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ABSTRACT 
Groundwater has become a major source of water to residents of Enugu 
metropolis. This phenomenon has brought the groundwater into the search light 
of the researcher. Owing to the abstraction and exploitation of the groundwater 
in Enugu, it becomes very imperative to estimate the quantity of groundwater in 
the water domain of Enugu metropolis. The researcher used an empirical method 
to quantify the available groundwater. The data collected showed that the month 
of July had the highest amount of rainfall in the area to the tune of 242 mm while 
the month of December had the least amount of rainfall which has a value of 
8mm. The estimate done revealed that the amount of groundwater recharge is 
directly proportional to the quantity of rainfall in view of this, the month of July 
had the highest amount of groundwater recharge of 255.068m3/s while the month 
of December has the least groundwater recharge of 8.432.m3/s This research is 
very important as it will be a useful instrument in the holistic management and 
planning of water resources as exemplified in the integrated water resources 
management approach. 

 
INTRODUCTION  
The continuous quest for water has made underground water in the study area has made it a major 
source of water supply for domestic, industrial and recreational purposes. A great deal of water 
exploitation activities is very rampant and this has led to the establishment of the many boreholes in 
the areas. The craze for this underground water has been aggravated by the non-availability of 
communal central water supply system with its main intake from the surface water resources. The 
study area is highly blessed with a lot of surface water in the form of streams and rivers. The 
inability to utilize the surface water in an organized communal water supply system is traceable to 
the capital intensive nature of the water infrastructures involved in such a system. A huge amount 
of capital is actually involved in the utilization of the surface water which will be spent on 
infrastructures such as dam, weir, and transmission/distribution facilities. It is only a state or federal 
government that has the capacity to engage in such projects. A heavy concentration on the use of 
the underground water a major source of water supply has attracted this research interest in the 
quantification of the underground water recharge in the study area. 
 
GROUNDWATER  
Groundwater is the water found under the earth’s surface. It is widely distributed under the ground 
and it is a replenishable resource. The groundwater is a branch of hydrology. Hydrology on its own, 
can be defined as the science that deals with the processes governing the depleting and 
replenishment of water resources over and within the surface of the earth in any state of its 
existence. Underground water can also be called groundwater and it can be described as water 
under the earth surface in soil pore spaces and in the fractures of rock formations. The study of the 
distribution and movement of groundwater is known as hydrogeology. Actually groundwater is 
deemed to be water flowing through shallow aquifers. 
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Groundwater which is contained in the earth’s (aquifers may be mixed with other fluids in some 
areas. In some cases, groundwater may not be confined only to the earth as a planet. The formation 
of some of the land forms observed on the planet Mars may have been influenced by groundwater. 
There is also more facts that liquid water may also exist in the subsurface of Jupiter’s moon called 
Europa. Groundwater is commonly used as a source of water for domestic and public purposes. It is 
considered to be cheaper, more convenient and less susceptible to pollution than surface water.  
Groundwater pollution often occurs due to the improper disposal of refuse/waste and when 
groundwater is contaminated, it is not easy to clean it up. More often, groundwater pollution comes 
from household chemicals and garbage landfills, excessive fertilizers, and pesticides resulting from 
agricultural activities soak away and septic pets contribute to the pollution of aquifers when they 
are located close to be source of groundwater. Groundwater is generally defined as water that 
occurs in the saturation zone. The possibility of the occurrence of groundwater depends mainly of 
the rock and the permeability of the rocks. 
 
GROUNDWATER RECHARGE  
Groundwater recharge is a hydrologic process where water moves downward from surface water to 
the subsurface of the ground. The recharge is the basic way through which water enters an aquifer. 
The recharge consists of deep drainage or percolation. The recharge occurs in the vadose zone 
immediate below plant roots and it is often expressed as a flux to the water table surface. 
Groundwater recharge includes water moving away from the water table farther into the saturated 
zone. Recharge of groundwater can occur naturally through the hydrologic cycle or artificially and 
this is called anthropogenic processes. In this process rainwater or reclaimed water is routed to the 
subsurface.  
Groundwater recharge is the water from rainfall and other sources which passes through the zone of 
aeration and enters the saturated zone where the groundwater is accumulated. Water from the rain 
enters the pores of the soil and seeps through as recharge to replenish the groundwater. The 
groundwater recharge replenishes water withdrawals from the groundwater. Groundwater 
estimation is very vital because when the recharge is less than the withdrawal of water from the 
groundwater, there will be a danger of the well containing the groundwater to dry up.  
 
ZONES OF GROUNDWATER  
Groundwater exists in the subsurface of the ground in two major zones namely the saturated zone 
and Aeration zone.  
 
Saturated Zone: In this zone, the soil is saturated with water. It is commonly called the zone of 
ground water. The saturated zone lies below the ground water table. It is the rain that infiltrates into 
the water table and constitutes the groundwater. Water from other sources like canals, rivers 
streams and reservoirs seeps into the ground and contribute to the preponderance of water in the 
water table as groundwater. The infiltrated water that seeps down the ground enters into the pores 
of the water bearing strata called the aquifer.        
 
Zone of Aeration: The zone of aeration is situated between the ground surface and the water table. 
The soil in this zone is unsaturated and contains both air and water. Water in this zone is held up by 
molecular and capillary forces against gravity. This zone of aeration is also broken down into three 
namely soil water zone, capillary fringe zone and intermediate zone.  
The soil water zone is immediately below the ground surface. The roots of crops take water from 
this zone for transpiration. The capillary fringe zone is the immediate zone above the water table. 
The water in this zone is held by capillary force and action. The height of the capillary fringe zone 
depends on the capillary rise which is also dependent on the particle size of the soil.  
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The intermediate zone situates between the soil water zone and the capillary fringe zone. In some 
soils the intermediate zone is totally absent and in that case the soil water zone lies above the 
capillary fringe zone. The zone of aeration is of great importance to agricultural activities while the 
zone of saturation is very essential to the hydrogologists.   
 
AQUIFERS:  
This is defined as a water bearing geologic formation or stratum which stores water and is also 
capable of transmitting water through its pores at relatively large rate which is sufficient for 
economical extraction of ground water through borehole construction. An aquifer is a saturated 
formation which not only stores water but also yields water in sufficient quantify when extracted 
because of its high permeability. Unconsolidated deposits of coarse materials, such as gravel, sand 
and alluvium are good aquifers because of numerous cracks and fissures.  
An unconfined aquifer is one in which a free surface exists. It extends from the surface down to the 
impervious stratum. The interest of the hydrologist is the zone of saturation of the aquifer below the 
water table. Another names for the unconfined aquifer are the water table aquifer or non-artesian 
aquifer and a well (i.e. borehole) drilled in it is known as the water table or non-artesian gravity 
borehole or well. An unconfined aquifer can be defined as an aquifer that does not have any hidden 
(anfine) impermeable-over-burden lying over it.  
A confined aquifer is one which is hidden on its upper and under surface by an impervious rock 
formation (like the aquidude). A confined aquifer can be an artesian aguifer. A well drilled through 
an aquifer yields water that often flows out automatically, under the hydrostatic pressure and may 
even rise or gush out of surface for a reasonable height. However, if the drilled profile is high the 
water may remain below the ground level. A confined aquifer is simply an aquifer that is 
sandwiched between two impervious strata or aquidudes. The water in a confined aquifer is under 
pressure. If the water level in the well or borehole drilled in a confined aquifer rises above the 
ground surface, water flows out without any pump, such a borehole is called flowing artesian well. 
Comparatively, if the water level does not rise above the ground surface, water in the borehole will 
not flow out and borehole is called non-flowing artesian well. 
 
Aquifer Properties  
(i) Porosity: This is the ratio of volume of voids in a soil mass to its total volume. It is 
expressed as n =   푥   %    
 The porosity is a measure of the water holding capacity of any geologic formation. The porosity is 
directly proportional to the water – holding capacity.  
(ii) Transmissibility: It is the discharge rate at which water is transmitted through a unit width 
of an aquifer under a unit hydraulic gradient Expressed mathematically as T = Kb where b is the 
saturated thickness of the aquifer (i.e. depth of the confined aquifer). 
(iii) Coefficient of Permeability: Is the ease with which water can flow in a soil mass or rock. 
The coefficient of permeability K is the discharge per unit area of soil mass under unit hydraulic 
gradient.  
(iv) Specific Yield: Is the ratio of the volume of water in an aquifer which can be extracted by 
force of gravity or pumping from a borehole to the total volume of the saturated aquifer. It is 
expressed as Sy  =     푥   % 
(v) Specific Retention: Is the ratio of volume of water Vr that cannot be drained out to the total 
volume. V. It is expressed mathematically as Sr  =    푥   %      
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GROUNDWATER FLOW SYSTEMS  
The flow path of groundwater is defined as the route which groundwater takes to a discharge point. 
The series of these routes constitute the groundwater flow system. The three-dimensional closed 
system which contains the entire flow routes and the water recharging the groundwater system has 
been termed as groundwater basin. Ground water flows and this means that it possesses energy in 
the form of potential as a result of its elevation and kinetic energy due to its velocity of flow 
component. The potential energy of groundwater consists of energy arising from the hydraulic head 
which includes the pressure head and gravitational or elevation head. The change of the hydraulic 
head over a unit change in the flow path is called the hydraulic gradient and it can be stated as 

= 퐿.  
 The flow pattern and system of groundwater is a function of topography, geology and 
climate. These three terms are collectively called the hydro-geologic environment. 
 
RECHARGE QUANTIFICATION  
The approaches that can be applied for groundwater recharge quantification come under the two 
broad areas of direct method and indirect method. Other approaches can be employed for this 
purpose of quantification include physical chemical or isotopic method and methods predicated on 
analysis of inflow, outflow or aquifer responses. The direct methods relate directly on the 
measurements of hydrological parameters and or estimates of soil/aquifer parameters. The indirect 
methods of groundwater recharge take the forms of empirical methods water – balance and 
numerical models.  
 
METHODOLOGY 
Description of Study Area 
Enugu is the capital of Enugu State and it is located in southern Nigeria. The name Enugu was 
derived from two Igbo words “Enu and “Ugwu meaning “hill top” which denotes the city’s hilly 
geography. The city was named after Enugwu Ngwuo under which the coal was found. Enugu city 
is located on 60271N and 70301E 
Enugu is located in the Cross River basin and the Benue trough which has the best developed coal 
in this area. Precambrian basement rock in this area is overlaid with sediments bearing coal from 
cretaceous and tertiary age. Coal seams in Enugu coal district measures between 1-2 metres in 
thickness and the resources have been estimated to be more than 300 million tones. Highlands 
surrounding Enugu for the most of its parts are underlain by sandstone while low lands are 
underlain by shale. Three distinct formations such as Enugu shale Mamu formation and Ajali 
formation are evident in the area.  
January and December are tropical winter month with an average temperature range of 340C to 
200C. The last month of winter is February and it is always very hot with a maximum temperature 
of 950F and lowest temperature of 73.40F. The month of March is the beginning of spring in Enugu 
even though it is hot. The coldest months in Enugu are July and September. 
 
EMPIRICAL METHOD  
The method employed in the estimation of Groundwater recharge in this research is the empirical 
method. This method shows great capacity as a method for the quantification of groundwater 
recharge. This led to the development of empirical models by many researches. The mathematical 
models involve estimation of groundwater recharge through mathematical analysis. The model 
employed in the estimation of the groundwater recharge is the True (1954) empirical model which 
can be stated as,  
 R = 푃  퐼 – (0.9 +    − 0.5            where  
  R = average monthly recharge (mm/month  

 



177 
 

Journal of Scientific and Industrial Studies, Volume 15, Number 1, 2020 
 
 P = average monthly precipitation (mm/month) 
 T = mean monthly temperature (0C) 
   and  
 L = 300 + 25 T2 + ET   where  
 L = Irrigation,  
 T = mean monthly temperature (0C) 
 ET = Evapotranspiration  
 S = Water Stored in the soil  
In an environment where there is no outstanding irrigation, then L = 0  
 
PRESENTATION AND ANALYSIS OF DATA  
The relevant data collected for the estimation of the groundwater recharge is given in table 3.1. 
Table 3.1: Monthly Precipitation and Temperature Data  
Month  Average Rainfall (mm) Temperature 0C 

Min Max Avera
ge 

January  19.00 20.00 34.00 27.00 
February  15.00 23.00 35.00 29.00 
March  70.00 24.00 35.00 29.50 
April  130.00 24.00 34.00 29.00 
May  217.00 23.00 32.00 27.00 
June  252.00 23.00 31.00 27.00 
July  242.00 22.00 30.00 26.00 
August  237.00 22.00 30.00 26.00 
September  292.00 22.00 30.00 26.00 
October  201.00 22.00 31.00 26.00 
November  12.00 22.00 33.00 27.00 
December  8.00 20.00 33.00 26.00 
Source: Weather.atlas.com/en/Nigeria/enugu 
With the data above the groundwater recharge is determined as shown in the table 3.2 
 
Table 3.2: Estimation of Groundwater Recharge  
Month  Precipitation Temperature ( 0C) Recharge (m3/s) 

January  19.00 27.00 20.026 
February  15.00 29.00 15.810 
March  70.00 29.50 73.780 
April  130.00 29.00 137.020 
May  217.00 27.50 228.718 
June  252.00 27.00 265.608 
July  242.00 26.00 255.068 
August  237.00 26.00 249.798 
September  292.00 26.00 307.768 
October  201.00 26.50 211.854 
November  12.00 27.50 12.648 
December  8.00 26.50 8.432 
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The model was used to estimate the groundwater recharge in every month of the year. The 
groundwater recharge was based principally on the precipitation and this does not foreclose inter-
flow of groundwater which is determined by the existing hydraulic gradient and potential among 
the aquifers. The data obtained shows that there is a high degree of temporal variability of 
precipitation on monthly basis and within the segmented period of rainfall and dry season. This 
consequently affects the groundwater recharge within a given period of consideration. The high 
spatial and temporal variability of climate strongly changes the amount of ground water recharge in 
the  area. It can be seen from the data generated that high recharge values coincided with periods of 
high rainfall and on the hand periods with low rainfall gave rise to low recharge. 
 
CONCLUSION  
The conventional method of estimating recharge based on water budget which means subtracting 
runoff and evapotranspiration from precipitation is sensitive to measurement errors and time scale 
of analysis. The customary method of calculating groundwater recharge by multiplying a constant 
specific yield value by the water table rise over a certain time interval may not be adequately 
correct especially in shallow aquifers. The application of Darcy’s equation gives most direct 
measurement of seepage rates and which directly constitutes the groundwater recharge. The method 
is greatly site specific and very laborious and expensive as it requires specialized field equipment 
and personnel. Actually, to guarantee groundwater recharge estimates reliability, the aquifer 
behavior must be monitored for a considerable period and this will help to generate adequate data. 
The research will help to develop a holistic approach to integrated water resources management and 
planning. 
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