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Abstract

The quality and availability of groundwater are increasingly threatened by anthropogenic activities, including oil
extraction and inadequate environmental management. This study focuses on the groundwater potential and
vulnerability of the Federal University of Petroleum Resources (FUPRE) campus and Agbarho axis in Delta
State. The research employs Vertical Electrical Sounding (VES) techniques to assess the subsurface structure
and derive geoelectric parameters, such as transverse unit resistance (Tr), longitudinal resistance (pL), and
transverse resistivity (pt), which inform the groundwater potential and vulnerability. The study also integrates
second-order geoelectric indices, including Dar Zarrouk’s parameters, to evaluate aquifer protective capacity
using the GOD index and longitudinal conductance. Results indicate that while parts of the study area exhibit
promising groundwater potential (high Tr values), the overall aquifer protective capacity is poor, with low
longitudinal conductance values suggesting a high susceptibility to contamination. Geoelectric curve types,
resistivity contrast, and coefficient of anisotropy further reveal a heterogeneous subsurface with varying
permeability and porosity. The GOD index categorizes most of the area as moderately vulnerable to
contamination, highlighting the need for enhanced groundwater management. This study underscores the
importance of integrating hydrogeological and geophysical data for effective groundwater exploration,
management, and protection in regions at risk of contamination.
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INTRODUCTION groundwater potential, as it provides valuable data on
Groundwater is essential for domestic, industrial, and aquifer resistivity and thickness. This method helps
agricultural purposes. It plays a critical role in estimate the hydraulic properties of aquifers and
ensuring access to potable water, which is identify groundwater potential zones (Abija et al.,
fundamental for the health and productive life of  2018). For example, research by Osejia and Egbai
people in any society (Okonkwo and Egbai, 2022). In (2019) on aquifer characterization using geoelectric
Sub-Saharan Africa, groundwater is a major source of  survey data in IsseleUku, Delta State, Nigeria, found
water supply, particularly in rural, suburban, and that the aquifer was not well-protected due to the
urban areas (Abija, 2018). Access to safe drinking absence of clay. Similarly, studies by Egbai et al.
water is not only a basic human right but also a (2019) and Oseji et al. (2018) on groundwater quality
necessary condition for both human and economic and aquifer protection near dumpsites in Delta State
development.However, groundwater resources face revealed vulnerabilities in the aquifers due to poor
increasing threats due to contamination, particularly protection from surface contaminants.Several
in urban and industrial areas, where pollution sources methodologies have been proposed for evaluating
such as leachate from landfills, oil spills, and septic groundwater vulnerability, including the DRASTIC
tank leakage can degrade water quality (Makeig, model (depth to groundwater, recharge, aquifer type,
1982). Despite the importance of aquifers, aquifer soil properties, topography, impact of overburden
protection has historically not been given adequate zone, and hydraulic conductivity), which considers
attention, particularly in regions with high pollution various hydrogeological parameters to assess
risks (Facazio et al., 2002). This issue is compounded contamination risks. Other models, such as the
by the growing population and the increasing demand Aquifer Vulnerability Index (AVI) and the GOD
for potable water. As a result, there is a critical need method (groundwater occurrence, overlying lithology,
for an integrated assessment of groundwater and aquifer depth), are also used to evaluate
resources, focusing not only on their availability but groundwater susceptibility to pollution (Foster et al.,
also on their vulnerability and protection. 2002). These models help in understanding how

factors like aquifer permeability and the presence of
The geophysical technique of Vertical Electrical low-permeability  layers  protect  groundwater
Sounding (VES) is widely wused to assess resources from contamination.
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Despite the importance of aquifer protection,
groundwater quality has deteriorated in regions such
as the Niger Delta, due to increased oil and gas
extraction, illegal refineries, and poor environmental
management. Similar concerns are evident in
Ugbomro and surrounding areas, where the frequent
failure of boreholes and contamination of water
samples  highlight the lack of detailed
hydrogeological data for the region. This underscores
the need for more comprehensive research on
groundwater potential and protection.

The present study seeks to integrate hydrogeological
and geoelectric indices to map groundwater potential
and vulnerability within the premises of the Federal
University of Petroleum Resources Effurun campus
and the Agbarho axis. This research will focus on the
following objectives:

1. Acquire Vertical Electrical Sounding (VES)

data from the study area.

2. Process and interpret the VES data to
determine geo-electric layer parameters
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WinResist software.
3. Derive second-order geoelectric indices,
such as Dar-Zarrouk parameters (e.g.,
transverse unit resistance, longitudinal
resistivity, and transverse resistivity), for
analyzing groundwater prospects.
Assess the aquifer protective capacity using
the GOD and longitudinal conductance
models.

and depth) using

LOCATION OF THE STUDY AREA

This study was carried out within the premises of the
premises of the Federal university of petroleum
resources Effurun campus and Agbarho axis in Delta
State, Nigeria. The VES readings were taken at
different locations within the premises of the
premises of the Federal university of petroleum
resources Effurun campus and Agbarho axis. The
study area lies between latitude 5° 34°N and
longitude 5° 24.’E."
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Figure 1: Base Map of study area showing the acquired VES points

METHODOLOGY

This study involved the integration of field-based
geophysical data consisting of 1-D geoelectrical
resistivity data set of groundwater within the study
area using the Schlumberger array configuration. A
total of 40 vertical Electrical Sounding (VES) was
used. The materials used to acquire data in the study
area were: Terrameter, pairs of electrode ,Wire reels,
Hammers, batteries,Meter tapes and Geographical
positioning system (GPS).
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Theoretical Background Of Research

The theoretical background of this research is based
on Ohm’s law which states that the voltage across a
conductor is directly proportional to the current
provided all physical conditions and temperature
remain constant.

V=IR 1
Vv
R=1 2

The electrical resistivity approach takes advantage of
the resistance differential between various ground
materials. The level of resistance a material exhibits
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to the passage of electrical current through, it is
measured as resistivity.

In general, resistivity is the opposite of conductivity
and is measured in ohm meters. Resistance of a
medium (R) is proportional to its length (L) and
inversely proportional to its cross sectional area (A).

_ sl
R_A 3
_FRa
I 4
_va
TIL 5

where, R = Resistance of the medium, I = Current, V
= Voltage, P = Resistivity

Hydraulic Conductivity

Hydraulic conductivity refers to the relative ease with
which fluids (such as groundwater) flow through a
medium, such as a geological formation or rock. It is
distinct from intrinsic permeability, which describes
the medium’s ability to transmit fluids regardless of
the fluid’s properties. While intrinsic permeability is
independent of the temperature, pressure, or type of
fluid, hydraulic conductivity is influenced by these
factors. The hydraulic conductivity of a soil, rock, or
geological formation depends on a variety of physical
characteristics, including porosity, particle size and
distribution, particle arrangement, and other related
factors. Hydraulic conductivity is also commonly
referred to as permeability (Chernicoff et al., 2007).

Mathematically, hydraulic
conductivity(K)could be
expressed by the formula below:
K= 0.0538E%0072p 6

Where is the aquifer layer resistivity

AquiferTransmissivity

Aquifer Transmissivity (T) more simply could be
defined as the property of aquifer to transmit water. It
could also be defined as the amount of water that can
be transmitted horizontally through an aquifer unit by
full saturated thickness of the aquifer under a
hydraulic gradient of 1 or as the rate at which water
of prevailing kinematic viscosity is transmitted
through a unit width of aquifer under a unit gradient.
Transmissivity (T) is the product of the hydraulic
conductivity (k) and the aquifer layer thickness.

T=K x h 7

Aquifer Protective Capacity

Aquifer protective capacity (APC) is the ability of the
overburden unit to retard and filter percolating

ground surface polluting fluid into the aquiferous unit.

The combination of thickness and resistivity into
single variables, other words known as the Dar-
Zarrouk parameters (Mailet,1947) are often used as a
basis for the evaluation of aquifer properties such as
aquifer transmissivity and protection of ground-water
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resources (Henriet, 1976). Ageo-electrical layer is
described by two fundamental parameters i.e.
resistivity (pa) and thickness (h). For the analysis and
comprehension of the geologic model, some factors
linked to the different combinations of thickness and
resistivity of the geoelectric layer are crucial (Zohdy
et al. 1974; Maillet,1947). Dar Zarrouk's longitudinal

(S) and transverse (T) parameters were derived via
h

2 8
T = hp 9
where h is the aquifer thickness and p is the aquifer
resistivity

Longitudinal Unit Conductance (S) was calculated
using equation 10.
The longitudinal conductance is equal to the number of
layers (n).

n hi
$= Zf:lm_ pi ,92+ -
as proposed by Asfahani,(2013)
Transverse Unit Resistance (Ir) was calculated using
equation 5.

h; ha hy

+

P 10

The total resistance of the transverse unit is

Tr= YL hipi= hipi+ hapa + ..+ hyp,
11

Longitudinal Resistance was calculated using

equation 8

H E:1.2_1 h[
O
i=1p; 12

Transverse Resistance was determined from

equation 13
E:lzl hipy

p— T p—
Pe= %7 Tom 13
The coefficient of anisotropy is a useful parameter of
an anisotropic medium which indicates the degree of
fracturing. It was determined using Equation 14
1= |Be_ ST
PL H 14
The Reflection Coefficient (Rc) and Resistivity Contrast

(Fc) were calculated using equation 15, and 16
respectively
As proposed by Oladunjoye and Jekayinfa, (2015).
Rf — PnPn—
PntPn—1 15
An
FC N Pn—1 16

Where pn is the layer resistivity of the nth layer, and
pn - 1 1s the layer resistivity overlying the nth layer.
(Henriet, 1976) described the protective capacity of
an over burden over lying an aquifer as being
proportional to its hydraulic conductivity. On a
purely empirical basis, the hydraulic conductivity of
clayey sediment could be linked to -electrical
resistivity through the concept of clay content. High
clay content generally corresponds with low
resistivity and low hydraulic conductivities, and vice
versa. Hence, the protective capacity of the
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overburden could be considered as being proportional
to the ratio of thickness to resistivity, or in other
words to the longitudinal conductance. Thus,
Equation (4) was used to evaluate the aquifer
vulnerability or protective capacity of the aquifer
overburden.

The second order geo-electric parameter, longitudinal
conductance (DarZarrouk parameter) is generated
from the primary/first order parameters (thickness
and resistivity) of the geo-electric. Subsurface layers
which were used in the classification of the Aquifer
Protective Capacity. Highly impervious materials
such as clay and shale usually have high longitudinal
conductance values (resulting from their low
resistivity values) while pervious materials such as
sand and gravels have low longitudinal conductance
values (resulting from their high resistivity values).
While high longitudinal conductance value
corresponds to excellent and good APC, low
longitudinal conductance values are associated with
poor and weak APC.

Figure 2: Samples of Derived Geoelctric curves

Table 1: Longitudinal conductance/protective
capacity rating (Oladapo and Afuda, 2017)

RESULTS AND DISCUSSION.

Longitudinal unit conductance (S), transverse unit
resistance (Tr), average longitudinal resistance (pL),
transverse resistivity (pt ), coefficient of anisotropy
(V), refection coefficient Rc), and resistivity contrast
(Fc) were calculated. The results were obtained from

Overburden
Total longitudinal protective capacity
unit conductance classification
<0.10 Poor
0.1-0.19 Weak
0.2-0.69 Moderate
0.7-4.9 Good
5-10 Verv good
>10 Excellent

the primary resistivity parameters such as resistivity
thickness and depth by performing system iteration
using Winresist geophysical software for smooth
curve with low root mean square value (Table 2).
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Longitudinal Units Conductance (S)

It helps to define the degree of groundwater
protection from vertical infiltration of pollutants (Oni
et al. 2017). According to Oladapo and Akintorinwa
(2007), Henriet (1976), they stated that geologic
formations with longitudinal conductance greater
than 10 Q-1 can be rated to have excellence aquifer
protective capacity, while formations with (5-10) Q-1
are rated very good, formations with (0.7-4.9) Q-1
are rated good, formations with (0.2-0.69) Q-1 are
moderate, formations with (0.1-0.19) Q-1 weak and
formations with less than 0.1 Q-1 are poor.It could be
inferred that the entire study area has poor aquifer
protection capacity since they all have S with less
than 0.1 Q-1.
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Figure 3: Spatial variation of longitudinal
conductance (S) across the study area

Transverse Unit resistance (Tr)

It is used to delineate the most prolific area of
groundwater potential for the purpose of
hydrogeological investigation (Nafez et al., 2010,
Eyankware et al., 2022). The northeastern region
from figure 2, (around VES 35 and 36) and
southwestern region (around VES 12, 15, 16, 20)
revealed relatively high Tr wvalues, suggesting
promising groundwater potential. In contrast, VES 2,
9,19, 24,25, 26,27, 28, 34, and 37 have very low Tr
values, indicating limited groundwater potential. VES
1, 4, 5, 13, 17, 18, 23 and 25 showed fair ground
water potential. This infer that the major part of the
study area are characterized with moderate to high
groundwater potential
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Figure 4: Spatial variation of Transverse unit
resistance

Average longitudinal resistance (PL)

George (2021) notes that pL can help assess the
susceptibility of aquiferous units to infiltration and
determines the direction of conductivity with depth.In
addition, it was observed that an increase in thickness
with depth results in a decrease in longitudinal
resistivity with depth, and pL reveals the rate of
uniformity with the layer around it. Indicates high pL
values in the southwest, northwest, and few part of
northeast compared to other areas, suggesting low
conductivity with depth. This may be due to the
geological units present in these regions.
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Figure 5: Spatial variation of Average longitudinal
resistance (pL) across the study area
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Transverse Resistivity (Pt)

Figure 5 reveals traverse resisitivity (Pt) is very low
towards the southeast (VES 17 &19) and

southwestern flanks of the study area. High Pt could
be observed at VES 22, 23 and 24 while a fairly low

Pt could be seen at the rest VES points locations. This
can be attributed to the resistivity of subsurface rocks
such as clayey sand and fine sand within the
aforementioned area which tends to control the
resistivity of rock within the area (Dewashishet
al.2014).
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Coeffcient of anisotropy (1)

It could be observed that a very low coefficient of
anisotropy characterised the major part of
southeastern (VES 17 and 19) , northeastern (VES 35)
and few part of south western flanks (VES 5 and 24)
indicating significant variations in the anisotropic
nature of the rock formations (Eyankware and Aleke,
2021). However, VES 22 and 23 are domiciled with
high COA while all other VES points are
characterrised with fairly low COA.According to
Olayinka and Oyedele 2019, Keller and Frischnecht
(1966), high anisotropy values are an indication of
low porosity and permeability which implies that
such areas are of low hydrogeological viability or
vice versa
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Figure 7: Spatial variation of Coefficient
of anisotropy (A) across the study area

Resistivity contrast (Fc)

Resistivity contrast (Fc) provides information on the
arca of water-bearing potential; low resistivity
contrast values indicate high groundwater potential
(Adeniyi et al., 2013). For this study, the estimated
value of Fc ranges from 0 to 5.6. Adeniyi et al., (2013)
believed that an area with a low value of Fc might
indicate an aquiferous unit. From figure (7), over
67% of the study area are characterized with low
resistivity contrast (0 to 2.0) which is VES 1, 3, 6, 9,
10. 11, 12, 13, 14, 18, 19, 20, 21, 23, 25, 26, 27, 29,
30, 31, 32, 33, 34, 37, 38, 39 and 40 while the rest
33%  VES points have relatively high
resistivity contrast. This implies that the study area is
hydrogeological viable
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GOD index

The result of the God index revealed that about 10%
of the investigated VES points fall within low rating
(VES 6, 11, 36, 37), 80% are moderate (VES 1-5, 7-
10, 10-14, 16-26, 24-34, 38-40) while the rest 10%
have high GOD index rating. The revealed that most
part of the study area are moderately vulnerable to
groundwater contamination. The GOD outline in
Figure (8) identifies the divergence of the
groundwater vulnerability to defilement within the
study area

vegd433
*

ves37  yesds
viB36 w
Wes3nl, -

v
ves3desyps39
'veam ¥

121600
121400
121200 -
121000+
120800 L.

120600 ves18
b

5 ves17
120400 YBS:! v -
vesd 1 év9316

v' ves22

Vg%%esﬂ vesﬁeiﬁ -

v b4

ve;24 W5 4
1951

r o Yiesia
Ves, es
3529!%53%@%5 85

ves12 r r

10645200

120200

120000659 ves19
v

< o

1198004

T T
10647400 10647800

@ Duilding

T T
10646600 10647000

¥ ves position

Figure 9: GOD-Index contour map

A total of forty (40) electrical resistivity data were
generated to a maximum current electrode spread of
100m wide at the study area using Schlumberger
array The processed and interpreted result of the
electrical sounding conducted at the study area
revealed that it is majorly characterized with a
maximum of four subsurface layers of eight (8)
geoelectric curve type: HA (7.5%), KQ (32.5%), AK
(20%), KH (22.5%), Q (5%), QH (5%), HK (5%) and
QQ (2.5%). The second order geoelectric indices
(Dar Zarrouk's parameter) which are

The transverse unit resistance (Tr) revealed that the
major part of the study area characterized with good
to high groundwater potential.

The average longitudinal resistance (PL) revealed that
the study area is heterogeneous in nature.The

transverse resistivity (Pt) of the study area connote
that the study area are massively deposited with
clayey sand and fine sand which tend to control the
resistivity within the study area. The Coeffcient
of anisotropy (A) revealed that the major part of the
study area are characterized with low Coeffcient
of anisotropy which indicate high porosity and
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permeability thereby imply high hydrogeological
viability of the study area.The resistivity contrast are
revealed that the major part of the study area are
characterized by low resistivity constract which
implies high hydrogeological viability. The God index
indicates that the most part of the study areca
moderately vulnerable to groundwater contamination
while the Longitudinal unit conductance (S) revealed
that the entire study area are characterized with low
groundwater protective capacity

CONCLUSION

This study offers crucial insights into the aquifer
protective capacity and groundwater potential of the
FUPRE campus and Agbarho axis in Southern
Nigeria. The findings highlight a generally poor
aquifer protective capacity, with values indicating
significant vulnerability to contamination. Areas with
high transverse unit resistance (Tr) values suggest
promising groundwater potential, while low values
point to limited availability. The resistivity and
anisotropy analyses further reveal significant
variations in subsurface properties, emphasizing the
complex nature of the region's geology. The GOD
Index assessment categorizes most of the study area
under moderate vulnerability, with a considerable
portion at high risk of contamination. These results
underscore the need for effective groundwater
management strategies, particularly in areas with
high susceptibility to pollution. The study lays the
foundation for future research that could integrate
more detailed hydrogeological and geophysical data,
helping to refine groundwater management practices
and enhance water resource sustainability in the
region.

RECOMMENDATIONS

Enhanced Monitoring and Management:

Regular Monitoring: Implement a regular
monitoring  program  to  continually  assess

groundwater quality and aquifer protective capacity.
This will help in identifying changes in groundwater
conditions and early detection of potential
contamination risks.

Data Expansion: Extend the current dataset by
increasing the number of Vertical Electrical
Soundings (VES) and incorporating additional
geophysical methods. This will provide a more
comprehensive understanding of the subsurface
conditions and improve the accuracy of groundwater
potential and vulnerability assessments.

Strengthening Aquifer Protection: Use Planning:
Develop and enforce land use policies that minimize
activities which could compromise aquifer protection,
especially in areas identified with poor longitudinal
conductance. These activities include industrial
operations, waste disposal, and intensive agriculture.
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Protective Measures: Establish buffer zones around
identified vulnerable areas to mitigate the risk of
contamination. Implement pollution control measures
and best practices in waste management to safeguard
groundwater resources.

Infrastructure Development:

Recharge Enhancement: Consider artificial
recharge techniques to enhance groundwater levels,
particularly in areas with promising groundwater
potential but low protective capacity. Techniques
such as rainwater harvesting and recharge wells can
be beneficial.

Well Construction Standards: Ensure that new
wells are constructed with appropriate protective
measures to prevent contamination, especially in
regions with poor aquifer protective capacity.
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