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ABSTRACT
An investigation to predict ground water supply for irrigation farming around Amodu-Irapa was

camad out based on data from pre-dulling, aquifer testing for six (6) exploratory wells.
Cooper_lacob non-equilibrium graphical methods were used to interprete the constant rate and
rcovery data to determine the hydraulic properties. The discharge values range from 1.9 I/sec to
2.5 Us. while hydraulic conductivities and transmissivities range from 0.2m/day to 2 m/day and 12
mYday to 36 12 m2/day respectively, with average specific capacity of 2 m3/sec/m. the average
vield per hour is 1001/hr and drawdown of 15 m. The six (6) wells will provide a total daily
abstraction of 1,600.8m3 based on 16 hour daily pumping schedule. The hydraulic
charactenzation indicated an average of 16 hrs of pumping per day with mean drawdown of 31.8
m, indicating 63.6% of the mean aquifer thickness But, the quarzo-pegmatite exhibited highest
transmissivity and aquifer thickness values with 316.8 m3 daily pumping at maximium drawdown
of 31.6% of the aquifer thickness and can supply water for 5 ha paddy field, should be targeted

~ duning geophysical survey. Pumping in excess of 16 hours a day should be avoided without

~ monitoring of pumping water levels to assess the groundwater resources more fully.
~ Keywords: Water supply. groundwater supply, aquifer testing and Amodu-Asungbolu.
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Prediction of Hydraulic Characteristics of Aquifer and Availability of Water Supply for Irrigation Farming in
Basement Complex Terrain, in Part of llorin Sheet North-Central Nigeria.

Akaha and Pronmise (2008) investigate on Hydraulic properties from pumping tests data of aquifers
in Azare arca, North Eastern. Nigeria, Pumping test data from twelve boreholes were analysed to
determine the hydraulic properties of the aquifers, and the availability of water to meet the conjugate
demands of the increasing population. The values of the aquifer constants obtained from the Cooper-
Jacob’s non-equilibrium graphical method were generally low. Yield, Q, values range from 2.24 to
17.46m3/hr (6.22 x 10-4 (0 4.85 x 10-3 m/sec), while Transmissivity, (T), fell between 7.39 x 10-6
and 3.55 x 10-4m?2/sec and hydraulic conductivity, K, from 5.62 x 10-7 to 42.54 x 10-5 m/sec. The
average specific capacity, Cs, value is 2.10 x 10-4m3/sec/m. The total yield is 98.67m3/hr or
2368.08m3/day, and drawdowns in excess of 20m were recorded. These values indicate that the
hydraulic characteristics of the aquifers are poor. The implication is that the available boreholes
cannot provide sufficient water for domestic and agricultural needs of the area. Hamidu et al., 2014
evaluated causes of low groundwater yield of borcholes in crystalline basement around Gwandu
Town and its environ. Hydraulic properties of thirty-seven boreholes were asses.

This report aims at evaluating hydraulic charactesristics and the basement aquifer and availability
of groundwater supply for irrigation in part of lorin sheet through the determination of aquifer

characteristics of the borehole through monitored constant pumping and drawdown recovery
measurements, for irrigation farmland.

2.0 MATERIALS AND METHODOLOGY

2.1  The Study Area

The study area is located north and south of link road between Irapa and Amodu-Asungbolu villages
in Ifelodun Local Government Area of Kwara State, Nigeria (Fig. 1). The southern boundary runs
along west — east slightly above latitude 8016” while a substantial part of the source of River
Odunrun flows on northeast —northwest direction at the northern border a little above latitude 8018,
The area covers about 1,000ha (Table 1). The natural vegetation of the area belongs to the
subtropical type represented by a mixture of grass, shrubs and woodland.

Boundary co-ordinates provided by the Kwara State Ministry of Lands are as follows: (In DD MM
SS.S Minna).

Table 1: Study area boundary

Position Latitude Longitude
A 080 16.060' 040 42.835'
B 080 17.490' 040 42.800'
G 080 18.400' 04043410
H 080 18.00' 040 44.560'
J 080 17.350* 040 44.500'
K 080 17.280' 040 44.020'
L 080 17.200' 040 44.010'
M 080 16.100' 040 44.210'
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Figure 1: (a) Location map of Study; (b). Map of Kwara State (c). Borehole points (Adapted from
Owolabi and Okunlola, 2015)

2.2  Regional Geology

The study area is part of basement complex, affected by the 600Ma Pan-Africa orogeny and made-

up of granite, gneiss and migmatite group, (Mc Curry, 1976; OyawoyeBurke &Dewy 1972, Dada

2006). The migmatite group known as Migmatite-Gneiss Complex is the widespread of the

Busement complex petro-lithological units (Rshman, 1988; Dada 2006). Asa River lies within the
Migmatite-Gneiss-Quantzite Complex (Raharnan,1988). The general rock type includes: Granites,
Porphyroblastic Gneiss, Biotite and Biotite Homblende Gneiss, Older granite, Amphibolite Schist,
Quanzites, quanz schists, and other minor occurrences such as pegmatites and quanz veins.
However, the rocks are extremely weathered and highly fractured in most locations. The highly
permeable weathered fractured zone varies locally and is sometimes composed of quartzo-
feldspathic and amphibolitic matenals. The class of basement rocks identified as migmatites
underline about one/third of the study area (Fig. 2).

2.2.1 Geology of the llorin
The area is underlain by rocks of the Nigenan Basement Complex (Rahman, 1989; Mc¢ Cum
(1976).). In the area, three major rock units have been recognized namely gneisses, porphyrit:
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Figure 2: Geological map of the Study area (Modified from Owolabi and Okunlola, 2015).
(a)Porphyritic granite gneiss with quartz veins {Red pen points to the North}. (b) Geology map of
Nigeria (c) Geology map of Kwara (d): Migmatitic gneiss (N 08° 18.148'; E 004° 43.354', Elevation
381m) {Red pen points to the North}.

2.2.2 Hydrogeology »
Tlorin is situated on the undifferentiated Precambrian Basement Complex rocks of granitic and

present 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 NVY-SE parallel to “::
River Niger (Offodile, 1987; Olasehinde et al., 1998). The subsurface comprises the weatherek.
slightly weathered and fresh (fractured or unfractured) crystalline basement rocks. The oldest rocks

metamorphic origin. These rocks re
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2.3  Field Techniques
The pumping test methods used for the study are the constant rate test and recovery rate test for

six (6) exploratory boreholes. Constant-rate test maintain pumping a
rate. i.e pumping at a specific rate over a long period of time while monitoring the drawdown,

while water-level response (drawdown) is measured at specified intervals of time. The goal of this
constant-rate pumping test is to estimate hydraulic properties of an aquifer system such as
transmissivity, hydraulic conductivity and storativity (storage coefficient). A recovery test is
another efficient method used in controlled field experiment performed at the end of a pumping
test (constant-rate) after pumping in the pumped (control) well has ended. Water-level response
(residual drawdown) is measured after pumping has stopped in the control well itself. The above
methods were used in the field to collect all the pumping test data around the study area.
Lithological logs of the holes collected during drilling and VES data enable us to establish
subsurface geological succession, as well as construct accurate well design.

t the test well at a constant

also

24 Hydraulic Test analysis

2.4.1 Constant-Rate Test
Constant-rate pumping-test data can be utilized to determine aquifer transmissivity and storage

coefficient. Observation wells were not available for the majority of the wells tested and hence, only
values of aquifer transmissivity were determined. Time-drawdown data were analyzed using the
Cooper-Jacob (1946) modification of the Theis formula equation. This modification is generally

referred to as Jacob’s method.

264Q
= M
Where:
T= aquifer transmissivity in m2/day.
Q= pumping rate in I/sec.

AS= the slop.e of the time-drawdown graph expressed as the change in drawdown betwee
any two values of time on the log scale whose ratio is 10.
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One advantage of Jacob's method is that time-drawdown data can be plotied on semi-logarithmic
paper, with time on the log scale and drawdown on the arithmetic scale. 11 oquifer churacteristics
are in accondance With the basic assumptions, then the data will fall on a straight line. Deviations
from a straight-line plot can often be used to delincate boundary conditions or nquifer dewatering,

24.2 Recovery Test

Water level recovery data are often more nccurate than time-drawdown data, since the recovery
period is not affected by pump vibrations und fluctuations in the pumping rite. There are two
common methods that are used to analyze water level recovery data. In the first method, calculated
recovery versus time after pumping stopped is plotted on semi-logarithmic paper. In the second
method. residual drawdown versus 1" is plotted on semi-logarithmic paper, where tis the time since
pumping started and € is the time since when pumping stopped. The second method for unalyzing
water recovery duta is preferred, as it provides a more independent check of the results that were
calculated from the time-drawdown data. This is because the first method requires an extension of
the time-drawdown plot for pumping and if there have been any deviations from a straight-line plot
due to boundary effects or imegularities in the pumping rate, then the first method would provide
erroneous results. Waler-level measurements made during the recovery period provide a distinet set
of information for aquifer or pumping test, thus providing a means of checking results that were
determined from the time-drawdown period.

T =0.183 X Q over AS' (m2/d) (2)
Q is discharge in I/s and is recorded in the field
Where,

0.183 is a constant
As’ value is oblained from semi-log diagram

The Cooper-Jacob excel spread sheet is used to cary-out the constant rate interpretation for
Hydraulic conductivity and transmissivity for both constant rute and recovery.

24.3 Estimating Aquifer Productivity and Storage

2.4.3.1 Specific capacitance
The specific capacity Sc is the ratio of discharging (Q) to steady drawdown (Sw ).

Sc = Q/Sw 3)
Where,

Q = Discharge
Sw = Maximum drawdown
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