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ABSTRACT
The study investigated the groundwater resources potential of Lekki Micro Waterworks. Three aquifer horizons as well as clay (aquiclude) and sandy clay (aquitard) horizons were delineated. Computed drawdown per log cycle varied between 9 and 12m. Computed transmissivity varied between 60.43m2/day and 78.62m2/day while hydraulic conductivity ranged between 0.56m/day and 1.12m/day.


Volume of water supplied as a percentage of volume abstracted between 2004 and 2013 varied between 86.35% and 96.49%, while the percentage of daily water supply in relation to design capacity of the waterworks ranged between 36.83% and 85.08%. The results of the Rank Von Neumann Ratio Test to determine the temporal variability of groundwater abstraction and supply indicated that both abstraction and supply are temporally independent at 0.01 level of significance.
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INTRODUCTION
Groundwater constitutes an important alternative source of water supply in Lagos State (Oyebande, 1996). Due to a number of reasons such as rapid urbanisation and the inadequacy of municipal surface water systems of the state to meet demand for potable water, groundwater has come under increasing use. Increased abstraction of groundwater is further aided by increased knowledge of the large volume of reserve available in the state (Longe et al., 1987; Longe 2011). According to Oyebande (1996), the total groundwater availability potential within the basin of the metropolis is about 388 million litres per day (mld).


In the bid to meet the water demands of the populace and prevent a major system breakdown, the concept of conjunctive use of surface and groundwater by the Lagos State Water Corporation (LSWC) was embarked upon. This not only resulted in reduced dependence on Iju and Ogun Rivers, it also led to the decentralisation and construction of the first groundwater dependent waterworks (mini waterworks) between 1979 and 1994 (Oyebande, 1996). 


At Lekki Peninsula, one of the upscale and rapidly urbanising areas of Lagos metropolis, the Lekki Micro Waterworks serves as a source of municipal water supply. Commissioned in 1997, water supplied by the waterworks is sourced from groundwater. The waterworks has a design capacity of 1million gallon per day (mgd) or 4.55 million litres per day (mld). Its distribution area covers the left side of Lekki/Epe Expressway, and from the First Roundabout to Mobolaji Johnson Estate, Lekki Phase I Scheme (LSWC, 2008). Residents whose houses are unconnected to the water distribution network mainly patronise water vendors who supply water from tankers. This is due to the contaminated status of most of the private boreholes which has been rendered unfit for human consumption and other domestic uses due to natural and anthropogenic causes.


In the light of current rate of urbanisation at Lekki and the fact that an appreciable number of the houses are not connected to the public source of water supply, this study aims at assessing the groundwater resources potentials of the waterworks and its capacity to meet the water demand of the populace. The study also aims at determining the temporal variability of groundwater abstraction and supply from the waterworks.

STUDY AREA
Lekki peninsula (Fig.1) is located in the South-eastern of part of Lagos State. It is located in Eti-Osa Local Government Area [latitude 6015´ and 6017´N and between longitude 3030´ and 3035´ E] (Odumosu, 1999).


 The opening up of the area and rapid rate of urbanisation witnessed thus far is traceable to the Lekki Peninsula Scheme I Project which was instituted by the Lagos State Government through the New Towns Development Authority (Lasisi, 1999).


The climate of the area is consistent with the tropical climate of Lagos. The rainfall is bimodal. The first peak is experienced between the months of May and June, while the second peak is experienced in October. Temperature is high and constant throughout the year, while humidity is about 80 percent all year round. Due to the low lying coastal nature of the area, the elevation hardly ever rises above 3m above sea level. The soil of the area is mostly sandy and the natural vegetation is mangrove swamp forest (Odumosu, 1999). Geologically, Lekki Peninsula belongs to the Nigerian sector of the Benin formation. The formation is made up of sediments of fluvaite, lacustrine and marine origin (Adepelumi et al., 2008).

Population-wise the area has continued to experience increased influx of people. According to National Bureau of Statistics (2010), the population of Eti-Osa Local Government Area where Lekki Peninsula is located grew from 175, 700 persons in 1991 to 283, 791 persons in 2006.
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Fig: Lekki Peninsula and Environs
METHODOLOGY
Borehole logs and constant rate pumping tests from 2 boreholes of Lekki Micro Waterworks was obtained from LSWC. Delineation of the subsurface into aquifers (sandy horizons), Aquicludes (clay horizons) and aquitards (sandy clay horizons) was done using the borehole lithologic logs.  Cooper - Jacob (1946) straight line method was used to estimate the transmissivity (T) values of the boreholes. This method is one of the conventional methods used for the analysis of constant rate pumping test. It is based on the non-equilibrium equation of unsteady flow in confined aquifers. Values of transmissivity for the boreholes were estimated based on the equation;

T = 2.3Q/4π Δ(h0-h) …………………(1)

Where,

Q = Constant rate of pumpage (m3/day)

Δ(h0-h) = Drawdown per log cycle of time (m)

t = time since pumping began

Hydraulic conductivity (K) was estimated based on the equation;

K = T/b

Where,

T = Transmissivity

b = Aquifer thickness

Groundwater abstraction and water supply data for the years 2004 to 2013 was obtained from the LSWC. These were used to estimate the daily water abstraction, daily water supply, volume of water abstracted as a percentage of volume supplied and percentage of water supplied in relation to design capacity. The 120 litres per capita per day (lpcd) urban water supply benchmark recommended by Nigeria’s Water Supply and Sanitation Policy (2000), was used to estimate the number of people whose water needs can be adequately met on a daily basis based on the estimated daily water supply.


The temporal variability of groundwater abstraction and supply was statistically determined using Rank Von Neumann Ratio Test. The Rank Von Neumann Ratio Test is a non-parametric test of first-order  temporal autocorrelation in a single data series. 

The test is based on the premise that a truly independent data series will vary in an unpredictable manner when examined sequentially (United States Environmental Protection Agency, 2009). The test is expressed as:
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         ………(2)

Where 


v = The test statistic

Ri = Rank for each sample i = 1……n


n= Sample size

The test was computed at α = 0.01 level of significance

The hypothesis is to test if the data series are temporally independent.

RESULTS AND DISCUSSION
Aquifer Delineation

Lekki Borehole I

The first aquifer horizon is encountered between 15 to 54m. The aquifer is confined. It is overlain and underlain by thick layers of dark grey coloured clay. The underlying clay layer separates this aquifer from the second aquifer. The aquifer is made up of light grey medium to coarse poorly sorted sand. 

The second aquifer is also confined. It is found between 66 and 120m below sea level (bsl). The horizon consists of light grey sand that ranges in texture and degree of sorting from coarse and poorly sorted to gravelly and very poorly sorted through to medium to coarse poorly sorted sand. The third aquifer is found between 126 and 291m bsl. The horizon consists of white to light grey sand of varying textural classes and degrees of sorting. These varies from fine well sorted sand, medium to coarse well sorted sand, and medium to coarse poorly sorted sand. This horizon is underlain by dark grey clay.

Lekki Borehole II

The first aquifer is encountered between 12 and 48m bsl. The aquifer is overlain by a coarse poorly sorted sand of a thickness of 3m, followed by a dark grey clay deposit of 9m thickness. The second aquifer horizon occurs between 54 and 195m. It is confined at the top and the bottom by clay deposits. The aquifer is characterised by poorly sorted medium to coarse white sand, poorly sorted coarse light grey sand, moderately sorted fine to medium white sand, and well sorted fine white sand. The continuity of the deposit is interrupted between 120 and 126m by a sandy clay layer. The third aquifer occurs between 198 and 300m. It consists of fine well sorted white sand and medium to coarse poorly sorted light grey sand. The lithologic representation of the 2 Boreholes are shown in Figure 2.
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  Fig. 2: Lithological Representations of Lekki Borehole 1 and 2.
Hydraulic Properties

The results of the Cooper-Jacob Straight Line Time-Drawdown for non-equilibrium radial flow in a confined aquifer for the field data obtained through constant discharge pumping test are presented in figures 3 and 4 respectively. As shown in the figures, the estimated drawdown per log cycle of time was 12m for borehole 1 and 9m for borehole 2.
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Fig 3: Plot of Drawdown as a Function of Time for Lekki Borehole 1.
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Fig 4: Plot of Drawdown as a Function of Time for Lekki Borehole 2.
Transmissivity values computed for borehole 1 was 60.43m2/day while the value for borehole was 78.62m2/day. Based on Gheorghe (1978) standards for transmissivity (Table 1), the aquifer has moderate transmissivity potential. Using Kransy (1993) standards (Table 2), the aquifer is designated as intermediate with potential for local water supply. These suggest that the micro waterworks has the capacity to meet the local water demands. Computed hydraulic conductivity values were 1.12m/day and 0.56m/day for borehole 1 and borehole 2 respectively.

Table 1: Standards for Transmissivity (Gheorghe, 1978)

	Transmissivity Range
	Transmissivity Potential

	 ˃ 500 m day-2
	High Potential

	50-500 m day-2
	Moderate Potential

	 5-50 m day-2
	Low Potential

	 0.5-5 m day-2
	Very Low Potential

	˂ 0.5 m day-2
	Negligible Potential 


Table 2: Standards for Transmissivity (Kransy, 1993)

	Transmissivity Range
	Designation
	Groundwater Potential 

	˃1000 m day-2
	 Very High
	Withdrawal of Great Regional Importance

	100-1000 m day-2
	High
	Withdrawal of Lesser Regional Importance

	10-100 m day-2
	Intermediate
	Withdrawal of Local Water Supply (Small Communities, Plants etc)

	1-10 m day-2
	Low
	Smaller Withdrawals for Local Water Supply (Private Consumption)

	0.1-1 m day-2
	Very Low
	Withdrawal for Local Water Supply with Limited Consumption

	˂ 0.1 m day-2
	Impermeable
	Sources for Local Water Supply are Difficult, if possible to ensure


WATER SUPPLY
Abstraction and Supply

Analysis of the water abstraction and supply data (Table 3), shows that the volume of daily water abstraction ranged from a maximum of 3,376,923.22 l/d in 2004 to a minimum of 1,449,211.61 l/d in 2008, while an average volume of 2,228,514.89 l/d was abstracted for the 10-year period. Similarly, a maximum volume of 3,220,145.63 l/d was supplied in 2004, while a minimum volume of 1,393,831.42 l/d was supplied in 2008. Average daily volume of water supplied during the time period. 


Volume of water supplied as a percentage of volume abstracted varied between 86.35% in 2009 to 96.49% in 2013. Furthermore, the percentage supplied in relation to the design capacity of the waterworks (Table 4) varied between 85.08% in 2004 to 36.83% in 2008.

Table 3: Estimated Daily Water Abstraction and Supply

	Year 
	 Daily Abstraction 
	 Daily Supply 
	Supply as a % of Abstraction

	2004
	3376923.22
	3,220,145.63
	95.36

	2005
	2333322.88
	2,125,096.03
	91.08

	2006
	2010509.04
	1,900,899.59
	94.55

	2007
	2001798.36
	1,854,027.81
	92.62

	2008
	1499211.61
	1,393,831.42
	92.97

	2009
	1767646.49
	1,526,340.14
	86.35

	2010
	2951574.11
	2,793,122.60
	94.63

	2011
	2159420.27
	2,041,100.14
	94.52

	2012
	1860234.43
	1,775,330.46
	95.44

	2013
	2324508.49
	2,243,001.37
	96.49

	min
	1499211.61
	1,393,831.42
	

	max
	3376923.22
	3,220,145.63
	

	mean
	2228514.89
	2,087,289.52
	


Table 4: Percentage of Daily Water Supply in Relation to Design Capacity

	Year
	% of Water Supply in Relation to Design Capacity

	2004
	85.08

	2005
	56.15

	2006
	50.22

	2007
	48.98

	2008
	36.83

	2009
	40.33

	2010
	73.80

	2011
	53.93

	2012
	46.90

	2013
	59.30


*Design Capacity = 1 Million Gallons Per Day or 3, 785,000 Litres Per Day

Population and Adequacy of Supply

The estimated number of people whose water needs can be adequately met based on the120 lpcd benchmark is presented in Table 5. As shown in the Table there is a general decline in the number of people whose water needs can be met based on the 120 lpcd benchmark on an annual basis. This is an indication that the level of water supply service is inadequate to meet the needs of the ever increasing population of Lekki Peninsula. Currently the municipal water supply situation in the area is characterised by inadequate reticulation of water mains leaving a large proportion of the premises unconnected to the public source of water supply.

Table 5: Adequacy of Water Supply Based on 120 Litres Per Capita Per Day

	Year
	Population that can be Adequately Served

	2004
	26,835

	2005
	17,709

	2006
	15,841

	2007
	15,450

	2008
	11,615

	2009
	12,720

	2010
	23,276

	2011
	17,009

	2012
	14,794

	2013
	18,692


The temporal variability of groundwater abstraction and supply

Results of the Rank Von Neumann Ratio Test for groundwater abstraction and supply are presented in Table 6. As shown in the table, the test statistic (v ) is larger than the lower critical point (vcp) therefore there is insufficient evidence of autocorrelation and clear time dependence at the 0.01 level of significance for both groundwater abstraction and water supply. Since there is insufficient evidence to reject the hypothesis of independence, it can be concluded that the data on groundwater abstraction as well as water supply are temporally independent.

Table 6: Rank Von Neumann Ratio Test

	
	Abstraction
	Supply

	Test Statistic (v)
	1.66
	1.41

	Lower Critical Point (vcp)
	0.72
	0.93

	Sample Size (n)
	10
	10


CONCLUSION
The results of the study have shown that Lekki Micro Waterworks abstracts groundwater from aquifers with moderate transmissivity with potential for local water supply. This implies that the waterworks has the capacity to meet local water demands. The results of the statistical analyses show that water abstractions as well as supply are temporally independent with annual water abstraction and supply varying from year to year. Furthermore, the study showed that based on the available water supply data and the 120lpcd urban water supply benchmark recommended by Nigeria’s Water Supply and Sanitation Policy (2000), the waterworks can only adequately meet the water demand of less than 30,000 persons.


In order to ensure adequate water supply to the residents of the area, a number of recommendations are made. Firstly, the rate of abstraction of the boreholes should be increased to meet the water needs of the people.  This should be done in an environmentally sustainable manner to avoid groundwater level decline, changes in groundwater flow and concomitant deterioration of groundwater quality and land subsidence. Secondly, regular monitoring of the boreholes should be done to enhance long term yield and performance of the boreholes. Thirdly, the water supply mains should be expanded to improve access to municipal water supply. 
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