https://dx.doi.org/10.4314/dujopas.v] 1i2d.35
ISSN (Print): 2476-8316
ISSN (Online): 2635-3490
Dutse Journal of Pure and Applied Sciences (DUJOPAS), Vol. I | No. 2d June 2025

Geophysical Investigation of Groundwater Potential
in Federal Polytechnic Damaturu,
Yobe State, Nigeria

Yakubu Mingyi Samuel and Agada Livinus Emeka

Department of Science Laboratory Technology,
Federal Polytechnic Damaturu,
Yobe State.

Department of Physics,
Yobe State University Damaturu,
Yobe State.

Email: agadaman1908@gmail.com

Abstract

The increase in population and economic activities at Federal Polytechnic Damaturu has resulted in
significant strain on the existing water resources within the institution and surrounding areas. To
address the water demand for domestic and other associated activities in the institution and its vicinity,
this study was conducted to evaluate the groundwater potential in the area. The aquifer parameters in
the study area were examined using the electrical resistivity technique. Two aquifer zones were
identified in the study area. The first aquifer was shallow and semi-confined, while the second aquifer
was confined and found at a considerable depth. The thickness of the aquifer ranged from 46 to 90
meters. The hydraulic conductivity of the aquifer was between 1. 7 and 4. 2 meters per day, with an
average of 2. 7 meters per day. The transmissivity of the aquifer in the study area varied from 87 to 241
square meters per day, with a mean of 160 square meters per day. The porosity of the aquifer was
between 27. 9 and 32%, yielding an average of 29. 7%. The values of the aquifer parameters in the
study area are moderately elevated, indicating that the area possesses good groundwater potential.
According to the findings of this research, groundwater extraction in the study area should focus on
the second aquifer for high-quality and sustainable water supply. A comparison of the outcomes of this
study with the work of previous researchers in Damaturu, revealed that the depth to the second aquifer
in Damaturu varied across the region due to site-specific differences in deposition within the Chad
Basin. The southeastern section of the study area shows considerable potential for groundwater
extraction and it is recommended for borehole location.
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INTRODUCTION

Water is a fundamental necessity for human life. It can be found on the Earth surface and
below it. The water located in the rocks beneath the ground is referred to as groundwater.
Groundwater is the most accessible for exploitation. The rapid expansion of industrial growth
and human population has placed tremendous strain on the available water resources, leading
to a decline in its quality, due to pollution and its amount being insufficient (Agada and
Yakubu, 2022). In the light of this development, there is a pressing requirement to assess
groundwater potential within our area to manage the resources effectively. Many Geophysical
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techniques such as electrical resistivity, seismic refraction, magnetic, electromagnetic, and
gravity methods have demonstrated to be effective in groundwater investigation.
Groundwater is an essential aspect of the hydrological cycle, and its exploration is vital for
sustainable development (Fitts, 2002). In Nigeria, groundwater serves as a major source of
water, especially in rural regions (Adelana, 2004). Nevertheless, the exploration and
management of groundwater resources necessitate a comprehensive understanding of the
underlying geology and hydrogeology (Sen, 2017).

A thorough knowledge of geophysical properties of the region where boreholes are to be
established for groundwater extraction is crucial, as it aids in identifying suitable aquifer
zones for quality groundwater exploitation. Isife et al. (2000) utilized the electrical resistivity
method to identify areas with productive boreholes in Federal Polytechnic Ado-Ekiti. Their
findings indicated that the study area contains fractured zones that are suitable for
groundwater exploitation.

For many years, the electrical resistivity method has proven to be practically effective in
groundwater exploration and in the identification of hydrogeological parameters (Makinde et
al., 2010; Adebanji, 2012; Obiora et al., 2017; Agada et al., 2020). Amadi et al. (2011) examined
the groundwater potential of Pompo Village near the Gidan-kwano Campus of Federal
University of Technology Minna. They employed Vertical Electrical Sounding (VES)
technique, and their findings revealed that five (5) out of twelve (12) VES points had high
groundwater potential in the study area.

Recently, the demand for drinking water has risen at Federal Polytechnic Damaturu due to
the growing population of staff, students, and various human activities. The frequent failure
of boreholes within the institution also adds to the difficulties in providing drinking water in
the area. Some of the boreholes were established without a thorough understanding of the
area's lithology and geophysical properties. In sedimentary basins, the arrangement of
geological layers and their thickness can differ due to unconformities and the events that
occurred during the deposition period. The assumption that all boreholes could be of the same
depth poses a significant challenge to borehole sustainability and efficiency in Damaturu in
general, as the depths of productive boreholes differ from one place to another because of
depositional variations in the subsurface.

Every geological site possesses its own uniqueness. In terms of the differences in aquifer depth
in any particular area, a solid grasp of aquifer parameters will greatly enhance optimal
groundwater management, particularly in regions where there is a high demand for drinkable
water. Proper distribution of groundwater resources to meet the population's groundwater
requirements necessitates sufficient understanding of hydrogeological dynamics. Important
elements in evaluating groundwater potential include aquifer parameters like porosity,
transmissivity, hydraulic capacity, transverse resistance, and aquifer thickness. Identifying
regions with significant groundwater potential in a locality will assist in addressing issues of
dry wells and insufficient water supply during the dry season (Igwe et al., 2020). Numerous
researchers (Niwas and De Lima, 2003; Dhakate and Singh, 2005; Khalil, 2006; Agada and
Yakubu, 2020, Agada and Sani, 2024) have successfully conducted aquifer evaluations using
the electrical resistivity method. Agada and Yakubu (2020) reported that the depth to the
second aquifer in Damaturu west was 100 m while Agada and Satendra (2023) observed that
the depth to the second aquifer in Damaturu central was 80 m. The depth to the second aquifer
in Damaturu south was reported to be 120 m (Agada and Sani, 2024). An accurate information
about an aquifer depth and its thickness are very important in having a functional and
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sustainable borehole with efficient yield. The qualitative analysis of aquifer parameters
through electrical resistivity method offers a cost-effective and efficient approach to resolving
hydrological and hydrogeological issues.

Federal Polytechnic Damaturu is located in the eastern part of Damaturu and it significantly
depends on groundwater for its water supply. However, the groundwater resources in the
region are not well comprehended, which creates a necessity for an in-depth examination of
the groundwater potential. Ebong et al. (2023) noted that elevated hydraulic conductivity
values signify favorable ground potential.

This research is concentrated on employing aquifer parameters such as aquifer thickness,
resistivity, hydraulic conductivity, transmissivity and porosity to assess groundwater
potential at Federal Polytechnic Damaturu.

MATERIALS AND METHODS

Materials

The following instruments were utilized to carry out the study: ABEM SAS 1000, Reels of
cables, Strater 5 software, Winresist 1 software, Laptop computer, Electrodes, Hammers,
Measuring tapes, Pegs, Car battery, GPS device and Surfer software.

STUDY AREA

The Federal Polytechnic is located along Maiduguri - Kano road in Damaturu, the State capital
of Yobe. The Polytechnic is located on longitude 11° 44’51”N and 11° 59" 03”E. The study
area has semi-arid climate and it is situated within the Chad Basin. The Nigeria section of the
Chad Basin is about one tenth of the whole Chad Basin (Obaje, 2009). The Nigeria section of
the Chad Basin is sometimes called the Bornu Basin. The Bornu Basin is located between
latitudes 119N and 149N and longitudes 9°E and 14°E (Obaje, 2009). The Chad Basin belongs
to the African Phanerozoic Sedimentary Basins which was formed due to the dynamic plate
divergence process (Obaje, 2009). The study area has long dry season (October - May) and a
very short rainy season (June - September). The yearly rainfall ranged from 500-1000 mm
(Agada and Yakubu, 2023). The Chad formation is sedimentary by nature (Figure 1) and it is
made up of sand and clay (Goni et al., 2000; Bura et al., 2018). The sand bodies correspond to
the upper, middle and lower aquifers (Barber and Jones, 1960). The aquifer characteristics
ranged from unconfined to confined (Goni et al., 2000; Bura et al., 2018).

The Chad formation is made up of argillaceous sequence (Barber and Jones, 1960). The
aquifers in the Chad Basin were classified into three, namely, the upper aquifer, two confined
middle aquifers and a lower aquifer (Barber and Jones, 1965). The Chad Basin is composed of
interbedded sands, clays, silts and discontinuous sandy clay lenses which gave rise to aquifer
characteristics that ranged from unconfined, semi-confined to confined aquifer (Obaje, 2009).
These sand layers in the Basin corresponds to the upper, middle and lower aquifers (Barber
and Jones, 1965). These sand layers area separated by thick bodies of clay.
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Figure 1: Geologic Map of Nigeria showing the study area

METHODS

The electrical resistivity survey conducted in the study area utilized Vertical Electrical
Sounding (VES) using the Schlumberger electrode configuration. A total of eight (8) VES data
were collected from the study area. The data were first interpreted through partial curve
matching, and the findings were employed as input data for modeling to determine the actual
resistivity of the subsurface layers in the study area. Parameters of the subsurface layers such
as aquifer thickness and resistivities were utilized to assess the aquifer hydrogeological
parameters in the study area.

ELECTRICAL RESISTIVITY

In the study area, electrical resistivity measurements were conducted by injecting a substantial
amount of electric current into the subsurface using the current electrodes. The resistivity
measuring device (ABEM SAS1000 Terrameter) records the resulting potential difference
through the potential electrodes. By utilizing the recorded current value and its associated
potential difference at a specific distance in meters, the apparent resistivity (¢,) was computed
using the formula,

v
? a ™~ k 7 (1)
Where ¢,= apparent resistivity (Qm), k = geometric factor, and I = electric current.

The actual resistivity of the subsurface layers was ascertained by performing an inversion of
the measured apparent resistivity values (Loke, 2000).

HYDRAULIC CONDUCTIVITY

Hydraulic conductivity is a characteristic of porous media that quantifies the ease with which
a liquid or gas can flow through the pore spaces. It is expressed in meters per second or meters
per day. The hydraulic conductivity of the study area was assessed using Bouwers (1978)
model (Table 1). The degree of hydraulic conductivity in a geological layer relies on factors
such as texture, density, macrostructure of the layer, and grain size (Heigold et al., 1979).
Heigold et al. (1979) outlines the relationship between aquifer resistivity (Rg) and hydraulic
conductivity (K) as,
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K =386.4 (Ry)0.93283 @)
Where Ry is the aquifer resistivity. Equation 2 was employed to estimate the aquifer's
hydraulic conductivity within the study area.

Table 1: Hydraulic conductivity value (Bouwers, 1978)

Rock type Hydraulic conductivity range (m/day)
Clay soil (surface) 0.01-0.2
Deep clay beds 1078 — 1072
Clay, sand and gravel mixture 0.01-0.1
Loam soil (surface) 0.1-1.0
Fine sand 1.0-5.0
Medium sand 5.0-20.0
Sand and gravel mixture 5.0 -100.0
Coarse sand 20.0-100.0
Gravel 100.0-1000.0
POROSITY (9)

Porosity is an indicator of the volume of voids relative to the total volume of a specific rock
material. The extent of porosity is governed by the presence and connectivity of fractures that
arise from weathering actions. The porosity of the aquifer in the study area was computed
using the modified Archie law (1942), as expressed in equation (3).
Ry = a.Ry(8) ™ )

Where a is a formation-dependent parameter assumed to be equal to one. The constant
signifies the ease with which mineral grains allow the unobstructed flow of electric current
(Slater, 2007; Kirsch, 2009). Where m is the porosity exponent or grain-shape (Khalil and Abd-
Alla, 2005; George et al., 2015). In this study, R,, is the pore water resistivity obtained from
well samples and @ is the aquifer porosity.

AQUIFER THICKNESS

An aquifer is a geologic formation which stores and transmits groundwater (Agada and
Yakubu, 2022). The thickness of an aquifer and its porosity are important factors which help
in groundwater potential evaluation. A thicker aquifer with greater porosity is characterized
by high groundwater potential owing to its capacity to store and convey substantial quantities
of water. Therefore, a thicker aquifer is vital for the sustainable development of groundwater.

TRANSMISSIVITY

Egbai and Iserhien (2015) described transmissivity as the capacity of an aquifer to allow water
to flow through its entire saturated thickness. Increased transmissivity correlates with
enhanced aquifer productivity (Egbai and Iserhien, 2015). Niwas and Singhal (1985)
formulated a formula for assessing transmissivity in a saturated aquifer as:

T = KSRy = — = Kh (4)

Where, K is the hydraulic conductivity, S is the longitudinal conductance, / is the aquifer
thickness, Ry is the aquifer resistivity and o is the aquifer electrical conductivity. Aquifer

transmissivity rating of Freeze and Cheery, (1972) was use to characterize the aquifer (Table
2).
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Table 2: Aquifer transmissivity rating (Freeze and Cheery, 1972)

Aquifer Transmissivity Aquifer Rating
(m?/day)
1000 Very good
100-999 Good
10-99 Intermediate
1-9 Low
0.1-0.9 Very low
<0.1 Impermeable
RESULTS AND DISCUSSION

The findings from the study area were displayed through tables, graphs, contour maps, logs,
and figures. The vertical electrical sounding identified five (5) geoelectric layers (Figure 2),
which comprise topsoil, clay, sand, clayey sand, and sand. The resistivity characteristics of the
first layer ranged from 67. 2 to 310. 4 Qm, with an average of 175. 6 Qm. The resistivity values
of the first layer differ throughout the study area. Its thickness in the study area ranged from
0. 6 to 1. 5 m, having an average of 0. 9 m (Table 2). The first layer represents the topsoil,
consisting of a mixture of sand, clay, and plant debris. The second layer exhibited resistivity
values that ranged from 25 to 111. 4 Qm, with an average of 47. 2 Qm. The resistivity
characteristics of the second layer indicated that it is a clay formation (Table 3).

The third layer is characterized by resistivity values that varied from 126. 4 to 336. 3 Qm, with
a mean of 226. 2 Qm. The resistivity characteristics of the third layer suggested that it is a sand
formation. This layer constitutes the first aquifer in the study area, which is semi-confined in
certain locations and it is overlaid by a thin layer of clay materials. Its thickness ranged from
46. 0 to 89. 8 m, with an average of 61. 1 m (Figures 3 and 4). The resistivity of the fourth layer
ranged from 34. 9 to 564. 5 Qm, with an average value of 142. 4 Qm (Table 3). The resistivity
values of the fourth layer indicated that it is primarily a clay formation throughout the major
parts of the study area, in exception of the vicinity of VES 4 where it resistivity was 564.5 Qm
which is indicative of sand intruding the clay formation (Table 3). The thickness of the fourth
layer varied from 51 to 116. 8 m, with an average of 75.8m.

Table 3: Results of the VES from the study area.

VES Layer Resistivity (Qm) Thickness (m) Depth (m)
No. | & [ ¢ | ¢ [ & [ &5 [h [ hy | hy [ by [ dy [ dy [ ds | dy
1 196.2 283 2057 99.0 4657 0.6 5.6 89.8 564 06 62 960 1524
2 672 262 3363 784 5203 1.0 5.1 51.2 594 1.0 6.1 573 116.7
3 1141 25.0 1264 1015 2821 09 106 460 964 09 115 575 1539
4 300.8 32,6 1408 5645 5945 0.7 6.7 548 116.8 07 74 622 179.0
5 120.7 245 2416 1025 3000 11 72 54.6 823 11 8.3 629 1452
6 1148 50.6 2643 923 2642 15 59 75.1 658 1.5 74 825 1483
7 3104 788 2450 349 2996 0.7 65 620 510 0.7 72 692 1202
8 180.5 1114 2495 66.2 2769 0.8 82 55.0 783 0.8 9.0 64.0 1423
Ave. 175.6 472 2262 1424 3754 09 70 61.1 758 09 7.6 690 1447
Max. 3104 1114 336.3 564.5 5645 15 10.6 89.8 1168 15 115 96.0 179.0
Min. 672 25.0 1264 349 2642 06 51 46.0 51.0 0.6 6.1 573 116.7
Ave. = Average, Max. = Maximum, Min. = Minimum
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Figure 2: Common types of VES curve obtained from the study area.
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The fifth layer possessed resistivity values ranging from 264. 2 to 594. 5 Qm. The resistivity
characteristics of the layer demonstrated that it is a sand formation, with a mean thickness of
375. 4 Qm. This layer serves as the second aquifer within the study area, and the thickness
could not be estimated due to its significant depth.

The depth to the second aquifer in the research area seemed to be greater in comparison to
other areas of Damaturu. In different parts of Damaturu, the depth of the second aquifer is
between 70 and 80 m, whereas at the Federal Polytechnic Damaturu, it is deeper, ranging from
120 to 180 m. In many instances, the existing boreholes in the study area were shallow, which
negatively impacts their yields during the dry season, resulting in insufficient water supply.
The second aquifer within the study area is situated at a substantial depth, it is confined, and
it has significant thickness, which qualifies it to have excellent groundwater potential.
The hydraulic conductivity of the aquifer ranged from 1. 7 to 4. 2 m/day, with an average of
2. 7 m/day (Table 4). The hydraulic conductivity of the aquifer is generally elevated,
indicating the ease with which groundwater flows (Figure 5). According to Ebong et al. (2023),
higher hydraulic conductivity values are indicative of good groundwater potential.

Hydraulic conductivity in the aquifer is directly associated with groundwater potential; the
greater the hydraulic conductivity, the higher its capability for groundwater flow and aquifer
storage or recharge. The hydraulic conductivity is greater in both the northwest and southeast
areas compared to other sections of the study area (Figure 5).
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Figure 5: The contour map of hydraulic conductivity in the study area

The transmissivity of the aquifer ranged from 87 to 241 m2/day, with an average of 160
m2/day (Table 4). The spatial distribution of aquifer transmissivity in the study area indicates
it is higher in both the northwestern and southeastern regions compared to other areas of the
study (Figure 6).
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Figure 6: The contour map of aquifer transmissivity in the study area.

According to the Freeze and Cheery (1972) model, the transmissivity characteristics of the
aquifer in the study area suggest good groundwater potential, except for the area near VES 2,
where the aquifer transmissivity is 87 m2/day.

Table 4: Aquifer hydro-geologic parameters

Latitude Longitude  Aquifer Aquifer Hydraulic Transmissivity Porosity
(* N) (°E) Resistivity Thickness Conductivity  (m?/day) (%)
(CQm) (rm) (m/dav)

11.75611 1198052 205.7 g9.8 2.686475 241,2454 29.94703
11.75195 11.98445 336.3 51.2 1.698363 86.95618 27.88349
11.75077 11.97984 126.4 46.0 4,231208 194.6356 31.99119
11.74372 11.98983 140.8 54.8 3.826098 209.6702 31.53830
11.74956 11.99009 241.6 54.6 2.312133 126.2425 29.27177
11.75409 11.98971 264.3 75.1 2.126338 159.6880 28.89480
11.75737 11.98827 245.0 62.0 2.282187 141.4956 29.21310
11.74483 11.97966 249.5 55.0 2.243767 123.4072 29.13670

The aquifer porosity values varied from 27. 9 to 32%, with a mean value of 29. 7% (Table 4).
The porosity values of the aquifer throughout the study area indicate that the region has
strong groundwater potential. The aquifer in the study area demonstrated moderate electrical
resistivity values, which ranged from 126. 4 to 336. 3 Qm, and thickness that varied from 46 to
90 m.

The thickness of the aquifer is greater in the eastern region of the study area, particularly
towards the southeastern section of the research (Figure 7). An aquifer's thickness determines
its groundwater potential. The greater the aquifer thickness, the more capacity it has to retain
water.
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Figure 7: The contour map of aquifer thickness in the study area.

Aquifer porosity refers to the ratio of the void spaces within the aquifer to the total volume of
the aquifer. The level of aquifer porosity in the saturated zone beneath the surface is a function
of groundwater potential, indicating that higher aquifer porosity correlates with increased
groundwater potential. In the study area, aquifer porosity is elevated in both the northwestern
and southeastern regions compared to other areas of the study area (Figure 8).
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Figure 8: The contour map of aquifer porosity in the study area.

The assessed aquifer parameters in the study area, such as porosity, hydraulic conductivity,
and transmissivity, indicated that groundwater potential is greater in both the northwestern
and southeastern zones of the study area compared to other locations. These regions are
optimal sites for establishing reliable and sustainable boreholes for commercial water
extraction within the study area. The properties of the aquifer in the study area revealed that
the region possesses considerable groundwater potential.
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According to the findings of this study, boreholes for a sustainable groundwater supply in the
study area should be drilled to a depth of 180 m.

CONCLUSION

In the light of the increasing demand for water resources in the study area due to population
growth and human activities, this study examined groundwater potential at Federal
Polytechnic Damaturu to facilitate groundwater development in the region. The study
applied the electrical resistivity method to assess the aquifer parameters in the area. Five
geoelectric layers, including topsoil, clay, and sand, were identified in the study area. The
assessed aquifer parameters were utilized to estimate the groundwater potential in the study
area. The aquifer characteristics of the study area demonstrated that it has good groundwater
potential. The findings of this study indicated that the depth to the second aquifer in the
Damaturu area varied across different locations when compared to the findings of previous
researchers in the Damaturu zone (Yakubu and Agada, 2022; Agada and Satendra, 2023;
Agada and Yakubu, 2023; Agada and Sani, 2024). The southeastern region of the study area
shows high groundwater potential for extraction. The second aquifer in the study area is
located at a depth of 150m. The results of the study will aid in providing the necessary
information for effective groundwater development within the institution.
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