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ABSTRACT

Hydrogeological parameters in part of the crystalline Basement Complex rock terrain were characterized using
pumping test data. The goal of this research was to determine the aquifer characteristics and groundwater
potentials in the area. A total of fifteen (15) wells were used during the investigation. Borehole depths in the
studied area range from 40.00 to 45.00 meters. The yield varies from 0.68 I/s to 1.11 I/s. In general, which
signify that the yields from wells were low to moderate. Transmissivity (T) ranges from 0.57 to 1.96, with 90
percent of the aquifers having transmissivity between 1.00 and 1.96m?/d and only 10percent of having
transmissivity below 1m?/d. data. Transmissivity varies from low to moderate. Borehole-specific capacity
ranged from 4.36 to 346 m/day. This cannot sustain a population of 121,500 people based on recommending a
basic water requirement of twenty (25) litres per person per day to meet the most basic human needs. When
you consider the 121,500 people that rely on these boreholes for their water, it's evident that the aquifers of the
borehole have very limited production potential. The area will face a future water crisis if the population
continues to expand. Around 196,553 people are expected to live there in near future according National
Population Commission (NPC). This is a clear pointer that the area will face portable water crisis except

government and other stakeholders involve takes drastic measures.
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INTRODUCTION

Groundwater is a significant source of water for industry,
agriculture, and home usage (Achyara, 2004; Adamu, 2019;
Adamu et al., 2019; Adamu et al., 2020; Foster et al., 2008;
MacDonald et al, 2005; Srinivasa et al., 2000). For people all
across the world, groundwater is a vital source of water. Since
the dawn of time, underground water has been used for
residential purposes, animals, and irrigation. Because of the
rising need, effective methods of delivering it has been
created to bring surface water to the surface, as well as
groundwater consumption has continuously grown through
time. According to Chow et al (1980) groundwater is the
water contained in void regions under the earth's surface
(Bedrock cracks or pore gaps between rock and soil particles).
However, according to Vincent et al, (2009) roundwater may
be found in both unconsolidated and consolidated bedrock
geologic formations. Crystalline rock makes up the aquifers
in the basement. Because of their widespread distribution and
accessibility, as well as the scarcity of readily accessible
water, basements is particularly significant in tropical and
subtropical locations. Alternative water sources are available,
particularly in rural areas (Wright and Burges, 1992).
Groundwater is stored in joints, cavities, and fissures in
crystalline rocks, which are solid, thick rocks.

Crystalline Rocks from the basement rocks may be found in
some part of Africa and Asia. They're made up of igneous and
metamorphic rocks that date back 650 million years. In
unfractured basement rocks, groundwater is rare, but
significant aquifers emerge in fractures over bedrocks.
Weathered (regolith) and fractured bedrocks contains
aquifers (Offordile, 2014). The crystalline Basement
Complex rocks which are predominantly granitic in
composition and metamorphic rocks in various phases of
metamorphism, such as gneisses, migmatites, and Biotite

granites underlie Ussa and Environs (Figure 3). The aim of
this research is to determine the groundwater potential of
aquifers in the Ussa' Crystalline Basement. The study's
findings are being made public in the aim of supporting the
government, policymakers, and other stakeholders in
designing suitable rural water distribution plans. The national
standard of 500 persons per borehole has not been attained
due to overcrowding in rural communities. Due to the harsh
geologic environment, several towns, notably those in the
Basement Complex terrain, lack access to portable water.
Traditional water sources, such as rivers, hand-dug wells, and
seepages, are unreliable since they are transient (Adamu,
2019; Adelana and McDonald, 2008).

Description of the Study Area

The Ussa local government area is situated in Taraba State,
Nigeria's northeast, between latitudes 06° 55" 00" N to 07° 15'
00" N, and longitudes 09° 50" 00" E to 10° 15" 00" E (Figure
1). The territory has an international boundary with the
Republic of Cameroon. Ussa LGA includes the towns and
localities of Kpambo Kufi, Lissam, Mobayi, Acha, Fikyu,
Lumbu, Yamsa Addo, Kpambo, Lissam sambo, and Ussa.
The local government has a population of 121,500 people,
with a density of 128.4 persons per square kilometer. The
population of Ussa and its environs is today estimated to be
196,553 people, with a 2.9 percent yearly population change
(National Population Commission (NPC), 2014). The Ussa
LGA is 1495 square kilometers in size and averages 31
degrees Celsius in temperature. The Donga River runs
through the LGA, which receives an estimated total annual
rainfall of 1450 mm. River Ussa is a tributary of River Donga,
one of the most promising tributaries of River Benue .The
topography of the area consists of both low lands and high
lands (Figure 1 and 2).
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Figure 1: Topographic map of the Study Area (Adopted from Google earth, 2018)

9'50.‘0"E 10'0.'0"E 10'1.00'E

FJS

700N

100N

T00N

500N

S =
2 B3
o o
N
3 &
= =
o L&
= =3
E z
z z
=z - o
e =
| =

Legend

Stream

[[7] study Area

DEM
- value (m) .
E - High - 1270 z
=5 — -2
© N . s ©

16
Wilometers 8  Borehole
9*50°0"E 10°0°0°E 10"100°E

Figure 2: Digital elevation model map of the study area showing Boreholes locations (National Map Downloader, 2022)
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Geology of the Study Area

Taraba State's geology and geological history are both simple
and complicated. The Basement Complex and sedimentary
strata form the subsurface of Taraba State, each of which
covers a unique portion of the state (Oruonye and Abbas,
2011). Sedimentary rocks may be found in the basins of the
Benue River and its principal tributaries,such as the Donga
and Taraba rivers, whereas rocks of the Basement Complex
covers the rest of the state. The Basement Complex is made
up of Pre-Cambrian rocks, whie Sedimentary rocks vary from
Albian to Recent (Jeje, 1978). The majority of the Basement
Complex area is covered with gneisses, migmatite, phyllites,
schists, and pegmatites, as well as other undifferentiated
Basement Complex rocks. Undifferentiated Basement
Complex rocks, particularly migmatite, are often
porphyroblast and range from coarsely mixed gneisses to fine
grained rocks with varied grain sizes. The majority of the
outcrops in the area undifferentiated Precambrian igneous and
metamorphic rocks (Macleod et al, 1971; Grant, 1971). They
can be classified as either basic or intermediate intrusives
rocks (Obaje, 2009). The Older Granites have textures that
range from fine to medium to coarse grains (Turner, 1964).
Some doleritic and pegmatitic rocks occur as intrusive dykes
and vein bodies in other limited occurrences of minor rock
types (Oruonye and Abbas, 2011). Basement Complex have
these occurrences (Turner, 1964; McCurry, 1964). Between
the early Cretaceous and contemporary times, the Basement
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Complex rocks of the area were subjected to several
regressions and transgressions, resulting in the deposition of
sedimentary rocks (Carter et al, 1963; Du-Preeze and Barber,
1965). The first of them is from the Albian period. These
rocks are found in a range of environments, including
terrestrial, marine, deltaic, estuarine, lagoonal, and
fluviomarine environments (Jeje, 1978; Ogezi, 2002).

The Middle Benue Basin/trough, also known as the Sub-
group Makurdi and Wukari Basins, is one of the sedimentary
sequence rocks that covers over half of Nigeria's surface area.
Marine facies are overlain by continental sediments, which
are ultimately overlain by basal continental facies (Du-Preeze
and Barber, 1965). Basal continental facies are overlain by
marine facies, which are then overlain by continental
sediments. Sedimentary materials that fill the Basin varies in
thickness, and several display full single or multiple
development cycles typified by base continental facies
overlain by marine facies, which are then overlain by
continental sediments. These many geologic rock types
provide the state with a plethora of important mineral
resource opportunities. Within the area of study, fifteen
boreholes were subjected to a pumping test, and were
acquired from Zion geophysical services (Figure 2) . The
geology of the area comprises of majorly three rock types:
biotite granite. Granite gneiss and migmatite gneiss (Figure
3).
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MATERIALS AND METHODS

A total of fifteen (15) sites were selected for pumping tests
within the study area so as to determine aquifer physical and
hydraulic parameters: aquifer thickness and transmissivity
respectively in order to characterize their aquifers. The
recovery test method was used for the determination of
transmissivity as drawdown observations were made in the

T
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Figure 3: Geological map of Ussa and Environs (NGSA, 2014).

T
1071007

test well (pumping well) itself, and there was no need of an
observation well (Elenna et al, 2018). A 1Horse power
submersible pump was installed into the well and pumping
was done for 3 hours and stopped. After the pumping had
stopped, the water level in the test well was allowed to rise
due to recovery of the ground water level. Residual
drawdowns (S) were measured in the test well at different
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instants of time (t) after the pumping was stopped. The
measured values of S were plotted on arithmetic scale against

the values of [ 5 ] on alog scale. The best-fit line was drawn
through the plotted points. From the plot, the value of the
difference of residual drawdown (AS) per log cycle of [ t—t,]

was found. Subsurface stratification, casing and screen
placements, static water levels, and aquifer textural
characteristics are all factors that were considered, while data
on aquifer pumping tests for each borehole, three to four
stages, drawdown tests, single-stage, and recovery
measurements were observed. The hydraulic characteristics
of aquifers such as hydraulic conductivity (K), and specific
capacity (SPC), discharge rate (yield) were computed from
the transmissivity value. The value of transmissivity (T) was
determined using this expression as given by Arora (2002).

_ 2.303Q
4TAS

Where Q is the rate of discharge (m%/sec). AS represents the
variation in drawdown over a single log cycle, t = time
elapsed since the starting of the pumping (min) and t” = time
elapsed since the stopping of the pumping (min) (Arora,
2002). Because some borehole are restricted and others are
semi-confined, this formula is beneficial. The eleven borehole
have an average drawdown of roughly 10.75m. The hydraulic
conductivity (K) was estimated using the following formula:

2 e e e Q)

b
Where T=asin (1) above b = aquifer thickness
(equivalent to the total screen length) (Abimiku et al., 2014).

N
The specific capacity (Sc), a measure of well productivity,
was computed from:
ST Sy + BSC e 4)

Where S = Storativity, Sy = Specific yield, Sc = the specific
capacity, and b = Aquifer thickness (Uliana, 2005).

RESULTS AND DISCUSSION

One primary hydrogeological unit defined the groundwater
systems in the study area: the crystalline Basement,
Crystalline rocks define this unit. Boreholes were almost
always dug in disintegrating crystalline rocks in the
Basement. All of the examined boreholes are located in the
Basement hydrogeological unit (table 1). Boreholes are 40 to
45 meters deep on average, with a mean depth of 44 meters.
In the region, the average static water level is 4.35 meters,
with static water levels ranging from 2.1 to 9.10 meters.
Borehole yields vary from 56.16 to 96.21 m3d, with an
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average of 79.00 m3/d. Transmissivity ranges from 0.57 to
2.41, with a mean value of 1.4. With an average conductivity
of 0.17, the conductivity ranges from 0.03 to 0.21. The
average Storativity is 160.45, with a range of 112.4 to 192.5.
The dynamic water level in the region varies between 11.20
meters and about 20 meters, with an average of 16.11 meters,
while the drawdown varies between 9.00 meters and 18.00
meters, with an average of 11.47 meters. The aquifer
thickness in the area of study ranges from 9.00 meters to
approximately 17.00 meters, with an average of 12.00 meters.
The screening interval used in the construction of boreholes
in the region ranges from 15.00-33.00 meters to around
24.00-33.00 meters, with an average of 21.00-31.00 meters.
Pegmatite, aplite, and quartz veins cut through the migmatite
and gneisses that were drilled at various depths. The yield or
discharge (Q) values were typically low to moderate (table 1),
which varies from 0.68 I/s to 1.11 I/s. The average discharge
yield of the boreholes in the area was 0.92 I/s. The overall
production of the borehole was 5.56 I/s. According to Gleick
(2000), Mussa, (2019) people in africa and sub-Saharan
countries use between 15 and 20 L of water per person per
day, with some of them living in arid and semi-arid regions
using even less water, recommending a basic water
requirement of 25 L per person per day to meet the most basic
human needs. Based on this cannot sustain a population of
121,500, showing that borehole water is insufficient to meet
the people's water demands. The fact that most people in the
study area get their water from groundwater sources, it does
not guarantee sustainable use of the resource. Sometimes
there is overexploitation, which may result in such
consequences as continuous drops in groundwater levels over
long time periods, large seasonal drops in water levels in
wells and the drying up of wells in the dry season.
Economically, if some or all the aforementioned
consequences happen, there will be an increase in cost of
groundwater extraction. The aforementioned undesirable
consequences appear when abstraction exceeds recharge.
Reportedly, aquifer overexploitation is no longer a myth as it
is happening everywhere in the world with several discernible
environmental consequences (Custodio, 1992, Esteller and
Diaz-Delgado 2002). Provision of safe drinking water supply
is one of the most commendable and effective health
interventions, which reduce the mortality caused by water-
borne diseases by an average of 70%. Therefore, despite
groundwater being reliable and important as a resource,
groundwater quality is another aspect that must be looked at
to assess its significance to communities (Mussa, 2019).
Based on the borehole yield classification (table 2), the
groundwater potential in the area is classifies into low to
moderate (Carruthers and Smith, 1992, Olorunfemi, 2008,
Bayowa et al., 2014)
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Table 1: Hydraulic Characteristics of Boreholes from Crystalline Basement Rocks of Ussa and Environs

Yohanna et al.,
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S/IN  Name of Formation Borehole  Screen Aquifer Static Dynamic  Drawdown  Yield Transmissivity ~ Conductivity  Spacific Storativity =~ Borehole
location depth (m) interval thickness  Water water (m) (I/s) (m?/d) K(m/d) Capacity Diameter
(m) (m) level level (m/d/m) (mm)
(m) (m)
1 Kpambai Basement 45 21-40 19 3.0 21.0 18 0.65 0.57 0.03 2.96 1124 125
2 Kpambo Basement 45 23-35 12 35 135 10 1.00 1.58 0.18 7.20 172.8 125
3 Lissam Basement 45 24-33 9 21 18.10 16 0.68 0.67 0.18 6.53 1175 125
4 Fikyu Basement 45 15-24 9 6.0 20.0 14 0.88 1.26 0.07 10.69 192.4 125
5 Kufi Basement 40 21-30 9 3.0 16.0 13 0.88 1.07 0.14 8.46 152.3 125
6 Boi Basement 45 15-33 18 3.0 15.0 8 0.77 1.52 0.084 3.69 132.8 125
7 Acha Basement 40 21-30 9 3.2 15.20 12 0.93 1.22 0.14 8.91 160.4 125
8 Kpambo Basement 40 24-36 12 4.2 11.20 7 1.07 241 0.20 7.67 184.2 125
9 Kpambo Basement 45 21-33 12 4.0 14.0 10 0.96 1.52 0.13 6.93 166.3 125
10 Lissam.S Basement 45 21-38 17 8.1 20.1 11.9 0.91 1.20 0.70 4.6 156.4 125
11 Lissam Basement 45 24-36 12 6.20 18.2 12 0.96 1.26 0.11 6.86 164.7 125
12 Lumbo L Basement 45 21-32 11 9.1 18-10 9 111 1.96 0.18 8.75 192.5 125
13 Ambo Basement 45 20-30 10 3.0 15.00 12 0.84 1.19 0.12 7.82 156.4 125
14 Adi Basement 45 24-36 12 4.2 11.0 7.1 1.07 2.40 0.21 7.67 184.2 125
15 Zauru Basement 45 21-30 9 31 15.20 12 0.91 1.22 0.14 8.91 161.4 125
Mean value 44 21-31 12.00 4.35 16.11 11.47 0.92 1.40 0.17 7.18 160.45 125.00
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Table 2: Classification of Borehole Yield in terms of Groundwater Potential in the Basement Complex areas (Adopted
from: Caruthers and Smith 1992, Olorunfemi, 2008 and Bayowa et al., 2014)

SIN Borehole Yield Range (l/s) Groundwater Potential
1 0-0.49 Very Low
2 0.5-0.99 Low
3 1.0-149 Moderate
4 15-25 High
5 >25 Very High
CONCLUSION of Kaolinitic and Laterite deposits within Birnin Kebbi and

The study determined the hydrogeological characteristics of
the area's aquifers in terms of borehole depths, water-bearing
zones, estimated yields, water levels, transmissivity,
hydraulic conductivity, specific capacity, and Storativity
based on the results of pumping test analysis of boreholes in
the area. Because of differences in lithology, physiography,
and structures, groundwater is found at various depths across
the area. A comprehensive investigation of all probable
aquifers in the Crystalline Basement of Ussa and neighboring
areas, as well as a wide evaluation of hydrogeological
conditions, were included in the research. In general, yields
from borehole dug in the area were low to moderate. The
borehole produce an average of 79.66m%day. Borehole
specific capacities in the study area were measured, and the
findings revealed that they ranged from 4.36 to 346 m3/day.
The transmissivity of the aquifers ranges from 0.57 to 1.96
md/d, according to estimate based on pumping test results,
with around 90 percent of the area having a transmissivity of
0.57 to 1.96 m®/d and the yield of 0.68 I/s to 1.11 I/s. This
cannot sustain a population of 121,500 people based on
recommending a basic water requirement of 25 litre per
person per day to meet the most basic human needs. When
you consider the 121,500 people that rely on these boreholes
for their water, it's evident that the aquifers in the 15 borehole
studied have very limited production potential. These areas
will suffer future water problems if the population continues
to expand. The predicted population is 196,553, indicating
that the area would suffer a serious water shortage unless the
government and other stakeholders act quickly.
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