were selected within the VLF-EM area of study
(fig. 2). At each point, vertical electrical sounding (VES) using Schlumberger array was carried out. Each current electrode spacing
range from 1m to 100m while that of potential electrode spacing range from 0.25 to 10m.

» Data Analysis
From the field data obtained, apparent resistivity values were computed using the Schlumberger electrode array formula with
Geometric factor and Resistance given by:
f a=KR
With K= tAB2/4MN for AB>5MN
Where f a = apparent resistivity (Ohm-m)
K = geometric factor
MN = potential electrode spacing (m)
AB = current electrode spacing (m)
R = resistance (ohm)

n=3.14

The apparent resistivity values obtained from the field (show in table) were plotted against half of the current electrodes
spacing, therefore AB/2 on a log-log paper and on computer system for all the VES stations obtain the field resistivity curve.

The field resistivity curve was first quantitatively and Qualitatively analysed by curve matching method using Orellena and
Mooney (1966) master curve so as to determine the respective number of geoelectric layers, apparent resistivity values, thickness
and depth to the bedrock. The result obtained is used as a model for the computer iteration analysis through which the best fit and
the final accepted model for each VES were obtained.

o Analysis of Dar-Zarrouk Parameters

Dar-Zarrouk parameters (D-Z) termed by (Maillet, 1947) play an important role in geoelectrical resistivity soundings. They
have been used in computing a distribution of surface potential and the section consists of n geoelectric layers with thicknesses h1,
h2, h3, ...., hn and resistivity pl, p2, p3, .... pn for a block of unit square area and thickness. The D-Z parameters, therefore, S, T,
pl, pt & X are defined as following. A geoelectric unit is characterized by two basics parameters the layer resistivity (pi) and the
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layer thickness (hi) for i th layer (i =1 for the surface layer). Two further electrical parameters can be derived for each layer from
the respective resistivity and thickness; these are called the Longitudinal Conductance, Transverse Resistance.

S=Zhpni=l.....cu (1) Longitudinal conductance

The longitudinal resistivity of the current flowing parallel to the layers are given by,
FI=H/S .o (2) Longitudinal resistivity

T =2h*pni=l......ccccccoune.u. (3) Transverse resistance

This is the “transverse resistance”.

The transverse resistivity to the current flowing perpendicular to the layers are given by,
ft=T/H

Where H = Zhi

H is the depth to the bottom most geoelectric layer.

Ft=T/H. .. (4) Transverse resistivity

The coefficient of pseudo-anisotropy (1) is given by:

A=NT EF L, (5) Anisotropy

The reflection coefficients (RC) and fracture contrast (FC) of the fresh basement rock of the study area were calculated using
the method of Olayinka (1996); Bhattacharya and Patra (1968) and Loke (1999):

RC=fnfnl/fn+fn-1.............ocooil. 6)
FC=Fn/fn-1 ., @)
Where, T n is the layer resistivity of the nth layer and is the layer resistivity overlying the nth layer.
» Interpretation
The apparent resistivity values of the geoelectric layers were interpreted in term of lithology taking into consideration the

geology of the study area.

The state of weathering or fracturing of basement rock and the aquifer potential of different geoelectric layers can be inferred
from the apparent resistivity values.
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CHAPTER FOUR
RESULTS AND DISCUSSION

» Results

The VLF-EM Traverse data obtained from research which include filtered real and imaginary values were presented in figure
3. (See appendix). And; The apparent resistivity values are computed using equation 11 and these are presented in Table 1. (See
appendix). The results obtained from the analysis of the resistivity curves are presented in number of geoelectric layers, apparent
resistivity values, depth thickness and Dar zarrouk parameters of each VES station (See Table 2 and 3. in appendix).

» Analysis of Results and Discussion

o Analysis of Very Low Frequency-Electromagnetic Results

Each of the Traverses has 200m in length (fig.3) (see appendix). Traverse 1, The filtered real values range from 109 to 300
siemens, while the filtered imaginary ranges from -34 to 46 Siemens. The traverse shows the maximum peak at both positive and
negative region with a more prominent filtered real peak at horizontal distance of 100-125m. This usually signifies or corresponds
to the area of high conductivity or area with the presence of fracture. The correspondent Karous—Hjelt pseudosection filtering
confirms the moderately high conductivity which extends below 30 m depth. This conductivity could be due to the presence of
fracture or accumulation of clayey materials. (McNeil and Labson 1992).

Traverse 2, 4 and 5 filtered real values range from 105 to 420 siemens, 103 to 370 siemens and 102 to 380 siemens while the
filtered imaginary ranges from -36 to 45 Siemens, -30 to 46 siemens and -32 to 45 siemens respectively. Fractures at traverse 2, 4
and 5 observed where the positive peak of the filtered real near to the negative peak of the imaginary at stations 95 to 105 meters,
130 to 150 meters and 130 to 140 meters respectively on the traverses, the extent of the fractured identified is below 28 m depth,
this can either be a localized zone of fracture or thick clayey materials in the region.

Traverse 3 is 200 m in length. The filtered real values range from 105 to 410 Siemens, while the filtered imaginary ranges
from -20 to 48 Siemens. A positive anomalous value of filtered real is observed at distance between 120 and 130 m and it is identified
as a fracture.

Area of thick overburden is observed at distance interval of 70 and 85 m. The Karous—Hjelt pseudosection also agrees with
the plot and showed the extent of the identified fracture and the thick overburden to be 30 m.

o Analysis of Vertical Electrical Sounding (VES)
Six geoelectric layers have been recognized in this study area namely topsoil, sand clay, clayey sand, lateritic, weathered
basement (sand) and fresh basement (sand stone). However, all the six geoelectric layers do not occur throughout the study area.
The first layer for all the VES is generally topsoil, is usually laterite and sandy, it has a range greater than underlying layer in
all VES stations except for stations 3 and 4. It has an apparent resistivity values ranging from 54 to 305 chm-m with a thickness
ranging from 0.4 to 6.2m.

VES 02, 05, 06, 09 and 10 are distinct such that they have some attributes in common property which is same curve type that
is HHA curve.

The second layer under these VES are made up of clayey (VES 02, 05 and 09) and clayey sand (VES 06) and/or sand clay
materials with an apparent resistivity values ranging from 10.3 to 110.0 chm-m and thickness ranges from 0.3 to 4.8 m.

The third layer of VES 02, 05, 06, 09 and 10 are made up of mainly sand, sandy clay and laterite (VES 02). The apparent
resistivity value varies from 18.5 to 141.0 ohm-m with 0.6 to 53.1 m as thickness range.

The fourth layer are made up of fractured and fresh basement except VES 02 with sandy clay. The apparent resistivity ranges
from 46.3 to 19714.0 ohm-m and thickness 31.1 m.

VES 02 have fifth layer consist of fresh basement with high apparent resistivity value.
For other five VES (01, 03, 04, 07 and 08) the type of curves identified are HH, KHH, AAH and H.

The second layer of VES 01 and 03 consist of sand clay and laterite respectively. The apparent resistivity ranges from 31.3 to
334.7 ohm-m with thickness ranges of 5.3t0 11.3 m.
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The third layer is made of weathered basement with apparent resistivity ranges of 12.3 to 17.9 ohm-m and thickness ranges
from 12.6 to 16.6 m.

The fourth layer is made of fractured basement with high apparent resistivity.

VES 04 second, third and fourth layer consist of lateritic, clay and fresh basement respectively. The apparent resistivity of the
second layer, third and fourth layer are 389.2, 18.2 and 2951.0 ohm-m respectively with thickness of 7.1 m for second layer and
20.0 m for third layer.

The second layer for VES 07 and 08 is made up of clayey sand/sand clay. The apparent resistivity ranges from 35.0 to 107.2
ohm-m and the thickness ranges from 11.2 to 25.2 m.

The third layer is made up of fresh basement with high apparent resistivity ranging from 8822.2 to 13065.3 ohm-m.
Resistivity curves and tables showing thickness for all VES are in figure 4 (see appendix).

» Groundwater Potential

The groundwater potentials of the area are evaluated based on the following indices; weathered layer thickness and resistivity,
overburden thickness, transverse resistance, coefficient of anisotropy, reflection coefficient and fracture contrast. The weathered/or
weathered fractured layer constitute the water saturation zone or aquifereous units. Areas where weathered layer thickness is greater
than 13 m and reflection co efficient less than 0.8 (Table2) and of low clay content as indicated by the resistivity (> 12) value is
categorized to be area of high groundwater potentials. The spatial distribution of the weathered layer and fractured layer is presented
in Figure 4(a and b). From the figure, area around VES stations 01, 03 and 09 have very high yield (in the range of 11.3 to 16.6 m)
weathered layer thickness while area around VES stations 02, 04, 05, 06, 08 and 10 have medium yield (in the range of 20.0 to 53.1
m) weathered layer thickness since Overburden thickness is greater 13 m and reflection coefficient is greater or equal to 0.8 and low
yield is identified at VES station 07 (Overburden thickness is less than 13 m and reflection coefficient is greater than 0.8). Correlation
of the geoelectric logs are shown in figure 5 (see appendix) using the VES relative position.

» Groundwater Protection
In present study, the longitudinal conductance values were classified according to (Oladapo and Akintorinwa. 2007; Olusegun
et al., 2016) into poor, weak, moderate, good, very good and excellent protective capacity zones showed in Table 4 below.

Table 1 Aquifer Protective Capacity Classification Table

Longitudinal Conductance (2-1) Protective Capacity Rating
>10 Excellent
5-10 Very good
0.7-4.9 Good
0.2-0.69 Moderate
0.1 -0.19 Weak
<0.1 Poor

The aquifer protective capacity was determined using the parameters longitudinal conductance and transverse resistance
presented in table 3. The contour map of the aquifer protective capacity is shown in figure 6 while figure 7 (see appendix) shows
the surface map of the aquifer protective capacity for the study area. The result shows that all the aquifers in VES 04, VES 05, VES
06, VES 07, VES 09 and VES 10 show evidence of moderate aquifer protective capacity having longitudinal conductance values
ranging from 0.24 to 0.41 and transverse resistance values ranging from 240.94 to 9237.5. The aquifer in this area may be protected
from contamination resulting from short residence time in the coarse sand layers. The thicknesses of the overlain layers for the
aquifers are relatively enough to protect the aquifers from percolating fluids except for VES 04. The thicknesses of the overlain
layers range from 6.2 m to maximum of 55.7 m. The other VES have good aquifer protective capacity except for VES 09 that have
weak aquifer protective capacity. Usually, groundwater is given protection by geologic barriers having sufficient thickness and also
called protective layers and low hydraulic conductivity.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

» Conclusion

In this study, geoelectric soundings have been used to assess the aquifer potential of Odeda general hospital and its
environment. Six geoelectric layers have been recognized in this study area namely topsoil, sand clay, clayey sand, lateritic,
weathered basement (sand) and fresh basement (see table 3 in appendix). Presence of thick weathered materials essentially sandy
clay, clayey sand, shale/clay and sand underlying by fractured bedrock is desirable for groundwater development for the area.

In the study area the weathered materials constitute aquifer unit and is generally thick and is thickest at VES 01, 03 and 09
making these stations relevant for groundwater development in the area. The occurrence of high annual rainfall which provide
recharge to the aquifers and the occurrence of thick aquifer in term of the weathered/fractured basement are responsible for existence
of good groundwater prospect in the study area. However, the VES with clayey material and fresh basement are adequate for aquifer
protective especially VES 09 but also station for groundwater development due to fractured basement beneath clayey layer.

» Recommendation
According to the research, the following suggestions for groundwater exploitation in the study area may be useful:

VES 01, 03 and 09 are most viable to produce groundwater for industrious and municipal purpose.

Alternative stations recommended for borehole drilling are VES 02, 04, 05, 06, 08 and  10.

Drilling should not be less than 50m since the study area falls within basement terrain.

To ensure safe consumption of groundwater in the study area, potential sources of contamination site should be sited far away
from viable aquifer units because the area is vulnerable to pollution if there is leakage of buried underground septic tank, sewage
channels or infiltration of leachate from decomposing refuse dumps in the area.

NISRT25AUG794 WWW.ijisrt.com 1366


https://doi.org/10.38124/ijisrt/25aug794
http://www.ijisrt.com/

Volume 10, Issue 8, August — 2025 International Journal of Innovative Science and Research Technology
ISSN No: -2456-2165 https://doi.org/10.38124/ijisrt/25aug794

[1].

[2].

[3].

[4].

[5].

[6].

[7].
[8].
[9].

[10].

[11].
[12].
[13].

[14].

[15].

[16].

[17].

[18].

[19].
[20].
[21].
[22].

[23].

REFERENCES

Abdulahi,G.M., Toriman, M.E., Gasim, M.B (2014). The Application of Vertical Electrical Sounding (VES) for

Groundwater Exploration in Tudan Wada Kano State, Nigeria. International Journal of Engineering Research and

Reviews. 2(4):51-55.

Abdullahi, N.K, Jegede, S.1. and Ango, A. Qualitative and Quantitative Interpretation of theFiltered Real Component of

VLF-EM Data: Case Study of Solid Waste Dumpsite of Precambrian Basement Complex Rocks, Research Paper Open

Access.5 (10):37-46

Abdulraheem, Muhammed Babatunde., Hydrogeological and Geophysical Evaluation of ~ Groundwater ~ Potential ~ of

Northwestern Parts of llorin, Sheet 223 NW, Southwestern Nigeria, Kwara State University (Nigeria) ProQuest

Dissertations & Theses, 2018. 10934340.

Abel O. Talabi., Mineralogy and chemical composition of rocks con-stitute a reliable means of rocks’ classification.

Mig-matite which occur in association with quartz schist/quartzite, Pan African Granites and charnockitic bodies

around EKkiti State, southwestern Nigeria,

Adam, Na: K Abdullahi and Dogara D Matoh., Analysis of VLF-EM Data for Potential Cassiterite Mineralization

Delineation Zone in Rafin-Bareda Area North-Western Nigeria Micah Online: 2756-3898, ISSN Print: 2714-500X,
https://doi.org/10.47514/phyaccess.2022.2.2.002,

Adagunodo T, Bayowa O., A Erinle., Geophysical Mapping of the Proposed Osun State Housing ~ Estate, Olupona for

Subsurface Competence and Groundwater Potential, Journal of Basic and Applied Research / Original Article, Archives

/ Vol. 2 No. 2 (2016):

Adeleke, O. O, Makinde, V., Ayobami O.E., Oluwaseun F.D., Akintayo O.0., and Taiwo J. A (2015) Estimation of

Groundwater Recharges Using Empirical Formulae in Odeda Local Government Area, Ogun State, Nigeria.

Adelusi, A.O, Ayuk, M.A, Kayode, J.S. (2013). VLF-EM and VES: an application to groundwater exploration in a

Precambrian basement terrain SW Nigeria.

Adeniji, A. E., Obiora, D. N., Omonona, O. V., and Ayuba, R. (2013) Geoelectrical evaluation of ~ groundwater potentials

of Bwari basement area, Central Nigeria, International Journal of Physical Sciences, 8(25):1350 -1361

Adeoye A.S, G. O. Adeyemi, B. A. Alo., Mechanical Stabilization of a Migmatite-Gneiss, Derived Lateritic Soil from

Ibadan, Southwestern, Nigeria, International Journal of Engineering and Advanced Technology (IJEAT), ISSN: 2249-8958

(Online), Volume-7 Issue-4, April 2018, Journal Website: www.ijeat.org,

Akinrinade O. J., Oladapo, M. I., Onwah, C. (2016). Geoelectric Delineation of Hydrocarbon Spill in Abesan Lagos,

Nigeria, Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 7(1): 35- 44

Alabi, A.A., Ganiyu, S.A., Idowu, O.A. et al. Investigation of groundwater potential using integrated geophysical methods

in Moloko-Asipa, Ogun State, Nigeria. Appl Water Sci 11, 70 (2021). https://doi.org/10.1007/s13201-021-01388-3

Alile, M.O., Amadasun, C.V.0O. and Evbuomwan, A.l. (2008). Application of Vertical Electrical Sounding Method to

Anambra State, Nigeria. Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 3(5): 868-873.

Al-Khafaji, W. M. S., & Al-Dabbagh, H. A. Z. (2016). Visualizing geoelectric — Hydrogeological parameters of Fadak

farm at Najaf Ashraf by using 2D spatial interpolation methods. NRIAG Journal of Astronomy and Geophysics, 5(2),

313-322. https://doi.org/10.1016/j.nrjag.2016.07.001

Amori A.A, EE Odjegba, AA Adekitan., Assessment of Public Perspectives on Quality Control Measures in Public

Water Supply in Oyo state, Nigeria, Journal of Applied Sciences and Environmental Management Journal / Journal of

Applied Sciences and Environmental Management / VVol. 19 No. 1 (2015) / Article

Anomohanran, O. (2013) Investigation of Groundwater Potential in Some Selected Towns in Delta North District of

Nigeria, Delta State, Nigeria.International Journal of Applied  Science and Technology.3 (6)

Anosike, S., lbuot, J.C., Obiora, D.N. et al. Geophysical and physicochemical investigation of groundwater

repositories in Njaba LGA of Imo State, eastern Nigeria. Int. J. Environ. Sci. Technol. 16, 8129-8140 (2019).

https://doi.org/10.1007/s13762-019-02366-8

Aizebeokhai, A.P., Oyeyemi, K.D. Application of geoelectrical resistivity imaging and VLF-EM  for subsurface

characterization in a sedimentary terrain, Southwestern Nigeria. ArabJ  Geosci 8, 4083-4099 (2015).

https://doi.org/10.1007/s12517-014-1482-z

Badmus, B.S. and Olatinsu, O.B. (2010) Aquifer characteristics and groundwater recharge pattern in a typical basement

complex, Southwestern Nigeria. African Journal of Environmental Science and Technology. 4(6):328-342

Badmus, B.S. and Olatinsu, O.B. (2012) Geophysical Characterization of Basement Rocks and Groundwater

Potentials Using Electrical Sounding Data from Odeda Quarry Site, Southwestern, Nigeria. Asian Journal of Earth Sciences.

Badmus B.S, OB Olatinsu African Journal of Environmental Science and Technology Journal / African Journal of

Environmental Science and Technology / Vol. 4 No. 6 (2010)

Balogun, I.1., Sojobi, A.O., and Oyedepo, B.O. Assessment of rainfall variability, rainwater harvesting potential and storage

requirements in Odeda Local Government Area of Ogun State in South-western Nigeria.

Bashir 1.Y, Izham M.Y and Main R. (2013). Vertical Electrical Sounding Investigation of Aquifer Composition and Its

Potential to Yield Groundwater in Some Selected Towns in Bida Basin of North Central Nigeria.

NISRT25AUG794 WWW.ijisrt.com 1367


https://doi.org/10.38124/ijisrt/25aug794
http://www.ijisrt.com/
https://doi.org/10.47514/phyaccess.2022.2.2.002
https://doi.org/10.1016/j.nrjag.2016.07.001

Volume 10, Issue 8, August — 2025 International Journal of Innovative Science and Research Technology

ISSN No: -2456-2165 https://doi.org/10.38124/ijisrt/25aug794

[24]. Bawallah, M. A, Aina, A.O., Ozegin, K.O., Akeredolu, B.E., Bamigboye, O.S., Olasunkanmi, N.K., Oyedele. (2019)

Integrated Geophysical Investigation of Aquifer and Its Groundwater Potential in Camic Garden Estate, llorin Metropolis

North Central Basement Complex of Nigeria, I0SR Journal of Applied Geology and Geophysics (IOSR
JAGG).7(2):01-08

[25]. Bayewu, O.O., Oloruntola, M.O., Mosuro, G.O., Laniyan, T.A., Ariyo, S.O and Fatoba, J.O. (2017)  Geophysical
evaluation of groundwater potential in part of southwestern Basement Complex terrain of Nigeria. . Appl Water Sci 7,
4615-4632 (2017). https://doi.org/10.1007/s13201-017-0623-4

[26]. Bayowa, O.G., Adagunodo, T.A., Akinluyi, F.O. et al. Geoelectrical exploration of the Coastal Plain Sands of
Okitipupa area, southwestern Nigeria. Int. J. Environ. Sci. Technol. 20, 6365-6382 (2023).
https://doi.org/10.1007/s13762-022-04393-4

[27]. https://dx.doi.org/10.4314/swj.v18i2.5www.scienceworldjournal.orgISSN: 1597-6343 (Online), Bello S., Investigation for
Groundwater Potential of Biu Plateau Basalt North Eastern Nigeria, Using Vertical Electrical Sounding. ISSN: 2756-
391X (Print) Published by Faculty of Science, Kaduna State UniversitySubsurface

[28]. BelloR., (2017) Investigation of Groundwater Potential and Aquifer Protective Capacity of Part of  Effurun, Delta
State, Nigeria, International Journal Geology and Mining. 3(3):141

[29]. Blueprint.ng

[30]. Chukwuma G.O, Anizobal D.C, E. C. Chukwumal, and E. C. Chinwuko. Determination of Aquifer Characteristics from
Geo-electrical Sounding data in parts of Anambra State,Nigeria. International Journal of Innovation and Applied Studies.
http://mwww.ijias.issr journals.org/ ISSN 2028-9324 Vol. 11 No. 4 Jun. 2015, pp. 832-843

[31]. Coursehero.com

[32]. Eva Rolia, Application of geoelectric method for groundwater exploration from surface (A literature study); Dwita
Sutjiningsih AIP Conf. Proc. 1977, 020018  (2018) https://doi.org/10.1063/1.5042874

[33]. Fadele, S.1., Sule, P.O and Dewu, B.B.M. (2013) The use of Vertical Electrical Sounding (VES) for Groundwater
Exploration around Nigerian College of Aviation Technology [NCAT], Zaria, Kaduna State, Nigeria. Pacific Journal of
Science and Technology.14 (1)549-555

[34]. Falade, A.O., Amigun, J.O., Kafisanwo, O.0. (2019). Application of electrical resistivity and very low frequency
electromagnetic induction methods in groundwater investigation in llara-Mokin, Akure Southwestern  Nigeria.
Environmental and Earth Sciences Research  Journal, Vol. 6, No. 3, pp. 125-135. https://doi.org/10.18280/eesrj.060305

[35]. Giwa Samuel Chunmada, JM Monde, S Ologun, MS Isa and MI Abubakar., Assessment of Groundwater  Potential  in
Adudu and It's Environ Part of Akiri Sheet 232 Middle Benue  Trough, Central Nigeria, Research Article - (2023) Volume
12, Issue 1,

[36]. Gupta, G., Maiti, S. & Erram, V.C. Analysis of electrical resistivity data in resolving the saline and freshwater
aquifers in west coast Maharashtra. J Geol Soc India 84, 555-568 (2014). https://doi.org/10.1007/s12594-014-0163-6

[37]. Habibou, H.S (2003). Geo-Electrical Resistivity Investigation to Determine Aquifer Potentials of ~ University of
Agriculture, Abeokuta staff Residence.

[38]. https://en.m.wikipedia.org/wiki/odeda

[39]. https://wiki.seg.org

[40]. https://wiki.seg.org/wiki/electric_resistivity _methods

[41]. Hydrogeophysical Evaluation of Groundwater Potential of Southwestern Part of llorin, Kwara State,  Southwestern
Nigeria, Senbore, Samson Sanya. Kwara State University (Nigeria) ProQuest Dissertations & Theses,
2018. 10934224.

[42]. Issa Umar. Geophysical and Hydrochemical Characterization for Quantitative and Qualitative Analyses of
Groundwater within Ilorin NW, Sheet 223 Southwestern Nigeria, Kwara State University (Nigeria) ProQuest Dissertations
& Theses, 2022.29326803. Lands  Highway Division, Lakewood, CO.

[43]. Kinsoji O, Fatoki O. S, Ximba B. J, Opeolu B. O. and Olatunji O. S. (2013) Assessment of arsenic levels in Guguletu and
Langa rivers in Cape Town, South Africa., Academic Journals  http://www.academicjournals.org/IJPS,  International
Journal of Physical Sciences Vol. 8(25), pp. 1334-1340, 9 July, 2013, DOI: 10.5897/1JPS2013.3802, ISSN  1992-1950 ©
2013.

[44]. Lateef T.A., (2012) Geophysical Investigation for Groundwater Using Electrical Resistivity Method - A Case Study of
Annunciation Grammar School, Ikere Lga, Ekiti State, South ~ Western Nigeria, 10SR Journal of Applied Physics
(IOSRJAP). 2(1):01-06

[45]. Mahmoud, H. and Ghoubachi, S.Y. (2017), Geophysical and hydrogeological investigation to study  groundwater
occurrences in the Taref Formation, south Mut area—Dakhla Oasis Egypt, Journal of African Earth Sciences, pp. 610-
622.

[46]. Milson J. Field (2002) geophysics, (Cambridge University Press, 2002).

[47]. Mohamaden, M.I, Hamouda, A.Z, Mansour, S. (2016), Application of electrical resistivity method  for ~ groundwater
exploration at the Moghra area, Western Desert, Egypt, The Egyptian Journal of Aquatic Research. pp.42 (3):261-268.

[48]. MUKKAFA S, LA KWAMI, A.l HARUNA, A.M INUWA, S. SALEH, N.A MUSTAPHA and A.D. UMAR

Bima., ROLES OF HYDRAULIC PARAMETERS IN DELINEATION OF AQUIFER PROTECTIVE ZONES AND

NISRT25AUG794 WWW.ijisrt.com 1368


https://doi.org/10.38124/ijisrt/25aug794
http://www.ijisrt.com/
https://doi.org/10.1007/s13201-017-0623-4
https://doi.org/10.1007/s13762-022-04393-4
http://www.ijias.issr/
https://doi.org/10.18280/eesrj.060305
https://wiki.seg.org/wiki/electric_resistivity_methods

Volume 10, Issue 8, August — 2025 International Journal of Innovative Science and Research Technology
ISSN No: -2456-2165 https://doi.org/10.38124/ijisrt/25aug794

[49].

[50].
[51].

[52].

[53].
[54].
[55].
[56].
[57].
[58].

[59].

[60].

[61].

[62].

[63].

SOIL CORROSIVITY IN  KALTUNGO AND ENVIRONS, NORTH-EASTERN, NIGERIA, Journal of Science  and
Technology, Vol. 5(3) Jan, 2022 ISSN: 2536-6041

Musa G. Abdullahi, Mohd E. Toriman, Mohd Barzani Gasim., The Application of Vertical Electrical Sounding (VES) For
Groundwater Exploration in Tudun, Wada Kano State, Nigeria, Research Publish Journals. Issue 4, pp: (51-55), Month:

October — December 2014, Available at: www.researchpublish.com,

Obiora, N.D, Ibuot, J.C, George, N.J. (2015), Evaluation of aquifer potential, geoelectric and hydraulic parameters
in Ezza North, southeastern Nigeria, using geoelectric sounding.

Ochuko Anomohanran (2013) Investigation of Groundwater Potential in Some Selected Towns in Delta North District

of Nigeria, International Journal of Applied Science andTechnology Vol. 3 No. 6; August 2013

Oluseyi O. Adeleke, Victor Makinde, Ayobami O, Eruola, Oluwaseun, F. Dada, Akintayo O. Ojo  and Taiwo J. Aluko
Estimation of Groundwater Recharges Using Empirical Formulae in Odeda Local Government Area, Ogun State,
Nigeria, Challenges 2015, 6, 271-281; doi:10.3390/challe6020271

Oyedele, A.A., Olayanju, G.M.Talabi, A.O. Ogunyebi, S.N. and Ojo, O.F., Soil corrosivity and aquifer protective
capacity of overburden units in Ado-EKkiti, southwestern Nigeria, DOI:  https://doi.org/10.1515/rmzmag-2018-0004

Patil, S.N., Kachate, N.R., and Ingle, S.T. (2018) Estimation of Dar-Zarrouk parameters for groundwater exploration in
parts of Chopda Taluka, Jalgaon district,Maharashtra (India),  Journals of Industrial Geophysics. 22(4): 425-435
Robinson, D.G. (1998), A survey of probabilistic methods used in reliability, risk and uncertainty  analysis:  analytical
techniques, Sandia National Lab, Report SAND981189.

Saravanan J, Kishan Singh Rawat and Sudhir Kumar Singh., Sub-Surface Investigation Using Vertical Electrical
Sounding: Chennai Metropolitan Area, DOI: http://dx.doi.org/10.12944/CWE.13.3.06
Sharma, S.P, and Baranwal, V.C, (2005) Delineation of Groundwater—bearing Fracture Zones in a Hard Rock

Integrating Very Low Frequency Electromagnetic and Resistivity Data.  Journal of Applied Geophysics, 57:155- 166.
Signal,Lazarus G. Ndatuwong, G. S. Yadav (2013) Analysis and Interpretation of In-Phase Component of VLF-EM Data

using Hilbert Transform and the Amplitude of Analytical, Ndatuwong, Vol 3, No 11
Tools for Groundwater Prospecting and Geophysical Prospecting for Water in Ocotal, Nicaragua, A Minor Field Study,
NILS PERTTU, LENNART WIKBERG, MASTER OF SCIENCE PROGRAMME, Lulea University of Technology,

Department of Chemical Engineering and Geosciences, Division of Ore Geology and Applied Geophysics, 2005:027 CIV
ISSN: 1402 - 1617 « ISRN: LTU - EX - - 05/27 - - SE

Venu K, and Linga Swamy Jogu., Identification of Ground water Potential Zones Using  Electrical Resistivity and VLF-

EM Methods in Gaarakuntapalem Village, Maadugulapally Mandal, Nalgonda District, Telangana State, India., Asian

Journal of Applied Science and Technology (AJAST)(Open Access Quarterly International Journal) Volume 1, Issue 9,

Pages 471-480, 2017471 | P a g e Online ISSN: 2456-883X Impact Factor: 1.805 Website: www.ajast.net

Wadhah Mahmood Shakir Al-Khafaji &Hayder Abdul Zahra Al-Dabbagh, Visualizing geoelectric — Hydrogeological

parameters of Fadak farm at Najaf Ashraf by using 2D spatial interpolation methods. National Research Institute of

Astronomy and Geophysics. Pages 313-322 | received 18 Feb 2016, Accepted 11 Jul 2016, Published online: 08 May
2019

Wightman, W. E., Jalinoos, F., Sirles, P., and Hanna, K. (2003). "Application of Geophysical Methods to Highway
Related Problems." Federal Highway Administration, Central ~ Federal.

Yusuf, Mumeen Adebayo. Application of Integrated Methods to Assess and Characterise the Hydrogeology of
Coastal Aquifers in Parts of Lagos, Southwest, Nigeria, University of the  Witwatersrand, Johannesburg  (South
Africa) ProQuest Dissertations & Theses, 2020. 31787240.

NISRT25AUG794 WWW.ijisrt.com 1369


https://doi.org/10.38124/ijisrt/25aug794
http://www.ijisrt.com/
http://www.ajast.net/

Volume 10, Issue 8, August — 2025 International Journal of Innovative Science and Research Technology

ISSN No: -2456-2165 https://doi.org/10.38124/ijisrt/25aug794
APPENDIX
Table 2 Vertical Sounding Resistivity Field Record.
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Table 3 Geoelectric Layers, Apparent Resistivity Values, Depth Thickness

VES | No. of Resistivity Thicknes | Depth to Curve | Portable
" Geoelectr | Layer S basement Type Lithology
NO |ic Layers | (Q2m) (m) (m)
1 I 76.8 0.6 0.6 HH Top soil
Il 31.3 11.3 11.9 Sand clay layer
111 12.3 16.6 28.5 Weathered basement
1A% 3670.0 Fractured basement
2 | 136.6 0.4 0.4 HHA Top soil
I 132 04 0.9 Clay layer
111 578.9 0.6 1.5 Lateritic soil
1AY 46.3 31.1 32.6 Sand clay
\" 12875.3 Fresh basement
3 | 61.2 6.2 6.2 KHH Top soil
Il 334.7 53 11.5 Lateritic soil
111 17.9 12.6 24.1 Weathered basement
v 5527.8 Fractured basement
4 | 54.0 5.7 57 AAH Top soil
Il 389.2 y 2 12.7 Lateritic soil
111 18.2 20.0 32.7 Clay layer
v 2951.0 Fresh basement
5 | 221.0 0.5 0.5 HHA Top soil
11 18.5 04 0.9 Clay layer
111 123.0 47.1 48.0 Sand clay layer
v 10276.0 Fresh basement
6 | 164.0 0.6 0.6 HHA Top soil
11 63.5 2.0 2.6 Clayey sand layer
111 141.0 53.1 357 Sand layer
1A% 11119.0 Fresh basement
7 | 189.4 0.6 0.6 H Top soil
Il 35.0 11.2 11.8 Clayey sand layer
111 13065.3 Fresh basement
8 I 321.7 0.7 0.7 H Top soil
I 107.2 252 259 Sand clay layer
111 8822.2 Fresh basement
9 | 154.0 0.5 0.5 HHA Top soil
Il 10.3 0.3 0.8 Clayey layer
111 75.2 11.3 12.1 Sand clay layer
1Y 332.0 Fractured basement
10 | 305.0 0.5 0.5 HHA Top soil
11 110.0 4.8 L, i, Sand clay layer
111 119.0 43.0 48.3 Sand layer
v 19714.0 Fresh basement
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Table 4 Dar Zarrouk Parmeters

Portable
VES.NO fa Him) S TotalS T Total T Total H(m fl ft A RC RF Lithology Remark
1 768 0.6 0.007813 46.08
31 113 034139 374.03
127 16.6 1.307087 210.82
3670 1.66 63093 8B5S A 22U 113 099 28398 Fracture Highyield
2 1366 04 0.002928 54.64
132 04 0.030303 528
57189 0.6 0.001036 34734
463 311 0671706 1439.93
128753 0n 184719 325 4604 5684 111 09 27808 Medium yield
3 612 6.2 0101307 394
3347 5.3 0.015835 177391
179 126 0.703911 2554
57218 0.82 237889 U1 93F BN 183 09 320 Fracture High yield
4 54 05 0009259 2
389.2 0.2 0.000514 71.84
182 5.5 0.302198 100.1
2951 031 204.94 62 1987 1031 072 099 16214 Fracture Medium yield
5 0.5 0.002262 1105
185 04 0021622 14
123 471 0382927 571933
10276 041 5911.2 8 1179 1315 102 098 854 Medium yield
6 164 0.6 0.003659 984
63.5 2 0.0314% 17
141 53.1 037659 7481.1
11119 041 25 557 13528 13846 1001 098 788 Medium yield
7 1894 0.6 0.003168 113.64
35 112 032 392
13065.3 032 505.64 118 3651 4285 1.08 1 388 Low yield
8§ 37 0.7 0.002176 2519
107.2 25.2 0.235075 2701.44
8822.2 0.24 2926.63 59 10917 13 1.02 098 823 Medium yield
9 154 05 0.003247 n
103 0.3 0029126 309
5.2 11.3 0.150266 849.76
332 0.18 929.85 121 6625 768 1.08 0.63 4.41 Fracture  High yield
10 305 0.5 0.001639 1525
110 4.8 0.043636 528
19 43 0.21608 8557
19714 0.26 9315 483 18481 19125 102 098 9907 Medium yield
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Fig 6 Contour Map of the Aquifer Protective Capacity
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Fig 7 Surface Map of the Aquifer Protective Capacity
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Fig 8 Topography Map of the Study Area

CONTOUR MAP OF THE STUDY AREA.

Fig 9 Contour Map of the Study Area
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3D CONTOUR MAP OF THE STUDY AREA.
Fig 10 3D Contour Map of the Study Area
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