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ABSTRACT 

In order to meet the growing demand for potable water in Yobe State University 

Damaturu and its environs, due to rapid increase in both students and staff 

population as well as economic activities within the area, this study investigated the 

groundwater potential of Yobe State University Damaturu. Vertical electrical 

sounding method, using Schlumberger configuration was adopted for the study. 

Five (5) geoelectrical layers were delineated from the study area and these layers 

were the topsoil which is a mixture of clay and sand, clay, sand, silty clay and sand. 

The third and the fifth layers were the aquifer systems in the study area. The 

parameters of the first aquifer were used to evaluate the groundwater potential in 

the study area. The evaluated parameters of the aquifer were the aquifer thickness, 

transverse resistance, transmissivity and porosity. The magnitude of the aquifer 

parameters showed that the study area has good groundwater potential. The aquifer 

in the study area has an average thickness of 36.3 m and an average porosity of 

29.5%. The aquifer transmissivity ranged from 81.8 to 150.6 m2/day indicating 

good groundwater yield in the area. Based on the findings of this study, it is 

recommended that boreholes for groundwater abstraction in the study area should 

be drilled within the second aquifer. 

INTRODUCTION 

The rapid increase in human population and industrial 

development has put enormous pressure on groundwater 

resources. There is a remarkable increase in the demand 

for potable water in Damaturu and its environs due to 

great influx of people into the city caused by security 

challenges. Water is known to be very essential for 

human existence, and its adequate provision will help to 

promote healthy living and good sanitation. 

Groundwater plays a strong role in industrial 

development and agriculture, especially in areas where 

there are little or no streams, rivers and lakes. 

Yobe State University is located in Damaturu the capital 

of Yobe State. The study area is located within the semi-

arid region of Nigeria that is characterized by erratic 

rainfall and prolong dry season (Agada et al., 2011). 

The climatic conditions of the study area, alongside with 

the huge anthropogenic activities such as irrigation 

farming, animal rearing and industrialization have 

increased the demand for water that is not readily 

available  in the study area due to lack of streams, rivers 

and lakes. Adequate groundwater management and 

provision remain the only alternative, through which 

sufficient water can be made available to Yobe State 

University and its environs. The increase in students’ 

and staff population as well as increase in human related 

activities has placed significant constraints on the 

available water sources in Yobe State University. 

Emenike et al. (2018) noted that the understanding of 

groundwater dynamics is essential for effective 

management of water resources. In view of the 

challenges associated with the provision of adequate 

potable water in Yobe State University and its 

immediate surrounding communities, there is a need for 

geophysical investigation of groundwater potential of 

the area. 

With regards to insufficient information on groundwater 

potential and hydrogeological setting of the study area, 

the results of this study will provide the needed 

information for proper groundwater resources 

management and lithological characterization. Many 

researchers across the world have investigated 

groundwater potential in many places using electrical 

resistivity survey method. Amadi et al. (2013) 

investigated the groundwater potential in Paiko, north 

central Nigeria, and their results showed that the area is 

composed of three (3) geologic layers, which are 

topsoil, weathered/fractured basement and the fresh 
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basement. The weathered basement in the area was 

identified as the aquifer zone. The studied area was 

considered to possess high groundwater potential. 

Simon et al. (2022) noted that Dar-Zarrouk parameters 

are reliable tool for mapping out groundwater potential 

in a given geological setting.    

Research reports have confirmed that electrical 

resistivity method is an effective tool in mapping 

groundwater potential (Makinde et al., 2010; Adebanji, 

2012; Obiora et al., 2015; Agada et al., 2020; Musa et 

al., 2023). One of the challenges facing Yobe State 

University is the increasing demand for potable water 

amid surface water scarcity. Water supply challenges in 

the institution are compounded by the institution’s 

expansion, due to the increasing number of students, 

staff, and economic activities. Groundwater is the most 

viable option for meeting the water need of Yobe State 

University, but its sustainability remains uncertain 

without a detail geophysical assessment. The assessment 

of groundwater potential at Yobe State University will 

serve as a blueprint for water resource management 

within the institution. 

Some Boreholes in the study area have failed while 

some could not supply water throughout the year due to 

inappropriate drilling depths which could not support 

efficient water supply. Considering the increasing cost 

of Borehole drilling and rampant Borehole failure in the 

study area, this study seeks to evaluate the groundwater 

potential in Yobe State University and its environs. The 

information obtained from this study will help various 

stake holders in groundwater exploration and 

exploitation to make appropriate decision that will 

facilitate effective and optimal utilization of 

groundwater resources in the study area. 

MATERIALS AND METHODS 

The Study Area 

Yobe State University is situated in Damaturu, which is 

located in the Nigeria part of the Chad Basin (Figure 1), 

which is locally called the Bornu Basin. The Nigeria 

part of the Chad Basin occupies about one tenth of the 

entire Chad Basin. The Bornu Basin is located between 

latitudes 11oN and 14oN and longitudes 9oE and 14oE 

(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 a semi-arid climate characterized by 

long dry season which starts in October and ends in 

May, and a very short rainy season that normally starts 

in June and ends in September (Figure 2). The annual 

rainfall ranged from 500-1000 mm.  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 in the Chad formation are 

interbedded by clay and sandy clay. 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. 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).  

 
Figure 1: Geological Map of Nigeria showing the study area (Modified after Obaje, 2009) 
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Figure 2: Map of Nigeria showing the study area in Yobe State 

 

These sand layers in the Basin corresponds to the upper, 

middle and lower aquifers (Barber and Jones, 1960). 

These sand layers area separated by thick bodies of clay 

or sandy clay. 

 

Data Acquisition and Interpretation 

The study was carried out using electrical resistivity 

method. Instruments such as ABEM SAS1000 Digital 

Terrameter, Electrical cables, Steel electrodes, 

Hammers, Measuring tapes, Compass clinometer, 

Laptop computer, and 12V Battery were used to acquire 

the Vertical Electrical Survey (VES) data. Schlumberger   

electrode configuration was adopted for the VES data 

acquisition.  

 The VES stations were carefully selected with regards 

to the depth of investigation. The current electrode 

spacing (𝐴𝐵
2⁄  ) ranged from 1.5 to 300 m. Ten (10) 

Vertical Electrical Sounding (VES) were carried out in 

the study area with the intention of delineating the 

overburden thickness, aquifer thickness and the 

lithology of Yobe State University and its environs. The 

field data were interpreted using partial curve matching 

and were later modeled with WINRESIT version 1.0. 

The obtained results were compared with a nearby 

borehole log for validation.  

Theory 

Established theories were used to determine the 

groundwater potential in Yobe State University, 

Damaturu. Considering the homogeneity and the 

isotropic nature of each layer in the study area, the 

Transverse resistance (Tr) of the area was evaluated 

using equations 1. 

𝑇𝑟 = ∑ ℎ𝑖𝑝𝑖
𝑛
𝑖=1          (1) 

The magnitude of the transverse resistance is associated 

with the aquifer productivity. The ability of an aquifer 

to transmit water over its entire saturated thickness is 

called transmissivity (Egbai and Iserhien, 2015). The 

higher the transmissivity, the greater the aquifer 

productivity (Egbai and Iserhien, 2015).  Niwas and 

Singhal (1985) established an equation for evaluating 

transmissivity in a saturated aquifer. The equation is 

expressed as: 

= 𝐾𝑆𝑅∅ =  
𝐾𝑆

𝜎
= 𝐾ℎ    (2) 

Where, K is the hydraulic conductivity, S is the 

longitudinal conductance, h is the aquifer thickness, 𝑅∅ 

is the aquifer resistivity and 𝜎 is the aquifer electrical 

conductivity.  

Archie (1942) established a relationship between water 

resistivity and aquifer resistivity which is known as 
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Formation factor. The formation factor of an aquifer is 

characterized by factors such as Tortuosity (a) and 

Porosity (∅). 

𝐹 =
𝑎

∅𝑚   = 
𝑅𝑂

𝑅𝑊
       (3) 

 Where m is the cementation factor. Doveton (1986) 

modified equation (3) to establish the relationship 

between an aquifer materials and formation factor. For a 

saturated sandy aquifer a = 0.62 and m = 2.15 (Repsold, 

1989). The formation factor depends on the lithology 

and it is usually consistent in any given sedimentary 

unit.  
0.62

∅2.15 =
𝑅𝑂

𝑅𝑊
      (4) 

Where 𝑅𝑂 is the aquifer resistivity, 𝑅𝑊 is the pore water 

resistivity obtained from well samples, and ∅ is the 

porosity. 

Heigold et al. (1979) established a relationship between 

aquifer resistivity 𝑅∅ and hydraulic conductivity (K) as, 

K = 386.4 (𝑅∅)−0.93283     (5) 

 Where Porosity,     ϕ = 25.5 + 4.5Ink     (6) 

Equations 1, 2, 5 and 6 were used to compute the 

aquifer parameter in the study area. 

Bouwer (1978) established a hydraulic conductivity 

standard values (Table 1). 

 

Table 1: Hydraulic conductivity value (Bouwers, 1978) 

Rock type                            Hydraulic conductivity range (m/day) 

Clay soil (surface) 0.01-0.2 

Deep clay beds 10−8 − 10−2 

Loam soil (surface) 0.1-1 

Find sand 1-5 

Medium sand 5- 20 

Coarse sand 20-100 

Gravel 100-1000 

Sand and gravel mixture 5 – 100 

Clay, sand and gravel mixture 0.01-0.1 

 

RESULTS AND DISCUSION 

The Vertical Electrical Sounding (VES) results of the 

study area showed good correlation when constrained 

with an existing borehole log record from a nearby 

borehole. The dominant VES curves obtained from the 

study area were HA curves (Figure 3). The VES results 

revealed a heterogeneous subsurface lithological 

sequence of topsoil, clay, sand, silty-clay and sand. The 

results are in consonance with the observations of Goni 

et al. 2000 and Bura et al. 2018, which reported that the 

Chad formation is sedimentary by nature and it is made 

up of sand and clay.  

The first layer is the topsoil and its resistivity values 

ranged from 44 to 228 Ωm, it has an average resistivity 

value of 147.5 Ωm (Table 2). The thickness of the first 

layer ranged from 0.5 to 1.4 m and its average thickness 

is 1.0 m. The first layer is a mixture of sand and little 

amount of clay. The second layer has resistivity values 

which ranged from 17 to 95 Ωm and an average 

resistivity value of 44 Ωm. It is a clay formation whose 

thickness ranged from 4.9 to 2.2 m. The average 

thickness of the second layer is 8.0 m. The third layer 

has resistivity values which ranged from 159 to 283 Ωm 

and an average resistivity value of 232 Ωm which 

indicates that it is a sand formation.  Its thickness ranged 

from 36.3 to 58.1 m, with an average value of 48.4 m 

(Table 2).      
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Figure 3: Typical Vertical Electrical Sounding (VES) curves obtained from the study area 

 

Table 2: Summary of Vertical Electrical Sounding (VES) Results 

 
 

The third layer is considered to be the first aquifer in the 

study area of which most shallow Boreholes and hand 

dug wells were drilled. The first aquifer in the study 

area is semi-confined and it is susceptible to 

contamination. Boreholes drilled within the first aquifer 

in the study area often dry up during the peak of the dry 

season (April and May) leading to borehole failure and 

low Borehole yields. The resistivity values of the fourth 

layer ranged from 62 to 119 Ωm, and its average 

resistivity is 85 Ωm. Its resistivity values indicate that it 

is a silty clay with an average thickness of 51.8 m and it 

overlies the fifth layer.  
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The fifth layer has resistivity values which ranged from 

214 to 463 Ωm and an average resistivity of 337 Ωm 

(Table 2). The resistivity of the fifth layer showed that it 

is a sandy formation. It is the second aquifer in the study 

area. It is a confined artisan aquifer with great 

groundwater potential.    

 The parameters of the first aquifer was modeled to 

estimate the groundwater potential in the study area.  

 

Aquifer Parameters of the Study Area 

Since the thickness of the second aquifer was not 

delineated in this study due to its intense depth, the first 

aquifer parameters were used to evaluate the 

groundwater potential of the study area. 

The first aquifer thickness of the study area ranged from 

36.3 to 58.1 m (Table 3). 

 

Table 3: Aquifer parameters of the study area 

 
The aquifer has an average thickness of 48.4 m. The 

aquifer thickness varies across the study area. The 

thickness of an aquifer is an important factor that 

determines groundwater yield in a sedimentary 

environment. The greater the thickness of an aquifer, the 

higher its ability to store and transmit water. The 

average thickness of the aquifer in the study area was 

quite significant and it can store huge volume of 

groundwater. The aquifer thickness is higher towards 

the southwestern part of the study area and it decreases 

gradually towards the southeastern part. The aquifer 

thickness in the northern part of the study area is quite 

moderate in comparison to other parts of the study area 

(Figure 4). 

 
Figure 4: Aquifer thickness map of the study area 

 

The transverse resistance value of the aquifer in the 

study ranged from 7011.90 to 19004.51 Ωm2 and has an 

average value of 11223 Ωm2 (Table 3). The southern 

part of the study is characterized by high values of 

transverse resistance which suggests that the area has 

high groundwater yielding potential compare to north 

and central parts of the study area (Figure 5). The 

western part of the study area has low transverse 

resistance in comparison to other parts of the study area 

(Figure 5).   
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Figure 5: The study area transverse resistance contour map 

 

Aquifer transmissivity is the rate at which water flows 

through an aquifer. The aquifer transmissivity of the 

study area ranged from 81.8 to 150.6 m2/day (Table 3). 

The   aquifer transmissivity in the study area is higher in 

the western part of the study area than other parts due to 

hydraulic gradient (Figure 6). 

 
Figure 6: Aquifer transmissivity contour map of the study area 

 

Porosity is a measure of how much an aquifer can hold 

water. The porosity of the aquifer in the study area 

ranged from 28.6 % to 31.0 % (Table 3). The aquifer in 

the study area has an average porosity of 29.5 % which 

indicates that the aquifer has huge volume for storing 

groundwater. The aquifer porosity distribution of the 

study area showed that the western part of the study area 

has the highest porosity compared to other parts of the 

study area (Figure 7). The porosity of the aquifer 

gradually decreases towards the southwestern part of the 

study area (Figure 7). The magnitude of the aquifer 

parameters indicate that the study area has high 

groundwater potential. The groundwater in the study 

area is capable to sustain the growing population of the 

study area and its environs. 
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Figure 7: The study area porosity contour map  

 

The petrophysical properties of the aquifer in the study 

area showed that the study area has high groundwater 

potential for exploitation. The results of this study are 

vital for effective and efficient groundwater 

management in Yobe State University and its environs. 

 

CONCLUSION 

This study investigated the groundwater potential of 

Yobe State University using vertical electrical sounding 

method. The study was carried out to meet the growing 

demand for water in the institution and its environs. The 

geoelectrical parameters obtained from the study area 

were used to evaluate the hydraulic properties of the 

aquifer in the study area. The computed aquifer 

thickness, transverse resistivity, transmissivity and 

porosity values of the study area gave indication that the 

study area has high groundwater potential to meet the 

needs of the growing population and economic activities 

within the University community and its environs. 
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