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ABSTRACT 

 

Hydro-Geo-electrical study of subsurface geology of Item area, South-eastern 
Nigeria has been carried out involving twenty-four Vertical Electrical Sounding 
(VES) of which the schlumberger electrode configuration was employed for the 
field data acquisition. A maximum of half the current electrode separation 
(AB/2) of 1000m was used. The VES data were interpreted using conventional 
partial curve matching method to obtain initial model parameters while the 
computer iterative modelling was obtained using the zohdy software. The study 
was aimed at the feasibility of potable water borehole, the geology of the 
southern part of ltem area from that of the Northern part bedevilled by 
groundwater problems. The study area has four geological formations which 
include Ajali Formation, Mamu Formation, Nkporo Formation and Eze Aku 
Formation. The Eze-Aku and Nkporo Formations appeared at the Northern part 
of the study area while Ajali and Mamu Formations appeared at the Southern 
part of the Study area. From the VES data, the variation of aquifer thickness 
varies from 0.61m at Amaeke to 30.2m at umuakpa. The transmissivity of the 
aquifer ranges from 0.104m2/day at the Northern part to 78.66m2/day at the 
Southern part of the study area. The parameters used in describing the aquifer 
characteristics showed that the longitudinal conductance of the aquifer is 
highest at Ama okayi with the value of 8.3533x10-2. The aquifer conductivity 
has the highest value of 2.57x10-2m at Ama Okayi and lowest at Okoko with 
the value of 1.176x10-4m. The transmissitivity of the aquifer ranges from 
78.657m2/day at Okoko Item to 0.0976m2/day at Ameke. Thus a better idea of 
groundwater potentials of the area has emerged from the geophysical data of the 
area. The downward continuation shows a progressive decrease in resistivity 
with depth. The study has proven that the Northern part of the study area has 
serious underground water problems. The southern part which include Okoko, 
Amangwu, umuakpa and Amaokwe A2 may have productive borehole with 
effective depth of 40m (132 feets) to 152m (501.6 feets) though thorough 
hydrochemical investigation is recommended to ascertain the water quality of 
the aquifer system within the area. 

 

Keywords: Hydro-geo-electrical, hydraulic parameters, aquifer and Item   
Area
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CHAPTER ONE 

INTRODUCTION 

1.1 Background Information 

It is true that water existed on this planet long before life first evolved and that 

all the complex chemical processes involved in the development and 

maintenance of living organisms are therefore sensitively attuned to the physical 

properties of liquid water. Indeed, Nobel, Laureate Szent – Gyorgy has called 

water “the matrix of life” (Lorch, 1992). The interplay of water and life can be 

considered at several different stages.  

Water forms the natural habitat of many forms of life, those plants and animals 

which have, during the course of evolution, managed to adapt them to an 

existence out of water have paid a heavy price in terms of energy expenditure.  

Water is one of our most valuable resources that so much effort is now devoted 

to its management and yet its important role in the maintenance of life is 

generally appreciated.  

The origin of water in the atmosphere and its eventual condensation of the 

earth’s surface to form the hydrosphere are still subject to speculation. Certainly 

the total amount of water which now exists on earth could not be 

accommodated in the atmosphere, as it now exists. There are in fact clear 

indications that in prehistoric times profound changes must have occurred in the 

interactions between the atmosphere and the hydrosphere. Such changes are 

indicated for instance  by rock erosion, the deposition of certain types of 

sediment, the impressions of rain drops and wave ripples in rock formations 

(Franks, 1979).    

Ground water is increasing in importance as a supply source. Surprisingly, less 

than 3% of the world’s available fresh water occurs in streams and lakes, but 
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because of large expensive surface water projects one tends to think of surface 

water as the most important potential source. Ground water hydrology is a 

relatively new science developed slowly after modern geological principles had 

been formulated near the end of the eighteen century. Although shallow wells 

have been in use for many centuries, early concepts of the origin of ground 

water were curious mixtures of superstition and faulty deduction. In recent years 

the science of ground water hydrology has advanced significantly not only as a 

result of extensive hydrological data gathering but also from the explosion of 

research in biology, chemistry, physics and meteorology (Boyko, 1968).  

The study area consists of some communities located within Item area of the 

South – Eastern Nigeria. The area is underlain by the sedimentary rocks of the 

south – Eastern Nigeria. 

The zone constitutes the extensive Anambra-Imo River basin. Studies so far 

have shown that sedimentary basins generally contain enormous quantities of 

water. Such studies include (Freeze and Cherry, 1979; Fetter, 1980; Kehinde 

and Loehnert, 1989; Okereke and Edet, 2002). To realize this fact, several 

countries worldwide have engaged in extensive studies within their frontiers 

using gcological/hydrogeological, geophysical or chemical data or a 

combination of the above, for proper identification and delineation of the water 

bearing units. Such studies include those of Leite and Barker, 1978; Van 

Overmeeren, 1989; Mbonu et al, 1991; Choudhury et al, 2001; Okereke and 

Edet, 2002; Lashkaripour, 2003. These studies have afforded the optimization 

and proper management of the basins in order to enhance safe discharge and 

safeguarding appropriately the quality status of the water.  

However, most developing nations of the world like Nigeria are challenged with 

acute shortage of water leading to serious inconveniences to the people. Due to 

this menace of water shortage and in line with the UN declaration, a means of 
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ascertaining the condition of the subsurface in respect of groundwater and its 

exploitation is obliged. These can be done through geophysical and geological 

means. 

Geophysical method for determining aquifer is based on the fact that certain 

physical properties of the rock change considerably depending on their water 

contents thereby creating a physical boundary between the host rock and the 

water bearing strata. Such changes in physical properties interpreted by the 

presence of water include changes in elastic wave velocity, change in density 

and increase or decrease in elastic constants. It has been established that 

groundwater is found in pore spaces of sediments. Such sediments as sand, silt, 

clays are good examples. These rock bodies and sediments have their specific 

range of resistivity. The electrical resistivity of a given medium is dependent on 

such factors such as size and porosity of which porosity is the major controls of 

the resistivity of rocks. Resistivity generally increases as porosity decreases and 

vice versa (Chinyem, 2005).  

Any rational development of groundwater requires geophysical data input 

among others. Low productivity of borehole already billed in the Ameke and 

Okoko Item areas support the prolific nature of the Ajali and Manu Formations 

which appears at the Southern part of the study area. This covers about 25%  of 

the entire study area while  Nkporo and Eze Aku Formations  lies within the 

Northern part of the study area which have  acute water problem occasioned by 

the overriding shale units to great depth. Anyway, the foregoing groundwater 

abstraction is being done indiscriminately without good knowledge of the 

distribution, geometry, safe yield and water quality variations in the different 

horizons; hence abandoned water scheme by various agencies has caused failed 

boreholes.  
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Posts drilling test and analysis have proved to be useful investigations which 

must ordinarily be conducted on any water well that has been successfully 

drilled and cased. Some of the vital information obtained from the test includes, 

measurement of the well, estimation of the well efficiency or the variation of 

well performance with the discharge rate etc. Under normally conditions, 

groundwater flows through aquifer, from area of high hydraulic head to areas of 

low head when the water discharges to the surface. This natural flow is 

disturbed when water well is pumped and a pumping test is designed to cause 

such disturbance under the controlled conditions so that the effects can be 

analyzed to obtain values of well performance, well efficiency or aquifer 

characteristic by using the step draw test or constant discharge test methods.  

The present study is aimed at the estimation of groundwater geometry, 

hydraulic conductivity transmissivity of the aquifer, determination of the 

characteristic of the aquifer among others over Item towns using the electrical 

resistivity method   and the estimation of transmissivity, hydraulic conductivity, 

storativity and diffusivity.  

1.2 Statement of Problem                                                                                                         

Item towns which form the study area have had problems of water boreholes 

over the years. Enormous efforts by many agencies to provide potable water to 

this area have been abortive especially with Item communities underlain by the 

Nkporo and EzeAku shale Formation. The total cost involved in the effort to 

supply the area with water by the then Directorate for Foods, Roads and Rural 

Infrastructure (DFRRI), Abia State Government, Niger Delta commission 

(NDDC), Federal ministry of water resources to mention but a few in vain only 

about 10% of the total schemes in the region are functioning though 

epileptically despite the tremendous efforts and huge financial involvement.  
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It is worthy of note that Item area is a food producing area. The local farmers 

depend on surface water sources for their water needs.  

Source of water, particularly in dry season frequently lie at some distance from 

the town, and some of these are contaminated surface water sources. A typical 

example is the case of the Elugwu, Akanu that uses a stream as its source of 

water supply.  

There are areas in Item town where boreholes never worked. Others town like 

Akanu and Okayi have histories of unproductive/failed wells.  

The concerted effort of the Abia State Government and other agencies to curb 

this problem has led to the investigation of the groundwater distribution, yield 

and water quality variations of the study area as an alternative to surface water 

as domestic water supply to the inhabitants. An intense activity in the 

exploration for groundwater is indispensible in this area in order to provide 

satisfactory living condition for mankind.  

Borehole could be problematic if thorough geophysical investigation is not 

carried out. The result of a wildcat hole, could be abortive, after wasting huge 

amount of money (Maduabuchi, 1992).  

Therefore, to locate suitable points for drilling successful boreholes in the 

sedimentary terrain which the towns in the study area belong there is the need to 

carry out a detailed geophysical investigation, with a view to determine an 

appropriate site for borehole drilling and the determination of the characteristics 

of the Aquifer and other subsurface layers.  

1.3 Aim and Objectives  

This work is aimed at evaluating the subsurface geology and groundwater 

resources of Item area, base on the surface resistivity survey data within the 

study area. The primary objectives of this study include:  
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1. Determine the presence of Aquifer. 

2. To determine the charactertics of the Aquifer.  

3. To determine the suitable/sites for drilling productive boreholes. 

4. To determine the aquifer hydraulic parameters within the study area.  

5. To construct a geologic/geoelectric model of the study area.  

This work therefore is projected to serve as a guide for future groundwater 

project in the study area as well as reduce the incidence of failed water 

boreholes. It is hoped that the water authorities in Abia State and individuals 

will find this work useful in planning the water supply to the communities 

especially as regards the sitting of more boreholes.  

1.4 Justification of Study   

The increasing population in Item areas Abia State and the demand for portable 

water to cater for the needs of its growing institutions has prompted the present 

search for favourable groundwater potential zones in the area. Much of the wells 

drilled in different part of the areas, have become abortive or dried up, because 

of lack of prior systematic scientific investigation.  

Some of the swallow wells reflect high draw down during the dry seasonal 

mainly November through February each year (Igbokwe et al., 2006). The result 

of the high draw dawn or outright failure of wells as well as the inadequacy of 

water supply from improved schemes is the intake of poor drinking water by the 

people. All effort by Abia State Government and other agencies in the past to 

curb this problem have led to the investigation of the groundwater distribution, 

geometry, safe yield and water quality variations of the study areas as an 

alternative supply to the inhabitants. Therefore, an intense activity in the 

exploration for groundwater is indispensible in this area in order to provide 
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satisfactory living condition for mankind as well as meeting the projected water 

demand of the communities within a the frame.  

1.5      Scope of Study  

The study area covers Item which is in the geological sedimentary basin of 

Anambra – Imo River basin. The research work is aimed at investigating the 

subsurface geology and the groundwater distribution/condition through the 

vertical electrical sounding and the lithology of the subsurface rock within the 

study area.  

 1.6 Location 

The study area consists of parts of present Item towns of Abia state, 

southeastern Nigeria. The area is accessible through the main roads that lead to 

Bende, Umuahia, Uzuakoli, Okigwe, Enugu and Aba.  

It lies between longitude 7035’ to 7045’ and latitude 5044’ to 5050’. This is 

shown in the topographic map of the study area below (Fig.1.1).  

The area is not remote, yet under-developed. Although some basic amenities 

such as electricity, telephone facility and motorized road network are in place in 

some remote and distant areas. Owing to the fertile land and sufficient rainfall 

in the area, food crops such as lemon, maize, cassava, yam, rice, etc are grown 

within the study area.  
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Fig: 1.1 Topographical Map of the Study Area (Extract from geology of 
Nigeria).  
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CHAPTER TWO 

LITERATURE 

2.1 Literature Review 

Water is essential to life on Earth; all living things need it in order to survive 

and flourish .Water is the major constituent of living matter-between 50 and 90 

percent of the weight of all living organisms, (from microscopic bacteria to 

giant blue whales) is water. On our planet, water exists in the form of ice, as 

liquid in form of water and as a gas in the form of vapours.  

There is a vast amount of water on the planet, with varied distribution. Many 

regions have plenty of water, while others have very little. Too much water, or 

too little, are two of the world’s most serious natural hazards (Gifford, 2003).  

2.1.1 Ground Water  

Ground water is an important part of the hydrologic cycle, although it lies 

beneath the surface, beyond the soil moisture root zone. It is tied to surface 

supplies through pores in soil and rock. Ground water is the largest potential 

fresh water source in the hydrologic cycle – larger than all surface lakes and 

streams combined. Between earth’s land surface and a depth of 4km (13,000ft) 

worldwide some 8,340,000km3 (2,000,000mi3) of water resides, a volume 

comparable to 70 times all the freshwater lakes in the world (Christopherson 

and Byrne, 2006). Despite the volume and it obvious importance, pollution 

threatens groundwater quality and over consumption depletes ground water 

volume in quantities beyond natural replenishment rates. Remember 

groundwater is not an independent source of water for it is tied to surface 

supplies for recharge (Christopherson and Byrne, 2006).  

In many ways, groundwater is better than surface water. It is available in many 

parts of the world that lack dependable surface runoff. Whereas surface water 
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supplies are affected by short – term drought, groundwater is not (although long 

– term drought affects both), except in severely polluted areas, groundwater is 

generally free of sediments, colour and disease organism, although polluted 

groundwater conditions are considered irreversible.  

The porosity of any rock layer depends on the arrangement, size and shape of its 

individual particles, the nature of any cement between them and their degree of 

compaction. Subsurface rocks are either permeable or impermeable. Their 

permeability depends on whether they conduct water readily (high permeability) 

or tend to obstruct its flow (lower permeability). An aquifer is a rock layer that 

is permeable to groundwater flow adequate for wells and springs. An aquiclude 

is a body of rock that does not conduct water in usable amount (also called an 

aquitard) (Christopherson and Byrne, 2006).  

2.1.2 Water Quality  

Much of the information used to define water quality can be expressed in units. 

To improve the quality of natural water, it is necessary to define the parameters 

which need to be monitored.                

i. Conductivity  

Conductivity is a quantitative measure of the ability of water to pass electric 

current. This ability depends on the movement of ions (dissolved species 

carrying an electrical charge) in the water. The greater the number of ions of a 

specific type in water, the greater will be its conductivity. While a minute 

contribution to the conductivity of water is derived from ions produced by water 

itself, conductivity is mainly due to the various impurities dissolved and ionized 

in the water. Thus, being a measure of the ionized substances dissolved in 

water, conductivity can be used as a measure of the total dissolved solids 

content of many waters. Monitoring of conductivity can thus often usefully 
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indicate variations in salt concentrations in waters, but for water quality control 

various limitations should be remembered as follows:  

a. Many organic compounds, as opposed to most inorganic compounds do 

not ionize greatly in aqueous solutions. Organic pollution will not, 

therefore, be properly monitored by conductivity measurements.   

b. Specific inorganic compounds vary in their quantitative contribution to 

conductivity depending on such factors as their degree of ionization, the 

electrical charge on their ions and the mobility of their ions.  

c. Conductivity varies with temperature. Unless otherwise stated, 

conductivity is measured at 250C (Lorch, 1992).   

ii. Resistivity 

Resistivity is the resistance measured between opposite faces of a rectangular 

prism and can be reported in units. In the case of water, the purer the water 

generally, the smaller will be its tendency to carry an electric current and the 

greater will be its resistance. It is thus the reciprocal of conductivity.  

High purity waters, involve determination of very low conductivity (i.e. very 

high resistivity) values (Fetter, 1994). 
 

iii. Storativity (S)  

When the volume of water that a permeable unit will absorb or expel from 

storage per unit surface area per unit change in hydralic head of water that is 

release or take into storage from the aquifer. The amount of water that is 

absorbed or expelled from the aquifer is determined by the changes in water 

volume and porosity that result from the change in pressure (Fetter, 1994). 

 

 



12 
 

iv.    Transmissivity (T) 

This is a measure of how much water can be transmitted horizontally through a 

unit width of a fully saturated aquifer under a hydraulic gradient of 1.0. 

Transmissivity is the product of the hydraulic conductivity and the saturated 

thickness of the aquifer: 

T is measured in m/day. It is also given by T = bK 

 K is estimated from the product of diagnostic constant and aquifer apparent 

resistivity (Fetter, 1994).  
 

v. Total Dissolved Solid (TDS)  

This is a quantitative measure of the sum total of organic and inorganic solutes 

in water. Most municipal water supply companies give the TDS of their water 

source, stating also the form of treatment to produce the end – product – potable 

water. When assessing this figure as a basis for further purification by ion 

exchange or any other method it should be remembered; the analysis of water 

source likely to differ significantly from that of the potable water, because lime 

or ion exchange softening will change some of the electrolytes and disinfection 

will increase the TDS (Fetter,1994). 
 

vi.  pH 

The acidity of water normally can be thought of in terms of concentration of 

hydrogen ions present in it. This can vary over a wide range of low 

concentrations and expressing it in logarithmic terms results in a reasonable 

range of number. PH is defined as – log10 hydrogen ion concentration. The more 

acidic a solution is, the larger the hydrogen ion concentration and the lower the 

PHS.  Pure water contains both hydrogen and hydroxide ions at concentrations 

of 10-7 mol/L. It thus has a pH of 7. More acid water has a pH of less than 7 and 

more alkaline water, more than 7. The pH of water and the ease with which this 

is changed by the addition of acids or alkanes depends on the relative and total 
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concentrations of the different substances already present in the water (Fetter, 

1994). 
 

2.2 Geology Literature 

Geological survey began in Nigeria with the establishment of the mineral 

surveys of southern Nigeria in 1930 and mineral surveys of Northern Nigeria in 

1904 (Onyekuru, 2010). Much geological information became available 

following the discovery of several industrial minerals especially coal and 

limestone in the early 1930s.  

Wilson and Bain (1928) carried out geological survey of where they mapped the 

Eastern railway Line; based on the abundant index fossils like ammonites, most 

of the formations in use today were dated and named.  

The geology of the Anambra basin has been documented in the 1:250,000 

geological maps of the geological survey of Nigeria (Reyment, 1965; Murat, 

1972). Ibe (2004) has it that part of the study area is composed of different 

geological formations among which are the Ameki Formation with shale unit. 

The study area especially part of Item towns is located within the Eze Aku 

Shale Group and Nkporo Shale Group Formations which comprise the shale 

unit deposited in the Turonian and Coninacian times. The Coninacian Nkporo 

Formation consists of unconsolidated to poorly consolidated sands and 

sandstones with shale beds occurring at different levels (Nwachukwu, 1990). 

Reyments (1965) recognized only one large southern Nigerian Basin which 

incorporates the Anambra basin while Murat (1972) noted that the 

sedimentation in southern Nigeria was controlled by three main tectonic phases 

and by epeirogenic movements which resulted in major transgressive - 

regressive cycles.  
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The structure of the entire sedimentary sequence from early Cretaceous to 

Recent has been evaluated by many workers: (Allen, 1965; Hospers, 1965; 

Burke and Durutoye, 1972; Mascle et al, 1973 and many other workers). 

 Stratigraphical and pale ontological aspects of the sedimentary sequences of 

southern Nigeria have been studied by a number of workers (Reyment, 1964, 

1965, 1969; Jones and Hockey, 1964; Eames, 1957; Adegoke, 1969).  

Kogbe (1967) in his description of the stratigraphy of the cretaceous and 

paleogene sediments in the southern Nigeria Basin has it that sediments in the 

western and eastern portions of the basin is correlated.   

Reyment (1965) described the stratigraphy of the different depositional basins 

in the country and created a large number of Lithostratigraphic and 

Biostratigraphic divisions.  

The stratigraphy and assemblages within the Imo river Basin have been 

determined (Reyment 1965; Short and Stauble, 1967). Uma (1997) carried out a 

study on the ground resources of the Imo River Basin using hydro geological 

data from existing boreholes. However, his data were sparse to many general 

statements on the hydraulic characteristics of the middle Imo River Basin 

aquifers (Ekwe et al, 2006). Though geophysical methods cannot discover 

ground water, soil type or mineral deposits, they are of considerable assistance 

in determining subsurface conditions that are favorable to the occurrences of 

these substances. This method has been most effective, in providing information 

on hydro-geological conditions among others of the subsurface (Robert and 

Hatheway, 1988).  Low Resistivity value usually indicates the presence of water 

or shale in the formation (Azm et al, 1994). The clay minerals have high cations 

exchange and would thus act as if fluid of high conductivity is present in the 

pore spaces of the rock. 
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 Ekwe et al. (2006) estimated the geometry, hydraulic and transmissivity of the 

aquifers within the middle portion of the Imo River Basin using the electrical 

resistivity method. They discovered that the sedimentary sequence of south – 

eastern Nigeria especially those of the Imo River Basin contains several 

aquiferous units.  

According to Igbokwe et al. (2006), the geology of the area is the Deltaic 

Marine sediment of cretaceous to recent age. The affirmed the principal 

geological Formations in the area to be Nkporo and the coastal plain sands 

Formation. They were able to put forward that the Nkporo Formation of 

Coniacian to Maastrichtian age consist of medium to coarse grained white sand 

stone, which contains dark grey shale’s with occasional thin beds of limestone 

and sandstone. It grades laterally into the Owelli sandstone and has the Enugu 

shale as its lateral equivalent according to Mbonu et al, (1991).  

Igbokwe et al (2006) has it that the two geological Formations (Ajali and Mamu 

Formations) have comparative ground water regime. They both have reliable 

groundwater that can sustain regional borehole production and Nkporo and Eze 

Aku Formations have little or no groundwater when compared to the Ajali 

Formation, the lateritic overburden earth and the weathered top of this 

Formation as well as the under lying  shale member of the hydraulic conditions 

favouring aquifer Formation in the area.  

Akaolisa (2006) has it that computation of aquifer transmissivity value based on 

the resistivity sounding results makes it possible to demarcate regions with good 

groundwater potential in the area. In his work, he puts forward that through 

resistivity sounding the determination of the depth to the water table; Aquifer 

thickness and subsurface geology are made possible thus revealing its 

groundwater distribution and potential.  
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Electrical methods primarily reflect variations in resistivity existing between 

lithological sequences (Dodds and Ivic, 1998; Lash Karipore, 2003). Resistivity 

contrasts in the subsurface are adequate to enable the delineation of geoelectric 

layers and identification of aquiferous or non-aquiferous layers (Schwarz, 

1988). However geoelectric resistivity sounding data have been used to 

delineate the boundaries and subsurface disposition of the water bearing unit 

(Omosuyi, 2008). The occurrence of groundwater, the extent and distribution of 

aquifers and aquitards in a region are determined by the lithology, stratigraphy 

and structure of the geological strata present (Hiscock, 2005). 

 However, the resistivity of rock formation vary over a wide range depending on 

the material density, porosity, pore, size and shape, water content, quality and 

temperature. There are no fixed limits for resistivity of various rocks. Igneous 

and metamorphic rocks yield values in the range 1012 to 108 m (Telford et al, 

1976). Sedimentary and unconsolidated rocks range in resistivity from 1 to 104 

m.  

The prevalent climatic conditions of the study area are markedly two main 

regimes the rainy and dry seasons. The rainy season is from March to October; 

its peak is August and September. The dry season is from November to 

February (Onyia, 2006).  

Hvorslev (1951) presented formulae for anisotropic material and for a wide 

variety of piezometre geometries and aquifer conditions in the United States 

Bouwer and Rice (1967) buttresses slug test performed in fully or partially 

penetrating open boreholes or screened wells for unconfined aquifers and 

Bouwer (1989) for confined aquifers all in the United States.  

The geology map of Item area is shown in figure 2.1. 
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     Fig 2.1: Geological Map of the Study Area (Extract from geology of 

 Nigeria). 

2.3 Sub-Regional Geology of Southeast Nigeria 

The oldest exposed sedimentary unit is the Asu River (Albian) which is overlain 

by Eze Aku (Turonian), Awgu – Ndeaboh (Coniacian), Nkporo (Coniacian), 

Mamu (Coniacian), Ajali (Maastrichtian) and Nsukka (upper Maastrichtian). 

Formations respectively overlie each other conformably. Other Formations 

include the Paleocene Imo Shale, the Eocene Ameki Formation, Quaternary 

Ogwashi – Asaba, Quaternary Benin and Recent Alluvium. These Formations 

generally dip at low angles (<100) toward the basin centre (Uma et al., 1997).  

 



18 
 

Sediments of Albian age consist of limestone, shale, mudstone with diorite, 

siltstone and sandstone; it is represented by Asu – River.  

Sediments of Turonian age consist of shale’s and limestone. It is represented by 

Eze-Aku shale. The Formation comprises of hard grey to black shale’s and silt 

stone with frequent facies changes to sandstone. The Amasiri sandstone is an 

evidence of the trend. The Formation is a shallow water deposit (Reyment, 

1965) with a thickness of about 1000m.  

The Agwu-Ndeaboh shale consist of bluish grey, well bedded shale with 

occasional Intercalations of fine grained, pale yellow, calcareous sandstone and 

shale limestone marks the Coniacian stage. The Formation is about 800m thick. 

It is gently folded and in conformable with the underlying Eze-Aku shale.  

The base of Nkporo Formation is probably Campanian but the major part is 

Maastrichtian. This formation marks the beginning of the third Cretaceous 

marine depositional cycle. It is characterized by dark grey, Often friable shale 

with occasional thin beds of limestone and sandstone. It grades laterally into the 

Owelli sandstone and has the Enugu shale as its lateral equivalent.  

Mamu Formation is a paralic sequence containing coal seam at several levels 

(Simpson, 1955) and shale’s. It contains a distinctive assemblage of sandstone, 

shale, mudstone and sandy shale with coal seams at several horizons. The 

sandstone, which are fine to medium grained and white or yellow in color, are 

normally well bedded, although cross-bedding may be seen in places. The shale 

and mudstone are dark blue or grey and grade into the sandstone. They 

frequently alternate with bands and lenses of sandstone to form a characteristic 

striped rock. The Mamu Formation is easily recognized in the upper and middle 

reaches of the northern tributaries of the Mamu Rivers, but further south, there 

are no coal seams, and the coal measures facies cannot be readily identified. 

Lying conformably on the Mamu Formation is the Ajali Formation which 
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consists of friable, poorly sorted sandstone, typically white in color and 

sometime iron strained. A marked banding of coarse and fine layers is 

displayed. The sand grains are sub-angular with a spares cement of white clay. 

Large scale cross-bedding is characterized and the angle of inclination of the 

fore set climate ranges up to 200.  

The Ajali Formation is often overlain by a mass of red earth which constitutes 

the Nsukka Formation. It is Maastrichtian in age and paralic. The lithology of 

the Formation is very similar to that of Mamu Formation and rocks consist of an 

alternating succession of ferroginized sandstone, dark shale and sandy shale, 

with thin coal seam at various horizon. There is also a presence of limestone in 

some areas. 

Nsukka Formation conformably overlies the Ajali Sandstone and occupies a 

relatively broader stretch of land west of the area (Uma, 1986). The rock unit 

consists of an alternating succession of sandstone, dark shale and sandy shale 

with thin coal seams at various horizons. However examination of cuttings 

recovered from boreholes penetrating the Nsukka Formation did not reveal any 

seam. The basal units of the Formation consists of fine – medium   grained, 

loosely – consolidated sandstones which dip at 30 to 40 towards the west and 

southwest and from a broken line dissected ridges and hills at the eastern 

boundaries of the Formation (Uma, 1986).  

The oldest Tertiary Formation is the Imo Formation. It consists of thick clayey 

shale, fine texture, and dark grey to bluish grey with occasional mixture of clay 

iron stone then iron stone bands. The Formation shows lateral variation in 

sandstone in some areas. These are Ebenebe, Igbabu and Umuna sandstone. 

Overlaying the Imo shale is the Eocene Ameki Formation. It consists of a 

series of highly fossiliferous grayish-green sandy clay with calcareous 

concretions and with clayey sandstones. The Formation has the lithographical 
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groups, the lower fine to coarse sandstones and intercalation of calcareous shale 

and thin, Shale limestone and upper with coarse, cross bedded sandstones, 

bands of fine grey-green sandstone and sandy clay. The Formation has Nanka 

sand as its lateral equivalent.  

Ogwaqshi – Asaba Formation (Oligocene to Miocene) is generally made up of 

clays, sands, grits and seams of lignite alternating with gritty clay (Dessauvagie, 

1972). A characteristic feature of the formation within Imo Basin is the up dip 

and down dip pinch outs.  

Benin Formation is the youngest formation in Anambra basin, the sediments 

consists of yellow and white sand with peddle levels; the sands are sometimes 

cross-bedded. The Benin Formation is partly marine, partly deltaic, partly 

estuarine, partly lagoon and fluvio lacustrine in origin. The base is probably 

Miocene in age but the approximate age is Pliocene-Pleistocene. 

Stratigraphic column of Southeastern Nigeria is shown in table 2.1. 
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Table 2.1: Stratigraphic column of Southeastern Nigeria (Nnokwe et al., 

2012)  

Formation  Age  Rock type  Location  

Alluvium  Recent  Sand, shale  Onitsha  

Benin  Quaternary  Sandstone, shale Umuahia, 

Onitsha  

Ogwashi-

Asaba 

Ameki   

 

Imo  

Nsukka  

 

Ajali  

Mamu  

Quaternary  

Eocene  

 

Tertiary 

Upper 

Maastrichtian 

Maastrichtian 

coniancian  

Shale, coal, mudstone, 

sandstone. 

Limestone, shale, Sandstone, 

mudstone.  

Sandstone, shale, limestone.  

Sandstone, coal, limestone, 

shale.  

Sandstone, 

Coal, shale, sandstone  

Umuahia, Asaba  

Bende  

 

Abam  

Okigwe, Ohafia  

 

 

 

Enugu, Ohafia  

Nkporo  Coniacian  Limestone, sandstone, 

mudstone  

Afikpo, Nkporo 

Bende   

Agwu-

Ndeabor  

Coniacian  Shale, sandstone, limestone  Ndeabor  

Eze Aku  Turonian  Intrusion, mudstone, diorite, 

shale, sandstone, limestone  

Amasiri, Bende  

Asu River  Albian  Limestone, shale, mudstone, 

sandstone, diorite  

Abakiliki 

 

2.4 Geology of Study Area 

The geology of the study area is the paralic sequence of turonian to 

maastrichtian age. There are four principal geological Formations in the area 



22 
 

namely: the Eze Aku, Nkporo, Mamu and Ajali Formations. The Eze Aku 

Formation of the Turonian to Coniacian comprises of hard grey to black shales 

and silt stone with frequent facies change to sandstone, the Amasiri sandstone is 

an evident of the trend. The Eze Aku Formation overlies the impervious Nkporo 

shale group of maastrichtian age, which is comprised by the third Cretaceous 

marine depositional cycle; it is characterized by dark grey, often friable shale’s 

with occasional thin beds of limestone and sandstone lithology (Igbokwe et al, 

2006).  

The Mamu Formation overlies the Nkporo Formation and dips southwestward. 

The dips southwestward formation sediments were deposit period (Mbonu et al, 

1991). At Okoko Item the Formation is shallow; the expected thickness is about 

200m (Igbokwe et al, 2006). The Lithology consist unconsolidated loosely 

medium to coarse grained cross bedded sands occasionally pebbly with 

localized clays and sands. The Ajali Formation overlies the Mamu Formation, 

which is Maastrichtian in age and paralic, the lithology is very similar to Mamu 

Formation. The sand grains are sub-angular with a sparse cement of white clay. 

It also dips southwestward (Ameke town).  

2.5 Hydrology and Sedimentation 

The study area which is characterized by a lot of features has a submerged or 

flooded surface in the wet season. In high rainfall areas; they are commonly wet 

throughout the year (Onwuchuriba and Agbasi, 2002).  

Raunet (1982) used intensity of water discharge to describe Item and its 

environs. They are not exposed to a very intense dynamics of water flow. This 

normally results in material being deposited that has been transported 

longitudinally in surface waters. This process of alluvial sedimentation is 

restricted to classical alluvial valleys.  
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A Sedimentary deposit occurring in Item is as a result of lateral erosion process 

from adjacent slope without longitudinal transport over long distances. Raunet 

(1982) used this look of stratified alluvial deposit of varying particle size 

(pebbles, sand, loan, clay) boarding the surface water.  

2.6 Catchments size and Drainage Pattern  

The size of the watershed in the area is different from those found in other 

areas; the extension of the hydrological system depends on what section of Item 

areas that is being noted.  

Onwuchuruba and Agbasi (2002) determined that the drainage patterns of 

watershed influences the density of Item environment which is defined as the 

ration of length of all streams (km) to area of watershed (km2). In area weigh 

dendrite and free like branching patterns, the valley that is associated with Item 

extends in all directions while in watershed with trellis drainage patterns, the 

valleys are oriented in lines (Onwuchuruba and Agbasi, 2002). 
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                                             CHAPTER THREE 

METHODOLOGY 

3.1 Theoretical Frame-work  

Basically, there are three measurements required in the quantitative assessment 

of groundwater resources of an area. These include:  

1. The elevation of the water table (Piezometric surface).  

2. Hydraulic conductivity 

3. The specific yield of aquifer.  

The presence of an aquifer can be detected through detailed hydro geologic 

survey of the study area. This usually involves the use of groundwater 

exploration techniques such as 

i. Surface geological methods. 

ii. Subsurface geological methods.  

iii. Surface geophysical method; and  

iv. Subsurface geophysical methods.  

In borehole exploration, geology and geophysics complement one another. 

When properly analyzed, data from geophysical investigation provide vital 

information on the subsurface structure. Geology on the other hand is used to 

extrapolate from the surface observation to what is beneath the surface. Usually 

geophysical interpretations are expected to fall within limits of geological 

probability for an area investigated. However, geophysical methods alone are 

capable of discovering groundwater. Nonetheless, they offer practical insights in 

determining subsurface conditions that are favorable to the occurrence of 

groundwater. In groundwater exploration, the aim of the geophysicist or 
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geophysical investigation is to locate aquifers. The qualities of good aquifer are 

dependent on its porosity (capacity to store water) and permeability (capacity to 

transmit water). Aquifers are usually found in highly permeable rocks like 

sandstones or fissured limestone. This is the reason for greater success in 

drilling boreholes in sedimentary Formations vis-à-vis basement complex areas 

(Chukurah, 1992).  

Once an aquifer has been identified the next step is for the geophysicist to 

characterize its approximate depth, thickness, aerial extent from which he now 

selects the optimum drilling point. This scientific approach gives a productive 

drilling program and completely avoids trial and error methods which often lead 

to abortive or costly drillings (Chinyem, 2005).  

The principal techniques of the geophysicist in the search for groundwater are 

seismic refraction and electrical resistivity methods. These methods aim at 

locating water bearing layers by the presence of water which is usually in 

contrast with those of other formations. The interpretation of the results 

involves construction of geoelectric sections which yield information on the 

vertical succession of different conductive zone, their thickness and true 

resistivity. The end result is selection of a drilling target of greatest possibility 

of success in striking water for each selected site. It is usually instructive to 

compare results of drilling operations with those of geophysical investigations 

to establish the degree of correlation between investigation and drilling results. 

This leads to effective groundwater resources management, reduced incidence 

of abortive boreholes, cost advantage and improved confidence in the use of the 

geophysical surveys for borehole drilling in a region (Chinyem, 2005).  
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3.2.1 Electrical Resistivity Method  

Electrical resistivity surveys are based on the fact that water-bearing strata 

conduct electricity more readily than similar strata, which are dry. This is 

because with the exception of clays and some metallic minerals, the passage of 

electricity through rocks takes place by way of the groundwater contained in the 

pores and fissures as the rocks are non-conducting.  

Electrical methods, in which current is applied by conduction to the ground 

through electrodes, depend on the operation to the fact that any subsurface 

variation in conductivity alters the form of the currents flow within the earth 

and this affects the distribution of the electric potential. The degree to which the 

potential at the surface is affected depending on the resistivity of the formation 

generally depends on the resistivity of the contained electrolyte and inversely 

related to the effective porosity and degree of saturation and salinity.  

There is no general correlation of lithology with resistivity, since the later may 

range widely, even with a particular formation. Nevertheless, some 

generalization is possible, for example, the order of increasing resistivity in 

clay, sand, gravel and limestone, the value of crystalline rocks being higher still 

when partly dry, the resistivity may increase by a factor of 10 or more 

(Chinyem, 2005).  

Basically, the electrical resistivity method involves the passage of electric 

current into the ground through two current electrodes while the potential drops 

is measured across another pair of electrodes which may or may not be within 

the current electrodes depending on the electrode configurations adopted in the 

fieldwork. The configurations include:  

i. Wiener electrode array.  

ii. Schlumberger array.  
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iii. Dipole – dipole system.  

iv. Lime electrode spread.  

v. Three point (gradient system).  

vi. Lee partition method.  

Amongst the aforementioned electrode configurations, the schlumberger 

electrode configuration was used in this study as shown in figure (3.1). 

C1 

  

 

 

 

Fig: 3.1: Schlumberger Array 

 

In schlumberger array (Fig.3.1) the current and potential pairs of electrodes also 

have a common mid-point but the distances between adjacent electrodes defer 

so that: a ≠ b. 

The geometric factor K can be obtained, thus  

 

K = (1/a) – (b/2) – (1/a) + (b/2) /a+ 
b/2 

+ 1/a – b/2      (1)  

       (2)   

MN/2 

C2 

M 

AB/2 
a 

b 

N 

2p 
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      R            (3) 

Recall  = KR  

The factors K in equations above are called the geometric factors and depend 

only on the electrode separation or intervals. R responds to the resistance of the 

volume of ground between the potential electrodes. If V and I are converted in 

mill volts and mill amperes respectively and the distances in meters, then the 

resistivity, ρ is obtained which is measured in Ohm-meter. It should be noted 

that the resistivity method in principle is based on resistivity contrast rather than 

an absolute resistivity values and the resistivity thus obtained are apparent 

resistivity of the ground. If the earth is homogenous, the resistivity measured is 

the true resistivity, otherwise, the term apparent resistivity is used and this is a 

weighted average of resistivity of the various formations. The apparent 

resistivity of the ground is calculated from measured resistance. In the vertical 

electrical sounding, variations of the apparent resistivity are measured. This is 

achieved by gradual increase in electrode spacing about the centre of the 

electrode array. The apparent resistivity data are interpreted in term of layer 

resistivity’s and depths to the bedrock or other interfaces across which a strong 

electrical contrast exists. Depth sounding curves are then interpreted on the 

assumption that the earth is made of layers of approximately constant resistivity. 

The layers are separated on the basis of different resistivity by a plane interface 

(Chinyem, 2005).           

3.2.2 Aquifer Hydraulic Characteristic from Surface Electrical Resistivity 

Niwas and Singhal (1981) established an analytical relationship between aquifer 

transmissivity and transverse resistance on one hand, and between 

transmissivity and longitudinal conductance on the other.  

From Darcy’s law, the fluid discharge Q is given by  
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Q = KIA                     (4)  

And from Ohm’s law,  

J = E                     (5)  

Where k = hydraulic conductivity, I = hydraulic gradient, A = cross – sectional 

area perpendicular to the direction of flow, J = current density, E = electric field 

intensity and  = electrical conductivity (inverse of resistivity).  

Taking into account a prism of aquifer material having a unit cross – sectional 

area and thickness h, Niwas and Singhal (1981) combined equations (4) and (5) 

to get   

--------------------------------                                    (6)    

[Where T = Aquifer transmissivity  

R = Transverse resistance of the aquifer  

S = Longitudinal conductance  

The parameters R and S are commonly called Dar – Zarrouk parameters and are 

designated by  

         (7) 

R = hp         (8)  

Where h is the thicknesses of the individual layers and ρ resistivity’s of the 

individual layers as well.  

In areas of similar geologic setting and water quality, the product, k remains 

fairly constant (Niwas and Singhal, 1981; Mbazi and Onuoha, 1988; Onu and 

Ibezim, 2004). Thus knowing k values for existing boreholes and  values 

extracted from the sounding interpretation for the aquifer at borehole locations, 
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the determination of transmissivity and its variations from place to place is 

made possible, including those areas without boreholes.  

The storativity, S of  the confined aquifer system, the deep and thick unconfined 

aquifer which may be hydraulically similar to it may be estimated from the rule 

of thumb equation given by Lohman (1972) and Todd (1980) as  

S = 3 x 10-6b        (9)  

Where b is saturated thickness of the aquifer.  

3.3 Data Acquisition  

Vertical electrical sounding (VES) were carried out using the schlumberger 

array resistivity survey method. The survey was conducted at different locations 

in the study area. A total of 24 resistivity soundings were conducted using the 

following:  

 Abem Tetrameter SAS 300.  

 Two current electrodes.  

 Two potential electrodes.  

 A power source 12 volt car battery.  

 Electrical (reel of) cables.  

 Hammer.  

 Tape.  

 

3.3.1 Instrumentation  

The Abem SAS 300B model consists of a basic unit called the Tetrameter SAS 

300B. In terms of the operation, the instrument can operate in two modes. First, 
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it can operate in the resistivity surveying mode. It comprises of a meter with an 

output sufficient for a current electrode separation of 2000m under good 

surveying condition.   

Secondly, the Tetrameter SAS 300B can also operate in the voltage mode. The 

SAS 300B comprises a self potential instrument that measures natural direct 

potentials. The result is usually displayed in volts (v) or mill volts (mV). The 

overall range is from 0.1 mV to 500V. Non-polarizable electrodes are available 

for self potential surveys.  

The Tetrameter SAS 300B is made up of three main units all housed in a single 

casing. They include:  

1. The micro processor.  

2. The transmitter.  

3. The receiver  

The electrically insulated transmitter sends in well defined and regulated signal 

currents. It discriminates noise and measures voltages correlated with 

transmitted signal current and also measures uncorrelated DC potentials with 

the same discrimination and noise rejection. The micro processor monitors and 

controls operation and calculates results. In geophysical survey, the Abem 

Tetrameter SAS 300B permits natural or induced signal to be measured at 

extremely low levels with excellent penetration and low power consumption. 

More-so, it can be used in a wide variety of applications where effective 

signal/noise discrimination is needed.  

3.4 Field Procedure  

Direct current (DC) vertical electrical sounding method was adopted in the 

field. The maximum spread was AB = 1000m. The Abem Tetrameter SAS 300B 



32 
 

gave a direct readout of resistance (V/I). The intervals between the potentials 

and current electrode were increased at appropriate steps in order to obtain 

potential differences large enough to be measured with satisfactory precision. 

Twenty Four vertical electrical soundings (VES) have been acquired at various 

sites within the study area. The schlumberger method was adopted, it is faster 

and easier, it goes great depth and software are readily available for its 

interpretation. It is hoped that results from the present study would address the 

groundwater problem of Item towns as well reduce the cases of borehole 

failures within Item towns.  

During the survey, DC electric current was intermittently released into the 

ground through the positive electrodes, anode. This passage of the current met 

with different degree of resistance in the earth layers. This generated potential 

difference. A change in potential difference in the earth varies with bed 

boundaries and with the presence/nature of the conducting fluid. Readings were 

taken at different electrode spreads and the resultant values for each distance 

was recorded.  

The data obtained is usually plotted as a graph of apparent resistivity against 

half current electrode spacing for the schlumberger array. 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.  

With this procedure, often called electric drilling, the properties of subsurface 

may be employed. The work was carried out from 20th to 27th October, 2011. 
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3.5 Data Processing  

The observed field data were converted to apparent resistivity values by 

multiplying with the schlumberger geometric factor.  

The geometric factor for the schlumberger array is given by:   

   

The sounding curve for each point was obtained by plotting the apparent 

resistivity on the ordinate against the half current electrode spacing on a 

bilogarithmic paper. Parameters such as apparent resistivity and thickness 

obtained from both partial curve matching and the method of asymptotes were 

used at input data for computer iterative modeling (Zohdy, 1976; koefoed, 

1977).  

Hence the computer program allowed the reading obtained from the field to be 

converted to apparent resistivity values and to be store on a diskette for the 

detailed quantitative interpretation using the Surfer 10 software.  

 

3.6 Qualitative Curve Description  

Basically, the apparent resistivity curve for a three – layer structure generally 

has one of four typical shapes, determined by the vertical sequences of the 

resistivity of the layers. Theoretically, these curves include: type K, type H, type 

A and type Q curves.    

i. K – Type curve: This curve type rises to a maximum and then decreases; 

indicating that the intermediate layer has higher resistivity than the top and 

bottom layers.  
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Fig 3.6a:  K-Type Curve for a Layered Structure Consisting of  

   Three Horizontal Layers.  

 

ii.  H-Type curve: The type H curve shows the opposite effect; it falls to 

a maximum, then increases again, due to an intermediate layer that is a better 

conductor than the top and bottom layers (Lowrie, 1997).  
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Fig 6b:   H- Type Curve for a Layered Structure Consisting of Three 
  Horizontal Layers 
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A-type curve: This type may show some changes of gradient but the 

apparent resistivity generally increases continuously with increasing 

electrode separation, indicating that the true resistivity increase with depth 

from layer to layer.  

 

 

 

 

 

 

 

IV. Q-type curve: This type exhibits the opposite effect to A-type. It decreases 

continuously along with a progressive decrease of resistivity with depth.      

 

 

 

 

 

 

 

Others:  These include curves obtained from combination of the types listed 

 above. They include: AK, AQ, KQ, HQ, KH, QH, HK, AH, KQH. 
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Fig 3.6c:  A-Type Curve for a Layered Structure Consisting of Three   
  Horizontal Layers  
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Fig 6d: Q-Type Curve for a Layered Structure Consisting of Three   
  Horizontal Layers.  
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

In this chapter, results of geological and geophysical investigation carried out in 

the study area as narrated in the preceding chapters are displayed. For aquifer 

characterization, the established relationships between aquifer hydraulic 

parameters and parameters from electrical resistivity sounding earlier stated 

have been utilized to determine; hydraulic conductivity, transmissivity, 

storativity, Hydraulic diffusivity of aquifer in the study area. Finally, the results 

were statistically tested and compared using 2-D modeling and 3-D modeling. 

 

4.1 Geological Results 

The results of the investigations are in general agreement with the geology of 

the study area as stated in section 2.2 and 2.3. 

Detailed observation of the geoelectric sections showed that the area was 

characterized by predominantly shale units with occasional sand at the southern 

part of the study area. This corresponds with the litho-units of Ajali Formation 

(sand) and Mamu Formation (shaly sand) (Uma, 1986). The villages involved 

are Okoko Item, Amaokai, AmaokweA2, and Ameke. 

The litho-units deduced showed that the northern part of the study area is 

mainly Eze Aku Formation (shale) and Nkporo Formation (shale) which 

comprises of Ama Okayi and adjoining areas as shown in fig 2.1. The stream 

was the major source of water supply to the inhabitants of these villages (Uma, 

1986). 
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4.2 Geophysical Method 

The VES field data for all the stations were fed into the 2D Inversion program 

software and modeled curve (appendix 1) were obtained. The results of the 

curve matching were studied. The shape of the curve for each sounding gave an 

insight on the character of the beds or layers between the surface and maximum 

depth of penetration. This is because the shape of a VES curve depends on the 

number of layers in the subsurface; thickness of each layer and the ratio of the 

resistivity of the layers (Osemeikhian, 1982). 

The general signature of the curves suggests alternate sequence of resistive-

conductive layers. 

The Interpreted Layer Parameter from Geoelectric Resistivity Sounding and the 

Vertical   Electrical Soundings Locations within the Study Area are shown in 

table 4.1 and figure (4.1) respectively. 
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                            TABLE 4.1: INTERPRETED LAYER PARAMETER FROM GEOELECTRIC RESISTIVITY SOUNDING OF THE STUDY AREA 

S/N  No of 
lagers  

ρ1 ρ2 ρ3 ρ4 ρ5 ρ6 D1 D2 D3 D4 D5 D6 Curve type Aquifer 
thickness 
b(m) 

Top or 
Aquifer 
h1(m) 

 Aquifer  
ρ 

bottom 
Aquifer 
h2(m) 

1 ACHARA AMAEKE (1a) 6 2480 5330 514 38 288 205 0.61 1.5 4.4 16.7 97 Α HK 4.4 0 2922 4.4 

2 AMAEKE 6 171 77.5 64.8 16.5 3.22 130 41 1.6 7.8 29.8 66.2 Α QH 0.61 0 157 0.61 

3 NDEANYE 6 157 67.7 17.1 3.3 19.1 122 0.61 7.4 28.9 61.8 89 Α QH 2 0 205 2 

4 NDIOKORO AMAEKE 
(1A) 

6 100 205 35.8 15.7 3.49 98 0.74 2 17.3 94.8 139 Α KQH 2.7 0 112 2.7 

5 AMABO OKOKO TEM  6 1170 195 439 1310 161 49.1 0.71 3.9 6.8 16.1 105 Α KQH 12.2 3.9 1170 16.1 

6 NDIELU UGWUEKE  6 32.9 38.6 17.2 29.9 40.6 18.1 0.57 3.2 21.9 58.8 140 Α HQ 0.57 0 38.6        0.57 

7 AMAOKAYI 6 28.8 40.7 14.2 35.2 13.6 24.5 0.54 3.4 11.7 37.2 101 Α HK 0.54 0 40.7 0.54 

8 OKOKO ITEM 6 1860 2900 1230 13600 5060 240 0.81 3.3 8 22.8 38.5 Α HKH 15.8        22.8 5060 38.6 

9 AMANGWU  6 810 177 354 1070 185 8.3 0.44 1.7 14.2 24.2 33.8 Α HK 10 14.2 1070 24.2 

10 AMAOBOELU OKOKO  6 273 268 1510 431 151 28.1 1.5 10.7 27.4 36.1 57.6 Α HKQ 16.7 10.7 1510 27.4 

11 UMUAKPA 6 525 322 2180 1870 396 41.9 0.73 1.7 11.8 42 101 Α KQH 30.2 11.8 1870 42 

12 OKAGWE 6 620 556 195 47.3 13.1 1.42 1.1 7.5 81.5 95.9 119 Α HK 7.5 0 556 7.5 

13 AMAOKWE 6 1110 910 72.6 45.1 14 3.8 1.4 25.3 74.6 90.6 118 Α QH 25.3 0 1010 25.3 

14 AMAOKAI 6 456 282 31.7 19.9 3.55 10.6 2.7 34.9 45.1 83 87 Α QH 2.7 0 319 2.7 

15 AMAOKWE  (M1) 6 675 374 5.1 67.3 82 5.3 1.5 5.7 16.6 33.2 78.9 Α QH 5.7 0 425 5.7 

16 AMAOKWE  (M2) 6 6170 2090 4850 32700 4240 626 64 1.1 8.4 26 41.9 Α  HKQ 41.9 0 4240 41.9 

17 OKAYI OKAI 6 101 69.3 23.1 8.7 37 3.05 1.5 5.2 30.8 62.7 131 Α HK          5.2  0 101 5.2 

18 AKANU 6 98 9.8 3.42 1.98 24 24.9 0.91 5.3 17.4 44.4 122 Α QK  0.91 0 98 0.91 

19 ELUGWU AKANU 6 88 39.6 5.66 4.01 54.5 14.6 1.1 3 28.2 51.5 122 Α H 3 0 88 3 

20 AKWANU 6 128 67.2 8.3 35 44.9 77.8 37 2.8 42.7 83.8 118 Α H 2.8 0 97.6 2.8 

21 AMAEKPU  6 711 91 14.8 12.3 201 23.7 1.2 3.2 30.5 47.8 82.8 Α H 1.2 0 401 1.2 

22 OGO UBI 6 485 119 6.1 74.1 96 620 2.3 21.4 30.2 43 67.6 Α H 2.3 0 485 2.3 

23 NDIAWA UGWUEKE 6 485 119 6.1 74.1 96 620 2.3 21.4 30.2 43 67.6 Α QH 2.3 0 575 2.3 

24 NKPORO 6 234 45 12 27.9 32 345 31 2.1 20.6 102 81.1 Α QH 1.9 0 99 1.9 
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Fig 4.1 Vertical Electrical Soundings Locations within Study Area 

4.3 Interpretative Cross Sections  

Interpretations from 24 electrical resistivity soundings carried out around the 

study area were used to generate cross sections presented here –under:  
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Profile AA1 

This profile runs in north-south direction of the study area with length 10.2km. 

This section displays 6 distinct litho units with thick shale unit of resistivity of 

less than 10Ωm at VES 6, labelled Ndielu Ugwueke, this overlain as shale with 

resistivity ranging from 10-150Ωm at Ndielu Ugwueke, Ndiawa , Amaokayi 

and part of Amangwu, this is overlain by a thin unit clayey sand ranging from 

150-300 Ωm at part of Amangwu and saturated sand unit with resistivity 

ranging from 600-750Ωm, overlying this is the sandy unit having resistivity 

ranging from 750-850Ωm, overlain by a silty sand unit with resistivity ranging 

from 350-700Ωm, overlying this, is the topmost layer modeled as top soil with 

resistivity ranging from 50-800Ωm. The conductive clay was not resolved in 

this study. 

Ωm 

Fig 4.2 
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This profile consist of VES points running through the centre of the study area 

East-West with 10.5km long. The section consist of seven litho units with thick 

shale unit and shale ranging from 0-150Ωm, this is overlain by sandy shale 

ranging from 250-350Ωm, overlying this is the silt sand ranging from 350-

500Ωm, overlain by saturated sandy unit with resistivity 600 and above. The 

thickness of this unit reduces and disappears towards Amaokwe town. From this 

profile most of towns have shale units. The conductive clay was not resolved in 

this study.  

-200

-150

-100

-50

SHALE
SHALE

Fig 4.3 
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The profile is 8.9km in length. It appears at the North-East and South-

West of the study area. The towns include Umuakpa, Okoko, Amaokwe, 

Akwanu and Amaekpu. It comprise of six litho units ranging from black 

to purple. Akwanu and Amaekpu towns comprised of Nkporo shale group 

ranging from 0-350Ωm. overlying by sandy-shale unit ranging from 350-

700Ωm seen at part of Amaokwe town. Overlain by sandy units ranging 

from700Ωm and above at Okoko town which is made up of Mamu 

Formation. The conductive clay was not resolved in this study.  

 

  

Fig 4.4 
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The profile is situated North-West and South-East of the study area with length 

9.8km, consisting of seven towns with six litho units. Overlying with Nkporo 

shale Formation ranging from 0-320Ωm covering the following towns 

Amaokayi, Akanu, Ndiawa, Ugwueke, and Amaekpu town, overlain with sandy 

shale units ranging from 320Ωm and above, visible in some part of Okagwe 

town and the thick shale unit was at the same town at about 150m depth.   

 

 

 

 

 

 

Fig 4.5 



44 
 

4.4 Aquifer Parameters across the Study Area from the VES. 

According to Niwas and Singhal (1901), the hydraulic conductivity (k) of 

aquifers where no boreholes exist is obtained from the relation below: 

K=       A           (constant) 

                                           (Nivas and Singhal 1981) …. (4.1) 

Where k = Aquifer hydraulic conductivity in m/day 

            = conductivity (inverse of resistivity) 

By applying Da Zarrouk parameters and the computed K values from the study 

area, the aquifer parameters shown in table 3 have be estimated. The apparent 

resistivity across the study area has been determined from the geo electric 

section generated from the sounding results. 
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 TABLE 4.2 AQUAFER PARAMETER OF THE SOUNDING LOCATION ACROSS THE STUDY AREA 

VES 
No  

LOCATION   

C=        (Ω) LONG. 
CONDUTANCE 
 

 ( ) Aq. 
CONDUCTIVITY  

p(m) 
Aq. App. 
RESISTIVI
TY 

R= 
ph((m2))  
TRANSVES
E 
RESISTAN
CE 

h2 (m) 
BOTTOM 
OF 
AQUIFER 

(m) h1  
TOP OF 
AQUIFER 

 h(m) 
AQUIFER 
THICKNES
S 

 (m/day)              
T=kh 
TRANSMISS
IVITY  

S=(3.0X10^6
b)STORATIVI
TY 

 HYDRAULIC 
DIFFUSIVITYD=T/S 

       (m)  
REOMMEDATI
ON  

HYDRAULIC 
CONDUCTIVI
TY 

C=k K=C/ 

1 ACHARA 1.5058X10-3 3.422X 10-4 2922 12856.8 4.4 0 4.4 12.716 1.32X 10-5 9.63X 10-5 HP or Well   0.000988 

2 AMAEKE 3.885 X10-3 6.369 X 10-3 157 95.8 0.61 0 0.61 0.0976 1.8X 10-6 5.4X 10-4 ,,   0.000251 

3 NDEANYE 9.756 X 10-3 4.878X 10-3  205 410 2 0 2 0.4 6.0X 10-6  6.67X 10-4 ,,     

4 NDIOKORO 2.4107 X 10-2 8.928 X 10-3 112 302.4 2.7  2.7 0.297 8.1 X 10-6 3.67 X 10-4 ,,   0.000989 

5 AMABO 3.333 X 10-3 8.547X 10-4  1170 4563 3.9 0 3.9 4.524 1.17X 10-5 3.87X 10-5 ,, 5.1 0.00989 

6 NDIELU UGWUEKE 8.29 X 10-2  2.59 X 10-2 38.6 123.5 3.2 0 3.2 0.128 9.6 X 10-6 1.333 X 10-4 ,, 1.06   

7 AMAOKAYI 8.3538 X 10-2 2.457 X 10-2 40.7 138.4 3.4 0 3.4 0.136 1.02 X 10-5 1.333 X 10-7 HP 1.059   

8 OKOKO 3.1027 X 10-3 1.776X 10-4  5060 79442 38.5 22.8 15.7 78.657 4.71X 10-5 1.67X 10-6 BH(76.2-91.4)  1.5   

9 AMANGWU 9.3457 X 10-3 9.345 X 10-4 1070 10700 24.2 14.2 10 10.6 3.0 X 10-5 3.533 X107  BH (91.4-122)  1.495   

10 AMAOBELU 1.10516 X 10-2 6.622X 10-4  1510 25217 27.4 10.7 16.7 25.05 5.01X 10-5 5.0 X 105 BH (137-152)  1.85   

11 UMUAKPA 1.61497 X 10-2  5.347X 10-4   1870 56474 42 11.8 30.2 55.87 9.06X 10-5  6.167 X 107 BH (122) 1.8513   

12 OKAGWE 4.6762X 10-3  1.798SX 10-3  556 14456 7.5 4.9 2.6 0.364 7.8X 10-6  4.67 X 107  HP 0.14   

13 AMAOKWE 2.50495 X 10-2 9.9 X 10-4 1010 25553 25.3 0 25.3 20.999 7.59 X 10-5 2.767 X 107 BH (137) 0.83 0.008217 

14 AMAOKAI 8.4634 X 10-3  3.1347X 10-3  319 861.3 2.7 0 2.7 0.702 8.1X 10-6 8.67 X 107 HP or Well 0.26   

15 AMAOKWE (A1) 1.08571 X 10-2 1.9047X 10-3 525 29925 5.7 0 5.7 2.451 1.71X 10-5 3.65 X 106 HP  0.43   

16 AMAOKWE (A2) 4.1509 X 10-3  2.358 X 10-4  4240 7462.4 26 8.4 17.6 73.92 5.28 X 10-5 1.4 X 106  BH (122) 4.2 0.0009899 

17 OKAI 1.48514 X 10-2 9.9 X 10-3 101 151.5 5.7 0 5.7 0.15 4.5 X 10-6 3.33 X 107 HP 0.1   

18 AKANU 9.2857 X 10-3  1.02X 10-2  98 89.2 0.91 0 0.91 0.091 2.73X 10-6 3.37 X 107 ,, 0.1   

19 ELUGWU 1.25 X 10-2  1.136X 10-2  88 96.8 3 0 3 0.099 3.3X 10-6 3 X 104  ,, 0.09   

20 AKWANU 2.87179 X 10-2 1.0256 X 10-2 97.5 273 2.8 0 2.8 0.2702 8.4 X 10-6 3.22 X 107 ,, 0.0965   

21 AMAEKPU 4.5007 X 10-3  2.4937 X 10-3  401 1283.2 1.2 0 1.2 1.2704 9.6 X 10-6 1.323 X 107 ,, 0.397   

22 OGOUBI 4.7422 X 10-3   2.0618 X 10-3   485 1115.5 2.3 0 2.3 1.104 6.9 X 10-6 1.6 X 105  ,, 0.48   

23 NDIAWA UGWUEKE 4.0564* 10-3 1.7637* 10-3   567 1304.1 2.3  0 2.3 1.104 6.9 X 10-6 1.6 X 105 HP 0.4   

24 ETITAMA NKPORO  2.828* 10-1  1.010* 10-1  99  277.2 2.8  0 2.8 0.2702 8.4 X 10-6 3.22 X 107 HP 0.0965   
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4.5 Distribution of Aquifer Apparent Resistivity, Transverse Resistance 

and Aquifer Conductivity. 

 

Fig 4.6 IMAGE OF THE AQUIFER RESISTIVITY OF THE     

STUDY AREA 

Apparent resistivity across the study area has been determined from geoelectric 

section generated from the sounding results. 

The minimum aquifer apparent resistivity is about 38.6Ωm and 40.7 Ωm near 

Ndielu Ugwueke and Amaokayi Item. The value corresponds to region having 

low resistive values (black colours indicate bad prospect of water as shown in 

fig 4.6 above). 

The maximum is about 3800-4400Ωm near Okoko Item and Amaokwe A2. As 

shown in Fig 4.6 above. The maximum value corresponds to regions having 

purple colour. The regions have sufficient water hence the high resistivity. 
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FIG 4.7 PLOT OF TRANSVERSE RESISTANCE, (ΩM2), OF THE 

STUDY AREA 

 

FIG 4.8 IMAGE OF TRANSVERSE RESISTANCE, (ΩM2) , OF THE 

  STUDY AREA 

Transverse Resistance across the study area was estimated by taking the product 

of Aquifer Resistivity (Ωm) and Aquifer thickness (m). 

In line with the geology of the study area (fig.1), the northern part of the study 

area and some part of the southern part have low values ranging from 1 to 
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10000Ωm with black and blue colours while other colours corresponds to areas 

with high values of Transverse Resistance.  

Some part in the southern part, having red and purple colours near Okoko town 

and AmaokweA2, Umuakpa town with values ranging from 47000 - 

70000Ωm2 corresponds to the area that may be more productive since the 

transverse resistance value is high. 

The low transverse resistance values indicate areas that may not be productive 

like the areas in black colour near Ama Okayi and Ndiawa Ugwueke. 

The transverse resistance for all the sounding locations was contoured as 

shown in Fig 4.7 and Fig. 4.8 above. 

 

FIG 4.9 CONTOUR OF AQUIFER CONDUCTIVITY, σ(mhos), OF THE STUDY 

AREA (ITEM) 
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FIG 4.10 IMAGE OF THE AQUIFER CONDUCTIVITY, σ(mhos), OF THE STUDY 

AREA (ITEM) 

Aquifer conductivity across the study was estimated by taking the inverse of the 

aquifer apparent resistivity (1/Resistivity). The Northern, Western, and Eastern 

part of the study area consisting Ndeanye, Ndielu Ugwueke, Akanu, Amaekpu, 

Elugwu and Okai have low aquifer conductivity, corresponding to black colour 

(between 0.1 – 0.3Ωm-1) near VES i7,19,12,18 and 6, whereas the southern part 

have high aquifer conductivity of about 16.8 - 20Ωm-1 near Okoko and 

Amaokwe A2. The purple colour indicates high conductivity, which makes the 

area good prospect for groundwater. 
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Fig 4.11  CONTOUR OF HYDRAULIC CONDUCTIVITY, K (M/DAY) OF 

THE   STUDY AREA 

 

Fig 4.12 IMAGE OF THE HYDRAULIC CONDUCTIVITY, K 

(M/DAY) OF THE STUDY AREA 

Hydraulic conductivity refers to the ability of material to conduct fluids under a 

unit hydraulic gradient (Fetter, 1994), unit- m/day. Area with low hydraulic 
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conductivity is bad prospect of groundwater while the high hydraulic 

conductivity is good prospect of groundwater.  

 

Fig 4.13 IMAGE OF THE AQUIFER LONGITUDINAL   

   CONDUCTANCE OF THE STUDY AREA 

The longitudinal conductance values arise in the north- eastern underlain by low 

longitudinal conductance materials, as shown in fig 4.13 above. The black and 

blue colours signify the low longitudinal conductance materials. The towns 

involved are not good for siting a borehole. With the exception of these areas, 

that is the south-southern and north-western parts are underlain by thick and 

conductive aquifer materials have relatively higher longitudinal conductance 

makes the area good prospect for groundwater. 
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FIG 4.14 CONTOUR OF THE DIAGNOSTIC CONSTANT, Kσ, OF 

THE STUDY AREA 

 

 

      FIG 4.15  IMAGE OF THE DIAGNOSTIC CONSTANT, Kσ, OF 

THE STUDY AREA  
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On the basis of mean value for diagnostic, Kσ factor, the entire study area 

divides into north, east, west and south parts in line with the geology of the area 

in Fig 2.1.  

The northern part consisting the following towns Ama Okayi, Ndielu 

Ugwueke,Okayi, Elugwu, Akanu and Amaekpu is homogenous as shown in  fig 

4.15. It has black colour, the values ranges from 0 – 0.4. 

The eastern part consisting of Nkporo, Akwanu and the western part having 

Ndeanye, Achara, Amaokwe and Ndielu has blue colour, they are also 

homogenous, the value ranges from 0.4 – 3.38. 

The southern part consisting of Okoko and AmaokweA2 town constitute of 

other colours having values ranging from 3.38 – 20. 

Kσ values within the Northern part have a mean value of 0.2. The eastern and 

western parts have a mean value of 1.89 and the southern part has a mean value 

of 11.69. This is in conformity with the geology of the study area. 

From fig 4.14 and 4.15 above displays Kσ plot of the area. The areas with black 

and blue colours corresponds to the area underlain by shallow unconfined 

aquifer hence the low diagnostic value and the area with other colours 

corresponds to the area underlain by dipper unconfined aquifer hence the high 

diagnostic value.  
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FIG 4.16 CONTOUR OF THE DEPTH TO WATER TABLE, h(m), OF 

THE STUDY AREA 

FIG 4.17 IMAGE OF THE DEPTH TO WATER TABLE, h (m), OF THE  

STUDY AREA 

Depth to water has been deduced from sounding results and the indications are 

that the water table is shallow in most of the towns in the study area with depth 
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less than 1.5m and much deeper in Okoko, Umuakpa  and AmaokweA2 towns 

as shown in fig 4.17. The blue and black colours indicate areas with shallow 

depth while other colours indicate areas with deeper depth.  

The towns with black colour ranging from 1m to -0.5m correspond to 

AmaOkayi town and towns with blue colour ranging from 0.5m to 1.5m 

corresponds to town with shallow depth. These areas may not be good for citing 

of boreholes.  

 

FIG 4.18  CONTOUR OF THE AQUIFER THICKNESS, h(m), 

OF THE STUDY AERA 
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FIG 4.19 IMAGE OF THE AQUIFER THICKNESS, h(m), OF 

THE STUDY AERA 

The Aquifer thickness was constructed from VES locations as shown (table 4.2) 

the Aquifer thickness of the study area is highly varible in thickness and depth, 

thickest in the vicinity of VES 11, with thickness ranging from 20m to 30.2m 

constiting of towns such as Okoko,  AmaokweA2 and Umuakpa.at the southern 

part of the study area. 

From fig 4.19 above, black and blue colours correspond to areas with very low 

Aquifer thickness and these areas may not be good for citing of boreholes while 

other colours indicate areas that may be good for citing of borehole.  

The Aquifer thickness of all the locations was contoured as shown in fig 4.19 

above.  
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FIG 4.20 TRANSMISSIVITY, T (M2/DAY) OF THE STUDY AREA 

Aquifer transmissivity is defined as the product of hydraulic conductivity (or 

permeability) and thickness of the unit. It is measured in m2/day. The 

transmissivity within the study area varies from place to place. 

In this study, the transmissivity was estimated by taking the product of 

diagnostic constant and transverse resistance of the Aquifer from the VES 

points. 

The minimum transmissivity value is about 0.104m2/day near VES 23 (Ndiawa 

Ugwueke town) and the maximum is about 78.657m2/day near VES 8 (Okoko 

town) as shown in table 4.2. 

Aquifer transmissivity for all the locations in the study area was contoured as 

shown in fig 4.20.  

Towns that fall within the black and blue colours are areas with low value of 

transmissivity while other parts of the study area are underlain by thick and 

conductive aquifer materials having relatively higher transmissivity value thus 

making the area good prospect for groundwater.  
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The low values indicate bad prospect for groundwater while the high value are 

areas of good prospect of groundwater.  

 

FIG 4.21   CONTOUR OF AQUIFER STORATIVITY OF THE STUDY 

AREA 

 

FIG 4.22  IMAGE OF AQUIFER STORATIVITY OF THE STUDY 
AREA 
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Aquifer strorativity is the amount of water an aquifer releases or takes into 

storage, it is also   known as the storage coefficient. Its dimensionless value, it 

determined from the rule of thumb by (Lohman, 1972). Having low values of 

storativity mean bad prospect for groundwater and relative higher values of 

storativity makes the area good prospect for groundwater. 

FIG 4.23 CONTOUR OF DIFFUSIVITY, D (M/DAY) OF THE STUDY 

AREA (ITEM) 
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FIG 4.24 IMAGE OF DIFFUSIVITY, (M/DAY) OF THE STUDY AREA 

(ITEM) 
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Aquifer hydraulic diffusive (Hiscock, 2005) noted that by combining the aquifer 

properties of transmissivity and storativity, it is possible to define a single 

formation parameter, it is defined as: D =    

Aquifer formations with a large hydraulic diffusivity responds quickly in 

transmitting changed hydraulic conditions at one location to other regions in an 

aquifer (Hiscock, 2005).  

For the western part of the study area the minimum hydraulic diffusivity value 

is about 1.33x104 near Ndielu Ugwueke while the maximum is about 3.87x105 

near Amabo as shown in table 2. 

For the northern part of the study area, the minimum hydraulic diffusivity value 

is about 3x104 near Elugwu while the maximum value is about 4.67x107 near 

Okagwu as shown in table 2. 

For the southern part of the study area, the minimum value 3.37x107 near 

Akwanu and the maximum is 8.67x107 near Amaokai as shown in table 2. 

For the eastern part of the study area, the minimum value is about 1.6x105 near 

Amaekpu and the maximum is about 3.22x107 near Nkporo. 

The average aquifer hydraulic diffusivity for the western part is 2x105, northern 

part is 2.336x107 and southern part is 6.02x107and for the eastern part is 

1.618x107. 

Aquifer hydraulic diffusivity for all the locations were contoured as shown in 

fig 4.24; the areas with black to blue colours have low value of hydraulic 

diffusivity thus making the areas bad prospect for ground water and other 

colours signifies areas with good prospect for ground water especially red and 

purple colours near Amaokai.  
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TABLE: 4.3  SUMMARIES OF THE MEAN VALUES OF 

ESTIMATED AQUIFER PARAMETERS FROM  SOUNDINGS 

ACROSS GEOELECTRIC SECTIONS  OF THE STUDY AREA (ITEM) 

 SECTION      LOCATION 

     VES  

      HYDRAULIC   

CONDUCTIVITY    

M/DAY 

   

TRANSMISSIVITY 

M2/DAY  

  

STORATIVITY  

HYDRAULIC 

DIFFUSIVITY  

1 AA1 5,8,9,10,6,23,7 0.40475 2.992 0.0000141 14204732 

2 BB1 1,3,4,6,15,20,21,

24 

0.35466 0.7983 0.0000098 13576671 

3 DD1 11,13,20,21, 22 0.82 19.6024 0.0000461 15435775 

4 FF1 7,23,12,18,21,24 1.5557 25.0568 0.0000347 14264057 

       

       

 

4.6  Isoresistivity Model Across the Study Area 

With the assumption that the effective depth of transmission is 2/3 of half the 

current electrode separation, AB/2, the downward continuation of the resistivity 

value of the sounding points across the study area gave rise to iso-resistivity 

map which shows variations of resistivity at specified intervals of AB/2 at 1m, 

4m, 8m, 10m, 15m, 30m, 50m, 80m 100m, 150m, 200m, 250m, 300m, 

350m,400m, 450m,and 500m (table 5). This displayed a progressive decrease in 

resistivity with depth, suggesting a highly resistive overburden or upper layer to 

less resistive (or conductive) layer. 

 However, an iso-resistivity map is a qualitative interpretation tool which shows 

possible variations in resistivity at the given electrode spacing and does not give 

the true resistivity of a definite geo-electric layer (Mbonu et al., 1991).   
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                      TABLE 4.4  DOWNWARD CONTINUATION OF THE RESISTIVITY OF THE STUDY AREA (ITEM) 

  0E 0N 1 4 8 10 15 30 50 80 100 150 200 250 300 350 400 450 500 

  LONGITUDE LATITUDE                             

1 7.5847 5.7566 2608 1817 417.9 235.1 83.5 75.1 154 134.2 127.7 200.00 198 235 203 211 211 210 215.6 

2 7.60035 5.7385 128 72 48 56 36 19 11 9 8.5 10.00 16 56.3 16.9 17.3 17.8 18 18.6 

3 7.60815 5.77885 115.2 113.5 62.8 42.4 36 30.6 21.5 17.6 16.7 12.1 13.6 11.7 14.7 15.9 17.8 18 20.4 

4 7.6155 5.7562 82.9 78.3 49.8 46.2 33.9 20.7 15.6 7 6.5 3.5 10.5 12.7 11.3 12.2 12.9 13 13.7 

5 7.62304 5.74712 883.8 249 292.1 327.6 430 584 395 301.4 230.5 144.2 123 85.8 80.5 73.8 65.7 49 37.5 

6 7.63368 5.7842 34.1 33.4 27.6 23.4 20.1 20.1 22.4 25.9 21.9 29.2 30.5 34.1 36.2 27.5 22.6 19 12.7 

7 7.62802 5.82557 31.6 33.4 28.4 23.4 20.1 22.5 21.5 25.7 20.1 19.2 19.8 19.9 20.1 13.7 11.9 11 10.1 

8 7.63368 5.74022 2000 2703 2059 2355 2840 2874 4238 5315 5182 2040 914 524 596 419 427 431 450 

9 7.63566 5.73958 438.4 255.9 304.9 354.1 414 309 346 355.4 141.9 39.4 15.8 10.5 9.9 11.4 11.9 12 12.7 

10 7.63851 5.73905 276.1 259.4 299 312.5 369 459 481 556.1 694.8 387.1 91.9 52.9 52.4 61.8 29.8 29 28.9 

11 7.64858 5.734 545.2 730.6 1071 1218 1451 1774 1550 1646 882.1 500 290 150 100 12.7 48.6 35 24.7 

12 7.64928 5.80488 614.4 582.6 349.8 517.6 415 312 153 186.5 211.8 125.7 62.5 29.4 14.5 6.7 10.6 8.7 8.4 

13 7.66205 5.73937 1102 1026 902.8 878.5 862 731 428 186.5 101.4 49.6 20.1 12.7 8.1 8.1 6.8 6.9 7.1 

14 7.66348 5.75143 459 402.9 332.1 312.5 300 235 284 181.6 54.7 21.2 9.4 9.2 9.9 8.3 8.1 8.9 8.6 

15 7.66765 5.76343 634 505.4 314.7 165.7 138 13.4 15.8 25.9 30.2 32.4 32.7 25 19.7 18.4 14.9 11 10.6 

16 7.6683 5.73663 4927 3470 4683 5209 6073 9649 1240 11407 8355 4010 2004 1487 678 32.6 27.1 22 18.5 

17 7.6734 5.82385 99.9 83 54 49.5 37 21 19.1 16 14 15.6 14.9 16.2 17.8 10.5 8.9 6.1 4.8 

18 7.68262 5.79885 80.1 13.5 8 6.7 4.8 3 3.6 6.6 15.5 74.6 93.2 8.3 8.7 9.4 11.5 12 12.3 

19 7.68578 5.80662 86.2 35.1 11.5 11.5 6.1 6.1 6.2 8.2 18.4 76.9 95.3 9.8 7.8 18.3 19.4 20 20.4 

20 7.69893 5.76782 85.8 45.7 9.2 22.6 9.4 9.2 4.6 10.5 16.1 75.2 92.8 44.2 20.7 21.8 23.2 24 27.2 

21 7.70761 5.78568 737.5 173.3 24.8 26.1 17.6 16.7 22 35.2 43.1 67.8 74.4 86.4 81.9 149 175 186 200 

22 7.7195 5.82817 356.4 582.6 142.3 135.5 125 42.8 49.2 37.5 36.8 20.2 126 165 125 148 151 160 167 

23 7.63525 5.8096 35.4 51.1 28.7 23.7 18.7 15.4 27.3 38.5 43.6 48.5 49.2 48.6 44,8 41.4 37.6 30 27.2 

24 7.76898 5.77253 414.8 545.5 237.6 84.5 37.1 29.7 47.8 65.1 33.8 19.1 141 187 149 141 106 25 48.1 
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Fig 4.25 CONTOUR MAP OF THE DOWNWARD 

CONTINUATION OF THE STUDY AREA AB/2 = 1m 

 

Fig 4.26  Image of the Downward Continuation of the Study Area 
  AB/2 = 1m  

 

Ωm 
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The iso-resistivity map for AB/2 = 1m shown in the fig 4.26 above 

displays that part of the study area which corresponds to the part having 

black and blue colors which involve Ndiawa Ugwueke, Okagwe, Elugwu 

and others are underlain by relatively low resistive material. The color 

codes in fig 4.26 above shows that the resistivity value is between -100 0 

- 6000Ωm corresponds to shale unit with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 0.67m shows that the resistivity of the sounding points 

increases from 6000Ωm to 18000Ωm which involves other colours as 

shown in fig 4.26 above corresponds to areas with high resistive materials 

indicating the presence of sandy unit .The blue/black colors correspond to 

shale unit while other colours correspond to sandy units.  

 

 

 
  Fig 4.27 Contour Map of the Downward Continuation of the Study 

Area AB/2 = 4m 
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Fig 4.28  Image of the Downward Continuation of the Study Area AB/2 

= 4m  

The iso-resistivity map for AB/2 = 4m shown in the fig 4.28 above displays that 

part of the study area which corresponds to the part having black and blue 

colors which involve Ndiawa Ugwueke, Okagwe, Elugwu and others are 

underlain by relatively low resistive material. The color codes in fig 4.28 above 

shows that the resistivity value is between 0 - 600Ωm corresponds to shale unit 

with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 2.67m shows that the resistivity of the sounding point increases 

from 600Ωm to 3400Ωm which involves other colours as shown in fig 4.28 

above corresponds to areas with high resistive materials indicating the presence 

of sandy unit. The blue/black colors correspond to shale unit while other colours 

correspond to sandy units.  
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Fig 4.29 Contour Map of the Downward Continuation of the Study 

Area AB/2 = 15m 

 

 

Fig 4.30  Image of the Downward Continuation of the Study Area AB/2 

= 15m  
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The iso-resistivity map for AB/2 = 15m shown in the fig 4.30 above displays 

that part of the study area which corresponds to the part having black and blue 

colors which involve Ndiawa, Ugwueke, Okagwe,  Elugwu,  Akanu, Nkporo 

and Amaekpu  are underlain by relatively low resistive material. The color 

codes in fig 4.30 above shows that the resistivity values is between 0 -800Ωm 

corresponds to shale unit with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 10m shows that the resistivity of the sounding point’s increases 

from 800Ωm to 6000Ωm which involves other colours as shown in fig 4.30 

above corresponds to areas with high resistive materials indicating the presence 

of sandy unit. The blue/black colors correspond to shale unit while other colours 

correspond to sandy units.  

 

Fig 4.31 Contour Map of the Downward Continuation of the Study 

Area AB/2 = 30m 
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Fig 4.32 Image of the Downward Continuation of the Study Area AB/2 

= 30m  

The iso-resistivity map for AB/2 = 30m shown in the fig 4.32 above displays 

that part of the study area which corresponds to the part having black and blue 

colors which involve Ndiawa Ugwueke, Okagwe, Elugwu, Amaokwe, 

Amaekpu Akanu and Nkporo are underlain by relatively low resistive material. 

The color codes in fig 4.32 above shows that the resistivity value is between 0 - 

1100Ωm corresponds to shale unit with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 20m shows that the resistivity of the sounding point’s increases 

from 1100Ωm to 9000Ωm which involves other colours as shown in fig 4.32 

above corresponds to areas with high resistive materials indicating the presence 

of sandy unit. The blue/black colours correspond to shale unit while other 

colours correspond to sandy units.  
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Fig 4.33 Contour Map of the Downward Continuation of the Study 

Area AB/2 =50m  

 

Fig 4.34  Image of the Downward Continuation of the Study Area AB/2 

= 50m  

The iso-resistivity map for AB/2 = 50m shown in the fig 4.34 above displays 

that part of the study area which corresponds to the part having black and blue 

colors which involve Ndiawa Ugwueke, Okagwe, Elugwu, Amaokayi, 

Ωm 
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Amaekpu Akanu,Ndiokoroha and Nkporo are underlain by relatively low 

resistive material. The color codes in fig 4.34 above shows that the resistivity 

value is between 0 - 600Ωm corresponds to shale unit with relatively low 

resistivity. 

The resistivity of the study area at this spacing with the effective depth of 

transmission at 37.6m shows that the resistivity of the sounding point’s 

increases from 600Ωm to 3600Ωm which involves other colours as shown in fig 

4.34 above corresponds to areas with high resistive materials indicating the 

presence of sandy unit. The blue/black colours correspond to shale unit while 

other colours correspond to sandy units.  

 

Fig 4.35 Image of the Downward Continuation of the Study Area AB/2 

= 80m  

The iso-resistivity map for AB/2 = 80m shown in the fig 4.35 above displays 

that part of the study area which corresponds to the part having black and blue 

colors which involves Ndiawa Ugwueke, Okagwe, Elugwu, 

Amaokayi,Amaekpu Akanu and Nkporo are underlain by relatively low 

Ωm 
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resistive material. The color codes in fig 4.35 above shows that the resistivity 

value is between -500 - 1100Ωm corresponds to shale unit with relatively low 

resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 53.2m shows that the resistivity of the sounding point’s 

increases from 1100Ωm to 11000Ωm which involves other colours as shown in 

fig 4.35 above corresponds to areas with high resistive materials indicating the 

presence of sandy unit. The blue/black colours correspond to shale unit while 

other colours correspond to sandy units.  

 

Fig4.36 Contour Map of the Downward Continuation of the Study 

Area AB/2 =100m 
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Fig 4.37  Image of the Downward Continuation of the Study Area 

AB/2 = 100m  

The iso-resistivity map for AB/2 = 100m shown in the fig 4.37 above displays 

that part of the study area which corresponds to the part having blue color which 

involves Ndiawa Ugwueke, Okagwe, Elugwu, Amaokayi, Amaekpu Akanu and 

Nkporo are underlain by relatively low resistive material. The color codes in fig 

4.37 above shows that the resistivity value is between -500 - 1000Ωm 

corresponds to shale unit with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 66.60m shows that the resistivity of the sounding point’s 

increases from 1000Ωm to 8000Ωm which involves other colours as shown in 

fig 4.37 above corresponds to areas with high resistive materials indicating the 

presence of sandy unit. The towns include Okoko,Umuakpa,  Amaokai and 

AmaokweA2. The blue/black colours correspond to shale unit while other 

colours correspond to sandy units.  

 

Ωm 
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Fig4.38  Contour Map of the Downward Continuation of the Study 

Area AB/2 =150m 

Fig 4.39 Image of the Downward Continuation of the Study Area 

AB/2 = 150m  

The iso-resistivity map for AB/2 = 150m shown in the fig 4.39 above displays 

that part of the study area which corresponds to the part having blue color which 
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involves Ndiawa Ugwueke, Okagwe, Elugwu, Amaokayi, Amaekpu Akanu and 

Nkporo are underlain by relatively low resistive material. The color codes in fig 

4.39 above shows that the resistivity value is between -200 - 500Ωm 

corresponds to shale unit with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 100m shows that the resistivity of the sounding  points increases 

from 500Ωm to 3800Ωm which involves other colours as shown in fig 4.39 

above corresponds to areas with high resistive materials indicating the presence 

of sandy unit. The towns include Okoko, Umuakpa, Amaokai and AmaokweA2. 

The blue/black colours correspond to shale unit while other colours correspond 

to sandy units.  

 

Fig4.40  Contour Map of the Downward Continuation of the Study 

Area AB/2 =200m 



75 
 

Fig 4.41  Image of the Downward Continuation of the Study Area AB/2 

  = 200m  

The iso-resistivity map for AB/2 = 200m shown in the fig 4.41 above displays 

that part of the study area which corresponds to the part having blue color which 

involves Ndiawa Ugwueke, Okagwe, Elugwu, Amaokayi, Amaekpu Akanu and 

Nkporo are underlain by relatively low resistive material. The color codes in fig 

4.41 above shows that the resistivity value is between -100 - 200Ωm 

corresponds to shale unit with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 126.6m shows that the resistivity of the sounding point’s 

increases from 200Ωm to1 900Ωm which involves other colours as shown in fig 

4.41 above corresponds to areas with high resistive materials indicating the 

presence of sandy-shale, silt and sandy units. The towns include Okoko, 

Umuakpa, Amaokai and AmaokweA2. The blue/black colours correspond to 

shale unit while other colours correspond to sandy units.  
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Fig4.42  Contour Map of the Downward Continuation of the Study  

  Area AB/2 =250m 

Fig 4.43 Image of the Downward Continuation of the Study Area AB/2 

= 250m  
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The iso-resistivity map for AB/2 = 250m shown in the fig 4.43 above displays 

that part of the study area which corresponds to the part having black/blue color 

which involves Ndiawa Ugwueke, Okagwe, Elugwu, Amaokayi, Amaekpu 

Akanu and Nkporo towns are underlain by relatively low resistive material. The 

color codes in fig 4.43 above shows that the resistivity value is between -100 - 

200Ωm corresponds to shale unit with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 166.6m shows that the resistivity of the sounding point’s 

increases from 200Ωm to 1400Ωm which involves other colours as shown in fig 

4.43 above corresponds to areas with high resistive materials indicating the 

presence of sandy-shale, silt and sandy units. The towns include Okoko, 

Amaokai and AmaokweA2. The blue/black colours correspond to shale unit 

while other colours correspond to sandy units.  

Fig4.44 Contour Map of the Downward Continuation of the Study 

Area AB/2 =300m 
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Fig 4.45 Image of the Downward Continuation of the Study Area AB/2 

= 300m  

The iso-resistivity map for AB/2 = 300m shown in the fig 4.45 above displays 

that part of the study area which corresponds to the part having black/blue 

colours which involves Ndiawa Ugwueke, Okagwe, Elugwu, Amaokayi, 

Amaekpu Akanu and Nkporo are underlain by relatively low resistive material. 

The color code in fig 4.45 above shows that the resistivity value is between -100 

to 200Ωm corresponds to shale unit with relatively low resistivity.  

The resistivity of the study area at this spacing with the effective depth of 

transmission at 200m shows that the resistivity of the sounding point increases 

from 200Ωm to 1400Ωm which involves other colours as shown in fig 4.45 

above corresponds to areas with high resistive materials indicating the presence 

of sandy-shale, silt and sandy units. The towns include Okoko, Amaokai and 

AmaokweA2. The blue/black colours correspond to shale unit while other 

colours correspond to sandy units. 
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Fig 4.46 Image of the Downward Continuation of the Study Area AB/2 

= 350m 

The isoresistivity map for AB/2 = 350 shown in fig 4.446 above displays that 

part of the study area which corresponds to part having Ugwueke, Okayi, 

Amaokayi, Akanu and others are underlain by relatively low resistive material 

ranging from 0 to 80Ωm. The colour codes in fig 4.46 above ranges from black 

to blue colours. The resistivity of the study area at this spacing with the 

effective depth of transmission as 233.3m shows that the resistivity of the 

sounding points increase from 0 (black) to 380 (purple) as shown in the fig 4.46 

above. The resistivity values at this spacing shows that the area has more low 

resistive materials. This area is made up of shale and shale sand. This indicates 

bad prospect of water. 
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Fig 4.47 Image of the Downward Continuation of the Study Area 

AB/2 = 400m  

The isoresistivity map for AB/2 = 400 shown in fig 4.47 above displays that 

part of the study area which corresponds to part having Ugwueke, Okayi, 

Amaokayi, Akanu and others are underlain by relatively low resistive material 

ranging from 0 to 80Ωm. The colour codes in fig 4.47 above ranges from black 

to blue colours. The resistivity of the study area at this spacing with the 

effective depth of transmission as 266.6m shows that the resistivity of the 

sounding points increase from 0 (black) to 380 (purple) as shown in the fig 4.47 

above. The resistivity values from this spacing shows that the area has more low 

resistive materials. This indicates bad prospect of water. 
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 Fig 4.48 Image of the Downward Continuation of the Study Area 

AB/2 = 450m  

The isoresistivity map for AB/2 = 450 shown in fig 4.48 above displays that 

part of the study area which corresponds to part having Ugwueke, Okayi, 

Amaokayi, Akanu and others are underlain by relatively low resistive material 

ranging from -20 to 80Ωm. The colour codes in fig 4.48 above ranges from 

black to blue colours. The resistivity of the study area at this spacing with the 

effective depth of transmission as 300m shows that the resistivity of the 

sounding points increase from -20 (black) to 380 (purple) as shown in the fig 

4.48 above. The resistivity values from this spacing shows that the area has 

more low resistive materials. This indicates bad prospect of water. 
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 Fig 4.49  Image of the Downward Continuation of the Study Area 

AB/2 = 500m  

The isoresistivity map for AB/2 = 500 shown in fig 4.49 above displays that 

part of the study area which corresponds to part having Ugwueke, Okayi, 

Amaokayi, Akanu and others are underlain by relatively low resistive material 

ranging from -20 to100Ωm. The colour codes in fig 4.49 above ranges from 

black to blue colours. The resistivity of the study area at this spacing with the 

effective depth of transmission as 333.3m shows that the resistivity of the 

sounding points increase from -20 (black) to 400 (purple) as shown in the fig 

4.49 above. The resistivity values from this spacing shows that the area has 

more low resistive materials. This indicates bad prospect of water. 

From the 3-D image maps of the study area produced (Fig 4.50) below, the 

northern part of the study area is predominantly of shale units while some parts 

of southern part is made up of sandy units. The resistivity values ranges from 

layer 1 up to layer 17, with effective depth of 0.67m (AB/2 = 1m) to 333m 

(AB/2 = 500m). The areas with very low resistive materials were coloured with 

blue colour while other colours shows areas high resistive materials. 

 

 



83 
 

 

 Layer 1 

 

Layer 2 

 

Layer 3 
5.3m 

2.67m 

0.67m 

0m 
Depth (m) 



84 
 

 

Layer 4 

 

Layer 5 

 

Layer 6 
20m 

10m 

6.67m 



85 
 

 

Layer 7 

 

Layer 8 

 

Layer 9 

66.7m 

53.3m 

33.3m 



86 
 

 

Layer 10 

 

Layer 11 

 

Layer 12 

Ωm 

Ωm 

166.7m 

133 3m 

100m 



87 
 

 

Layer 13 

 

Layer 14 

 

Layer 15 

Ωm 

Ωm 

Ωm 

266.7m 

233.3m 

200m 



88 
 

 

Layer 16 

 

Layer 17 

 

Fig 4.50:  3-D Display of Resistivity Variations within Each Interpreted Layer  
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1  Conclusion 

Based on our knowledge of the geological formations in the study area from the 

geology of Nigeria supported by the observation made on the field, it is proven 

that the area is made up of four (4) Formations, which includes Ajali, Mamu, 

Nkporo and Eze-Aku Formations. 

Nkporo and Eze-Aku Formations outcrop at the Northern part of the study area 

while Ajali and Mamu Formations outcrop southward. 

The surface geophysical survey method provides evidence of subsurface 

Formation, bearing in mind that the resistivity of the rock Formation is 

inversely proportional to its conductivity. 

It is also important to note that during the dry season, both sand and shale show 

high resistivity values but in different degrees (Ugada, 2010). Therefore the 

results from Vertical Electrical Sounding (VES) have provided evidence of 

subsurface Formation because of the direct contact with rocks. This enhanced 

the location of the aquifer(s). the Iso-resistivity maps as shown in Fig 4.26 to 

4.50  describes the various depths, thickness of each stratum, potential bearing 

units (prospective/aquiferous regions) and the depths at which an aquifer 

occurred. 

The parameters used in describing the aquifers characteristics are as shown table 

4.2 the longitudinal conductance of the aquifer is highest at Ama Okayi town 

value is 8.3533 x 10-2 Ω and lowest at Okoko town value is 3.1027 x 10-3 Ω.  

The aquifer conductivity has the highest value of 2.57x10-2Ωm (Ama Okayi) 

and lowest value of 1.176x10-4Ωm (Okoko) and the mean value of 0.40475Ωm. 
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 The aquifer thickness is high at Okoko town (15.7m) and very low at Ameke 

town (0.61m) table 4.2. 

The transmittivity of the aquifer is high in Okoko town (78.657m2/day) and very 

low at Ameke (0.0976m2/day) as shown in table 4.2. 

The aquifer storativity has high value at AmaokweA2 town (7.59x10-5) and 

Okoko town (4.71x10-5) and has low value at Ameke (1.8x10-6) as shown in fig 

4.22. 

Aquifer diffusivity is high at Amaokai (8.67x107) and very low at Ndielu 

Ugwueke town (1.333x104) as shown in fig 4.24. 

The water table map (fig 4.17) depicting depths to the aquifer and these vary in 

an undulating manner, being low in places like Ama Okayi, Okayi, Ndiawa 

Ugwueke, Ndielu Ugwueke, Nkporo, Amaekpu and Akanu and high in places 

like Okoko, AmaokweA2, and Amaokai. 

In general, this anomaly could be as a result of the differences in elevation of 

the different places investigated. It was equally stated earlier that water table 

commonly follows the ground surface i.e. the lowest ground (valley bottom or 

depression where water accumulate). 

Having the effective depth of transmission to be 2/3 half the current electrode 

separation, AB/2, the isoresistivity map for AB/2 at 50m (fig 4.34), 80m (fig 

4.35), 100m (fig 4.37), 150m (4.39), 200m (fig 4.41) show that two distinct 

zones can be identified within the study area on the basis of resistivity values. 

They are Okoko and AmaokweA2 towns. 

The northern part which covers more than half of the study area is underlain by 

relatively low resistive materials with resistivity ranging from 16.1Ωm (VES 

19) and 22.5 Ωm (VES 7) at AB/2 = 100m with mean value of 19.3Ωm. 
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The southern part on the other hand is underlain by relatively high resistivity 

materials at this spacing at VES 16 with resistivity value of 8354.9 Ωm with a 

mean value of 4181.7 Ωm.  

This variation could possibly be traced to the variation in geological topography 

(fig 1.1) or water quality (table 4.2) or degree of saturation. 

However, between AB/2 = 150m, 200m, 250m and 300m as shown in fig 4.39 

to fig 4.45 respectively, they tend to appear shale unit extending from the 

northern section towards Amaokayi, Ndielu Ugwueke, Elugwu, Akanu, Okayi 

and Amaokwe. The shale sand appears at AB/2 = 300m at VES 8 with 

resistivity value of 595.8 Ωm and disappears completely in other VES points 

given way for shale. 

The present study has helped to map out zones for drilling of productive 

boreholes in the study area. From VES data obtained the variation of depth to 

water table varies from -0.5m to 12.5m (fig 4.22). 

Variations in the hydraulic properties occasioned by changes in the subsurface 

geology or presumably water quality or both occur. Zone A (northern section) 

appears to be homogenous and distinct from some parts in zone B (southern 

section). The diagnostic constant K, which have earlier been discussed in 

detail by Niwas and Singhal (1981) have also proved very useful in this study. 

The mean values of transmitivity, hydraulic conductivity, storativity and 

hydraulic diffusivity (table4.3) 25.0568m2/day, 1.5557m/day, 0.000033 and 

14264057 respectively across zone B. These suggest that the zone has good 

aquifer system that can sustain larger scale abstractions as presented by the 

resistivity soundings. The dearth of hydro chemical information on waters from 

the whole area makes it difficult to confirm at present any water quality 

variations that may be present. 
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Again, the downward continuation of the resistivity value of the sounding points 

gave rise to isoresistivity map which shows variations of resistivity at specified 

intervals of half the current electrode separation, AB/2 at 

15m,30m,50m,80m,100m,150m,200m,250m,300m and 350m (fig 4.30 – fig 

4.46). 

This displayed a progressive decrease in resistivity with depth, suggesting a 

highly resistive overburden or upper layer to less resistive (or conductive) layer 

below. Given that the effective depth of transmission  is 2/3 half the current 

electrode separation, AB/2, the isoresistivity plots (fig 4.2 – fig 4.5) of the study 

area has proven why most areas like Ama Okayi, Ndielu Ugwueke, Akanu and 

Elugwu of northern part of the study area has serious underground water 

problems. 

5.2 Recommendations 

From this study, it is recommended that towns such as Okoko, Amangwu, 

Umuakpa and AmaokweA2 will yield a productive borehole with effective 

depth of 40m (132feet) to 152m (501.6feet) and other towns should be provided 

with a hand pump or surface water with the help of a dam or well but should be 

treated before consumption. 

It is therefore hoped that the water board authorities in Abia state and 

individuals will find this work useful in planning the water supply expansion 

schemes to communities especially as regards to citing of more productive 

boreholes.  

5.3 Suggestion for further Work 

From the result on geology and geophysical data recorded in this study area, the 

following suggestions are made; 
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5.3.1 Hydro Chemical Baseline Data 

Biological and chemical investigations are recommended to ascertain the water 

quality of the aquifer in the study area. The chemical status as well as biological 

status must be known, through a well defined Environmental Impact 

Assessment.  
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