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INTRODUCTION 
 
Groundwater constitutes the main source of water for domestic, agricultural and industrial activities in Ekiti East Local 

Government area. Surface water that often compliments groundwater for human uses is subject to seasonal variation and often 

prune to contamination from anthropogenic activities, warranting heavy dependence on groundwater for the sustainability of 

humans’ activities. Basement aquifers are developed within the weathered overburden and fractured bedrock of crystalline rocks 

of intrusive and/or metamorphic origin, which are mainly of Precambrian age [1, 2, 3, 4]. Basement aquifers cover the whole 

area of Ekiti East Local Government and groundwater occurrence is erratic and the area has witnessed a high rate of boreholes 

failures. Literature has it that in general, high boreholes failures are recorded in basement aquifers where the weathered 

overburden is thin and there are the shallow occurrence and fissure permeability of the bedrock aquifer component, which 

Abstract 
Ekiti East Local Government Area Southwestern Nigeria suffered continual shortage of potable water arisen from lack of 

government pipe borne water and incessant boreholes failures. Therefore, this research was carried out with the 

objectives of estimating aquifer parameters (transmissivity, specific capacity and borehole yield) and classifying the study 

area into different groundwater potential zones. Siting of 35 boreholes locations was carried out using vertical electrical 

sounding geophysical technique. Boreholes were drilled in the 35 locations and pumping test was carried out in each of 

the borehole. Data from the thirty-five (35) boreholes were interpreted using Jacob straight line graphical simplification 

method which entailed plotting of time versus drawdown on a semi-log paper. A best straight line fit for the plot was 

subsequently drawn and extended to cut across the drawdown axis. Two points on a log-cycle apart in time were chosen 

and change in drawdown over that time interval was determined (∆S). Yield (Q) was determined from the pumping 

volume per time i.e. volume /time. Transmissivity (T), specific capacity (Cs) were estimated using T= 2.3Q/4π∆S and Cs = 

Q/∆S respectively. Parameters obtained from the interpretation of the pumping test were employed to generate the yield, 

transmissivity, specific capacity and groundwater potential maps respectively using Surfer 12 software. Subsequently, the 

transmissivity values were subjected to quantitative evaluation employing statistical method and transmissivity analysis. 

Results of the pumping test revealed that the boreholes yield ranged from 0.38 – 1.43 (av. 0.98) L/s, transmissivity from 

0.007 – 0.095 (av. 0.034) m
2
/min and specific capacity from 0.038 – 0.52 (av. 0.183) m3/min/m. Statistical/Transmissivity 

analysis revealed that the standard deviation of the estimated transmissivity index    , signified extreme large 

variations in transmissivity and heterogeneous environment with varied aquiferous conditions over a short lateral 

distance. Furthermore, the result indicated that 74% of the study area (mostly northern part) has groundwater 

occurrence that was good for local water supply while the remaining 26% in the southern part especially at Isinbode-

Ekiti has groundwater potential that could serve for private consumption only. The groundwater potential map zoned the 

area into good, fair and poor groundwater potential zones. The good groundwater potential zone is in the north central 

and north-eastern part of the study area. Groundwater in the study area is suitable for local water supply except at 

Isinbode-Ekiti where it could only serve for private consumption. This study, apart from providing a frame work for 

groundwater resources development in the area, it serves a guide to other researchers and intending  boreholes drillers. 

 

Keywords: Pumping test; Transmissivity analysis; Specific capacity; groundwater potential; private consumption. 

 

 

 

 

 



11  
Citation: Talabi, A. Ojo et al., 2020 Aquifer Parameters Estimation in Ekiti East Local Government Area, Southwestern Nigeria employing Data from 

Single Well Pumping Test Borehole. Advances in Environmental Biology, 14(8): 10-22. DOI:10.22587/aeb.2020.14.8.2 

 

 

permits susceptibility to surface pollutants. Also, areas with low storativity of groundwater may increase significantly during 

sustained drought periods and such area is likely to have high borehole failure [5]. 

 

Several geophysical methods (Frequency domain electromagnetic, Transient electromagnetic, Ground-penetrating radar, 

Resistivity, Seismic refraction etc.) are available for use in the siting of the borehole in the basement terrains. Establishing the 

hydrogeologic framework of an area is a key first step in determining the availability of groundwater. Olorunfemi and 

Oloruniwo (1987), research on the geoelectric properties and aquifer characteristics in parts of the Basement Complex, 

Southwestern Nigeria using Vertical Electrical Sounding (VES) techniques was carried out by [6]. The study reported that 

clayey soil and weathered bedrock, which may be fractured, constitute the aquiferous zone of the area. At Ikere-Ekiti, 

southwestern Nigeria, subsurface fractures have been mapped using geoelectrical techniques and confirmed by drilling at 22m 

depth, where an artesian borehole with an estimated yield of 38.6m
3
/hr was intercepted [7]. The work of [8] on the application of 

geoelectric and hydrogeologic parameters in the characterization of the aquifer in the area of Niger State, Nigeria, revealed five 

aquifer types including the weathered aquifer, and the weathered/fracture unconfined aquifer, the weathered/fractured confined 

aquifer, the weathered/fractured (unconfined)/fractured (confined) aquifer and the fractured confined aquifer. The researchers 

came up with a conclusion that the fracture increases with depth, attaining a maximum at between 25-35m for granite gneiss and 

schist but decreases with further increase in depth. Furthermore, the research of [9] on Geoelectric Characterization of aquiferous 

units and its implication on the Groundwater potential of Owo, Southwestern Nigeria, indicated that the overburden materials 

with the fractured basement constitute aquiferous units within the study area.  

 

The sand and weathered basement units are largely responsible for the groundwater potential. Another study on Geophysical 

Characterization of Aquifer Parameters within Basement Complex Rocks using Electrical Sounding Data from the Polytechnic, 

Ibadan, Southwestern Nigeria [10], noted that fractured rocks in the area have high permeability, which was caused by high 

weathering and that five factors, including aquifer thickness, depth to an aquifer, hydraulic conductivity, apparent resistivity and 

transmissivity were used to infer aquifer characteristics in the area. However, apart from all the various hydro-geophysical 

approaches, the pumping test constitutes one of the most reliable methods for evaluating the overall groundwater resources and 

aquifer occurrence more precisely and this can assist in the potential groundwater development in addition to the longer-term 

sustainability of the resources. Aquifers derived from the crystalline basement rocks in parts of Sanga Local Government Area of 

Kaduna State, Nigeria, were evaluated for groundwater potential using pumping test data [11]. Results of their work revealed 

that the aquifers in the area have low to moderate groundwater potentials with a low yield range of between 0.45 L/s and 1.00 

L/s indicating the heterogeneous and anisotropy nature of the basement aquifer system in terms of groundwater discharge.  

 

Pumping test is a field operation test that involves the extraction of water by pumping from a well or borehole and measuring the 

drawdown, i.e., the lowering of the water level, resulting from the pumping process in a well [12].  Subsequently, the data 

obtained from the test can be analyzed and incorporated into an appropriate well flow equation to calculate the hydraulic 

parameters of the aquifer, which will be used to derive information about the performance characteristics of the borehole. The 

hydraulic parameters depend on the primary (composition, size, shape, compaction and thickness of the constituent grains) and 

secondary porosities (fractures), respectively, of the aquifer. This study estimated aquifer hydraulic parameters from thirty-five 

boreholes data obtained during a single well pumping test in Ekiti-East Local Government Area, Southwestern Nigeria. 

Additionally, the study area was categorized into different groundwater potential zones in order to ameliorate boreholes drilling 

failures and provide a framework for groundwater resources development in the area. 

 

Location and Geology/Hydrogeology of the Study Area 

Ekiti East Local Government Area, with its headquarters in Omuo-Ekiti, is one of the biggest local government areas in the 

eastern axis of Ekiti State, Nigeria. It lies within latitudes 7°45′46.85″N and longitudes 5°43′28.98″E with an approximate area 

of 1,072km² (Fig. 1).  The Local Government is bothered to the north by Kogi State, to the east by Ondo State, to the south by 

Gboyin local government area and to the west by Ikole-Ekiti local government area.  

 

The study area is underlain by the migmatite–gneiss complex of 2.0-3.0 Ga; [13, 14]. The migmatite-gneiss complex is the oldest 

and most abundant rock type in the basement and is a product of several tectonothermal events that have brought rocks of 

various origins together. The migmatite gneiss covers the whole area of study virtually, but field observations revealed that the 

southeastern flank, especially at Isinbode -Ekiti has fine-grained granite coverage (Fig. 1) suspected to be of Pan-African 

Orogeny. The rocks are concealed in places by a variably thick overburden. 

 

The types of aquifer in any basement terrain are controlled by geology and structures of the bedrocks. In addition, the climate 

determines the amount and rate of recharge of the aquifer [15, 16, 17]. Surface water in the study area are majorly streams that 

eventually join Egbe and Itapaji rivers, which are located outside Ekiti east local government area. The groundwater within the 

terrain is recharged majorly by meteoric water. Groundwater occurrence is controlled by the existence of thick overburden and 

fractures. The highest groundwater yield in basement terrains is found in areas where thick overburden overlies fractured zones 

[6, 8]. Groundwater occurrence is likely to be more in the migmatite gneiss area compared to the fine-grained granite section as 

the migmatite gneiss has been subjected to weathering much earlier and suffered series of tectenothermal events that could have 

fractured the rocks. 
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Fig. 1: Geology and Location Map 

 

 

MATERIALS AND METHODS 

 

The study area was subjected to through pre-drilling geophysical survey, during which 35 locations were selected for drilling of 

boreholes. Thirty-five boreholes were subsequently drilled in the study area by Drillpoint Nigeria Ltd., Ado-Ekiti, Nigeria. The 

project lasted for over one year, between October 2018 to December 2019. 

 

Lithologic logs for some of the boreholes were carried out during drilling. Constant Rate Pumping Test was carried out in each 

of the drilled boreholes to estimate its drawdown, transmissivity, conductivity and specific discharge. The Jacob’s straight-line 

graphical method that has found application in the basement terrains and single good pumping test was used to analyze the 

pumping test results of drawdown with respect to time in the thirty-five (35) boreholes [18, 19, 20, 21].    Prior to pumping, the 

wellhead was opened, and the static water level was measured and recorded using a dip meter. Water level readings were 

measured in the well after specific time intervals of pumping.  

 

A container of the known volume was used to collect the pumped water. Subsequently, water discharge (Q) was calculated with 

respect to time. Transmissivity (T) was estimated using the Cooper and Jacob method by fitting a straight line to drawdowns on 

an arithmetic axis versus time on a logarithmic axis. Quantitatively, Transmissivity and Specific capacity (Cs) were obtained 

using relevant hydraulic equations: 

 

T = 2.303Q                            (1) 

       4π∆S 

 

Where Q = discharge (Yield) (m3/sec), ΔS = change in drawdown over one log cycle and T = transmissivity.  

 

The hydraulic conductivity was estimated using 

  

  K = bT                                    (2) 

 

Where b = aquifer thickness and is equivalent to the total screen length in each borehole 

 

The specific capacity Cs was calculated using 

 

 Cs = Q/∆S                                  (3) 

 

Where Q is as stated in (1) and ∆S = the drawdown (m) 
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Yield, transmissivity and specific Capacity classification maps were prepared to employ Surfer 12 software. Furthermore, the 

transmissivity values were subjected to descriptive statistical testing for the identification of background transmissivity and 

anomalies [22] and transmissivity classification scheme for appraisal of groundwater supply potential [23]. The descriptive 

statistical testing entails pooling all transmissivity values obtained in the study area into the Transmissivity index (Ý). The 

transmissivity index relates to transmissivity through the empirical equation below; 

 

T(m
2
/day) = 10Ý

-8.96 86400      (4) 

 

The Tansmissivity index (Ý), is calculated by modifying the above-stated equation thus: 

 

Ý = Log (T/86400) + 8.96       (5)   

                                                                          

The background transmissivity (mean – standard deviation to mean + standard deviation) of the transmissivity index values was 

estimated. In addition, negative extreme anomalies; less than [mean – (2 *standard deviation)], negative anomalies; between 

(mean - standard deviation) and [mean - (2*standard deviation)], positive anomalies; between (mean + standard deviation) and 

mean + (2*standard deviation) and extreme positive anomalies; greater than [mean + (2*standard deviation)] were estimated for 

the transmissivity classification scheme [22]. 

 

RESULTS AND DISCUSSION 

 

Aquifer hydraulic parameters of an area can be estimated using data from a single borehole pumping test, while its groundwater 

potential can be evaluated employing the aquifer parameters [24, 25, 20]. The aquifer characteristics play a major role in the 

identification of potential groundwater zones because they reflect the rock structures through which the water flows. 

Transmissivity (T), yield and specific capacity (Cs) are the most important aquifer parameters that can be employed in assessing 

the water resources potential of an area.  

 

Estimation of these parameters was carried out in this study using data obtained from thirty-five boreholes from the study larea. 

Litholog of each of the 35boreholes carried out during drilling revealed that flow of water into the boreholes were from semi-

confined aquifers (Fig.2) where the clay confining layer act as aquitard [20]. 

 

The lithologs vis-à-vis the geoelectric sections of the presented boreholes in Fig.2 revealed that some geoelectric layers (sandy 

clay and coarse sand) were suppressed from the VES data interpretation while the weathered layers were grossly exaggerated. 

Thus, results from VES are pointers to the possible occurrence of groundwater and must be confirmed by drilling. Additionally, 

resistivity values presented in (Fig.2) were obtained from VES data interpretation and exclude the suppressed layers. 

 

Few of the time vs. drawdown graphs employed in the estimation of the geoelectrical parameters are presented in Fig. 3 while 

values of the estimated parameters are in Table 1. Results of the estimations revealed that the boreholes yield ranged from 

0.00038 – 0.00143 (av. 0.00098) m
3
/s, transmissivity from 0.007 – 0.095 (av. 0.034) m

2
/min and specific capacity from 0.038 – 

0.52 (av. 0.183) m3/min/m. In general, transmissivity values greater than 100m
2
/day (0.0694m

2
/min) are considered good in 

hard rock terrains[26, 27]. The transmissivity classification map (Fig. 4) clearly indicates the southern part of the study area as 

low transmissivity zone while the north-west area has fair-good transmissivity potential. 

 

The heterogeneous nature of the area is equally revealed in that spots of low resistivity zones were noted in the northeastern part 

of the study area close to Omuo Oke-Ekiti. Although groundwater potential classification of an area is location-specific, only 

about 6% of drilled Boreholes in this study have transmissivity > 0.0694m
2
/min signifying the poor groundwater potential of the 

area and the high heterogeneity nature of the rocks in the study area.  
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Fig. 2: Geoelectric section and Litholog of few boreholes from the study area. 
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Fig. 3: Time drawdown graphs of a few selected Boreholes from the Study 
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Fig. 4: Time drawdown graphs of a few selected Boreholes from the Study Area (Contd.) 
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Fig.4: Transmissivity classification map 

 

 
 

Fig. 5: Yield classification map 

 

Subjecting the aquifer parameters from the study area to transmissivity analysis based on transmissivity index classification for 

identification of background transmissivity and anomalies (Table 1). Also, transmissivity magnitude and standard deviation of 

transmissivity index respectively [28, 29], revealed that 74% of groundwater in the study area fell into class III ( ranged from 10 

– 100m
2
/day and Cs from 8.64 – 86.4m

2
/day) classification of transmissivity based on a magnitude which corresponds to the 

local water supply. The remaining 26% fell into class IV [(   T 10m
2
/day), (       Cs 8.64m

2
/day)], which could serve for 

private water consumption only. Furthermore, employing [29] classification of transmissivity variations, the standard deviation 

of the estimated transmissivity index was greater than one (   ), which signified extreme large variations in transmissivity 

and the extremely heterogeneous environment with the aquiferous conditions varying over a short lateral distance [30, 23]. 
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Table 1: Calculated Aquifer parameters of Boreholes from the study area 

Borehole 
Yield 

(L/s) 

Transmitivity 

(m
2
/min) 

Specific 

Capacity 

(m
3
/min/m) 

Transmissity 

Index (Ý) 

Transmissity  

Index(Y) 

Groundwater Supply 

Potential 

BH1 1.43 0.052 0.29 5.56 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH2 1.14 0.028 0.15 5.30 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH3 1.22 0.067 0.37 5.52 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH4 1.2 0.053 0.29 5.44 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH5 1.28 0.07 0.38 5.33 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH6 1.3 0.095 0.52 5.56 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH7 1.08 0.0365 0.2 5.39 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH8 1.04 0.038 0.21 5.33 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH9 0.72 0.032 0.17 5.22 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH10 0.81 0.018 0.09 5.01 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH11 1.12 0.041 0.22 5.22 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH12 1.13 0.041 0.11 5.41 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH13 1.18 0.048 0.26 5.41 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH14 0.96 0.021 0.12 5.22 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH15 0.98 0.043 0.24 5.33 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH16 0.44 0.012 0.07 4.96 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH17 0.67 0.025 0.134 4.18 

Negative 

extreme 

anomalies 

Cannot support local water 

supply 

BH18 0.39 0.014 0.078 4.89 
Negative 

anomalies 

Withdrawal for local water 

supply with limited 

consumption 

BH19 1.1 0.048 0.264 5.39 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 
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BH20 1.05 0.038 0.21 5.33 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH21 0.97 0.035 0.194 5.33 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH22 0.81 0.030 0.162 5.26 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH23 0.41 0.015 0.082 4.96 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH24 0.63 0.023 0.126 5.18 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH25 0.40 0.015 0.08 4.88 
Negative 

anomalies 

Withdrawal for local water 

supply with limited 

consumption 

BH26 0.38 0.007 0.038 4.66 
Negative 

anomalies 

Withdrawal for local water 

supply with limited 

consumption 

BH27 0.39 0.009 0.047 4.73 
Negative 

anomalies 

Withdrawal for local water 

supply with limited 

consumption 

BH28 0.7 0.015 0.084 5.36 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH29 0.41 0.015 0.082 5.77 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH30 1.06 0.039 0.212 5.41 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH31 1.11 0.03 0.17 5.23 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH32 1.11 0.03 0.17 6.09 
Positive extreme 

anomalies 

Withdrawal for regional 

water supply. 

BH33 1.05 0.023 0.13 5.18 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH34 1.06 0.058 0.32 5.44 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

BH35 0.94 0.026 0.141 5.16 
Background 

anomalies 

Smaller withdrawal for 

local water supply (private 

consumption) 

 

 

To further ascertain areas with good groundwater occurrence in the study area, Yield and Specific capacity classification maps 

were generated using Surfer 12 software. The yield potential map (Fig. 5) revealed that the northern part of the study area except 

for Eda Ile – Ekiti has good groundwater potential yield and could easily serve as sources for local water supply as earlier 

indicated in the transmissivity analysis. However, the southern part of the study area may have a problem of local water supply, 

especially the southwestern sector at Isinbode-Ekiti. The low yield of groundwater in the area is as a result of lithology 

differentiation. Other sectors are covered with migmatite gneiss compared to Isinbode-Ekiti, which is covered with fine-grained 

granite, which is less susceptible to weathering and fracturing.  

 

Another groundwater potential map generated is a specific capacity classification map (Fig. 6). The specific capacity 

classification map also revealed the north-eastern section of the study area as a viable zone for potential groundwater occurrence. 

Eda Ile-Ekiti and Isinbode-Ekiti have a low specific capacity and are considered not good zones for groundwater potential. Map 
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classifications, even though subjective, gave credence to zones where groundwater potential is good and any prospective driller 

will have a rough idea of areas where to site boreholes. 

 

 
Fig. 6:  Specific capacity classification map 

 

 
Fig. 7: Groundwater Potential Map of the study Area 

 

 

Synthesis    

The occurrence of groundwater in recoverable quantity, as well as its circulation in the Precambrian Basement Complex, is 

controlled by geological factors [8, 31, 32]. Most often, the occurrence of groundwater in the Basement Complex terrain is 

localized and confined to weathered/fractured zones [33]. The occurrence of groundwater in this area is principally in fractures 

and weathered zones [34, 32]. Groundwater occurrence in the study area (an integral part of the basement terrain) in tandem with 

previous research, is controlled by climate, lithology and subsequent evolution of the groundwater chemistry arising from water-

rock interactions and anthropogenic activities. To give a synoptic view of the groundwater potential in the study area, data 

obtained in respect of geology, yield, transmissivity and specific capacity were integrated using Sulfer 12 to produce a composite 

groundwater potential map of the study area (Fig. 7). The map (Fig. 7) succinctly indicates that the north-east and north-central 

sectors of the study area, especially Ikun/Araromi-Ekiti and Omuo Oke-Ekiti as the most suitable areas for groundwater 
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development being in the high groundwater potential zone. The southern part of the area, falling in the low groundwater 

potential zone, is less viable for borehole operations. 

 

CONCLUSION 

  

In this study, pumping test data in thirty-five (35) locations were interpreted using Jacob straight line graphical method 

simplification method to estimate yield, transmissivity and specific capacity of the boreholes in the study area. Yield, 

transmissivity and specific capacity classification maps generated respectively,  revealed the northern sector of the study area as 

more favorable for groundwater development. Quantitative evaluation employing transmissivity analysis indicated that 74% of 

the study area is good for local water supply, while the remaining 26%, mostly in the southern part, especially at Isinbode-Ekiti, 

could only yield water for private consumption. Groundwater in the study area is suitable for local water supply except at 

Isinbode-Ekiti, where it could only serve for private consumption. The study, apart from providing a framework for groundwater 

resources development in the area, also serves as a guide to other researchers and intending boreholes drillers. 
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