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ABSTRACT 
The reasons for investigating for the aquifer protective capacity is not far-fetched as this determine the integrity of the source of our water. Mostly, more than 80% of the world depends on groundwater because of the general belief that the cleanest water can be found underground compare to surface water. Whereas it is of importance to do proper investigation to determine the integrity of the groundwater as most of the activities of man on earth can pose a threat to the underground water. It has been a known fact that geophysical method plays an important role to probe the sub-surface to gather information by measuring the physical properties of the earth. Therefore, vertical electrical sounding found to be cheap was used to investigate the study area groundwater integrity as it happens to fall on an abandoned dumpsite area turned to residential area. A total of seventeen (17) vertical electrical soundings were acquired. Maximum of two VES points were investigated in each of this traverse covering electrode distance of AB/2 of 100m. Furthermore, Dar-Zarrouk parameters involving Longitudinal conductance and traverse resistance was used to delineate the aquifer protective capacity of the study area. It was revealed that the longitudinal conductance varies between 0.01 to 0.19 and the traverse resistance varies between 228.4 to 39000. This value for the longitudinal conductance fall between the 0.01 – 0.05 in the southern and the southeastern part while the northwestern part varies between 0.35-0.85.  Therefore, this study area is not a suitable place for groundwater consumption considering this particular study area is an area of abandon and active dumpsites as the study area shows that majority of the sounding stations are poorly protected.
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1	INTRODUCTION
The importance of water can never be underrated in every area of life. The sustainability of life depends on water. Man, animal and plants require water for the sustainability of life existence.  Plants use water to grow; animal depends on plants and man use water in all area. Therefore as water play a key role in life existence, it is important to do a thorough investigation to know the qualities of water being consume by man.  Aquifer protection is essential for a sustainable use of the groundwater resources, protection of the dependent ecosystems and central part of spatial planning and actions plan [1]. Aquifer vulnerability study assists in the implementation of groundwater management strategies to prevent degradation of groundwater quality [2]. Geophysical and hydro chemical methods can be used to know the qualities of water in the subsurface. Many geophysical methods are used in understanding the sub-surface but the most commonly used is the vertical electrical sounding techniques of electrical resistivity method because of its cost effectiveness.  Da-Zarrouk parameters are parameters derived from vertical electrical sounding (VES) data, as a valuable indicator for characterizing aquifer properties. These parameters offer an insight into the subsurface structure and hydrogeological conditions.  These parameters, include longitudinal conductance (S), transverse resistance (T), and Coefficient of Anisotropy (λ), although in this study, longitudinal conductance and traverse resistance was used. Consequently, groundwater is naturally guarded against migrating contaminants by existing subsurface structures, but in an environment where there are thin overburdens; groundwater could be easily endangered by leachate contamination [3]. (Havidi, 2018) [4] reported that leachate is generated from landfill sites and contains high levels of contaminants and is hazardous to humans and ecosystems. This study is important as the study area is at the centre of the community in Okitipupa which was formerly abandon dumpsites and  now a residence area hosting mosque, community health centers and many more. Therefore, a geophysical investigation involving vertical electrical sounding was used where the Dar-zarrock parameters derived from the vertical electrical sounding was used to determine the aquifer protective capacity of the study area.
2	Location and Description of the Study Area 
The study area is at saabo in Okitipupa. It is accessible through the Okitipupa broad street and Iretolu street close to the main market called Okitipupa market. It is situated between latitudes 6°27’33” N and 6°27’45” N and longitudes 4°46’14” E and 4°46’27” E (Figure 1). The topography ranges from 12 to 35 meters above mean sea level. The accessibility of the study area is mainly by roads and footpaths. Geologically, the region is underlain by the Tertiary Benin Formation, also known as the Coastal Plain Sands. This formation consists of sands with interbedded shale and clay layers. The sands are fine to coarse-grained, poorly sorted, and range from sub-angular to well-rounded [5]. The medium to coarse-grained sands serve as the primary aquifer units, being both porous and permeable, which allows for significant groundwater storage and high yielding capacity.
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Figure 1: Base Map of the Study Area.
3	Method of Study
A reconnaissance survey was carried out in the study area to gather information on the topography and geology of the study area. Nine (9) traverses were established along three different directions SE-NW (Traverse 2), NW-SE (Traverse 1, 3, 4, 5, 7, 8), and S-N (Traverse 6 and 9) directions, covering a total length of 100m (Figure 2). Using the Schlumberger electrode array, seventeen (17) Vertical Electrical Sounding (VES) data were acquired. The distance between the electrodes also known as AB/2, varied from 1-100m.
The Vertical Electrical Sounding (VES) resistivity data was be interpreted in various ways. Such methods of interpretation include: partial curve matching, numerical analysis method and computer iteration technique. The partial curve matching and the computer assisted iteration techniques were employed for this study.
3.1 PARTIAL CURVE MATCHING 
The partial curve matching involves comparing field curves standard (master) curves. The curves are plotted on logarithms paper, which has the effect of producing more regular appearances the fluctuations of resistivity then tend to be of similar wavelength over the entire length of the curves. The field curves to be interpreted are plotted on transparent logarithms paper with the same modulus as the standard (master) curves. It is then shifted over the master curves, keeping the co-ordinates with one of the master curves or with interpolated curves  
3.2 COMPUTER ITERATION METHOD 
This is done by determining the initial model by partial curve matching which serves as an input for the computer. The iterative nature of the program afforded fast observation and altering of the layer parameters thereby giving a final accepted geoelectric structures. The result of iteration consists of the perfect match curves, layer parameters and also the root mean square (rms).
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Figure 2: Data Acquisition Map of the Study Area

3.3   METHOD OF THE STUDY FOR DAR ZARROUK PARAMETERS 

3.3.1 Dar Zarrouk Parameter Calculation: 
3.3.1.1	Total Longitudinal Conductance
The total longitudinal conductance (S) is a parameter used to define target areas of groundwater potential. High total longitudinal conductance (S) values usually indicate relatively thick succession and should be accorded the highest priority in terms of groundwater potential and vice-versa. The total longitudinal conductance (S) for each of geoelectric sounding (VES) stations was computed (Table 3) from the relation: 
                                                                         (1)
Where S is the total longitudinal conductance, Σ is summation sign, hi is the thickness of the ith layer and ρi is the resistivity of the ith layer (Table 4). The total longitudinal conductance (S) values computed were plotted and contoured to produce the total longitudinal map of the area (Fig. 5) 
3.3.1.2	Total Transverse Resistance

The total transverse resistance (T) is one of the parameters used to define target areas of good groundwater potential. It has a direct relation with transmissivity and the highest T values reflect most likely the highest transmissivity values of the aquifers or aquiferous zones and vice versa [6]. The total transverse resistance (T) for each geoelectric sounding (VES) stations was computed (Table 3) from the relation:
                                                                  (2)                                                                     
Where T is the total transverse resistance, Σ is summation sign, hi is the thickness of the ith layer and ρi is the resistivity of the ith layer. The total transverse resistance (T) values computed were plotted and contoured to produce the total transverse resistance map of the area (Fig. 3) and the 3-D surface total transverse resistance map (Fig. 4). 
3. Results and Discussion 
3.1 VERTICAL ELECTRICAL SOUNDING RESULT

The results of this research are presented as field curves, Pie charts, geoelectric sections, tables and maps

3.1. 1 Field Curves 
The typical curve types in the study area are A, K and H curves which shows that the area are three layer case. The most predominant curve of the study area is the K curve as shown in figure 3. Figure 4-6 shows the typical curve types in the study area.
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Figure 3: A Pie chart summary of the Curve Types
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Figure 4: A Typical K- Curve Type
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Figure 5: A Typical A- Curve Type in the Study Area
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Figure 6: A Typical H- Curve Type in the Study Area

4.5 LONGITUDINAL CONDUCTANCE MAP 
Table 2 shows the estimated dar zarouk parameter for the vertical electrical sounding station of the study area. The longitudinal conductance was used to determine the protective capacity of the study area (Table 1). (Oladapo and Akintorinwa 2007) [7] rate the protective capacity using table (1). It was shown from the estimated values obtained from the area that the protective capacity of the study area was rated to be poor, week and moderate. This was also used to generate the longitudinal conductance map of the study area.  The longitudinal conductance map (Figure 7) computed from equation 1 for all the VES locations was utilized in the evaluating the overburden protective capacity in the study area. 
The southwestern and the southeastern part shows the protective capacity rating ranges between o to 0.05 which shows a poor rating and the central part fall between moderate protective capacities. The map shows that over 50% of the area protective capacities are shown to be poor, 35% were weak and 2% are moderately protected. This shows that the Aquifer is more vulnerable in areas with lower conductance which happens to be fall on abandoned dumpsite turn residents. The residents in the area must be informed on the risk of tapping underground water within the area. 
Table 1: longitudinal conductance and protective capacity rating. [7] ( Oladapo and Akintorinwa, 2007)
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Table 2: Dar zarrouk parameters of the study area.
	Ves station
	No of layers 
	Resistivity
(Ωm) 
	Thickness
(m)  
	Depth
(m)
	Curve type
	Longitudinal Conductance
(mho)
	Aquifer
Protective 
capacity
	Transverse Resistance (T)

	1
	1
	19.1
	3.4
	3.4
	A
	0.192 
	weak
	228.4

	
	2
	109.0
	1.5
	4.9
	
	
	
	

	
	3
	41066.9
	  --
	--
	
	
	
	

	2
	1
	20.2
	2.8
	2.8
	A
	0.141
	Weak 
	2862.81

	
	2
	1122.5
	2.5
	5.3
	
	
	
	

	
	3
	44772.7
	  --
	--
	
	
	
	

	3
	1
	32.3
	0.7
	0.7
	A
	0.073 
	Poor
	495.46

	
	2
	96.5
	4.9
	5.6
	
	
	
	

	
	3
	405.2
	--
	--
	
	
	
	

	4
	1
	48.0
	0.4
	0.4
	K
	0.010
	Poor
	2222.82

	
	2
	1159.8
	1.9
	2.4
	
	
	
	

	
	3
	178.0
	--
	--
	
	
	
	

	5
	1
	97.5
	4.4
	4.4
	K
	0.091
	poor
	3383.52

	
	2
	254.7
	11.6
	16.0
	
	
	
	

	
	3
	142.5
	--
	
	
	
	
	

	6
	1
	38.3
	2.2
	2.2
	K
	0.210
	Moderate
	4801.06

	
	2
	176.0
	26.8
	29.0
	
	
	
	

	
	3
	165.7
	--
	--
	
	
	
	

	7
	1
	40.7
	2.3
	2.8
	K
	0.130 
	weak
	6728.81

	
	2
	301.6
	22.0
	24.3
	
	
	
	

	
	3
	138.5
	--
	--
	
	
	
	

	8
	1
	54.9
	1.3
	4.4
	K
	0.082
	poor
	12588.35

	
	2
	464.2
	26.9
	16.0
	
	
	
	

	
	3
	63.1
	--
	--
	
	
	
	

	9
	1
	228.9
	2.5
	2.5
	H
	0.102
	weak
	942.29

	
	2
	63.8
	5.8
	8.3
	
	
	
	

	
	3
	165.7
	--
	--
	
	
	
	

	10
	1
	102.9
	3.3
	3.3
	H
	0.218
	moderate
	553.14

	
	2
	33.9
	6.3
	9.6
	
	
	
	

	
	3
	137.9
	--
	--
	
	
	
	

	11
	1
	71.7
	5.4
	5.4
	A
	0.133
	weak
	5524.82

	
	2
	298.7
	17.2
	22.6
	
	
	
	

	
	3
	480.7
	--
	
	
	
	
	

	12
	1
	97.3
	1.0
	1.0
	K
	0.022
	poor
	2702.98

	
	2
	465.3
	5.6
	6.6
	
	
	
	

	
	3
	142.5
	--
	--
	
	
	
	

	13
	1
	106.9
	4.1
	4.1
	A
	0.115
	weak
	3625.37

	
	2
	204.3
	15.6
	19.6
	
	
	
	

	
	3
	273.2
	--
	--
	
	
	
	

	14
	1
	219
	1.1
	1.1
	K
	0.028
	poor
	39332.27

	
	2
	1307.4
	29.9
	31.0
	
	
	
	

	
	3
	251.4
	--
	--
	
	
	
	

	15
	1
	550.3
	8.1
	8.1
	K
	0.027
	poor
	18580.11

	
	2
	1069.9
	13.2
	21.3
	
	
	
	

	
	3
	72.3
	--
	--
	
	
	
	

	16
	1
	749.7
	0.7
	0.7
	K
	0.003
	poor
	503146.41

	
	2
	16643.1
	30.2
	30.9
	
	
	
	

	
	3
	11912.0
	--
	--
	
	
	
	

	17
	1
	1108.3
	1.3
	1.3
	K
	0.002
	poor
	285101.59

	
	2
	22161.0
	12.8
	14.1
	
	
	
	

	
	3
	6771.3
	--
	--
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                                  Figure 7: Longitudinal conductance map of the study area.


4.6 TRAVERSE RESISTANCE MAP 
Transverse resistance and longitudinal conductance of the study area also known as Dar-zarrouk parameter was also computed from (Table 2). Transverse resistance is usually estimated by finding the product of aquifer resistivity (Ωm) and aquifer thickness (m). The transverse resistance (T) of the study area varies from 228 to 503000 Ωm2 (Figure 8). Maximum transverse resistance is observed in the southwestern part of the study area. This indicates that the southwestern part of the area has a high thickness, and it can be assumed that these areas may likely have high transmissivity and high yield of aquifer units [8] (Agbasi and Edet, 2016). The areas with magenta colors are likely to be unproductive since their transverse resistance values are low. Which happens to cover more than 82% of the study area.


[image: ]
Figure 8: Traverse Resistance Map of the study area.


4.4 AQUIFER PROTECTIVE CAPACITY EVALUATION 
The Dar-zarrouk parameters, Transverse resistance (T), and Longitudinal conductance(S), obtained from the geoelectric layer parameters (Table 2), were used to determine the aquifer's overburden protective capacity in the study area. The values of longitudinal conductance(S) obtained from the study area range from 0.002 to 0.218   (Table 2). 
Aquifer overburden protective capacity could be zoned and classified its protective potential into  moderate, weak, and poor protective capacity (Table 2). [8] (Oladapo and Akintorinwa, 2007). The portion ranging from 0.02 to 0.05 was classified as a zone of moderate protective capacity; that ranging from 0.05 to 0.2  was classified as weak protective capacity and the zone where the conductance value is less than 0.1  was considered poor protective capacity.
Discussion 
The global demand for freshwater is on the rise, with groundwater serving as a critical source for meeting human needs. However, this vital resource is under threat due to contamination from industrial, agricultural, and urban activities. In our study area, formerly an abandoned dumpsite now transformed into a residential neighborhood, groundwater is the primary water source for the residents. Yet, concerns arise regarding the security and quality of the underground aquifer, given its past history and current proximity to residential activities. Ensuring the safety of this water source is paramount for public health. Therefore, there is a pressing need to assess the vulnerability of the aquifer to contamination and evaluate the quality of the water extracted for residential use. By addressing these challenges, this research aims to contribute towards sustainable water resource management and safeguarding the well-being of the community.
5.1 CONCLUSION 
Dar-Zarrouk parameters using Vertical Electrical sounding (VES) result have shown to be crucial in groundwater protection research because they provide a convenient, substantial, and reliable solution for assessing groundwater's protective potential. The Vertical Electrical sounding (VES) result reveal three different types of curves, which include A, H and K, with curve K is most common among the curves. The geoelectric section revealed that the subsurface layers around the study area consist of top soil, clay and sandy clay, lateritic clay sand. The longitudinal conductance reveals that the northwestern part of the map shows moderate protective capacity as opposed to the southeastern and central part of the map which delineates poor protective capacity; on the other hand, the presence of geologic barriers like as clay and laterite may provide some protection to groundwater over time. Due to the low groundwater protective potential and the relatively thin overburden thickness of the topsoil, simple pollutant filtering might occur, according to the study's results. The traverse resistance result shows maximum transverse resistance is observed in the southwestern part of the study area. This indicates that the southwestern part of the area has a high thickness, and it can be assumed that these areas may likely have high transmissivity and high yield of aquifer units. The study has produced trustworthy data on deep groundwater environmental parameters that are important for industrial, commercial, and residential development.
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