


              USING RESISTIVITY (D.C) METHOD TO DETERMINE DAR-ZARROUK PARAMETRES FOR AQUIFER PROTECTIVE STUDIES: A CASESTUDY OF LOWER ORASHI RIVER AREA, SOUTH EASTERN NIGERIA

    
        
ABSTRACT
 The protective capacity of aquifers within the lower orashi river was investigated using dar zurrouk parameter (longitudinal conductance and transverse resistance). with the objective of delineating ground water conditions. Three protective capacity zones were delineated; the good, moderate and poor/weak protective zones. 
This paper shows the geoelectrical identification of lithology and the estimate of the relationship between the resistivity and dar-zarrouk parameters(transverse unit resistance and longitudinal unit conductance) and to estimate the aquifer protective capacity. Eighty eight Vertical Electrical Sounding (VES) data were acquired using Schlumberger Electrode Configuration, with a maximum electrode separation of (AB/2) of 350 m. the VES Data obtained were interpreted using the Win resist software. Geologically the area is underlain by Alluvium, Benin, Ogwashi and Ameki Formation. The study revealed seven to ten geo-electric layers with varying lithologies made up of top soil,clay/sandy clay, sand. majorly sand units and a multiple aquifer system mainly unconfined aquifer. This study has identified area with good groundwater potential and moderate aquifer protective capacity. The depths of the aquifers from the geosections were within the range 6.5 to 14.0m The results indicate that aquifer thickness ranges from 20m to about 227m. A quantitative interpretation of the curves shows that some of the aquifers are shallow at 20m while moderate and deep aquifers were also encountered at 64m to 156m . The results were analyzed using Dar Zarouk parameters . Major part of the study area is of moderate protective capacity, but the western side of the study area is vulnerable to pollution because of its weak aquifer protective rating. Lower orashi river is however more than 80% protected from surface and underground fluid contamination within the study area. The information provided from this study should therefore guide future groundwater development in the study area.
Keywords: Longitudinal Conductance, Transverse Resistance, Tranmisitivity, Aquifer Vulnerability, Vertical Electrical Sounding apparent resistivity, lower orashi, Aquifer protective capacity.
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1.0 INTRODUCTION
Resistivity methods are used to provide useful information on the groundwater potential (Senthilkumar et al., 2017). Groundwater delineation using geoelectrical resistivity soundings are sufficient to solve variety of problems related hydrological investigations in sedimentary  terrain such as the research area (Oyeyemi et al., 2018). Geoelectrical survey is a powerful tool for delineating the subsurface geology and collecting more information about the subsurface layers and structures (Mohamaden, 2016). VES is mainly employed in groundwater exploration to determine the disposition of the aquifers (Benson et al., 1997). Application of the vertical electrical sounding method with a Schlumberger array is popular because of its ease of operation, low-cost and its capability to distinguish between saturated and unsaturated layers (Ankidawa, 2014). 
The concept of Dar-Zarrouk parameters (transverse unit resistance and longitudinal conductance) was used to determine how protective an aquifer is.The concept of Dar Zarrouk parameters was first proposed by Maillet (1947). This postulation holds from the fact that, when the thickness and resistivity of a lithologic subsurface layer is known, its transverse resistance (R) and longitudinal conductance (S) can be calculated easily. Hence their correlative resistivities determined. The Transverse resistance (T) is a Dar Zarrouk parameter used for detection of quality ground- water potentiality. It has a direct relationship with transmissivity which implies that the highest Transverse values would most likely be the highest transmissivity values of the aquifers or aquiferous zones. Transmissivity is the rate at which groundwater can flow through an aquifer section of unit width under a unit hydraulic gradient, it describes the ability of the aquifer to transmit groundwater throughout its entire saturated thickness A geological formation with relatively high transverse resistance values depicts high resistivity or thickness which shows favorable aquifer conditions. The Longitudinal conductance (S) is a parameter used to define target areas of groundwater potential. The total longitudinal unit conductance values were used in deducing the aquifer protective capacity of the study area. The longitudinal conductance (S) is the geoelectric parameter used to define target areas of groundwater potential. High S values usually indicate relatively thick succession and should be accorded the highest priority in terms of groundwater potential.The 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.

Dar-Zarrouk parameters have since been used in the estimation/study of the hydraulic properties of aquifers. Onuoha and Mbazi (1988) used the concept of Dar – zarrouk parameters to estimate the transmissivity of Ajali Sandstone aquifers in southeastern Nigeria. Ezeh (2011) applied the concept of Dar-Zarrouk parameters for estimating aquifer hydraulic properties in Enugu State. Okonkwo and Ezeh (2013) applied the concept in estimating aquifer hydraulics and delineation of groundwater quality zones. Ekwe, et al (2010) also applied the same concept in a low permeability formation for aquifer hydraulic characteristics. Okonkwo, et al (2014) used the concept to infer the subsurface lithological extent.In this present study, the concept has been used to predict the aquifer protective capacity of lower orashi river.

 LOCATION AND  GEOLOGY OF STUDY AREA
The area lies within latitudes 5o39’N to 5o57’N and longitudes 6o45’E to 7o08’E. It is located within some parts of Imo state and Anambra state of Nigeria. The main rivers that traverse the study area are Njaba, Orashi and Ogidi Rivers which are tributaries to the Imo River. The area is part of the Benin Formation. The geology of the Benin Formation has been given by Short and Stauble 1967, Reyment 1965, Hospers 1965 among others. The Benin Formation is made up of friable sands and minor intercalation of clay. The sand units are mostly coarse grained, pebbly, poorly sorted and contain lenses of fine grained sands (Short and Stauble, 1967, Onyeagocha, 1980). Benin Formation is one of the three recognized subsurface stratigraphic units in the modern Niger Delta. It is fresh water bearing massive continental sand and gravel deposited in an upper deltaic environment. It was formerly designated as coastal plain sands (Reyment, 1965). As the study component in most areas form more than 90% of the sequence of the layers, permeability, transmissivity and storage coefficient are high. The Formation starts as a thin edge at its contact with Ogwashi/Asaba Formation in the north of the area and thickens seawards. The Benin Formation conformably overlies the Ogwashi/Asaba Formation. The Ogwashi/Asaba Formation (Lignite series) is also predominantly sandy with minor clay units. The Formation is characterized by lignite seams at various levels. The lignite Formation has thickness of about 300m. This is underlain by the Ameki Formation with thickness of 1460m, The Ameki group overlies the Imo Formation and consists of green-grey clayey sandstone and sandy-clay stone. It is divisible into two lithologic units: lower and upper Ameki.  The upper beds contain coarse sandstones while the lower beds consist of massive dark grey to brown sandy mudstone.  The formation is composed mainly of sands intercalated with shales, lignites and calcareous shales.  This formation is aquifereous, but not to the same extent as the coastal plain sands.  Its transmissivity coefficient is lower because of the higher percentage of shale.
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FIG 1: GEOLOGY MAP OF THE STUDY AREA
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[bookmark: _Hlk217546710]3.0 Materials and Methods
Resistivity surveying meter and its accessories such as self rechargeable battery, measuring tape, crocodile clips, hammer, cables and four electrodes were used for the field survey. The vertical electrical sounding using Schlumberger array was used for the data acquisition, The geophysical data helps to evaluate the structures within the subsurface in this environment. A total of Eighty eight vertical electrical sounding stations were established using the schlumberger configuration with ABEM SAS 4000 Terrameter. The primary purpose of the resistivity method is to measure the potential differences on the surface due to the current flow within the ground. Since the mechanisms which control the fluid flow and electric current and conduction are generally governed by the same physical parameters and lithological attributes, the hydraulic and electric conductivities are dependent on each other. The schlumberger electrode spreading was used with maximum current electrode separation (AB) of 400mThe electrode spacing (AB/2) which was constructed using the Schlumberger Equation with cross over points or looping observed at various points to reduce the effect of attenuation of the current and voltage supply in order to have a consistent and reliable  signals as readings in Ohm
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Figure 2: Typical Schlumberger Array. M and N; potential electrodes, A and B; current   electrodes.
The data obtained is usually plotted as a graph of apparent resistivity against half electrode spacing. The electrode spacing at which inflection occurs on the graph provides an idea of the depth to the interface. A useful approximation is that the depth of the interface is equal to two thirds (2/3) of the electrode spacing at which the point of inflection occurs (Vingoe, 1972). This approximation has found useful applications in computer iterative modeling. Parameters such as apparent resistivity and thickness obtained from both partial curve matching were used as input data for computer iterative modeling (Zohdy, 1976; Koefoed, 1977). 
The raw data (as below) acquired from vertical electrical sounding using the Schlumberger array were further processed and interpreted using a combination of curve matching technique, with multilayer master curves in conjunction with auxillary point diagrams (Orellana and Mooney, 1966; koefoed, 1979; Keller and Frischknecht, 1966). From this, estimates of layer resistivities and thicknesses were obtained which served as starting points for computer assisted interpretation. (i.e computer iterative modeling). Detailed quantitative interpretation was done using IP 2win 1D Computer Program. The VES data are finally presented as sounding curve and the results used to prepare geoelectric sections with the appropriate geo-software (surfer 12). 
AQUIFER PROTECTIVE CAPACITY EVALUATION

The Dar-zarrouk parameters, Transverse resistance (T) and Longitudinal conductance(S), obtained from the geoelectric layer parameters (Table 1), were used to determine the overburden protective capacity of the Agbani Sandstone aquifer in the study area. The longitudinal conductance map (Figure 3) computed from equation 4 for all the VES locations was utilized in the evaluating the overburden protective capacity in the study area. This is because the earth subsurface acts as a natural filter to percolating fluid. Hence, its ability to retard and filter percolating ground surface polluting fluid is a measure of its protective capacity (Olorunfemi et al., 1999). The highly impervious clayey overburden, which is characterized by relatively high longitudinal conductance, offers protection to the underling aquifer (Abiola,et al., 2009).
The values of longitudinal conductance(S) obtained from the study area, range 0.0073 to 3.142 Ω-1 (Table 1). The data were used to generate the longitudinal conductance map (Figure 3) using SURFER 9 Contouring Toolkits. Aquifer overburden protective capacity could be zoned

Table2. Longitudinal Conductance/Protective capacity rating (Oladapo and Akintorinwa, 2007)

Longitudinal Conductance (Ω-1)	Protective Capacity Rating

>10	Excellent
5 – 10	Very good
0.7 – 4.9	Good
0.2 – 0.69	Moderate
0.1 – 0.19	Weak
<0.1	Poor
(Table 2) into excellent, good, moderate, weak and poor protective capacity (Oladapo and Akintorinwa, 2007). Zones where the conductance is greater than 10Ω-1 are considered zones of excellent protective capacity. The portion having conductance values ranging from 0.7 to
9.9Ω-1 are considered zones of good protective capacity. Also, the portion ranging from 0.2 to 0.69Ω-1 was classified as zone of moderate protective capacity; that thickness of 75 to 135meters, while areas around hostel’s
1 and 2 and health centre has a poor/weak protective capacity.
RESULTS AND DISCUSSION
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FIG.4: CONTOUR MAP OF  TRANSMISSIVITY
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FIG.5: 3D MAP OF TRANSMISSIVITY
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FIG.6: CONTOUR MAP OF  HYDRAULIC CONDUCTIVITY
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FIG.7: 3D VIEW OF  HYDRAULIC CONDUCTIVITY

DISCUSION

 Interpreted VES data were used to compute the longitudinal conductance, transverse resistance,With their Contour maps.
The transverse resistance range between 10182548 to 100909 Ωm2 Transverse resistance is being used to classify groundwater zones (Toto et al., 2008; Nejad, 2009). High transverse resistance  suggests that aquifer yield is high in the study area. Ankidawa and Seli (2018). According to Ezeh (2012) low transverse resistance indicates inadequate aquifer thickness or mixed of finer sediment in the formation.According to Bouwers (1978) standards for hydraulic conductivity for soil materials include; clay soils (surface) range from 0.01 to 0.2 m/day, deep clay beds range between 10-8 to 10-2 m/day, Loam soils 0.1 to 1m/day, fine sand 1 to 5 m/day, medium sand 5 to 20 m/day,coarse sand 20 to 100 m/day, gravel 100 to 1,000 m/day. The longitudinal conductance (Ohm) is used in classifying aquifers protective capacity (Okonkwo and Ugwu, 2015,Ankidawa and Seli, 2018). According to Braga et al. (2006), longitudinal conductance S>1.0 indicates high aquifer protection while longitudinal conductance S<1.0 indicates probable risks of contamination. The values of longitudinal conductance range from 0.o.oo116 to 0.12, which is below S<1.0. These suggest that the aquifers in the study area are liable to probable risks of contamination. Hydraulic conductivity is the rate of flow under a unit hydraulic gradient through a unit cross sectional area of aquifer. In other words, it is a property that measures the ease at which fluid can pass through a media as well as fractures.Transmissivity on the other hand is the rate of flow under a unit hydraulic gradient through a unit width of aquifer with thickness h. It can be said to be rate at which groundwater flow horizontally through an aquifer. It is a product of the aquifer thickness and hydraulic conductivity.Areas with high values of hydraulic conductivity and transmissivity are normally preferred to low areas in groundwater exploration and citing of boreholes as they have greater potentials of productive aquifers and it is easier to extract water there.From the maps it  can be observed that areas with high values includes communities such as Ogboko, Otulu, Amiri, Umuma Isiaku, Amike, Eziachi with values ranging from 3000 -5000 m2/day and 60 -100m/day respectively. While those areas with low values include Ugwu City, Umuhu Okabia, Orsu Ihiteukwa, Amaebu, Asaa Ubirielem, Amannachi, Mbosi, Ukpor, Abaja, Nwangele with values ranging 20-500m2/day and 10- 25m/day.The resistivity of an aquifer serves as a yardstick for determining the aquiferous or the water bearing unit of any place. This implies that areas with high resistivity values bear good and prolific aquifers. In contrast, Aquifer conductivity is the inverse of aquifer resistivity. This implies that the locations of high conductivity are direct opposite of resistivity of the area.Based on this, in my study area, areas like Ntueke, Dikenafai, Ogboza, Umuojishi, Amike, Owerre nkwoji, Umuozu, Abaja, Amurie omanaze, Umudugba, Ekwe, Okwudor Njaba, Umuakah, Amaiyi akah, Ihittenansa, Ihitte owerre, Obibi ochsi, Ogberuru, Otulu, Ibiasoegbe, Isseke, Azia, Orsumoghu, Mbosi, Osunmenyi, Ezinfite, Lilu, Unubi, Umuchu, Ogwa, are having somewhat low resistivity ranging from 5,000Ωm to 20,000Ωm with colour indications(lilac, sky blue, blue and royal blue) while having high conductivity values ranging from 0.0012(Ωm-1) to 0.0019(Ωm-1), with color indications (orange and red). On the contrary, areas like Osina, Ameabu, Akuma, Ngbele, are having moderate resistivity ranging from 25,000Ωm to 45,000Ωm with color indications (lemon green, green and yellow) whilst having low aquifer conductivity values ranging from 0.0001(Ωm-1) to 0.0005(Ωm-1), with color indications(lilac, sky blue, blue and royal blue).. The only area within the study area with very high resistivity value ranging from 50,000Ωm to 75,000Ωm is Ogboko with color indication (red).Though almost all the parts have high aquifer resistivity, but there are some areas that have higher aquifer resistivity than others. By implication, what that means is that those places like Ntueke, Dikenafai, Amike, and Owerre nkwoji which have a higher aquifer conductivity values, on the contrary have a low aquifer resistivity values, indicating that those places could be overlain by clay, mud, shale, somewhat silt and siltyclay in which these lithologies cannot  serve as the aquiferous units (zones) within my study area, therefore borehole drilling might not yeild much in sites like these except if the driller goes deeper in order to reach the aquiferous zone/unit. Whereas place like Ogboko with low aquifer conductivity value and on the contrary a higher aquifer resistivity value might contain thick/thicker volume of sand and sandstones lithologies and these places should be the aquiferous zones within the study area. Such places should be recommended for siting a borehole.

CONCLUSION
The application of Dar – Zarrouk parameters has proved useful in the prediction of Aquifer protective capacity of Lower orashi, The Aquifer protective capacity are zoned into poor/weak, moderate and good protective rating. However, groundwater development can be undertaken within the suggested areas for optimum results. This study should therefore serve as useful guide for future groundwater development and citing of productive boreholes within the region.
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