Scientific Research and Essays

Vol. 8(25), pp. 1150-1161, 4 July, 2013
DOI 10.5897/SRE11.645
ISSN 1992-2248 © 2013 Academic Journals
http://www.academicjournals.org/SRE

Full Length Research Paper

Determination of hydraulic characteristics of
groundwater aquifer in Ilorin, North Central Nigeria
B. F. Sule*, O. S. Balogun, and L. B. Muraina
Department of Civil Engineering, University of Ilorin, Ilorin, Nigeria.
Accepted 1 July, 2013

Ground water is part of the hydrologic cycle. Generally, ground water occurs in permeable geologic
formations known as the aquifer. Before the exploitation of groundwater in a region, it is usually
necessary to determine the hydraulic characteristics which allow the flow of water through the aquifer.
The notable parameters are the hydraulic conductivity or permeability and transmissivity. Groundwater
is a major source of water supply in most part of Nigeria including Ilorin, Kwara State. Data from
pumping test carried out for drilled boreholes at different locations in the study area were collected
from various agencies involved in water supply planning, exploration and development. The data
consist of pumping test results, discharge, drawdown and geophysical and borehole constructional
methods. The determination of the aquifer characteristics was based on the Theis Residual Recovery
Method. The depths of the boreholes were found to range from 17 to 60 m with an average of 32.9 m
while well discharge ranged from 0.24 to 2.5 l/s with an average of 0.89 l/s. The outcome of the analysis
showed that the value of hydraulic conductivity ranged between 0.2 and 16.289 m/day with an average
2
of 1.87 m/day and transmissivity ranged between 7.184 and 447.919 m /day with an average of 49.12
2
m /day. Maps showing the piezometric surface, the hydraulic conductivity and transmissivity of the
aquifer in Ilorin have been developed. These can be used for the planning, site selection and drilling of
wells in the area.
Key words: Hydraulic conductivity, transmissivity, Theis Residual Recovery Method.

INTRODUCTION
Groundwater distribution may generally be classified into
zones of aeration and saturation (Weissman and Lewis,
2003). The uppermost zone, which occurs immediately
below the land surface, contains both water and air; it is
referred to as the aeration or unsaturated zone. Below
the unsaturated zone is a zone in which all
interconnected openings contain only water and which is
referred to as the saturated zone. The water table is the
level near the upper part of the saturated zone at which
water occurs under a pressure equal to the atmospheric
pressure. Water in the saturated zone is the only
underground water that is available to supply wells and

springs and is the only water to which the name
groundwater is correctly applied. Groundwater is
important because of its availability, low cost of
development and its reliable quality. Ground water can be
used for domestic water supply, agricultural irrigation,
industries and cooling. Groundwater is a major source of
water supply especially in arid and semi-arid areas where
surface water is limited (Wurbs and James, 2010).
Because groundwater is filtered by flow through
formation, it generally requires little treatment for use as
water supply; hence it has an advantage over surface
water. Because the quality is good it can be a long term
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source of domestic water supply compared to surface
water which is affected by bacteriological issues and
requires treatment. Groundwater is not properly
harnessed in some part of Nigeria because of inaccurate
estimation of its availability and improper planning. The
development of groundwater has been handled at several
levels in Nigeria (Federal, State, Local government,
NGO’S, etc). Experience has shown that, the various
schemes have generally failed to achieve the objective of
providing reliable and dependable water to the intended
beneficiaries. Proper harnessing of this important
resource would involve the understanding of geology,
hydrology and fluid mechanics to determine some
important aquifer characteristics such as permeability and
transmissivity.
Adequate knowledge of groundwater is more important
considering the fact that public water supply systems in
major cities in Nigeria have not been successful in
meeting the demand for water and sanitation for
domestic, commercial and industrial purposes. For
example, out of the 85 million people living in urban and
semi-urban areas of Nigeria, less than half has
reasonable access to reliable water supply (FRN, 2000).
Water supply services, where they exist, are unreliable,
of low quality and not sustainable because of difficulties
in management, operation, pricing and failure to recover
costs. Currently, Nigeria’s annual population growth rate
of 2.86% has been projected to result in the doubling of
its population of 150 million within 25 years; hence
demographic pressures coupled with rising operational
and maintenance cost of water infrastructure are affecting
water supply particularly in urban centres like Ilorin.
Ilorin, the capital of Kwara State suffers the same
problem of poor level of water supply like many other
cities in Nigeria. According to Ajadi (2010) about 12
million gallons of water is pumped to the city daily against
the 40 million gallons needed by the residents of the city
daily. His assessment shows a 60% deficit and that
services are not satisfactory in terms of coverage,
connections, and regularity. He pointed out that there are
a number of boreholes and open wells with hand pumps
or electric pumps within the city used to compliment
supplies from the public system. Given this scenario,
there is therefore need to consider ways to further
explore the development of groundwater for improved
household water supply.
Permeability is the ability of a rock or unconsolidated
sediment, to transmit or pass water through it (Garg,
2005). It is measured by the coefficient of permeability or
as hydraulic conductivity. Transmissivity is another
physical concept of describing groundwater flow. It has a
simple mathematical relationship with permeability. Some
researchers have endeavoured to measure aquifer
characteristics as reported in the Literature review.
Examples include Chilton and Smith-Carrington (1984),
Iqhal et al. (2001), Lawrence (1985), Tung and
Koltermann (1985), Barker and Herbert (1982), Motz
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(1982), Kelly (1982), Walter and Thompson (1982) Prudic
(1982) and Karanth (1987).

Description of study area
Ilorin is the capital of Kwara State in North Central
Nigeria. The study area is within the Ilorin Metropolis.
Figure 1 shows the map of Nigeria, Kwara State and the
city of Ilorin. The study area is in the savannah region of
Nigeria and lies within the coordinates of 4° 28.67’ E, 8°
27.2’N; 4° 28.67’E, 8° 35.2’N. and 4° 35.76’ E, 8° 27.2’N;
4° 35.76’ E, 8° 35.2’N. Weather condition in the region is
of two broad types (i.e. rain season and dry season). The
rain season commences around March and ends in
October, while dry season begins in November and ends
in March. The annual rainfall is between 75 to 112 cm.
The humidity ranges between 60 to 89% and mean
annual temperature is between 27 to 30°.
The study area falls in the basement complex of south
western part of Nigeria, which is of Precambrian to lower
Paleozoic in age (Rahaman, 1976; Oluyide, 1979). This
Precambrian crystalline basement complex consist of
gneisses and migmatities; metasediments (that is,
schists, quartzizes and metavolcanics; and Pan-African
(older) granite and late-stage minor pegmatitic and aplitic
intrusives (Oluyide et al., 1998). According to Olasehinde
et al. (1998), Ilorin is situated on the undifferentiated
Precambrian Basement Complex rocks of granitic and
metamorphic origin. These rocks represent the deeper,
fractured aquifer which is partly overlain by a shallow,
porous aquifer within the lateritic soil cover (Annor and
Olasehinde, 1996). The rock units form part of the
regional South Western highlands of Nigeria running NWSE parallel to the River Niger (Offodile, 1987; Olasehinde
et al., 1998). The subsurface comprises the weathered,
slightly weathered and fresh (fractured or unfractured)
crystalline basement rocks. The oldest rocks in the area
comprise gneiss complex whose principal member is
biotite-hornblende gneiss with intercalated amphibolites.
This underlies, over half of the city. Other rock types are
the older granite mainly porphiritic granite, gneiss and
granite-gneiss and quartz schist.
The two main types of aquifer in this area are the
weathered basement and jointed/fractured basement
aquifers with the latter usually occurring below the
former. The aquifers are localized and disconnected but
occur essentially as unconfined to semi-confined under
water table conditions. Although the crystalline nature of
the basement rocks preclude development of the porosity
and permeability necessary for good groundwater
occurrence, Davis and De Wiest (1966) asserted that
appreciable porosity and permeability may have been
developed within these rocks through fracturing and
weathering processes. Figure 2 shows the Geological
and structural map of Ilorin metropolis. Cretaceous
sediment exists in north western corner of Ilorin,
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Figure 1. Map of Nigeria showing Kwara State and the study area.

especially in the Share environment. The lithology
consists of basal conglomerates and poorly sorted

variegated sandstones, which dip gently northwards and
have been probed up to 85 m depth at Share (Oluyide et
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Figure 2. Geological and structural map of Ilorin Metropolis (after geological survey of Nigeria, Ilorin).

al., 1998).

T = Kd

METHODOLOGY

The transmissivity of a confined aquifer is constant if the aquifer is
homogeneous and of uniform thickness. However, the
transmissivity of an unconfined aquifer always varies spatially
because the saturated thickness depends on the elevation of the
water table. Although assumed to be constants in the analytical
solutions used in well hydraulics, hydraulic conductivity and
transmissivity vary spatially in field situations because aquifers are
always heterogeneous.
There are two solution methods that are used to deduce aquifer
characteristics (K and T). The methods are the steady state or
equilibrium method and the transient or non-equilibrium methods.
Various non- equilibrium methods have been developed by many
researchers, but that of Theis is the most widely accepted. Theis
(1935) residual drawdown method is used in this study based on
the nature and type of data available (that is, single well pumping
test data). This method is chosen because it possesses necessary
assumptions for the deduction of aquifer characteristics based on
data
available. The drawdowns in an observation located a

The water table is generally not horizontal. It has high and low
points and hence it is not in equilibrium. In order to approach
equilibrium water moves from the high points of the water table to
the lower points. The rate at which such movement occurs or the
flow through the soil medium or formation is described by Darcy’s
Law as (Bear, 1979; Veissman et al., 1989; Arora, 2004; Garg,
2005a; Darcy, 1856):
Q=KiA

(1)

Where Q is discharge, K is the coefficient of permeability or
hydraulic coefficient, I is the hydraulic gradient and A is the cross
sectional area of flow. If d is the full depth of flow, the transmissivity
T is the discharge rate at which water is transmitted through a unit
width of the aquifer under a unit hydraulic gradient (Arora, 2004).
Thus A=1xd, i=1 and

(2)
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distance r from a pumped well is (Theis, 1935; Cooper and Jacobs,
1946)

Q
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(3)

The residual drawdowns’, that is, the difference between the
drawdown component due to continued pumping and the recovery
component due to recharge is (Karanth, 1987),

 4Tt 
 4Tt   
Q 
log e  2   log e  2  
4T 
 rw S 
 rw S  

s 

(4)

If storage coefficient remains constant (s during pumping = s’ during
recovery) and u= r2s/4t is sufficiently small, the above equation is
simplified to:
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The summary of results for available data within the study
area is presented in Table 1. The depth of boreholes in
the study area were found to range from 17 to 60 m with
the average of 32.90 m as compared to that Malawi
basement complex of 24 to 75 m with average of 24.1 m
(Chilton and Smith-Carington, 1984). Well discharge
ranged from 0.24 to 2.5 l/s with an average of 0.89 l/s as
4 basement complex of 0.25
compared to the same Malawi
to 5.0 l/s with an average of 0.78 l/s. It was deduced that
the value of hydraulic conductivity ranged from 0.2
to16.289 m/day with an average of 1.87 m/day as
compared with Malawi basement complex of 0.2 to 1.8
m/day. It was also deduced that the value of
2
transmissivity ranged between 7.184 and 447.954 m /day
2
with an average of 49.12 m /day as compared with
2
Malawi basement complex of 2.0 to 35 m /day.
A piezometric map of the study area was also
developed which can assist the planners of ground water
development to ascertain the depth to water table within
the study area. This map (Figure 4) was developed by
imposition of the digitized map of Ilorin with GPS survey
of road network for Ilorin. The data was extracted with
associated features from the combined maps and value
of static water
5 level of the area was subtracted from
elevation data while all other parameters remain
constant. Maps of transmissivity and hydraulic
conductivity were also developed. These maps (Figures 5
and 6) were developed by replacing Z values of x,y,z
coordinates of each location with the deduced value of
transmissivity and hydraulic conductivity respectively.
To illustrate the use of the maps, a point X is chosen
whose coordinates are 8° 31.133’N, 4° 29.233’E with a
piezometric height of 326 m. The values of hydraulic
conductivity (K) and transmissivity (T) for this point are 3
2
and 90 m /day respectively. The static water level is
about 6 m down the well. The aquifer thickness is about
3
20 m and the yield is expected to be 166.96 m /day or
1.93 l/s. The maps are to be read in conjuction with the
topographic map of the area shown in Figure 7.
Another illustration point is Y. This point is on
coordinates 8° 32.54’N, 4° 33.68’E. The piezometric level
is about 4 m. Transmissivity and hydraulic conductivity
2
are 40.0 m /day and 1.0 m/day respectively. The aquifer
thickness is about 40 m and the yield is expected to be
3/
74.21 m day or 0.859 l/s. The aquifer thickness and
static water level would assist the driller on how many
numbers of casing/screen to be used during the drilling
operations. The depth would also assist the driller to
prepare cost estimate 6of drilling because it is based on
meter length drilled. The other parameters are useful for
selecting the type of scheme to be executed (that is,
hand or motorized pump well system).



(5)

value of t  becomes sufficiently large, the observed data should fall
on a straight line. Theis method is approximate because the
velocity of groundwater flow is small and generally less than 1
m/day (Wurbs and Jacobs, 2010). Hence Reynolds number is
usually less than one and groundwater flow is nearly always
laminar.
Pumping test data collected from existing boreholes located
within the study area were used to deduce the aquifer
characteristics such as transmissivity and conductivity. The
borehole data were obtained from CIWAT Engineering Consultants
(2005), the Lower Niger River Basin Development Authority,
UNICEF and the Kwara State Ministry of Water Resources. Data
collected include geophysical investigation reports, pumping test
reports and boreholes constructional method. The data collected
were plotted for 35 boreholes within the study area. Figure 3 shows
the plotted data for three selected sites. The complete plots for all
the locations can be found in Muraina (2009). In these graphs, the
value of t/t’ is chosen one log cycle apart, so that its logarithm
becomes unity and Equation (5) is becomes

T

RESULTS AND DISCUSSION



Where
Q = constant discharge (m3/day)
s’ = residual drawdown (m)
rw = effective radius of well in which the water level recovery is
measured.
t = time since pumping started
t’= time since pumping stopped
S = storage coefficient

s 

residual drawdown in meter per log cycle of t/ t  .

 

(6)

Where, Q = constant discharge, in m3/ day and s’=change in
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Figure 3. Plot of drawdown and time on semilog scale for three borehole sites.
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Table 1. Results of aquifer characteristics within Ilorin West Local Government Area.

S/N.

Location

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Sarumi
Abayawo
Adangba
Adewole
Agbaji
Agbo-Oba
Aibinu
Alanamu
Aromaradu
Baboko Market

Banni
Eruda
Gbagba
Ile-kewu
Irewolede
Ita-Amodu
Ita-Elepa
Itakure
Koro-Agba
Madi
Oja-Iya
Oja-Oba
Oju-Ekun
Oke-Aluko
Oke-Kura
Okeleru
Oko-Erin
Oko-Olowo
Olasasa
Oloje Low Cost

Olunlade
Pakata
Sawmill
Surulere
Wara-Osin
Average

Depth of Boreholes
(m)
24.9
60.0
47.50
45.00
26.50
27.2
36.7
35.25
35.10
17
30.15
30.0
40.16
32.40
35.00
28.3
30.30
30.00
25.4
30.6
32.85
47.00
30.51
27.55
35.12
30.25
30.15
40.16
31.5
28.95
33.68
29.6
28
28.5
22.52
32.9

Static Head (m)
7.83
4.0
5.34
3.10
2.50
4.08
10.4
2.41
3.00
0.2
2.00
2.5
3.50
3.06
2.21
3.0
8.37
1.83
7.7
6.80
1.80
3.55
1.60
1.50
2.51
2.40
2.00
3.30
6.40
1.5
3.20
3.2
2.50
2.83
3.0
3.5

Conclusion
Ground water is a supplement to abundant surface water
in Kwara State, Nigeria. In view of its low cost of
installation/ development and acceptable quality,
government has engaged in the construction of
wells/boreholes in the study area. The depths of the
boreholes range from 17 to 60 m with an average of
32.90 m while well discharges range from 0.24 to 2.5 l/s
with an average of 0.89 l/s. This falls within range
normally obtained in the basement complex which is

Discharge
(l/s)
0.3
0.3
1.5
1.7
0.68
1.3
1.05
1.15
0.25
2.52
0.354
1.5
0.24
0.4
1.2
0.5
0.5
0.65
0.28
0.38
1.0
1.35
0.55
1.0
1.5
0.75
0.854
0.55
1.5
1.25
0.684
1.13
1.0
0.9
0.40
0.89

Transmissivity
2
(m /day)
9.774
7.184
46.921
65.31
25.626
40.346
36.687
58.716
7.867
71.226
18.618
447.96
9.948
12.662
65.495
15.518
10.112
26.694
10.678
13.669
36.809
118.709
35.532
33.605
52.76
60.566
25.314
14.509
59.059
97.462
48.099
59.617
35.173
34.326
14.724
49.12

Hydraulic
Conductivity (m/day)
0.783
0.20
1.112
1.559
1.068
1.745
1.395
1.788
0.245
4.122
0.661
16.289
0.271
0.432
1.997
0.955
0.46
1.015
0.603
1.093
1.461
5. 513
1.234
1.29
1.624
2.175
0.889
0.394
2.353
3.551
1.316
2.259
1.379
1.338
0.755
1.87

characterized by low yield compared to the ones obtained
in other formations. This is the reason groundwater
serves as supplement to surface water supply in the
area, because the average daily output from public water
supply cannot sustain the needs of the teeming populace
of study area. The aquifer has been characterized with
two parameters: hydraulic conductivity and transmissivity.
Hydraulic conductivity was found to range between 0.20
and 16.29 m/day with an average of 1.87 m/day, while
2
transmissivity ranged between 7.184 and 447.959 m /day
2
with an average of 49.12 m /day. The piezometric map
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Figure 4. Piezometric map of Ilorin West Local Government Area.
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Figure 5. Hydraulic conductivity map of Ilorin West Local Government Area.
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Figure 6. Transmissivity map of Ilorin West Local Government Area.
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Figure 7. Topographical map of Ilorin (can be used along with Figure 5 and 6).

developed would assist water prospecting individuals or
agencies to know the likely depth of static water table and
to prepare appropriately for drilling operation within the
study area. The maps are also useful for determining the
direction of flow within the study area. They can be used
to provide the head and type of boundary conditions to be
employed in the analysis of the unconfined radial steady

flow in a single well and transmissivity map would provide
hydraulic parameters for study of direction of the flow.
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