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ABSTRACT 

Hydro-geophysical study of Mbano and environs, Southeastern Nigeria was carried out with 

the objective of estimating aquifer hydraulic parameters from resistivity data. Thirty-six (36) 

vertical electrical resistivity (VES) sounding data using the Schlumberger array were acquired 

with a maximum current electrode spread of 1000m using the ABEM Terrameter SAS 4000. 

Out of the thirty-six (36) VES soundings, fourteen (14) parametric soundings were carried 

out at the locations of existing boreholes where pumping test data are available for the 

purposes of calibration and correlation. The acquired data were processed in other to 

generate layer parameters using a combination of curve matching and computer iterative 

modeling techniques. Geo-electric curve types identified in the study area ranges from 

simple KQ, AQ, and QH curves to complex KQH, KHQ types. The general sequence of the 

curves suggests alternate sequence of resistive-conductive layers.  Results of the study 

revealed that the aquifer resistivity in the area varies from 772 Ωm to 5000 Ωm with a mean 

value of 2521 Ωm. The depth to water table varies from 25 m around Umuduru Egbeaguru 

to 150m at Umunumo 1. The aquifers of the study area highly variable in thickness with 

values ranging from 5 m at VES 35(Umuduru Egbeaguru) to 97.8 m at VES 18(Ezumoha) with 

average value of 41.78m. Estimates of the Dar-zarrouck parameters revealed that the 

transverse resistance values ranges from 3860 to 171,171 Ωm2 with a mean value of 

116,386.6 Ωm2. Similarly, the longitudinal conductance ranges from 0.0072 Sm to 0.01884 

Sm with an average value of 0.0478Sm. Information extracted from resistivity and Dar-

zarrock parameters were used to estimate aquifer hydraulic parameters.  The hydraulic 

conductivity across the area ranges from 1.04 m/day to about 12.74m/day, while the 

transmissivity ranges between 5.2 m2/day at Umuduru Egberaguru to 564.85 m2/day at Ikpa 

Mgbeke. Information extracted from iso-resistivity models, geo-electric cross-sections, litho 

logs, and electric logs of the study area revealed  three distinct aquiferious zones: an 

unconfined aquifer at a depth of about 25m—34m, semi-confined aquifer at a depth of 50—

70m and a confined aquifer at a depth of 150—165m within the limit of the probe. The 

north-eastern part of the area is believed to have geo-materials with high aquifer potentials. 

 

Keywords: Geo-hydraulic, Resistivity, Dar-zarrouck, Aquifer, Vertical Electrical Sounding,  

Transmissivity, Nigeria 
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CHAPTER ONE 

INTRODUCTION 

1.1   Background Information 

Ground water is a major source of fresh water supply throughout the world, 

accounting for almost 99℅ of the total volume of circulating freshwater today 

(Younger, 2007). Population growth and agricultural development in 

sedimentary basins has increased the demand for ground water. As a result of 

this demand, more stress is being placed on available prolific aquifers. 

Although Imo State as a whole is very well endowed with water resources, being 

very well drained with reasonable close network of rivers and streams, some of 

these streams are usually dry during the dry season. This situation is worse in 

some areas which are usually underlain by shale and clay.  

Water supply problems are not new to many areas of Nigeria but the situation is 

more acute in some localities like part of Ehime Mbano in Imo state, South-

eastern Nigeria. Many boreholes have been drilled in these local councils by the 

State Government and non- Governmental organization like UNICEF (United 

Nation Children Emergency Fund)  based on the fact that the area  belong to a 

sedimentary environment and should have good water bearing rocks. Some of 

these boreholes are yielding water; some yielded water for a short time and went 

dry while some never have a usable yield. 
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Part of the problems was due to the fact that no proper geophysical and hydro 

geological investigations were conducted before the sites for drilling holes were 

selected. The rapid growth of population due to the proximity of these local 

councils to the State capital has contributed immensely to extra demand on the 

few producible wells which has already been overstretched. 

The location of these local councils lies between latitude 5°37′N to 5°47′N and 

longitude 7°03′E to 7°20′E. The nature of the few aquiferous units within the 

formations underlying the local councils has not been established. From my field 

observation, the geomorphology of these areas shows that it has low 

groundwater capacity as a result of the lithologic composition of the formations 

which favour high run-off and impedes ground water infiltration. Appropriate 

management of ground water resources in an area required a good knowledge of 

aquifer recharge, it bearing capacity and the rate of discharged from the aquifer. 

Evolution of a feasible water resource management programme in such area 

requires input from geological, geophysical and hydro-geophysical surveys 

including pumping test and water analysis. 

1.2   Statement of Problem 

The Mbano local councils have witness a lot of dried wells. 65℅ of the drilled 

wells are either abandoned or do not have a usable yield (Imo State Water Co-

operation Owerri, 2010). A reason for this failure includes lack of comprehensive 

information about the aquifer distributions and their storativity within the area. 

The aquifer characteristics of the area and their hydraulic parameters have not 
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being established. Because of absence of this information, most of the wells 

drilled are either located to a wrong geological site or have not been drilled to 

the required depth due to the nature of the underlying rocks.  

Due to this problems of inadequate supply of ground water, the residents of this 

local councils relied on surface water from rivers and streams to actualize the 

daily water needs. 

This study is targeted at generating usable hydrogeologic information about the 

area so as to alleviate the problems of the inhabitant of the local councils. 

1.3   Aim and objectives of Study 

The present study is aim at delineating sites for the drilling of productive water 

boreholes in the study area and to provide information on the hydro-geophysical 

properties of the Imo shale which is the major geological formation underlying 

the study area. 

This aim would be achieved based on the following objectives;  

i. To present geoelectric interpretation of the areas with respect to the local 

geology 

ii. To generate the aquifer characteristics of the various sandstone unit in 

the area 

iii. To determine the lateral extent of the aquifers 

iv. To produce a hydro-geologic map of the area 

v. To describe the ground water flow of the area 
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vi. To determine the hydraulic conductivity, transmissivity and storage 

coefficient. 

1.4   Justification of Study 

The importance of this work is of great value to the Government of the State and 

Non-Governmental organization as it will be a guide for groundwater projects in 

the local councils. As the population of the local councils grows due to the 

proximity of this area to the State Capital, the water need by the inhabitants 

increases geometrically. This project will therefore provide good hydraulic 

parameters of the area which will enable the Government for resourceful water 

management planning and encourage researchers to find out the problems of 

areas having similar hydrogeologic conditions. 

1.5   Scope of Study 

The scope of this work includes the evaluation and determination of the aquifer 

characteristics of the study area and to describe the underground water flow of 

the study area. I propose to acquire, prepared, process and interprets the 

resistivity data of the mbano area and it environs. With accurate acquisition of 

the data, I believe it will aid significantly to the delineation and characterization 

of the aquifer. 
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1.6   Location of the Study Area 

The area consist of two local government Areas in Imo State of Nigeria and lies 

between latitude5°37′N to 5°47′N and longitude 7°03′E to 7°20′E Fig (1.1). The 

area is well drained with most of the streams and stream channels located in the 

 

Figure 1.1: Location Map of the Study Area 

the Eastern part of the area which flow into the Imo River.The area is bounded 

by Ikeduru and Ahiazu in the South, Mbaitoli, Isu and Nwagele in the West, 

Onuimo and Okigwe in the North and Ihite Uboma in the East. The study area 

covers approximately 418 sqkm.The inhabitant of the area are mainly 

subsistence farmers and traders. 
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1.7   Climate and Geomorphology of the Study Area 

The area has distinct wet and dry seasons. The area has a tropical climate and 

experience 

Two air masses, equatorial maritime air masses, associated with rain bearing 

South west winds from Atlantic Ocean around March to September (Illoeje 

1981). The other is dry and dusty dry and dusty hamattan wind from Sahara 

desert blowing around December to February. The wet seasons last between 

March to October and the dry season last between November and February. The 

average annual rainfall is about 230mm with monthly rainfall figures less than 

65mm during the dry season. The effective evaporation is between 972.6-

1095mm per annum. Relative humidity lies between 65% and 75% (Illoeje 

1981). 

Temperature is high throughout the year with a mean range of 23°C to 32°C. The 

hottest period occurs within the dry season. The relative humidity during the 

morning hour is normally high but goes down towards afternoon. The relative 

humidity is lowest during December and January because of the hamattan wind 

(illoeje 1981). 

The physiography is dominated by a segment of Northern, South eastern 

trending Okigwe regional escarpment which stands at elevation of between 61m 

and 122m above sea level (Alfred 1992). Vegetation in the area is tropical rain 

forest which is prevalent in the Southern states of Nigeria (illoeje, 1981). 
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The area is generally a low land with undulating surfaces. The Imo River and it 

tributaries are the main sources of water within the area. The tributaries of these 

rivers join the consequent Imo River in a dendritic pattern. These river 

tributaries usually dry-up during the dry season because there are majorly 

recharged by surface runoff from rainfall. 

1.8    Geology of South Eastern Nigeria 

The Cretaceous Anambra Basin (SE Nigeria) consists of rhythmic clastic 

sequences of sandstones, shales, siltstones, mudstones, sandy shales with 

interbedded coal seams. It covers an area of about 40,000km2 (Reijers et al, 

1997). The basin is roughly triangular in shape. The southern boundary 

coincides with the northern boundary of the Niger delta basin and the Anambra 

basin is its main precursor. The basin extends northward beyond the lower 

Benue River, but my main interest deal with the southern portion of basin within 

Anambra, Abia, Ebonyi, Enugu and Imo States. The southern part of the Anambra 

basin is a part of the scarplands of southeastern Nigeria. The north- south 

trending or escarpment forms the major watershed between the lower Niger 

drainage system to the west, the Cross River and Imo drainage systems to the 

east. The escarpment is an asymmetrical ridge stretching in a sigmoid curve for 

over 500km from Idah on the Niger River to Arochukwu in Abia State (Reijers et 

al, 1997). The Abakaliki area has over a considerable span of geological time 

undergone several vertical movements. Before the formation of Benue Trough, 

the region had a positive topography in crystalline basement rocks. When part of 

the Benue depression during the mid- Albian to Santonian, it accumulated a thick 
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sedimentary fill. During the Santonian tectonic event, the sediments were folded 

and the area was uplifted. During the Campanian to Eocene, weathering and 

denudation processes created second –cycle sediments that were transported 

westward to the present Anambra basin. The Abakaliki area remained 

topographically positive till about the end of the Eocene when it undergoes 

inversion and it once again become depressed though never below sea level. 

The Cretaceous sediments in the basin reach a thickness of 12,000m; 

approximately 6,000m of this sediment was deposited in the Anambra Basin 

(Petters, 1977; Agagu and Adighije, 1983) during the Campanian-Maastrichtian. 

The Anambra Basin has been a major geological area for coal exploration since 

1909.  

1.9   Regional Tectonic Setting 

The tectonic framework of the continental margin along the West Coast of 

equatorial Africa is controlled by Cretaceous fracture zones expressed as 

trenches and ridges in the deep Atlantic. The structural setting and general 

geology of the Anambra Basin have been documented by various workers 

(Petters et al 1986, Agagu and Ekweozor 1982, Reijers et al (1997), Nwachukwu 

et al, 1988). The Anambra Basin is located in the south-western end of the Benue 

Trough of Nigeria (Figure 1.2). 
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Figure 1.2: Map of Nigeria Showing the Location of Anambra Basin 

The evolution of the Southern Anambra sedimentary basin originally developed 

during breakup of the South American and African plates in the late Jurassic 

(Burke, 1975; Whiteman, 1982). Basin sedimentary filling began in the Early 

Cretaceous with the formation of the Benue – Abakaliki Trough as a failed arm of 

the rift triple junction associated with the separation of the African and South 

American continents and subsequent opening of the South Atlantic (Burke 1975). 

The platform areas bordering the Benue Trough to the west (Anambra Platform) 

and to the east (Afikpo Platform) became downwarped due to the Santonian 
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tectonism to form the Anambra Basin and Afikpo Syncline respectively (Murat, 

1972).  

The Anambra Basin contains about 6km thick Cretaceous/Tertiary sediments 

and is the structural link between the Cretaceous Benue Trough and the Tertiary 

Niger Delta  

The Anambra basin can be considered as the sub-basin in the Benue Trough, a 

region who’s stratigraphic and palaeogeographic evolution has been control by 

progressively southward shifting delta depocentres and Westward post-

deformational displacement of depocentre (Reigers et al, 1997). 

Tectonic phases and basin development by (Wright, 1976) in the Niger delta 

from the West and Central Africa rifting system are divisible into: 

i. Early rift phase with fluviatite and lacustrine deposits. These deposits 

consists of arkosic and quartz sandstone, marine shale and limestone 

(Asu River Group) overlying Precambrian basement 

ii. Late early to middle phase of rapid basin subsidence and initiation of 

marine transgression in all rift segments characterized by submarine 

gravity flows with megaslumps and turbidites. The deposits include grey 

and black marine shale, limestone and sandstone. 

iii. Prolonged shelf and deep basin deposition especially in the southern part 

(Abakaliki Rift) under predominantly oxygen-deficient bottom conditions. 

The deposits consist of marine shale, grey shale, deltaic-fluvial sandstone 

and coal. 
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iv. Tectonism involving deformation. Magnetism and formation of lead-zinc 

deposits from circulating hot brines 

v. Late Cretaceous post-deformation subsidence with Westward 

displacement of depocentres, especially in the Anambra basin when 

extensive coal forming swamps developed. 

vi. The Tertiary Niger Delta 

1.10   The sequence stratigraphy of the Anambra basin 

The geologic strata of the Anambra Basin were deposited in a syncline initiated 

by the major folding episode in the Benue trough during Late Cretaceous times. 

During the Maastrich-tian, the Anambra Basin became silted up and extensive 

thickly vegetated swamps developed near sea level, on top of a broad delta fan 

built up by rivers bringing sediments from the hinterland (Wright, 1976). 

Sedimentation in the Anambra Basin commenced with the Campano – 

Maastrichtian marine and paralic shales of the Enugu and Nkporo Formations. 

These basal units are overlain successively by the coal measures of the Mamu 

Formation,the Ajali Sandstone, and the Nsukka Formation. The marine shales of 

the Imo and Nsukka Formations were deposited in the Paleocene, overlain by the 

tidal NankaSandstones (lateral equivalents the Ameki Formation) of Eocene age 

which constitute the Tertiary succession. The sequence of deposition according 

to Short and Stauble (1967) are; 

Asu River Group: The Asu River group occupies the core of the Abakaliki fold 

belt which is more than 130 miles long and 80 miles wide maximum and extends 
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from the head water of the Ivo and Asu River systems east of Okigwe to Itaka 

region east of the Workum Hill where the folds end in pitching anticlines which 

affect Basement complex (Whiteman, 1982). 

Geological Survey of Nigeria (1957), describe the Asu-River group to consist of 

“Olivine-brown sandy shales, fine grained micaceous sandstones and micaceous 

mudstone. Bluish-grey or Olivine-brown shales which weather to a rusty brown 

colour are also present. Although this formation is poorly fossiliferous, there are 

occasional outcrops of thin shelly limestone . The thickness of this formation 

exceeds 1682m. It age was given as Albian (Geological survey of Nigeria, 1957), it 

type locality is Asu River which occupy the Abakaliki and Ogoja province.”  

The Asu River group was intruded by minor basic and intermediate intrusive 

which outcrop around Ishiagu in the West and Abakaliki Northwest of Odomobe. 

In the Workum Hill, the Asu River group shows contact metamorphism 

(Reyment, 1965). 

Eze-Aku Formation: The Eze-aku shale group overlies the Asu River group. 

Simpson (1954) described the Eze-Aku as consisting of hard, flaggy, calcareous 

shales and siltstones which are grey or black in colour and have yielded many 

impressions of Inoceramus. Minor sandstone is also present. In the Benue 

Trough, the Eze-Aku shale consists of flaggy calcareous shales with Bluish non- 

calcareous shales and siltstones with thin sandy or shelly limestones and 

calcareous sandstones. Cratchley and Jones (1965) in their sequence for the 
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lower Benue show that the contact of this formation with the Asu-River group is 

questionably unconformable. 

Simpson (1954) gave the thickness of the Eze-aku shale as 390m to 600m and 

the Geological Survey of Nigeria (1956) gave it thickness as 985m. The Amasiri 

sandstone is a member of the Eze-aku formation. 

The Eze-aku shale is of Early Turonian age (Reyment, 1965) but the Geological 

Survey of Nigeria (1964) classed the Eze-Aku shale including the Agala and 

Makurdi sandstones as Cenomanian to Turonian remarking that the formation 

had yielded a rich Pelagic micro-fauna. The Eze-Aku shale is a shallow water 

deposit which locally passes into the Amasiri sandstone (Reyment, 1965). 

However Murat (1972) reported a more complicated depositional picture, 

pointing out that the regressive late Albian-Cenomanian phase was followed by 

pronounce transgressive phase in the Benue Abakaliki Troughs. Oil shows are 

associated with the Eze-Aku shale (Murat, 1972). 

Awgu Shale 

 The Awgu Shale was deposited in the Abakaliki Trough. Originally the Awgu 

shale was called Agwu-Ndeaboh shale (geological survey of Nigeria, 1956). 

Reyment (1965) shortened the name to Awgu shale. The Awgu shales are bluish 

grey, well bedded with occasional sandstones and thin shelly limestones. The 

formation is about 901m thick (Simpson, 1955; Reyment, 1956). 
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Ammonites collected from the lower portion of the shales probably a Turonian 

age and mollusca from the top of the formation indicate a Coniacian age 

(Whiteman, 1982). Geological survey of Nigerian (1957) gave it an Early 

Senonian age. Cratchley and Jones (1965) dated it as Late Turonian and 

Coniacian. Murat (1972) shows that there exist a major unconformity between 

Awgu and Nkporo shale.  

The Awgu shale were deposited in the abakaliki Trough as deep marine clastics 

and shales and other marine deposit appears to have been laid down throughout 

the Benue Trough during the first transgression of the third cycle (Murat,1972). 

Nkporo Shale: The Nkporo shale consists chiefly of blue or dark grey shales with 

occasional thin beds of sandy shale and sandstone. The Formation rest 

unconformably on the Albian Santonian Formation of Abakaliki foldbelt 

(Whiteman, 1982). It passes upward into the Lower coal measures. The 

formation passes laterally into the Awgu sandstones. On the Eastern margin of 

the Abakaliki fold belt, the Nkporo shale is about 330m. Geological Survey of 

Nigeria (1956) gave the thickness as 1802m. Because the Nkporo shale passes 

laterally into the owelle sandstones, a thickness varies depending on the 

location. Molluscas and occasional fish remains were examined and Reyment 

(1965) assigned the formation to the Maestrichian. Reijers et al (1997) assigned 

the age of the formation as campanian. 

The Nkporo shale reflects a funnel –shaped shallow marine shelf setting that 

graded into channelled low-energy marshes. The concave inward shape of the 
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coastline allowed for gradual filling by minor ammouts of sediment brought in by 

short rivers that were carried along by north-eastward converging longshore 

drifts. 

Mamu Formation: The Mamu formation consists of sandstone shale and sandy 

shale with Coal seams. The sandstones are fine to medium grained and yellow in 

colour. The shales and mudstones are dark blue or grey and frequently alternate 

with the sandstones to form characteristically stripped rocks. Coal seams vary in 

thickness from few inches to 3.6m. Whiteman (1982) show that the Mamu 

formation displays a rhythmic pattern of deposition consisting of  

 Sandy shale or shale 

 Sandstone with occasional shale 

 Carbonaceous shale 

 Coal occasionally with shale at the top 

 Shale and sandy shale  

The rhythm is repeated more than five times. The coals are black to brownish 

black. 

The thickness of Mamu formation varies from 90m at Okigwe to about 450m at 

Awgu and 601m between Awgu and Enugu (Simpson, 1954). The Mamu 

formation is Maestrichtian in age (Simpson, 1954: Reyment, 1965). 

Cratchley and Jones (1965) stated that the sediments of the Mamu formation are 

shallow water deposits. The formation was laid down as part of the paralic facies 
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of a large delta complex of which Ajali sandstone and Nsukka formation form 

parts. 

Ajali Sandstone Formation 

 The Ajali sandstone consists of friable, white, cross-bedded sandstone with thin 

beds of white mudstone near the base. Large scale cross-bedding is common 

with dips as high as 20°. An irregular band of intra-formational breccias occurs 

(Whiteman, 1982).  

The thickness of Ajali sandstone is highly variable. Simpson (1954) quoted a 

thickness of 12-15m. Between Enugu and Ekana, the thickness is about 75m and 

along the Enugu escarpment north of the Oji Rivers, the formation is about 450m 

(Simpson, 1954). Generally, the depth of the formation varies as the dip. The age 

of the formation has being assigned Maestrichtian (Reyment, 1965).  

The Ajali sandstone is a continental sequence interdigitating with the paralic 

Mamu formation which interdigitates with the marine facies of the Nkporo 

shales. The three formations form part of the Maestrichtian regressive delta 

complex.  

Nsukka Formation: The Nsukka consist of alternations of sandstone, shale and 

coal seams. The Nsukka formation overlies Ajali formation conformably. The 

Nsukka formation is highly lateritic and rich in iron. It has a major topography of 

round hills. 
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The Nsukka formation is classed as Maestrichtian to Palaeocene by Simpson 

(1954) and Maestrichtian-Danian- Palaeocene by Reyment (1965). The Nsukka 

formation was deposited under paralic condition which prevailed during the 

second post Santonian transgressive cycle. After Nsukka formation, there was a 

major unconformity which ends the Cretaceous age leading to the Tertiary age. 

Imo Shale: The Imo shale is mainly a fine textured dark grey to bluish shale with 

thin sandstone bands and iron –stones. The formation becomes more sandy 

towards the top where it consists of alternation of sandstone and shale. The Imo 

shale grades laterally westwards into the Ewekoro Limestone of Western 

Nigeria. Type area for this formation is a long the Imo River between Umuahia 

and Okigwe. Frank and Cordry (1966) and Short and Stauble (1967) pointed out 

that the Imo shale is the up-dip equivalent of part of subsurface Akata formation. 

The formation has Umunna sandstone and Ebenebe sandstone as member. The 

formation is about 480m thick at the type locality but extend to about 1201m in 

the Akata formation (Whiteman, 1982). 

Reyment (1965) classed the Imo shale as Palaeocene but Short and Stauble 

(1967) think that the upper part is Early Eocene.  The Imo shale was deposited 

under marine conditions. Shallow marine clastics facies and deeper marine 

clastic facies can be recognised (Murat, 1972). 

Ameki Formation: The Ameki formation consists of grey-green sandy clays, 

sandy clay-stone and sandstone at its type locality in Ameki near Umuahia 

(Whiteman, 1982). Two main lithological division have been recognised; A lower 
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division with fine to coarse sandstones with intercalations of calcareous shale 

and thin shelly limestone and limestone nodules. An upper division with coarse 

cross bedded sandstones band of fine grey-green sandstone and sandy clay. 

Sandstones in some of the places attained 33m in thickness. Carbonaceous plant 

remains and lignite occur at some horizons. The formation displays conspicuous 

facies changes (Whiteman, 1982). 

Near the type locality, the formation is 1441m thick. The Ameki formation is 

thought to pinch out over Okitipupa ridge. Nanka sandstone is a member of 

Ameki formation. Down dip in the Niger delta, it is part equivalent to the Agbada 

formation. Locally at outcrop, the Ameki is only a round 90m thick in Western 

Nigeria. 

The Ameki formation is Eocene (Short and Stauble, 1967). The Ameki formation 

was deposited during the Eocene regression and consists of deltaic sands and 

shallow marine clastics in the Anambra Basin and in the Niger Delta complex 

(Whiteman, 1982). 

The Benin Formation: The Benin Formation is deposited in a fluviatile 

environment. The deposits are predominantly continental in origin and consist of 

massive, highly porous, water bearing sandstones with few shale intercalations, 

which increases towards the base of the formation.  The texture varies from 

coarse grained, gravelly, locally fined grained, poorly sorted and sub-angular to 

well rounded, bears wood fragments as well as lignite streaks in places 

(Weber,1971). The sandstone can be seen in different sedimentary units as point 
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bars, channel fills, crevasse splay deposits, natural levees and distributary 

channels whereas the shales may be dark swamp deposits and ox-bow fills. The 

Formation ranges from Oligocene to Recent in age, lack fauna and very difficult 

to date directly.  Offshore, they become thinner  and disappear near the shelf 

edge. The thickness of this Formation is about 1800m (6000ft).The exposed 

Ogwashi – Asaba; Ijebu Formation and Coastal plain sands are lateral equivalents 

of the Benin formation. 

Depositional cycles in South-Eastern Nigeria Sedimentary basin (after Short and 

Stauble, 1967) is given in table 1.1 

Table1.1 Sequence Stratigraphy in the South Eastern Nigeria (short and 

stauble 1967) 

FORMATION NAME AGE 

Benin Formation Miocene 

Ogwasi-asaba Formation Oligocene 

Ameki Formation Eocene 

Imo shale Formation Paleocene 

Nsukka Formation Maestrichtian 

Ajali Formation Maestrichtian 

Mamu Formation Campanian 

Nkporo shale Santonian 

Awgu shale Turonian 

Eze aku shale Turonian 

Asu River Group Albian 
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1.11   Local Geology of the Study Area 

The Imo River basin is a sub- basin in south eastern Nigeria. The area of study 

(fig 1.3) falls within the Imo River basin. The possible formations that are visible 

within Mbano and environs according to (Uma, 1989) are Imo shale, Ameki, 

Ogwashi-asaba and Benin formation. The characteristics of the various 

formations within Imo River Basin are shown in Table 1.2. All the formations 

have some degrees of aquiferious units within it. 

 

Figure 1.3: Geological Map of the Study Area 
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Table 1.2: The generalized stratigraphy of the Imo River Basin (Uma, 1989)  

Formation 

name 

Age Maximum 

approxi. 

thickness 

(m) 

Character 

    

Benin Miocene-

recent 

2000 Unconsolidated, yellow and 

white sandstones, occasionally 

pebbly with lenses of grey 

sandy clay. 

Ogwashi/Asaba Oligocene-

Miocene 

500 Unconsolidated sandstones 

with carbonaceous mudstone, 

sandy clays and lignite seams.  

Ameki Eocene 1460 Sandstones; grey to green 

argillaceous sandstone, shales 

and thin limestone units 

Imo shale Paleocene 1200 Blue to dark grey shale’s and 

subordinate sandstones. It 

includes two sandstone 

members- the umunna and 

Ebenebe sandstones 

Nsukka Upper 

Maestrichian 

350 White to grey coarse to 

medium-grained sandstones; 

carbonaceous shales, sandy 

shale, coal seams and thin 

limestone 

Ajali sandstone Maestrichian 350+ Medium to coarse grained 

cross bedded sandstones, 

poorly consolidated with 

subordinate white and pale 

grey shale bands. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Review of related works 

 Several methods are available in groundwater hydrology for the evaluation and 

estimation of the hydraulic characteristics of aquifers, like transmissivity, 

hydraulic conductivity, and storativity (Swartz and Zhang, 2003). 

The most commonly used methods involve conducting pumping tests on existing 

or newly drilled wells followed by analysis and interpretation of pumping test 

data. However, it should be taken into consideration that such tests are both 

capital and labour intensive because it requires several boreholes, many 

operatives, and a considerable amount of equipments (Hamill and Bell, 1986).  

Moreover, the various formulas available for the calculation of aquifer 

characteristics from pumping test data are valid only if various assumptions 

about aquifer continuity, thickness, homogeneity, isotropy, well storage and the 

nature of the fluid flow are valid under field conditions (Tizro and Singhal, 1993). 

Meanwhile, wells may pose critical problems in the analysis of field pumping 

tests. In the presence of such field problem in diverse field conditions, the 

various assumptions are seldom valid during pumping tests; thus the estimation 

of aquifer parameters may lead to erroneous values for the relevant parameters. 

At the same time, these procedures are time consuming and cost prohibitive if 

practised indiscriminately. 
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Resistivity survey is probably the most widely employed method in hydro-

geological investigations because it provides important information’s on the 

geological structure, lithologies and subsurface water resources without the 

large cost of an extensive programme of drilling (Kearey et al, 2008). 

The resistivity results can determine the locations of the minimum number of 

exploratory boreholes required for both essential aquifer tests and control of the 

geophysical interpretations (Kearey et al, 2008).  

The geoelectrical method is an effective tool for ascertaining the subsurface 

geologic framework of an area (Keller and Frischkecht, 1966; Zohdy et al. 1974; 

Zohdy, 1989). Generally, the estimation of hydraulic conductivity is crucial for 

the reliable simulation of the groundwater flow of a given aquifer. 

 Application of the geoelectrical method has led researchers to develop surface 

resistivity techniques for making quantitative estimates of the water 

transmitting properties of aquifers (Grffith, 1976; Louis et al. 2004). In recent 

years; attempts have been made by various researchers to suggest approaches 

for the estimation of aquifer transmissivity and hydraulic conductivity from 

geophysical resistivity data. Many of these approaches were found to be area 

specific and a need was felt to make them more general in nature so that they can 

be more widely applied in different geological conditions. Since the late 1960s, 

resistivity’s determined from surface measurements have been used to estimate 

aquifer properties such as hydraulic conductivity yield and transmissivity. Three 
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common approaches that are applied to determine the relationship between the 

geo-electric and hydraulic properties according to (Taheri et al, 2009) are 

i. The relation between the formation factor (F) and hydraulic properties 

ii. The relation between formation resistivity (ρ) and hydraulic conductivity 

(K). 

iii.  The relation between transverse resistance (R) and transmissivity (T) 

Amadi (2006) used a geo-electric investigation involving 40 sounding in Ebonyi 

South Area of South Eastern Nigeria to determine the conductivity and 

transmissivity of the aquifer as well as the groundwater potential of the area. 

Raph (2006) present automatic resistivity data interpretation based on Dar-

Zarrouk inversion function to determine the depth and hydraulic properties of 

Okposi Area of Ebonyi state, South Eastern Nigeria 

Scerascia (1976) used vertical electrical sounding to determine aquifer 

transmissivity in some parts of Italy. Kelly (1977) established an empirical 

relation between aquifer electrical resistivity and aquifer hydraulic conductivity 

and a semi-empirical relation between the aquifer formation factor and 

hydraulic conductivity. Ungemach et al. (1969) found a relationship between 

transverse resistance and transmissivity. They correlated transmissivities 

determined from six pumping tests in the Rhine aquifers of France with 

transverse resistances. Croft (1971) developed a relation between the aquifer 

intrinsic permeability and formation factor to estimate transmissivity from 

borehole resistivity measurements. However, Worthington (1975) obtained an 
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inverse relation between the formation factor and intergranular permeability; 

whereas Allessandrello and Lemoine (1983) reported that field data from 

several basins in France showed a log-log relation between hydraulic 

conductivity and the formation factor. Desiree (2008) uses the resistivity method 

to determine the saline interface of a shallow unconfined aquifer of Rangitikel 

delta in Newzealand base on conductivity variation between fresh water and salt 

water interface. Olobaniyi et al (2007) also applied vertical electrical sounding to 

determine the extent and distribution of groundwater resources in parts of 

Anambra State, South Eastern Nigeria base on aquifers conductivities obtained 

from different areas in the State. 

Niwas and Singhal (1981) reported that the relation between transmissivity and 

transverse resistance is more meaningful in determining aquifer quality. Niwas 

and Singhal (1985) noted that it is better to use a modified transverse resistivity 

instead of transverse resistance. This modification is used to consider variations 

in the groundwater quality. Mazáč et al. (1985) analysed the correlation between 

aquifer and geoelectrical parameters in both the saturated and unsaturated 

zones of aquifers. De Lima and Niwas (2000) found that the electrical resistivity 

and the induced polarization parameters carry direct information about the 

conductivity of a sandstone matrix. Yehia et al. (2004) used geoelectric resistivity 

soundings for groundwater evaluation in two different areas, namely the city of 

New Qena and the El-Khatatba area in Egypt. 

Based on the results of 27 vertical electrical soundings (VES) in India, Dhakate 

and Singh (2005) estimated aquifer transmissivity and hydraulic conductivity. 
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Akaolisa (2006) used a geoelectric investigation involving 26 vertical electrical 

soundings, carried out at Jos, Plateau State, north-central Nigeria. The survey 

aimed at determining the structure of the underlying bedrock, as well as 

computing the aquifer transmissivity in the area. Ekwe et al. (2006) used the 

concept of the Dar-Zarrouk parameters (transverse unit resistance and 

longitudinal conductance) in porous media to determine aquifer hydraulic 

characteristics within the middle Imo River basin in Nigeria. Based on diagnostic 

Kσ values (K = hydraulic conductivity, σ = electrical conductivity), they classified 

the study area in four parts and then estimated the transmissivity and hydraulic 

conductivity, assuming a constant value of Kσ for each part of the area. Electrical 

method has advantage over other geophysical methods in groundwater 

investigation because it is non-intrusive, economical and is relatively fast (Sherif 

et al, 2006; Wilson et al, 2006). Uma (1989) asserted that the study area belongs 

to part of Imo River basin and affirmed that the basin lacked systematic and 

comprehensive studies to establish the nature and distribution of the aquifers 

beneath the basin. Uma (1989) carried out a study of ground water in Imo River 

Basin using pumping test data from existing boreholes and concluded that the 

area has three aquifer systems. Igbokwe et al (2006) uses geoelectric soundings 

to delineate the potential aquiferous zones in Kwa Ibo River Watershed South-

eastern Nigeria using eleven vertical electrical sounding data. Onuoha and Mbazi, 

(1988) carried out a comprehensive study of the Ajali sandstones using electrical 

resistivity method with supplementary data from pumping test results of 

existing borehole in the area. There were able to deduce the conductivity, the 

transmissivity and the lateral extent of the aquifer. Onu (1995) carried out a 
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hydrogeophysical investigation of Njaba River Sub-Basin using electrical 

methods. He was able to generate the conductivity and transmissivity of the 

aquifer.  Robert et al (1999) generate a technical report on the transmissivity, 

hydraulic conductivity and storativity of the Carrizo-Wilcox aquifer in Texas by 

compiling possible pumping test data from the areas.    

In the present study, an attempt has been made to evaluate aquifer 

transmissivity and hydraulic conductivity for the confined aquifer of Mbano and 

its environs from the data of resistivity soundings. This technique is a useful tool 

and the results can be used to determine the hydrogeological regime in this area 

and improve the quality of groundwater flow simulation models. Furthermore, 

the results should help to reduce the number of cases of borehole failures in the 

area.    

 2.2  Groundwater Geology 

Groundwater flow is controlled by geological parameters such as stratigraphic 

relationships, structure and aquifer heterogeneity (Freeze & Cherry, 1979). 

These parameters can affect areas of recharge and discharge, and control the 

hydraulic characteristics of a groundwater system. Geology is therefore of 

fundamental importance to the study of groundwater. As the medium of an 

aquifer, the geology controls the movement and chemistry of groundwater, and 

defines the boundaries of an aquifer. 

Geological structure, depositional processes, and geological features; such as 

active faults and folding, all affect the presence and continuity of aquifers and 
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aquicludes (Begg et al., 2005). Therefore, an understanding of the geological 

setting of a groundwater investigation is essential when interpreting the 

characteristics of an aquifer. The geological terms used are defined as follows; 

2.2.1   Aquifers and Aquifer Types      

Although nearly all geologic materials transmit water, the rate of transmission 

depends on the permeability of the material (Larson et al, 1997). Groundwater 

moves relatively rapidly through highly permeable materials but slowly through 

those with low permeability. On this basis, geologic materials are classified as 

aquifers or aquitards (confining units), respectively.  

An aquifer is a body of saturated earth materials that yields useful quantities of 

groundwater to a well or spring. Examples of aquifers are saturated sand and 

gravel, fractured and jointed carbonate bedrock, or sandstone. Shale, clay, silt 

and deposits of other fine grained sediments form aquitards, which restrict 

groundwater flow into or out of an adjacent aquifer. 

Aquifers are identified as confined (artesian) or unconfined (water table). A 

confined aquifer has an aquitard above it and below it. The aquitards impede the 

vertical movement of groundwater and cause the water in the aquifer to be 

under greater pressure than   atmospheric pressure. The water level in a well 

completed in a confined aquifer will rise to a level above the top of the aquifer 

because of the pressure. A confined aquifer is described as semi-confined (or 

leaky artesian) if there is significant flow of groundwater across one or both of 

the aquitards.  
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An unconfined aquifer has an aquitard only below it. Because the water table, or 

the top of the saturated zone, marks the top of an unconfined aquifer, the 

thickness of the aquifer varies as the water table fluctuates with time. The 

aquifer and water table can be in direct connection with rivers, lakes, streams, or 

other surface water bodies. The water level in a well completed in an unconfined 

aquifer closely approximates the water table adjacent to the well. 

2.2.2   Hydraulic Properties of Aquifers and Aquitards  

The ability of an aquifer to transmit and store groundwater is described by its 

hydraulic conductivity, transmissivity, and storage coefficient. 

2.2.2.1   Hydraulic Conductivity 

 The hydraulic conductivity (K) is the capacity of an earth material to transmit 

groundwater. It is expressed as the volume of water that will move in a unit time 

under a unit hydraulic gradient through a unit area measured at right angles to 

the direction of flow (Heath 1989). Hydraulic conductivity depends on the 

permeability of the earth material as well as the viscosity and density of the 

water flowing through the material. Values of hydraulic conductivity for 

sedimentary materials according to (Schwartz and Zhang, 2003) are show in 

table 2.1 

Table 2.1: Range of Hydraulic Conductivities For Various Sediments (after 

Schwartz and Zhang (2003) 

Sedimentary materials  Hydraulic Conductivity (m/s)  
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Gravel  3.0 x10-4 ____ 3.0 x10-2 

Coarse sand  9.0 x10-7____ 6.0 x10-3 

Medium sand  9.0 x10-7 ____ 5.0 x10-4 

Fine sand  2.0 x10-7 ____ 2.0 x10-4 

Silt, Loess  1.0 x10-9____ 2.0 x10-5 

Clay  1.0 x10-11____4.7 x10-9 

 

2.2.2.2   Aquifer Transmissivity 

 Transmissivity (T) is a measure of the capacity of the entire thickness of an 

aquifer to transmit groundwater. It is the rate at which water is transmitted 

through a unit width of an aquifer under a unit hydraulic gradient (Heath 1989).  

The transmissivity of an unconfined aquifer can also be defined as the rate of 

flow per unit width through the entire thickness of an aquifer per unit hydraulic 

gradient (Bear, 2007).  

Transmissivity equals the hydraulic conductivity of the aquifer multiplied by its 

thickness. It is mathematically given by equation 1  

T = KH-----------------2.1 

Where  

T = Transmissivity 
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K = Hydraulic conductivity 

H =The saturated thickness of the aquifer 

2.2.2.3    Storage Coefficient 

Storage coefficient (S) is the volume of water that an aquifer releases from or 

takes into storage per unit surface area of the aquifer per unit change in head 

(Heath 1989). Storage coefficient describes the capacity of an aquifer to store 

groundwater. In a confined aquifer, this volume of water originates from the 

slight expansion of the water and the compression of the aquifer caused by the 

weight of the overlying materials. The storage coefficient for confined aquifers 

generally ranges between 10-5 and 10-3 (Heath 1989). In an unconfined aquifer, 

this volume of water stems mostly from the gravity drainage from or the refilling 

of the pore spaces of the aquifer through which the change in head occurs. 

A negligible amount of the water volume comes from the expansion of the water 

and the compression of the unconfisned aquifer. The storage coefficient for an 

unconfined aquifer is essentially the same as the specific yield and typically 

ranges from 0.1 to 0.3 (Heath 1989). 

The volume of groundwater leaking through an aquitard depends on its vertical 

hydraulic conductivity (K'), the most significant hydraulic property of an 

aquitard. Vertical hydraulic conductivity is the rate of flow of water vertically 

through a horizontal unit area under a unit vertical hydraulic gradient. Leakage 

is important in determining the influence of a confining bed on the availability of 

groundwater. The leakage coefficient, or leakance, is the ratio K'/m' where m' is 
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the thickness of the confining bed (Hantush 1956). This ratio describes the 

quantity of flow of water that crosses a unit area of the interface between an 

aquifer and its confining bed under a unit difference in hydraulic head between 

the aquifer and the confining bed. 

2.2.3   Groundwater Recharge and Discharge 

Groundwater recharge is the addition of water to the zone of saturation. Most of 

the added water is derived from the infiltration of precipitation; a lesser amount 

is contributed by infiltration from surface water bodies. Although most of the 

precipitation runs off directly to streams or evaporates into the atmosphere, 

some of it percolates downward through the soil and unsaturated zone. Some of 

this water is taken up by plants and returned to the atmosphere by transpiration 

Water that passes through the unsaturated zone and reaches the water table 

becomes part of the groundwater flow system. If there is a downward hydraulic 

gradient within the groundwater flow system, the water moves downward and 

may recharge more deeply buried aquifers. 

Similarly, groundwater recharge occurs as a result of infiltration from surface 

water bodies may occur if the hydraulic head decreases downward. This 

condition is typically produced by pumpage from an aquifer that underlies a lake 

or river. The pumping creates a downward vertical hydraulic gradient between 

the surface water body and the underlying aquifer, which causes the downward 

movement of surface water into the aquifer. This infiltration of surface water is 
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referred to as induced infiltration. For induced infiltration to occur readily, the 

earth materials underlying the surface water body need to be permeable. 

Groundwater recharge occurs mainly during the raining season when rainfalls 

are high. This helps to maintain soil moisture at or above field capacity and water 

losses due to evapotranspiration are low. Recharge decreases during the dry 

season when evapotranspiration prevents most of the infiltrating water from 

reaching the water table. Several factors control the rate of groundwater 

recharge. Among these are the hydraulic and geologic characteristics, thickness, 

and distribution of the subsurface materials both above and below the water 

table; topography; land use; vegetation; soil moisture content; depth to the water 

table; the intensity, duration, areal extent, and seasonal distribution of 

precipitation; the type of precipitation (e.g., rain or snow); and air temperature 

(Walton 1965). 

Groundwater eventually discharges to surface water bodies such as springs, 

wetlands, streams, rivers, or lakes. Groundwater discharge provides water to 

surface water bodies when water loss resulting from evapotranspiration is high. 

Groundwater discharge maintains saturated conditions found in wetlands, 

sustains the flow from springs, and provides the base flow of streams and rivers.  

2.2.3.1   Water Level 

 The water level in a well indicates the elevation at which atmospheric pressure 

equals the hydrostatic pressure in the aquifer (Todd 1980). The water level 

fluctuates because of changes in the hydrostatic pressure. These changes can be 
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caused by groundwater pumpage, natural and artificial groundwater recharge, 

atmospheric effects, evapotranspiration, aquifer loading, and earthquakes 

(Freeze and Cherry 1979). Measuring the fluctuation of water levels is a key 

element in any study of groundwater resources. 

Water levels typically follow an annual cycle most noticeable in wells located 

away from high capacity wells. A decline in water levels begins in late dry season 

and continues until the early raining season. Groundwater discharge exceeds 

groundwater recharge during this time. Water levels begin to rise again late in 

the raining season and continues till the inception of dry seasons. This is the time 

when groundwater recharge generally exceeds discharge (Visocky and Schicht 

1969). 

2.2.4   Concept of Groundwater Flow 

Groundwater flow systems define water movement from zones of recharge to 

zones of discharge. Toth (1963) recognised a hierarchal order of three distinct 

groundwater flow systems; local, intermediate and regional. These systems were 

distinguished on the basis that groundwater moves along flow paths that are 

organised in space. Groundwater systems are largely controlled by climate, 

geology and topography. Climate has a major influence on the groundwater 

system hydrologic budget. Precipitation affects recharge, and ambient conditions 

such as atmospheric temperature, humidity and solar radiation affect 

evapotranspiration (Sophocleous, 2002; Younger, 2007). The water stored in a 

groundwater system can be described using a hydrologic budget equation 1.2: 
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I + Gin – Gout – Qg – ETg = ∆Sg   ---------------2.2 

Where: 

I = Inputs into the system i.e. infiltration from rainfall or surface bodies 

Gin = Groundwater flow into the system 

Gout = Groundwater flow out of the system 

ETg = Evapotranspiration 

Qg = Groundwater flow into surface waters 

∆Sg = Changes in water storage (Todd and Mays, 2005) 

The geology and topography of an area are the major controls on how 

groundwater will flow, and where the recharge and discharge zones of the 

system are located. Geological parameters such as stratigraphic relationships, 

structure and aquifer heterogeneity can affect areas of recharge and discharge. 

They also control the hydraulic characteristics of a groundwater system (Freeze 

and Cherry, 1979). Groundwater will flow from recharge areas to discharge 

areas along preferential flow paths that have the highest permeability. Zones of 

high permeability within the groundwater media will act as “drain”. This will 

increase the vertical gradient in the overlying media, and reduce the horizontal 

gradient resulting in an increased rate of groundwater flow (Freeze and Cherry, 

1979; Sophocleous, 2002). 
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The topography of an area defines the scale of a flow system, as it affects the 

recharge and discharge zones of the system (Toth, 1962; Toth, 1963). Local flow 

systems develop in areas of pronounced topographic relief. Recharged local flow 

systems will discharge from a topographic high to an adjacent topographic low, 

usually into surface water bodies. They are the shallowest and the most dynamic 

system as most groundwater surface water interactions occur in the local flow 

system (Winter et al., 1998). The largest amount of groundwater flow is in a local 

flow system. It is mostly affected by seasonal variations in recharge, and has 

relatively shallow and transient conditions. 

Topography determines hydraulic gradient and so affects the groundwater flow 

direction. The relative relief of an area will determine how far water will travel 

between its recharge and discharge points. In an area of homogeneous geology, 

the water table is often a subdued version of surface topography. Beneath an 

undulating surface, such as a dune field, a groundwater system will develop with 

a water table that mirrors the land surface; provided that precipitation is 

relatively uniform (Hubbert, 1940; Schwartz and Zhang, 2003; Toth, 1963). 

Local flow systems are underlain by intermediate and regional flow systems. An 

intermediate flow system has at least one topographic high and low located 

between the recharge and discharges area. However, it does not occupy the 

highest and lowest elevated places (Toth, 1963). A regional groundwater flow 

system will recharge from the water divide and discharge to the lowest 

topographic area in the catchment. This flow system will develop when 

topographic relief is negligible, and local and intermediate groundwater flow 

systems are stagnant (Figure 2.1) 
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Figure 2.1: Local, Intermediate and regional groundwater flow system 

(Winter et al. 1998) 

2.2.5   Groundwater Movement 

Groundwater flow in an aquifer is defined by Darcy’s Law. It expresses the 

velocity of groundwater flow as a function of the hydraulic gradient and 

hydraulic conductivity of the aquifer medium (Freeze and Cherry, 1979) 

 

V = -K (dh/dl) ----------------2.3 

Where: 

V = Groundwater flow velocity (m/day) 

K = Hydraulic conductivity (m/day) 
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The hydraulic gradient determines the direction, and relative velocity of 

groundwater flow. It is the measure of the change in hydraulic head (dh) across a 

given distance (dl). 

The hydraulic head represents the potential energy of the subsurface water at 

any given point and is determined from the water level pressure and elevation of 

the point relative to a specified datum (Younger, 2007). Groundwater flows from 

a high hydraulic head to a lower hydraulic head (Bear, 2007). 

Hydraulic conductivity is the specific discharge per unit of hydraulic gradient. It 

expresses the ease with which a fluid can move through a porous matrix (Freeze 

and Cherry, 1979). The properties of the medium matrix that determine 

hydraulic conductivity are mainly grain/pore size distribution, shape of grains, 

tortuosity, specific surface area and porosity (Bear, 2007). In a saturated zone, 

the hydraulic conductivity will largely depend on the geometry and distribution 

of the pore spaces. A highly permeable unit, such as sand or gravel will have a 

large hydraulic conductivity. While less permeable units, for example clay or silt, 

will have a relatively small value. 

The groundwater flow in an aquifer is actually three-dimensional. However, as 

most aquifers are thin relative to their horizontal dimensions, it can be assumed 

that flow is essentially horizontal (Bear, 2007). The Dupuit-Forchheimer 

approximation assumes that in unconfined aquifers most groundwater flowlines 

are horizontal and equipotentials are vertical. The hydraulic gradient is assumed 

to be equal to the slope of the water table and it does not vary with depth (Freeze 
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and Cherry, 1979). Except near recharge and discharge zones, groundwater flow 

are therefore assumed to be horizontal. 

As groundwater flow in an aquifer is treated as essentially two-dimensional, 

Darcy’s Law is modified by combining it with a differential continuity equation to 

describe the flow of pore water (Bear, 2007). The corresponding equation for 

two-dimensional, transient, saturated flow through a cross-section in a soil 

medium, as predominantly occurs in tidal marshes is described as 

  +    =    ----------2.4 

 

Where K is the hydraulic conductivity (m/day), dh/dx is the gradient in 

hydraulic head in the x direction, x and z represent the respective horizontal and 

vertical directions in the flow field, and Ss is the specific yield (After Harvey et al, 

1987). The specific yield refers to the storage property of an unconfined aquifer. 

It is directly related to the porosity of the matrix and it is defined as the volume 

of water that an unconfined aquifer releases from storage per unit surface of 

aquifer per unit decline in the water table (Freeze and Cherry, 1979). 

2.3 Geophysical Methods 

The use of electrical resistivity measurements has been a favourite tool of 

geophysics for over 200 years because of the wide range of resistivity values 

found in nature. Resistivities in various geologic settings can be found ranging 

from less than 1ohm-meter for ore bodies to over 10000 ohm-meters for 
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Precambrian gneiss. This represents a greater dynamic range for this technique 

than most of the commonly used methods (Hoover and Colette, 1999). Electrical 

resistivity techniques have been used in many geological formations for 

characterizing the subsurface for many years (Roman 1951; Heather et al, 1999). 

In the earlier applications, the technique was considered to be very labour 

intensive. The development of the multi-electrode surveys has been able to 

reduce this aspect of the survey (Heather et al, 1999). 

As ground water becomes more important as a source of uncontaminated water, 

methods for locating good aquifers must become more efficient. Partly for this 

reason, geophysical methods are playing an increasingly important role in 

groundwater investigations. Of all geophysical methods, the electrical resistivity 

method has been the most widely used in groundwater investigations. Resistivity 

method however does not yield complete information and will never even under 

favourable conditions completely replace test drilling. They can though in many 

cases substantially reduce the amount of test drilling required by allowing a 

more intelligent selection of test hole sites. In most investigations, a combination 

of drilling and geophysical measurements will provide the optimum solution. 

Resistivity surveys are not practical in all ground water investigations, but its 

determination can be made only with an understanding of the capabilities, 

limitations and cost of geoelectrical surveys (Zohdy et al, 1974).  

Conducting geophysical investigations include survey design, data acquisition 

and data analysis. These three aspects of an experiment are commonly treated 
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independently (Stummer, 2003) and the applicability of the method under the 

geological conditions must be taken into account. 

Geophysical methods can be used to measure the spatial distribution of the 

physical properties of the subsurface specifically related to the position of water 

and its quality, and the position and properties of geologic units (Stewart, 1999). 

Geophysical methods, however, do not directly determine water quality or the 

geologic units. These must be interpreted from the distribution and magnitude of 

the physical properties found from geophysical surveys. Electrical methods are 

the most widely used geophysical method for delineating the depth of an aquifer. 

This is because electrical resistivity is an intrinsic function of groundwater 

chemistry, and the degree of it conductivity can be readily interpreted. Electrical 

methods also have the advantages of being non-intrusive, economical, and are 

relatively fast (Sherif et al., 2006; Wilson et al., 2006). Such electrical methods 

include direct current (DC) resistivity and electromagnetic methods 

 

2.3.1 Direct Current Resistivity 

Direct current resistivity methods can be used to measure the bulk resistivity of 

the subsurface. Bulk resistivity represents the resistivity of the entire subsurface, 

including both the solid and liquid phases. Electrical resistivity is the property 

which controls the amount of current that passes through a rock when a 

potential difference is applied, given by ohms law,  

V=IR, ------------------2.5 



 
 
 
 
 

59 
 

(V) voltage, (I) current, (R) resistance.  

The resistivity of pore fluid depends upon the concentration of ions in the fluid. 

Saline water has high concentrations of total dissolved solids, mostly sodium and 

chloride ions, which are highly conductive. 

Therefore, water with high salinity has very low resistivity, approximately 0.3Ωm 

for seawater (Wilson et al., 2006). DC resistivity introduces electrical currents 

into the ground through current electrodes in contact with the soil. The resulting 

electrical potential (voltage) is measured between two potential electrodes 

(Stewart, 1999). 

The bulk resistivity of the upper few hundred metres of subsurface is largely a 

function of fluid conductivity and of saturated permeability. With increasing 

depth the resistivity of the rock becomes more important as pore spaces are 

closed by pressure (Kirsch, 2006). Bulk resistivity can be describes by Archie’s 

law; 

P =αΦ -m S-n Pw----------2.6 

Where: 

Φ = the porosity of the rock 

S = the fraction of pores that are fluid filled 

Pw = the fluid resistivity 

a,m,n are all constants that depend upon the formation 
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The values of, Φ, S, a, m, and n all relate to the properties of the aquifer medium. 

They are often abbreviated to F, known as the formation factor, giving the 

equation: 

P = pw . F ---------2.7 

The most frequently used DC resistivity technique has been vertical electrical 

sounding (VES) (Stewart 1999; Wilson et al. 2006). VES produces a one-

dimensional model on the assumption that resistivity varies with depth beneath 

the centre of an electrode spread. It assumes a horizontal layering of the 

resistivity structure. Alternatively resistivity traversing can be used to produce a 

two-dimensional profile showing both lateral and vertical changes of the 

subsurface. It uses a large number of electrodes in a straight line, generally with 

equal spacings between them (Ernstson and Kirsch, 2006; Ingham et al., 2006) 

2.3.2 Theoretical Framework (Basic Principles of Current Resistivities)  

Groundwater, through the various dissolved salts it contains, is ionically 

conductive and enables electric currents to flow into the ground. By measuring 

the ground and subsurface resistivity therefore gives the possibility to identify 

conditions necessary for the presence of water. Resistivities of rocks generally 

depend on the water content (porosity), the resistivity of the water, the clay 

content and the content of metallic minerals (Bernard, 2003). The following 

considerations help in the determination of the resistivity of rocks. 
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i. A hard rock without pores or fractures is very resistive to the flow of 

electric current. This is generally observed in hard fresh Precambrian 

rocks.  

ii. Dry sand without water is very resistive.  

iii. Porous or fractured rock bearing free water has resistivity, which depends on 

the resistivity of   the water and on the porosity of  the rock  

iv.  Impermeable clay layer, which is wet, has low resistivity but may not 

contain enough yields for successful groundwater exploitation.  

v.  Mineral ore bodies (iron, sulphides) have very low resistivity due to their 

electronic conduction; usually lower or much lower than 1ohm-m 

(Bernard, 2003) 

To identify the conditions necessary for the presence of groundwater from 

resistivity measurements, the absolute value of the ground resistivity must be 

considered. Usual target for aquifer resistivity can be between 50 ohm-m to 2000 

ohm-m (Bernard, 2003). 

i. In hard rock environment, which is considered very resistant to the flow 

of electric current, a low resistivity anomaly will be the target for 

groundwater.  

ii. In a clayey or salty environment that is normally considered conductive, a 

comparatively high resistivity anomaly will most probably correspond to 

fresh water and thus will be the target in the case for groundwater 

exploration for domestic use.  
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In resistivity measurements, highest resistivities are associated with igneous 

rocks. Sedimentary rocks tend to be most conductive due to their high fluid 

content. Metamorphic rocks have intermediate resistivities. Granites and 

quartzite have high resistivities ranges; sandstone and shale have intermediate 

resistivity ranges (Bernard, 2003). The resistivity therefore in a particular 

geological environment has an influence on the aquifer resistivity. 

In resistivity measurements current is injected into the ground via electrodes 

and the resulting potential is measured also by electrodes in the ground. The 

outer electrodes show the current electrodes for injecting current into the 

ground and the inner electrodes are the potential electrodes connected to the 

voltmeter (fig. 2.2). 

 

Figure 2.2: Sketch Showing DC Resistivity Measurements. (Modified From 

Robinson And Coruh, 1988)  
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2.3.3 Theory of Electrical Resistivity  

For a geometrically ideal situation with a current through a homogenous media 

in a well defined uniform cross section between two potential electrodes, using 

the ohms law, the resistance R is given by  

R = ---------2.8 

Where R is the resistance, V is the voltage and I is the current.  

The resistance is also proportional to the cross sectional area and the distance 

between the electrodes and the relationship is given by  

R = ----------2.9 

Combining the two equations 2.8 and 2.9 

 = -----------------2.10 

Where A is the cross sectional area, V is the voltage, I is the current and L is the 

distance between the electrodes. 

The constant of proportionality ρ is the apparent resistivity and data from 

resistivity surveys are represented by apparent resistivity which takes into 

account arrangement and spacing of electrodes. From the relationship above the 

potential at any point is given by  

V = -----------2.11 
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V is the potential in volts, ρ is the resistivity of the medium and r is the distance 

from the electrode.  

For an electrode pair with current I at electrode A, and -I at electrode B (fig. 2.3), 

the potential at a point is given by the algebraic sum of the individual 

contributions: 

 

Figure 2.3: Current Distribution During Survey 

Therefore         V= VA +VB--------2.12a 

                       ρI(  )-------2.12b 

(  )-----------------------------2.12c 

rA and rB are the distance from the point between electrodes A and B.  
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Two pairs of electrodes M and N in (fig. 2.3) carry no current but are used to 

measure the potential difference between the points M and N. 

The potential V may be measured as  

                                                          V= VM –VN----------2.13a 

(   + )--------------------------------2.13b 

VM and VN are potentials at M and N. AM is distance between A and M, AN is the 

distance between A and N.  

The distances are the actual distances between the respective electrodes, 

whether or not they lie on a line.  

Denoting 

   +  by   , the equation becomes 

V= ------------------2.14a 

The equation gives resistivity                    ρ = -----------2.14b 

K is the geometric factor and only a function of the geometry of the electrode 

arrangement. The geometric factors for some common configurations are given 

in Table 2.2. Resistivity can be found from measuring values of V, I and K. 

Numerical values of resistivity for various water type is given in Table 2.3 
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Table 2.2: Geometric Factor for Some Common Configurations (Vogelsang, 

1994)  

Arrays  Geometric Factor K 

Wenner  2ૈα 

Schulumbeger  2- 2] 

Dipole-Dipole  ૈn(n+1)(n+2)α 

 

 

Table 2.3: Numerical Values for Various Types of Water (Modified From 

Bernard, 2003) 

Water 

Types 

 

 

Resistivity (Ohm-

m) 

 

 

Conductivity 

(micros/cm) 

 

 

Salanity 

(mg/l) 

Very 

fresh 

 200  50  35 

Fresh  20  500  150 

Salted  10  1000  700 

Sea water  0.3  30000  35000 

 

2.3.4 Types of Resistivity Surveys  
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There are two basic types of resistivity investigations; profiling and depth 

sounding investigations. Resistivity profiling is used to detect lateral changes and 

depth sounding is used to investigate the changes in resistivity with depth. The 

basic difference between these two aspects of measurements is that in profiling 

measurements are taken at the various stations on the profile. Therefore stations 

are selected based on the general relative measurements along the profile. With 

sounding the equipment is positioned at a station and measurements are taken 

to a target depth. In a general principle sounding measurements are carried out 

after profiling 

2.3.4.1 Vertical Electrical Resistivity Sounding 

The procedure involved in vertical electrical sounding is primarily based on the 

assumption that the subsurface has a horizontal stratigraphy. In other words it 

consists of discrete, horizontal, homogeneous and isotropic layers. Vertical 

electrical sounding using Schlumberger configuration gives a one-dimensional 

indication of the variation of bulk resistivity with depth. VES are useful as a 

number of data can be made relatively quickly in different places. An electric 

current (I) is injected into the ground through a pair of current electrodes (A,B) 

and the resulting potential difference (∆V) between the two intermediate points 

(M,N) is measured (Figure 4.1). The vertical resistivity layering is resolved by 

step-wise increasing the distance between the current electrodes to penetrate 

deeper into the ground while the potential electrodes remain constant. (Ernstson 

and Kirsch, 2006; Wilson et al., 2006). An apparent resistivity can be calculated 

from I, ∆V and the electrode geometry. The apparent resistivity represents the 
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average resistivity of the ground to a median depth of current penetration 

(Wilson et al., 2006). Using a Schlumberger configuration, the voltage electrodes 

M, N are closely spaced, and fixed to the centre of the array.  

 

Figure 2.4: The Schlumberger Configuration and Modelled Sounding Curve 

(From Ernstson and Kirsch, 2006) 

 

2.3.4.2 Electrical resistivity profiling: 

The resistivity traverse assumes that there is no resistivity variation 

perpendicular to the profile (Ernston and Kirsch, 2006). They were necessary as 

soundings do not take into account horizontal structure (Loke, 1999). Resistivity 

traversing uses a large number of electrodes arranged in a line. The Wenner 

array provides the most basic configuration, with electrodes having a constant 

spacing (a), (Figure 2.5). 
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Figure 2.5:  Wenner Array Configuration 

The array is good at resolving the vertical changes in the subsurface resistivity 

below the centre of the array (Loke, 1999). Using the Wenner array, current is 

injected into and received from the ground through two outer electrodes (C1 and 

C2). As in the Schlumberger array, the potential difference is measured between 

two inner electrodes (P1 and P2). This configuration is kept constant and moved 

along the profile until all of the possible measurements have been made with an 

electrode spacing of a. Measurements are then made using electrode 

combinations that give a basic separation of 2a, 3a, 4a, etc so that information 

about deeper structure beneath the profile is obtained (Loke, 1999). Using the 

Wenner method the apparent resistivity can be obtained from: 

ρα  = 2ૈα ------------2.15 

2.3.5 Types of arrays  

The choice of the best array for a field survey depends on the type of structure to 

be mapped, the sensitivity of the resistivity meter and the background noise level 

(Loke, 2001). Some common arrays that are commonly used for electrical 

resistivity measurements surveys are;  
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 Wenner 

 Schlumberger  

 Dipole-dipole  

 Wenner/Schlumberger  

 Pole-pole  

 Pole-dipole  

Among the characteristics of an array that should be considered are base on the 

sensitivity of the array to the vertical and horizontal changes in the subsurface 

resistivity, the depth of investigations, the horizontal data coverage and the 

signal strength (Loke, 2001)  

The typical methodology in conducting resistivity investigation begins by some 

pre-modelling to determine the type of array to be selected and electrode 

spacing. Choosing the type of array in investigations is not only an important 

factor to ensure success, it also determines the efficiency of the investigation. In 

resistivity profiling investigations, cables and electrodes are moved long 

distances and therefore the arrays chosen will be those which make movement 

simple and rapid as possible as well as efficient in delineating targets (Loke, 

2001). Information on some common arrays (after Loke, 2001.) is enumerated 

below; 

Wenner array is used for both resistivity profiling and depth sounding. This is a 

robust array that was popularized by the pioneering work carried out by the 

University of Birmingham research group (Griffiths and Turnbull 1985; Griffiths 
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et al., 1990; Loke 2001). Many of the early 2-D multi-electrode electrical 

resistivity surveys were carried out with this array (Loke, 2001).  

The array is relatively sensitive to vertical changes in the subsurface resistivity 

below the centre of the array and less sensitive to horizontal changes in the 

subsurface resistivity. The array is best used for horizontal structures, but is 

relatively poor in detecting narrow vertical structures. The Wenner array has 

large signal strength.  

The advantage of this array is that it is popular and widely used so it has a vast 

amount of interpretational material. The arrays also require much smaller data 

than the others to construct a pseudosection (Barker et al., 2001). However, all 

four electrodes are moved making it less time efficient for profiling, but since the 

distances between the electrodes are small mistakes are less likely (fig2.6b p58). 

In this array near-surface conditions differ at all four electrodes for each reading, 

giving a rather high noise level.  

A disadvantage of this array for 2-D multi-electrode electrical resistivity survey 

is the relatively poor horizontal coverage as the electrode spacing is increased. 

This problem is normally observed in a system with relatively small number of 

electrodes. 

Schlumberger array (where only two electrodes are moved) is appropriate for 

use because of speed and convenience. The plethora of interpretation material 

for the Schlumberger array also makes it attractive for depth sounding. Site 
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selection is extremely important with the Schlumberger array because it is 

sensitive to conditions around the closely spaced inner electrodes (Fig 2.6a p 58) 

Wenner-Schlumberger array is moderately sensitive to both horizontal and 

vertical structures. This array is a hybrid between Wenner-Schlumberger array 

(Pazdirck and Blaha, 1996 in Loke, 2001) arising out of a relatively recent work 

with electrical imagine surveys (Loke, 2001). This array is moderately sensitive 

to both horizontal and vertical structures. In arrears where both types of 

geological structures are expected this array may be a good compromise 

between the Wenner and the Dipole-dipole array. The signal strength of this 

array is smaller than that of the Wenner array but it is higher than that of the 

Dipole-dipole array. The median depth of investigation for this array is larger 

than that for the Wenner array for the same distance between the outer 

electrodes. The Wenner-Schlumberger array has a slightly better coverage 

compared with the Wenner array. The horizontal data coverage is slightly wider 

then the Wenner array but narrower than that obtained with the Dipole-dipole 

array.  

Dipole-dipole array is suitable for vertical structures, vertical discontinuities 

and cavities, but less for identifying horizontal structures. The array is most 

sensitive to resistivity changes between the electrodes in each dipole pair. That 

means it is good in mapping vertical structures such as dykes and cavities but 

relatively poor in mapping horizontal structures such as sills or sedimentary 

layers. The depth of investigation is smaller than for the Wenner array. The array 

is mainly used in IP work where induction effects must be avoided at all costs; 
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however it is also effective in resistivity profiling. It uses four moving electrodes 

and it is therefore less desirable and the observed voltages tend to be rather 

small. The array can also be used effectively for resistivity depth sounding. 

To use this array effectively, the resistivity meter should have comparatively 

high sensitivity and very good noise rejection circuiting and a good contact 

between the electrodes and the ground is necessary. 

Polar-dipole array is asymmetrical and results in asymmetrical apparent 

resistivity anomalies in the pseudosection for surveys over symmetrical 

structures. This effect can be removed by repeating the measurements with the 

electrodes reversed. It has a higher signal strength compared with the dipole-

dipole array. The array is not as sensitive to noise as the pole-pole array because 

the distance between the potential electrodes is not as large. The signal strength 

is lower compared with the Wenner and Wenner-Schlumberger arrays but 

higher than the Dipole-dipole array. The asymmetrical anomalies produced by 

this array is more difficult to interpret than those produced by symmetrical 

arrays.  

A major problem with this array is that peaks are displaced from the centres of 

conductive bodies and there is no real agreement as to where the results should 

be plotted.  

Pole-pole array is not as commonly used as the others arrays. In practice the 

ideal Pole-pole array with only one current and one potential electrode does not 

exist. To approximate the pole-pole array, the second current and potential 
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electrodes must be placed at distances, which is more than 20 times the 

maximum separation between the first current and potential (C1P1) electrodes 

used in the survey.  

In surveys where the electrode spacing along the line is more than a few meters 

there might be practical problems in finding suitable locations for the second 

current and potential (C2P2) electrodes to satisfy this requirement. 

A disadvantage of this array is that because of the large distance between (P1P2) 

electrodes, it can pick up a large amount of telluric noise which can severely 

degrade the quality of the measurements and so it is mainly used in surveys 

where relatively small electrode spacing (less than 10 m) are used. This array 

has the widest horizontal coverage and the deepest depth of investigations. 
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Figure 2.6: Diagram Showing Various Arrays (Ewusi, 2006) 

2.3.6  Summary of Effective Use Of Common Arrays  

A summary of the various arrays and their effective use are illustrated below 

after (Loke, 2001) are as follows;  

i. If the survey is in a noisy area and a good vertical resolution is required 

with a limited survey the Werner array will be the best option.  

ii. When a good horizontal resolution and data coverage is important with a 

resistivity meter sufficiently sensitive with a good ground contact, the dipole- 

dipole array will be the preferred choice.  
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iii. If there is uncertainty whether both reasonably good horizontal and 

vertical resolution are required, the Wenner-Schlumberger array with 

overlapping data levels is the best option.  

iv. Survey with a system with a limited number of electrodes the Pole-dipole array 

with measurements in both the forward and reverse directions might be a viable 

choice.  

v. For surveys with small electrode spacing and where good horizontal 

coverage is required, the Pole-pole array might be a suitable choice.  

2.4   Subsurface Geophysical Logging 

A log is a continuous recording of a geophysical parameter along a borehole. Well 

logging denotes an operation wherein a continuous recording is made versus 

depth of some characteristics datum of the formation penetrated by a drill hole 

(Selemo, 2007). 

Wire-line logging is a conventional form of logging that employs a measurement 

tool suspended on a cable or wire that suspends the tool and carries the data 

back to the surface. These logs are taken between drilling episodes and at the 

end of drilling. Recent developments also allow some measurements to be made 

during drilling. Geophysical wire-line logging is used to derive further 

information about the sequence of rocks penetrated by a borehole. Of particular 

value is the ability to define the depth to geological interfaces or beds that have a 

characteristic geophysical signature, to provide a means of correlating geological 

information between boreholes and to obtain information on the in-situ 

properties of the wall-rock (Kearey et al, 2008).  
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Well logging has the primary objective of identifying potential reservoir rocks, its 

porosity, permeability and the nature of the fluid enclosed. 

Porosity of a rock is the fraction of the volume of space between solid particles of 

the rock to the total volume. The space includes all pores, cracks, vugs, inter- and 

intra-crystalline spaces. The implication is that the product of porosity, lateral 

extent and thickness of the reservoir gives the volume of fluids which the 

reservoir contains. Beside porosity, the measure of ease with which the rock will 

permit the passage of fluid (permeability) is also very important in determining 

the yield of a reservoir. 

The main purpose of logging in groundwater exploration is mainly for formation 

evaluation geared towards the determination of three main properties of the 

penetrated formation mainly; lithology, permeability and porosity. 

The instrumentation necessary for borehole logging is housed in cylindrical 

metal tube known as Sonde. Sondes are suspended in the borehole from an 

armoured multi-core cable. They are lowered to the base of the section of the 

hole to be logged and logging is carried out as the sonde is winched back up 

through the section. Logging data are commonly recorded on a paper strip chart 

and also on magnetic tape in analogue or digital format for subsequent computer 

processing. 

The common types of logging in groundwater exploration used in this project are 

restricted only to electric logs, self potential and resistivity logs. These wire-line 
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logs obtained from a well are correlated with the strata logs obtained during 

drilling. 

2.5   Spontaneous Potential (SP) Log 

The spontaneous potential log (sp) measures the natural or spontaneous 

potential difference that exists between the borehole and the surface in the 

absence of any artificially applied current. Spontaneous potential log is a 

recording versus depth of the difference between the potential of a movable 

electrode in the borehole and the fixed potential of a surface electrode (Rider, 

1986). 

These spontaneous potential arise from the different access that different 

formations provide for charge carriers in the borehole and formation fluids, 

which lead to a spontaneous current flow and hence to a spontaneous potential 

difference. There are three factors necessary to generate (Sp) current. They are 

i. A conductive borehole fluid (i.e. a water based mud) 

ii. A porous and permeable bed surrounded by an impermeable formation 

iii. A difference in salinity between the borehole fluid and formation water. 

Note however, that in some special cases an SP current can be set-up 

when there is no difference in salinity but where a difference in fluid 

pressures occurs. 

SP current originate principally through the electrochemical effect of salinity 

differences between the borehole fluid (mud filtrate) and the formation water. 

These differences create spontaneous currents either when the fluids themselves 
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come in contact through a porous medium (Diffusion Potential) or when they 

come in contact through a shale which acts as a semi-permeable membrane 

(Shale Potential). 

Diffusion potential develops at the interface between the fresh-mud filtrate in 

the invaded zone and saline formation water beyond the invaded zone. 

Shale potential is set up when Na+ ions pass from saline formation water in sands 

into adjacent shale beds, then into fresh water of the mud. 

The major uses of Sp log in groundwater investigation are; 

 The detection of permeable beds 

 In determination of formation water resistivity 

 The determination of shaliness of a formation 

 Correlation in area of varied water salinities 

2.5.1 Resistivity Log 

The resistivity log is a measurement of the formations resistivity i.e. its 

resistance to the passage of an electric current. Most rock materials are 

essentially insulators while their enclosed fluids may be conductor. When a 

formation is porous and contains salty water, the overall resistivity will be low. If 

this same formation contains fresh water, its resistivity will be high (Rider, 

1986). 
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Archie’s Equations relate the resistivity of a formation to the resistivity of the 

fluids saturating the formation, the porosity of the formation and the fractional 

degree of saturation of the fluid present. 

Resistivity logging measures the effect of an artificial current which is produced 

in the logging device. The electric current is transmitted to the formation 

through the electrode in the probe. Difference numbers of electrode spring and 

arrangements are in use for subsurface resistivity logging. There includes 16 

inches, 64 inches and 18 inches. 16 inches and 64 inches are normal resistivity 

logging while 18 inches is lateral resistivity log. 

We also have micro-resistivity device used to measure the mud filtrates 

resistivity and to delineate permeable beds by detecting the presence of mud 

cake. Generally in groundwater exploration, the normal array is mainly used. 

Resistivity logging for groundwater exploration are mainly used for; 

 Determination of lithology 

 Bedding characteristics 

 Facies changes 

 Formation porosity 

 

2.6   Hydrologic Methods 

 A controlled pumping test involves pumping water from a well for a specific 

period of time at a controlled, closely monitored rate (Larson and Meyer, 1993). 
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Controlled pumping tests include aquifer tests and single well pumping tests. 

Water levels are measured in the pumped well and simultaneously in other 

observation wells (in an aquifer test) while the well is pumped and for a period 

of time after pumping has stopped. The effect of the pumping on the aquifer is 

monitored by noting the changes in water levels in the wells. 

Aquifer tests: An aquifer test involves a test well with one or more observation 

wells screened in the source aquifer and, less commonly, in other hydrologic 

units. The observation wells are usually situated at a range of distances and, 

ideally, in various directions from the test well. The test well is pumped at a 

controlled and measured rate for a given period of time. If the purpose of the 

aquifer test is to determine the hydraulic properties of the aquifer, the pumping 

rate is held as constant as possible and closely monitored to detect variations 

that could influence the results of the test. If the purpose of the aquifer test is to 

provide information pertaining to the efficiency of the well and pump, the 

pumping rate is systematically increased in successive steps (Larson and Meyer, 

1993). 

Water levels in the pumped well and observation wells are measured during 

pumping and for a period of time after pumping has stopped. Water levels 

usually decline while the well is being pumped (drawdown) and rise after 

pumping ceases (recovery). The measured water level and the time after the 

start (for drawdown) and end of pumping (for recovery) are noted for each 

water level measurement. 
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The transmissivity, hydraulic conductivity, and storage coefficient of the tested 

aquifer are derived from the analysis of the water level data. The presence of 

hydraulic boundaries to the aquifer and the vertical hydraulic conductivity of 

aquitards can also be determined from analysis of the data. 

The influence of the pumping on other hydrologic units can be determined from 

the data if some of the observation wells are screened in these other hydrologic 

units. 

Single well pumping tests: A single well pumping test involves only a pumped 

well; no observation wells are used. The pumping rate is closely monitored and 

controlled. The water level in the pumped well is measured throughout the test. 

Values for hydraulic conductivity and aquifer transmissivity are derived by the 

analysis of the water level data from a single well pumping test. The storage 

coefficient cannot be quantified by such a test. 

A single well pumping test performed to measure the productivity and efficiency 

of a well is called a specific capacity test. The specific capacity of a well is defined 

as the yield of the well per unit drawdown for a given pumping period and 

discharge rate (Larson and Meyer, 1993). The information recorded from a 

specific capacity test often includes only the pumping rate, the non-pumping 

(static) water level, and the water level at the end of pumping. In general, the 

specific capacity of a well is directly proportional to the transmissivity of the 

aquifer. In the absence of aquifer test data, transmissivity can be estimated from 

specific capacity data. A high specific capacity typically indicates a highly 
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transmissive aquifer whereas a low specific capacity typically indicates the 

opposite. Specific capacity is only a relative measure of transmissivity, however, 

because other factors not related to transmissivity typically affect the results of a 

specific capacity test. These include partial penetration of the aquifer by the well, 

well loss (drawdown due to well inefficiency), hydrogeologic boundaries to the 

aquifer, and gravity drainage in an unconfined aquifer (Larson and Meyer, 1993). 
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CHAPTER THREE 

 MATERIALS AND METHODS 

3.1  Materials 

The basic materials used in carrying out this project are  

  Material for surface geological mapping 

  Material for Electrical resistivity method using schlumberger array 

 Data from existing borehole. Such data includes pumping test, strata log 

and electric logs. 

3.1.1  Materials for Surface Geologic Mapping  

The geologic mapping of the study area involved the use of geologic map, 

topographic map and physical investigation to acquire hydrogeological 

information of the area and to describe the rock succession. This is because 

geologic mapping is a veritable tool for evaluation hydrological and 

hydrogeological parameters. Similarly, information may be revealed from 

surface exposure of outcrops. 

The surface geologic map of the area was carried out using topographic map of 

the area. Some of the tools that were used for the surface mapping are  

i. Geological hammer for breaking and collecting samples 

ii. Tape for measuring the thickness of the outcrops (rock exposures) 
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iii. Broton Compass for measuring the angels at which strata dip relative to 

the horizontal 

iv. Global Positioning System (GPS) equipment for measuring the longitude, 

latitude, directional azimuths and altitude of the study area. 

v. Magnifying lens (2x) for viewing collected samples 

Few outcrops were visited during the study because the area lacks major rock 

exposure resulting from the fact that the area is a plain. Four of the outcrops 

visited were abandon borrow-pits site use by Construction Company in the area. 

The exposed rocks were mainly lateritic in nature. Some outcrops were also 

observed along the Imo River which was mainly clay and shale. The purpose of 

applying geological technique is to aid the study of surface sedimentary rocks 

and to reconstruct the geology map of the study area. The topographic map of 

the area in fig. 3.1 shows that the area is a low land. 
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Figure 3.1: Topographic Map of the Area 

 

 3.1.2 Material for Electrical Resistivity Method  

Pre-drilling geophysical surveys were conducted at each site with an ABEM 

Terrameter SAS 1000. Vertical electrical sounding using the Schlumberger array 

with maximum electrode separation of 1000m was used in acquiring the 

resistivity data. Some of the equipments that aid the resistivity survey are 
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i. SAS 1000 instrument with four input channels, including clip-on battery 

tray. 

ii. External Battery Connector 

iii. In the resistivity surveying mode, it comprises a battery powered, deep 

penetration resistivity metre. 

iv. Two potential electrodes 

v. Two current electrodes 

vi. A 12 volt car battery (power source) 

vii. Four electrical cable rims, two each for the potential and current 

electrodes. 

viii. Two 100m tapes 

ix. Four geological hammers 

x. GPS for measuring Co-ordinates and Altitude 

 

3.2  Methods 

The basic methods applied in this research beside surface mapping are  

1. Electrical resistivity method using schlumberger array 

2. Data from existing borehole. Such data includes pumping test, 

strata log and electric logs 

3. Software such as motach, sulphur 8 and strata 4 were used for data 

interpretation 

Terrameter SAS/1000: SAS stands for Signal Averaging Systems, a method 

whereby consecutive readings are taken automatically and the results are 
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averaged continuously. The Terrameter SAS/1000 can operate in different 

modes (resistivity, self potential & induced polarization). A useful facility of the 

SAS/1000 is its ability to measure in four channels simultaneously. This implies 

that a well resistivity and induced potential measurements as voltage 

measurements can be performed up to four times faster. The electrically isolated 

transmitter sends out well defined and regulated signal currents, with strength 

up to 1000 mA and a voltage up to 400 V. The receiver discriminates noise and 

measures voltages correlated with transmitted signal current and also measures 

un-correlated DC potentials with the same discrimination and noise rejection. 

The micro processor, monitors, controls operations and calculates results. This 

makes it suitable for all sorts of resistivity surveys. SAS results are more reliable 

in resistivity surveying mode, it comprises a battery powered, deep penetration 

resistivity meter with an output sufficient for a current electrode separation of 

2000 m under good survey conditions. The ratio between voltage and current 

V/I is calculated automatically and displayed in digital form in ohms or millions. 

The “Schlumberger” and “Wenner” array configurations are two electrode 

layouts that are widely employed in the resistivity surveys. Furman (2003) using 

the analytic element method investigated the spatial sensitivity of different 

electrical resistivity tomography (ERT) arrays. The different arrays (Wenner, 

Schlumberger & double-dipole) were compared using the absolute value of the 

sensitivity and its spatial distribution. On a per measurement basis, there was 

almost no difference between the Wenner and the Schlumberger surveys. 

However in this study, Schlumberger array layout was used. 
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Resistivity measurements with Terrameter are one of the simplest methods to be 

used in geophysics. By putting two electrodes into the ground and inducing an 

electric current through the ground, a potential field is created. Two additional 

electrodes are used to measure the potential at some location. Increasingly 

deeper measurements are achieved by using a bigger separation between the 

current electrodes. Moving the current electrode and having the potential 

electrode fixed is named the “Schlumberger”method. 

For this setup, a direct current was introduced into the ground through two 

current electrodes A and B. The potential electrodes M and N were inserted in 

the ground between the outer current electrodes A and B, where the potential 

difference was measured across these two potential electrodes.  

After setting the instrument as required, the centre point of the sounding station 

was first marked out. From this point half the distance between the potential 

electrodes MN/2 was measured and marked on either sides of the centre point 

using the measuring tape. At the same time, the separation of the current 

electrodes AB/2 were also measured and marked. With a hammer the potential 

and current electrodes (a strong metallic conductor rods about 60cm long) was 

driving into the ground about ¼ of the length. Afterward, the electrodes were 

connected to the Terrameter using the current and potential cables. The 

equipment was switch on after adjusting the current cable, potential cable and 

the cycle knob to the desire point. The measure button was pressed and the 

equipment displays the value of V/I it calculated which is thus read and 

recorded. The current electrodes separation is increased with the potential 
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electrode separations kept constant and the value of V/I as display by the 

equipment was taken. The potential electrodes separation is increased to allow 

for deeper penetration and better results. This process is called looping which 

means repeating reading for two already occupied current electrode positions 

with the new potential electrode spread 

The table 3.1 shows the current and potential electrode separation use for data 

collection. 

 

By measuring the current (I) between the two current electrodes A and B and the 

associated potential difference (V) between the potential electrodes M and N, the 

apparent resistivity (ρa) was computed by the equation 3.1 given below: 

   Ρa = K -----------3.1 

Where 

K is the geometric factor of the electrode arrangement. In case of Schlumberger 

electrode configuration, K is given by the equation 3.2: 

 ---------------3.2 

By repeating the Schlumberger measurements with the entire setup moved one 

step to the side, vertical electrical soundings (VES) were performed continuously 
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and the resistivities along a profile were measured. The locations of the sounding 

points are shown in the figure 3.2: 

 

Figure 3.2: Location Map of the Area Showing VES Points 

 Since the values measured in the field correspond to resistances or potentials 

the first step when processing the data was to calculate the apparent resistivities. 

These were computed using the formula relevant to the electrode configuration. 

The resistivity survey was carried for 40 locations. 

The main objective of the surveys was to determine the depths to Aquifer and the 

lateral extents of the prolific beds. Probe depth ((AB/2) was 500m.  
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Quantitative interpretation of the data was done with both curve matching and 

computer iterative methods (Henker, 1985). The resistivities with their 

corresponding electrode spacing data were fed into an automatic computer 

programme written in accordance with the Schlumberger theory above. 

Logarithmic scale graphs of apparent resistivity versus depth obtained from the 

computer results were plotted for all stations. 

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

resistivity on the ordinate against half electrode spacing on a bi-logarithmic 

transparent paper. Parameters such as apparent resistivity and thickness 

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

used as input data for computer iterative modelling (Zohdy, 1976; Koefoed, 

1977).Detailed quantitative interpretation was done using the software. 

Sounding data were interpreted quantitatively through visual   inspection. The 

linear filter theory (Zohdy’s method) was applied for the automatic 

interpretation of sounding curves (Zohdy, 1976; 1989), which leads to geological 

reasonable layer structured models that may be modified in order to agree with 

geological information. 

3.3 Data from existing borehole 

Hydro- geological/geological surveys were undertaken on four existing 

boreholes with the aim of knowing the static water level, drilled depths, casing 

and screen positions and the hydraulic parameters of such wells. The existing 

boreholes beside which soundings were conducted are located at Amaraku, 
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Mbano Hospital, Umunumo Umuokiri and Ugiri Umuneke. During drilling, return 

cuttings from some of the wells were recorded by the company that carried out 

the operation which were collected as strata logs of the wells. In the absence of 

observation wells, all measurements during pumping tests were collected from 

Imo State Water Corporation Owerri. An integration of the results of pre-drilling 

geophysical survey, hydro-geological/geological survey, strata log, down-hole 

logging and pumping test/analysis for some of the boreholes, provided the basis 

for establishing the extent and distribution of the groundwater resources in 

Mbano and its Environs.  

3.4  Estimation of Aquifer Hydrualic Parameters 

When interpreting geologic soundings, reduction of the measured apparent 

resistivities provides an estimate of resistivities and thicknesses for individual 

geologic layers. 

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

and thickness h, Niswas and Singhal (1981) show that 

T = KσR = KS/σ ---------3.3 

Where 

 T = Aquifer transmissivity 

R = Transverse resistance of the aquifer 

S = Longitudinal conductance  
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Two major layer parameters can be determined from these fundamental data. 

These parameters are transverse unit resistance (R) and longitudinal unit 

conductance (S) which are defined as 

    R = Hp----------3.4a 

And 

    S =H/p----------3.4b 

Where H is the thickness of the layer and P is the resistivity of the layer 

respectively. These layer parameters thus obtained together with existing 

pumping test information in drilled wells were then used to calculate the 

longitudinal conductance(S) and the transverse resistance (R) distribution. 

Transverse unit resistance (R) and longitudinal unit conductance (S) are called 

Dar Zarrouk parameters of the layer and were originally describes by Maillet 

(1947). The Dar Zarrouk parameters are significant in that there are 

geoelectrically equivalent parameters and layer parameters that can be most 

easily and accurately defines by sounding, depending upon the arrangements of 

the geoelectric layers (Maillet, 1947, Orellana 1963). When the Dar Zarrouk 

parameters are geoelectrically equivalent parameters, different combinations of 

H and p will yield similar sounding curves as long as they have equivalent values 

of Dar Zarrouk parameters (Maillet, 1947; Zohdy et al, 1974). In these cases Dar 

Zarrouk parameter of the layer can often be more uniquely defined than layer 

resistivity (p) or thickness (H). 
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In hydrogeologic investigations, T has been demonstrated to be functionally 

analogues to hydraulic transmissivity (Niwas and Singhal, 1981; Mazac et al, 

1985). The Dar-Zarrouk Parameters were further applied in the estimation of the 

hydraulic conductivity, transmissivity and storativity of the aquifers of Mbano 

and environs. In trying to establish the relationship between the Dar-Zarrouk 

parameters and the layer parameters from the VES interpretations, aquifer 

materials (prospective sand/sandstone units) above the water table are not 

considered in the calculation. 

The hydraulic conductivity (K) of aquifers where no boreholes exist is obtained 

from the relation below: (Niwas and Singhal, 1981) 

 

Where K = Aquifer hydraulic conductivity in m/day 

σ = Conductivity (inverse of resistivity). 

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

fairly constant (Niswas and Singhal, 1981, Onuoha and Mbazi). Thus knowing K 

values for existing boreholes and σ values extracted from the sounding 

interpretation for the aquifer at borehole locations, it has been possible to 

determine transmissivity and its variations from place to place, including those 

areas without boreholes. We have utilised these established relationships 

between aquifer hydraulic parameters and electrical resistivity sounding data to 

determine hydraulic conductivity and transmissivity of aquifers within the study 

area. 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 The Result of Strata Log 

sSome of the result of strata log obtained from companies that carried out the 

drilling and the date or year it was drilled were extracted and shows as tables 4.1 

(a----l)  attached as appendix III. 

4.2 Results of Vertical Electrical Sounding 

The results of the vertical electrical sounding of the 36 locations are attached in 

the appendix 1. The values are extracted and show in Table 4.2  

This result as obtained in the field where use to generate the iso-Resistivity table 

as shown in Table 4.3 

Iso-Resistivity Modeling 

The iso-resistivity modelling of the study area shows a lot of variation and 

discontinuity throughout the region. This is because of the difference in lithologic 

and stratigraphic units within the area. The results of 15 depth probe shows a 

high resistivity at a depth of 25m, 40m, 50m, 60m, 70m, 80m and 100m in Benin 

and Ameki formations. After 150m depth probe, the resistivity drop gradually in 

Ameki formation and continued to drop until 350m depth probe. From 150m to 

250m depth, only the Benin formation shows resistivity rise. 
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The resistivity in Imo-Shale decreases continuously with few isolated rise which 

occurs within the included Umunna sandstone within the Imo-Shale. The 

resistivity of the whole region decrease at a depth of 30m with the only rise in 

Umuneke showing nearly homogeneous stratigraphic unit at this depth. 

At a depth of 350m, there was general resistivity rise in the entire region and an 

isolated rise in Imo-shale showing a deeper inclusion of aquifer unit within this 

depth. 

This depth probe was carried out with the principle of Down-ward Continuation. 

The result of Table 4.3 shows a variable changes in value of resistivity with 

depth. There was no general continuous resistivity increase with depth in the 

whole region; showing variable stratigraphic units. The Iso-resistivity table and 

AB/2 depth probes was used to produced Fig 4.1 (A—O) in the figure below 
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Table 4.2: Layer Depth Resistivity 

          No. Of 

layers 

RESISTIVITIES OF LAYERS (Ω) DEPTH OF LAYERS (m) 

S/N Location Lat (N) Long (E) Elevation ρ1 ρ2 ρ3 ρ4 ρ5 ρ6 ρ7 ρ8 ρ9 ρ10 d1 d2 d3 d4 d5 d6 d7 d 8 d 9 

1 Obiochoro 5°45′75” 7°14′50”   5 1460 3770 2040 4860 235           13 34 53 117           

2 Obiohuru 5°44′40” 7°14′30”   5 276 1770 3210 4700 117           0.8 47 60 116           

3 Umuduru 5°41′80” 7°15′02”   5 1470 499 3970 4200 543           3.8 19 45 102           

4 Eziumuenyi Umuenyi 5°38′40” 7°07′30”   9 639 332 672 10600 4850 3100 2710 1990 586   0.6 1.5 8.2 23 40.4 80 118 158   

5 Umuelemai  5°41′50” 7°14′22”   6 2600 771 3240 1310 1430 1760         7.2 20 41 60 78.1         

6 Mbano Hospital 5°40′46” 7°14′02” 185 6 155 1170 447 11200 1330 263         1.3 5.7 16 52 95.1         

7 Umuneke 5°40′41” 7°11′45”   5 312 2670 3390 3390 719           0.5 26 41 84           

8 Ugiri  5°38′51” 7°11′19” 205 6 268 100 2690 2050 1670 458         1.4 3.6 34 104 142         

9 Umuoparaire 5°38′20” 7°11′16”   6 456 1290 2460 18600 2040 416         0.4 13 20 59 91.8         

10 Umuoparaire Village 

Ogbor 

5°38′30” 7°12′10”   9 930 15300 1170 10800 3600 5000 3190 2230 920   0.4 2.2 9.4 30 64.4 94 155 187   

11 Amaraku  5°39′36” 7°09′05” 154 6 212 1120 417 14700 1360 291         2.4 6.6 17 62 107         

12 Umuopara 5°39′02” 7°09′80”   6 4400 1100 2100 22000 2050 632         2.6 8.3 24 69 100         

13 Ibeme 5°38′05” 7°11′58”   6 1040 1270 2470 22500 2040 443         0.2 13 19 60 92.2         

14 Ekwe Amauzari 5°40′50” 7°05′40”   5 3840 950 2180 1030 40400           12 32 76 125           

15 Amakpaka Umuezi 5°41′90” 7°08′30”   6 214 1030 4270 7110 3410 234         0.4 20 53 77 122         

16 Anara 5°42′38” 7°10′48”   6 580 895 995 25000 2200 520         0.4 13 20 70 100         

17 Eziama 5°44′10” 7°10′00”   5 351 1470 4470 2760 200           0.4 21 57 96           

18 Ezumoha 5°43′50” 7°11′89”   5 313 2480 310 4310 394           5.9 18 59 157           

19 Ikpa Mgbeke 5°39′30” 7°13′50”   9 1950 675 440 259 50 7200 1990 2100 1800   1.7 2.5 9.7 13 24.2 151 197 241   

20 Umuonyia Umueze 5°37′78” 7°18′22”   6 870 4930 850 7670 2080 9.1         1.4 5.6 32 93 108         

21 Umuofor Umunumu 5°38′95” 7°18′01”   8 401 1270 555 6200 772 387 755 1050     1.3 4 9.4 27 47.5 90 137     

22 Umuduru Okoro 5°38′77” 7°17′94” 177 10 990 156 776 3410 17500 3040 1530 1380 1180 443 0.8 3 4.6 7.6 29.1 54 79.5 109 147 
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Umunumo 

23 Umuokiri Umunumo 5°38′60” 7°17′72”   6 275 6010 910 3320 1200 340 32       0.6 3.2 19 39 49.7 63       

24  Umuezeala Nsu 5°39′35” 7°18′20”   8 163 233 16500 5240 6420 2660 2870 1260     1.7 12 40 52 97.6 145 193     

25 Umunumo 1  5°38′54” 7°18′11” 219 6 234 1150 7660 2530 1220 870         0.6 4.2 15 160 241         

26 Umuduruokweaku 

Umuokiri Umunumo 

5°38′91” 7°17′85”   8 153 6140 238 1190 6390 1380 606 423     0.3 1.5 5.6 10 30.4 48 67.8 91   

27 High School 

Umuanunu Nsu 

5°39′26” 7°19′05”   6 65.1 6820 669 408 830 496         6.3 37 57 76 98.4         

28 Umuanunu Nsu 5°39′56” 7°18′85”   9 643 5360 10600 2250 7340 2530 1050 357 103   0.8 2.3 7.5 18 40 53 66.3 90   

29 Umuezeala 

Umukabia 

5°43′40” 7°16′05”   7 1500 1582 1100 960 1200 1360 2500       10 24 38 56 80 105       

30 Umukabia 5°43′80” 7°16′25” 117 6 99 509 339 68.4 1290 126         3.1 7.6 12 29 87.5         

31 Umuduruolume 

Ojeama Okwelle 

5°45′84” 7°10′57” 117 10 1370 1170 18500 6200 1970 426 371 1260 1750 3400 1.2 4.5 14 21 28.4 48 83.4 118 157 

32 Ezimba Ezeluokwe  5°46′02” 7°11′43”   6 722 198 2370 433 565 313         1.4 19 59 74 101         

33 Orji Osuachara 5°44′24” 7°14′15”   5 163 39.9 350 455 1140           3 6.3 19 58 85.2         

34 Nkwofada Akunwata 5°46′40” 7°18′15”   6 368 649 8.3 3860 2880 359         1.4 5.6 32 93 108         

35 Umuduru Egbeaguru 5°47′56” 7°15′20”   8 95 5210 772 207 111 240 114 75     0.4 2.5 5.2 11 35.9 79 147     

36 Umuolihi Isu 5°41′20” 7°07′00”   9 678 2830 1850 2510 11000 18400 14200 5000 517   0.4 2 9.4 21 43.3 75 115 145   
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Table 4.3 Iso-Resistivity data 

S/N Location Ves 
No 

Lat 
(N) 

Long.(E) AB/2 
= 10M 

AB/2 
= 20M 

AB/2 
= 25M 

AB/2 
= 30M 

AB/2 
= 40M 

AB/2 
= 50M 

AB/2 
= 
60M 

AB/2 
= 70M 

AB/2 
= 80M 

AB/2 
= 
100M 

AB/2 
= 
150M 

AB/2 = 
200M 

AB/2 
= 
250M 

AB/2 
= 
300M 

AB/2 
= 
350M 

1 Umuonyia umueze 21 
5.6167 7.3061 

3235 1970 2020 2100 2240 2250 2272 2108 2301 2331 3000 3102 433 422 108 

2 Umuokiri Umunumo 24 
5.6333 7.3033 

1817 1500 1453 1431 1540 1450 1340 767 1000 1730 340 428 211 116 89 

3 Umuanunu Nsu 28 
5.65 7.3236 

4165 4993 4524 4689 4205 4109 4020 3821 3046 3131 2629 917 508     

4 High school 
umuanunu Nsu 

27 

5.65 7.3181 

70 260 220 360 400 540 900 920 930 970 1000 1000 1000 1020 1050 

5 Umuezeala 
Umukabia 

30 
5.7167 7.2681 

1575 1100 1100 1050 1000 960 1100 1250 1350 1370 1375 1680 2250 2400 2500 

6 Umuduruokweaku 
umuokiri umunumo 

26 

5.6333 7.3069 

1050 780.6 830.5 1200 1280 1511 1610 1510 1662 1686 1501 1180 635 525 350.8 

7 Umuehie Duruodu 
umuezeala Nsu 

29 

5.65 7.3056 

267 328 360 420 675 913 1078 1200 1400 1907 1968 2447 2725 2336 2911 

8 Umuofor Umunumu 22 
5.6333 7.3003 

953 1120 1250 1419 1690 1779 1843 1920 2055 1918 1022 1090 980 840   

9 Umukabia 31 
5.7167 7.2736 

400 200 350 500 120 200 160 120 170 400 700 270 300 300   

10 Umunumo 1 
umuokiri  agumocha 

25 

5.6333 7.3031 

1360 2878 2883 3500 4500 3400 2540 2600 2640 2720 2500 2312 2721 2300 2100 

11 Ugiri umuneke 7 
5.6333 7.1886 

312 708 818 870 960 1100 1230 1342 1420 1495 1612 1800 1543 1300 1189 

12 Amaraku  10 
5.65 7.1514 

508 650 703 750 821 1125 1300 1480 1750 2100 2400 2870 3200 2600 2150 

13 Mbano hospital 5 
5.6667 7.2339 

573 698 854 1020 1160 1195 1300 1400 1634 1721 2451 2530 2570 1800 1542 

14 Umuoparaire village  8 
5.6333 7.1878 

4420 2700 3006 3526 3824 4247 4560 4421 4676 5009 4496 3744 3177 2893 3171 

15 Orji Osuachara 20 
5.7333 7.2375 

44 10.6 10.8 10.9 12.3 13.4 14.7 16.8 18 23.4 18.9 12.5 12.9 8.5   

16 Ikpa Mgbeke 19 
5.65 7.2972 

450.6 320.2 200 165 145 203 176 200 255 850.6 1345 190 725.7 3340   

17 Eziumuenyi 
Umuenyi 

13 
5.6333 7.125 

760 1220 1320 1881 2322 2683 2889 2912 3120 3093 3036 3111 2813 2439 1818 

18 Umuelemai  4 
5.6833 7.2394 

2480 1350 1385 1390 1398 1410 1530 1700 1760 1790 1780 1635 1690 1740 1760 
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19 Umuduru okoro 
umunumo 

23 

5.6333 7.3094 

550.1 1080 1450 1687 2157 2310 2250 2361 2645 4276 3905 3675 2093 1840 2806 

20 Ezimba ezelu okwe 33 
5.7667 7.1953 

560 350 340 190 350 380 520 700 820 840 855 700 620     

21 Umuolihi Isu 36 
5.6833 7.1167 

1890 2625 2700 2864 3639 3875 4020 4500 5159 6709 9546 10500 9000 6500 5000 

22 Umuduru Egbeaguru 35 
5.7833 7.2556 

1371 1148 1001 362.7 400.3 160.7 309 150.2 131.8 200.5 148.4 135.8       

23 Nkwofada Akunwata 34 
5.7667 7.3042 

146.2 26 27 15 16.9 14.2 15 20 22 40 100 183 120 108 93 

24 Umuduruolume 
Ojeama Okwelle 

32 

5.75 7.1825 

2303 3521 3650 4703 5080 5051 4282 4022 3284 3490 1274 925 1806 1051   

25 Amauzari 14 
5.6667 7.0944 

3363 3250 2942 1950 1270 1520 1237 1750 1934 2209 1909 1621 2241 2451 3068 

26 Amakpaka 15 
5.6833 7.1417 

957.8 997 1036 1190 1635 1950 1980 2102 2142 2269 2446 2351 2654 1654 1243 

27 Umuopara 11 
5.65 7.1722 

1556 1855 2042 2157 2603 3007 3921 3914 4284 5027 5618 5731 7363 4525 3555 

28 Ibeme 12 
5.6333 7.1994 

1225 1529 1661 1949 3220 3224 1837 1510 5027 2720 5322 4234 4320 4057 3733 

29  Ogbor Umuokpara 9 
5.6333 7.2028 

1095 1753 1761 2001 2500 3086 3441 3540 4054 4457 4769 4960 4006 3514 2423 

30 Umuneke 6 
5.6667 7.1958 

2021 2410 2399 32352 2915 2156 2301 2723 3864 3563 2212 2600 1395 1454 1049 

31 Anara 16 
5.7 7.18 

789.2 1133 1347 1347 1640 1938 2078 2540 2237 3117 3478 3951 4119 4500 5346 

32 Eziama 17 
5.7333 7.1667 

1111 1304 1463 1883 1913 2154 2307 2231 2433 1422 2184 2066 1246 1006 970.3 

33 Ezumoha 18 
5.7167 7.2081 

413.4 689.7 879.5 952.9 997.6 1041 1002 935.9 791.2 726.8 1033 908.7 1243 1612 2199 

34 Umuduru 3 
5.6833 7.2506 

634.8 691.2 675.5 757.4 899.3 1085 1318 1581 1483 1697 1992 1921 1698 1681 1597 

35 Obiohuru 2 
5.7333 7.2417 

1512 1496 1463 1400 1418 1405 1486 1701 1790 1964 1970 1983 1259 1410 1173 

36 Obichoro Osu 1 
5.75 7.2472 

1518 1708 1910 2201 2494 2735 2784 2806 2755 2735 2815 2345 2460 2002 1722 
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Figure 4.1A: Iso –Resistivity Model At AB/2=10 

 

Figure 4.1B: Iso –Resistivity Model At AB/2=20 
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Figure 4.1C: Iso –Resistivity Model at AB/2=25 

 

Figure 4.1D: Iso –Resistivity Model at AB/2=30 
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Figure 4.1E: Iso –Resistivity Model at AB/2=40 

 

Figure 4.1F: Iso –Resistivity Model at AB/2=50 
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Figure 4.1G: Iso –Resistivity Model at AB/2=60 

 

Figure 4.1H: Iso –Resistivity Model at AB/2=70 
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Figure 4.1I: Iso –Resistivity Model at AB/2=80 

 

Figure 4.1J: Iso –Resistivity Model at AB/2=100 
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Figure 4.1K: Iso –Resistivity Model at AB/2=150 

 

Figure 4.1L: Iso –Resistivity Model at AB/2=200 
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Figure 4.1M: Iso –Resistivity Model at AB/2=250 

 

Figure 4.1N: Iso –Resistivity Model at AB/2=300 
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Figure 4.1O: Iso –Resistivity Model at AB/2=350 

4.3 HYDRAULIC PARAMETERS 

The hydraulic parameters were computed from the resistivity values using 

montarch Software. The parameters includes aquifer apparent resistivity, aquifer 

conductivity, transverse resistance, longitudinal conductance, hydraulic 

conductivity and transmissivity were computed and the result presented as 

Table 4.4 and the result were use in plotting Fig 4.2 to Fig 4.9 
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Table 4.4: Aquifer Conductivity 

VES 

No 

Location Latitude 

(º) 

Longitude 

(º) 

Depth to 

water table 

(m) 

Aquifer 

thickness (m) 

Aquifer 

resistivity (Ω) 

Aquifer 

conductivity  

(1/Ω ) or (S) 

Transverse 

resistance  

(Sm) 

Longitudinal 

conductance  

(Ω-m² ) 

K-

value 

Kq 

value 

Hydraulic 

conductivity 

(m/day) 

Transmissivity 

(m²/day) 

1 Obichoro  5°45′75” 7°14′50” 53 64.1 4860 0.00021 311526 0.0132 5.4 0.0011 6.57 421.14 

2 Obiohuru  5°44′40” 7°14′30” 60 55.7 4700 0.00021 261790 0.0119     6.35 353.42 

3 Umuduru  5°41′80” 7°15′02” 45 57.3 4300 0.0003 246390 0.0132     5.81 332.63 

4 Umuelemai 5°41′50” 7°14′22” 85 50.5 1920 0.00052 96960 0.0263 3.25 0.0017 2.07 104.6 

5 Mbano Hospital 5°40′46” 7°14′02” 44 48.2 1330 0.00075 64106 0.0362     1.44 69.41 

6 Umuneke 5°40′41” 7°11′45” 41 42.9 3990 0.000025 171171 0.0108     4.21 180.7 

7 Ugiri 5°38′51” 7°11′19” 34 38 2050 0.00049 77900 0.0185 3.85 0.0019 8.16 310.08 

8 Umuoparaire 5°38′20” 7°11′16” 59 32 2040 0.00049 65280 0.0157     8.12 259.84 

9 Ogbo Umuoparaire 5°38′30” 7°12′10” 59 42 3200 0.00031 134400 0.0131     12.74 535.08 

10 Amaraku 5°39′36” 7°09′05” 40 45 1400 0.00071 63000 0.0321 5.57 0.004 5.79 260.55 

11 Umuopara 5°39′02” 7°09′80” 69 32.4 2050 0.00049 66420 0.0158     8.49 275.08 

12 Ibeme 5°38′05” 7°11′58” 58 32 2040 0.00049 65280 0.0157     8.45 270.4 

13 Ezeumuenyi 

Umuenyi 

5°38′40” 7°07′30” 80 30 2500 0.0004 75000 0.012     10.35 310.5 

14 Ekwe Amauzari 5°40′50” 7°05′40” 76 49.2 1030 0.00097 50676 0.0478     7.95 391.14 

15 Amakpaka Umuezi 5°41′90” 7°08′30” 77 42.1 3410 0.00029 143561 0.0124 5.45 0.002 3.72 156.6 

16 Anara 5°42′38” 7°10′48” 70 30 2200 0.00046 66000 0.0136     2.4 72 

17 Eziama 5°44′10” 7°10′00” 57 38.3 2760 0.00036 105708 0.0139     3.01 115.28 

18 Ezumoha 5°43′50” 7°11′89” 59.3 97.8 4310 0.00023 421518 0.0227     4.7 459.66 

19 Ikpa Mgbeke 5°39′30” 7°17′50” 160 65 2100 0.00049 136500 0.0309 5.57 0.0027 8.69 564.85 

20 Orji Osuachara 5°44′24” 7°14′15” 69.1 26.9 1140 0.00088 30666 0.0236 5.4 0.0047 1.54 41.43 

21 Umuoyia Umueze 5°37′78” 7°18′22” 93 15 2080 0.00048 31200 0.0072 5.57 0.0027 8.6 129 

22 Umufor Umunumo 5°38′95” 7°18′01” 27 40 3500 0.00029 140000 0.0114 3.1 0.00089 4.53 181.2 
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23 Umuduruokoro 

Umunumo 

5°38′77” 7°17′94” 29 67 3400 0.00029 227800 0.0197     4.4 294.8 

24 Umuokiri Umunumu 5°38′60” 7°17′72” 19 30 3320 0.0003 99600 0.0094     4.28 128.4 

25 Umunumo 1 5°38′54” 7°18′11” 160 81 2530 0.0004 204930 0.032     3.26 264.06 

26 Umuduru Okweaku 

Umunumo 

5°38′91” 7°17′85” 27 23 1350 0.00074 31050 0.017     1.74 40.02 

27 Comp. High Sch.Nsu 5°39′26” 7°19′05” 75 23 830 0.00121 19090 0.0277 2.85 0.0034 2.58 59.34 

28 Umuanunu Nsu 5°39′56” 7°18′85” 65.3 25 1050 0.00095 26250 0.0238     3.26 81.5 

29 Umuezela Nsu 5°39′35” 7°18′20” 97.6 47.6 2660 0.00038 107576 0.0179     8.27 393.65 

30 Umuezela Umukabia 5°43′40” 7°16′05” 56 49 1360 0.00074 66640 0.036     4.23 207.27 

31 Umukabia 5°43′80” 7°16′25” 27 14 1290 0.00078 18060 0.0109     4.01 56.14 

32 Umuduru Okwelle 5°45′84” 7°10′57” 11.8 42 1750 0.00057 73500 0.024 4.01 0.0023 4.75 199.5 

33 Ezimba Okwe 5°46′02” 7°11′43” 19.2 40 2370 0.00042 94800 0.0169     6.43 257.2 

34 Nkwofada 

Akunwata 

5°46′40” 7°18′15” 15 12 2880 0.00035 34560 0.0042 2.85 0.001 3.22 38.64 

35 Umuduru 

Egbeaguru 

5°47′56” 7°15′20” 2.5 5 772 0.0013 3860 0.0065 5.4 0.007 1.04 5.2 

36 Umuolihi Isu 5°41′20” 7°07′00” 43.3 71.3 5000 0.0002 356500 0.0143 3.05 0.0006 3.2 228.16 
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4.4 Aquifer Resistivity 

The map in fig (4. 2a and 4.2b) shows that the resistivity of the aquifer is higher 

in North East trend with the highest value of about 4000Ω-4800Ω at Obichoro 

Osu, Umuelemail and Umuneke. The resistivity drop in the southern part of the 

area indicating an area of shaly formation 

Generally, the resistivity shows an increase in the North-East trend in the area. 

The apparent resistivity is shown in Fig 4.2a and the 3D view in Fig 4.2b; 

 

Figure 4.2A:  Aquifer Resistivity 
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Figure 4.2B: 3D View of Aquifer Resistivity 

4.5 Aquifer Conductivity 

Conductivity is the inverse of resistivity. The conductivity values ranges between 

0.0072 in Umuoyia Umueze to 0.0478 in Amauzari as shown in Fig 4.3a and 4.3b. 

  The values obtained in fig 4.3(A—B) shows low conductivity at Okohia, 

Umuelemai, Osuachara and Umunumo areas. Medium conductivity is observed at 

Amaraku, Mbano hospital and Okwelle regions. High conductivity was observed 

at umuolihi. The water potential is high in area of low conductivity than area of 
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high conductivity.. 

 

Figure 4.3A:  Aquifer Conductivity 

 

Figure 4.3B:  3D View of Aquifer Conductivity 
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4.6  Aquifer Transverse Resistance 

The transverse resistance in the area shows high values of about 180,000-

420,000 between Umuelemai and Obichoro Osu and less than 100,000 between 

Amaraku and Umuoyia Umueze. The transverse resistance help to estimate 

resistance with depth. In calculating the apparent resistivity, the sand section 

above the water table was not considered. The contour showing the transverse 

resistance variation within the study area is hown 4.4A and Fig 4.4B. High values 

of transverse resistancewere obtained around the North-Eastern part or the 

central part. 

 

Figure 4.4A: Aquifer Transverse Resistance 
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Figure 4.4B: 3D View of Aquifer Transverse Resistance 

4.7 Longitudinal Conductivity of the Aquifer 

This is the inverse of transverse resistance. The longitudinal conductance 

increases in SE and SW trends. The highest value occurs at umuolihi (0.044) and 

Lowest in Amakpaka (0.006). The longitudinal conductances in the area are 

shown in Fig 4.5A and 4.5B; 
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Figure 4.5A: Aquifer Longitudinal Conductivity 

 

Figure 4.5B: 3D View of Aquifer Longitudinal Conductivity 
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4.8 Hydraulic Conductivity 

There is a large variation in conductivity between the different formations in the 

area as shown in Fig 4.6A and Fig 4.6B. The highest hydraulic conductivity occurs 

in Ogbo Umuoparaire (Benin Formation) with a value of 12.74m/day and the 

lowest at Umuduru Egbeaguru in Imo-Shale with a value of 1.04m/day 

The hydraulic conductivity is use here to determine the hydraulic potential of the 

aquifer recharge of the study area. 

 

Figure 4.6A: Hydraulic Conductivity of Area 
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Figure 4.6B: 3D View of the Hydraulic Conductivity of the Area 

4.9 Transmissivity of the Study Area 

Transmissivity is directly proportional to horizontal permeability (K) and 

aquifer thickness. The transmissivity in the area as shown in Fig4.7A and Fig 

4.7B has its highest value at Ikpa Mgbeke (564.85m2/day) and its lowest value of 

(5.20m2/day) at umuduru Egbeaguru. 
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Figure 4.7A: Transmissivity of the Study Area 

 

Figure 4.7B:3D View of the Transmissivity of the Study Area 
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4.10 The Diagnostic Constant 

The diagnostic constant is used to delineate the lithostratigraphic units within 

the area. On the bases of KQ values in the area, there are various hydrogeologic 

units in the area. The mean KQ constant in Benin formation is (0.006), the Bendel 

Ameki formation has a mean value of (0.0035) while the Imo-Shale has a mean 

value of (0.0015)  

The variations are shown in Fig 4.8(A—B); 

 

Figure 4.8A: The Diagnostic Constant 
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Figure 4.8B: 3D View of Diagnostic Constant 

4.11 AQUIFER DEPTH: The depth to aquifer varies within the area. The 

minimum depth within the area is 50m in Isiala mbano area to 125m at some 

part of Ehime mbano 

 

FIGURE 4.9A THE  AQUIFER DEPTH 
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FIGURE 4.9B 3D view of the aquifer depth 

 

 

4.11 Aquifer Thickness Variation 

  The area has the highest aquifer thickness at the North Easthern consisting of 

Obichoro, Obiohuru, Umuelemai, Ikpa mgbeke,Ezumoha and umuduru. The 

southern parts like Umunumo 1also have a very good thickness. The Umuna 

sandstone trend shows a very reasonable thickness. The variation of the aquifer 

thickness in the area is shown in Fig 4.10(A---B) 
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Figure 4.10A: Variations of Aquifer Thickness 

 

Figure 4.10B: 3D View of Aquifer Thickness 
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4.12 Comparism of VES Curves, Strata Logs and Electric Logs 

The VES values with depth were extracted from Table 4.2. The strata log was 

extracted from Table 4.1 (a---l) in appendix III. The well logs were extracted 

from appendix II. The three results were combined to determine the depth to 

aquifer in some town in the area. The town includes; 

ALIKE UMUNUMO UMUOKORO:  The first geoelectric layer with apparent 

resistivity of 776 Ω is purely lateritic. It is reddish brown in colour. The second 

layer is whitish-gray (shaly sand) with resistivity that ranges between 3040 Ω—

3410 Ω. The third layer is entirely whitish (sand) and has a resistivity of 1430 Ω. 

The fourth and the fifth layer is a sandy shale and shale having a resistivities of 

126Ω and 443Ω. 
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Figure 4.11: Comparism of VES, Strata Log and Electric Log of Alike 

Umunumo 
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ORJI OSUACHARA: The first layer was lateritic underlain with clay having 

resistivity values of 1630 Ω and 390 Ω. The third layer was purely gray in colour 

(shale) and has a resistivity value of 455 Ω. This was follow by a thick deposit of 

aquiferous sand with a resistivity of 1140 Ω. 
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Figure 4.12: Comparism of VES, Strata Log and Electric Log of Osuachara 
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UMUKABIA: The first geo-electric layer with apparent resistivity of 99Ω is 

lateritic soil. The second is clay with a resistivity of 339Ω. The third layer 

consists of shaly-sand with a resistivity of 1290Ω and the fourth layer is purely 

shaly with resistivity of 126Ω. 

 

Figure 4.13; Comparism of VES, Strata Log and Electric Log of Umukabia 
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ANARA: The comparison shows that the geoelectric section consists of laterite, 

sandy grits, and intercalation of sand and shale. The aquifer resistivity has a 

value of 2200Ω. 

 

Figure 4.14: Comparism of VES and Drill Log of Anara 

UMUONYIA UMUEZE: The comparison shows that the first layer consists of 

reddish sand with a resistivity of 4930Ω. The second layer is brownish (clay) 
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with a resistivity of 850Ω. The third layer is the aquiferous sand with a resistivity 

of 2080Ω while the fourth layer is shale with a resistivity of 9.1Ω. 
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Figure 4.15: Comparism of VES and Drill Log of Umuoyia Umueze 

OKWELLE: The first layer is reddish lateritic sand with a resistivity of 1170Ω. 

This was underlain by yellowish clayey sand with resistivity values that ranges 

between 392Ω---6200Ω. The third layer consists of shaly sand with a resistivity 
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of 1260Ω while the fourth layer consists of the aquiferous sand with a resistivity 

of 3400Ω. The drilling actually stops before the fourth layer. 

 

Figure 4.16: Comparism of VES and Drill Log of Okwelle 

UMUELEMAIL: The top soil is lateritic with a resistivity value of 2600Ω. This was 

followed with and intercalation of brown, black and gray clay with a resistivity 
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range of 771Ω--1300Ω. Below this second layer lies the aquiferous sandstone 

unit with a resistivity range of 1430Ω---1760Ω. 
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Figure 4.17: Comparism of VES and Drill Log of Umuelemail  
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4.13 Geoelectric Cross Sections 

The resistivty values and the litholog layer that fall along each profile were 

use to determine the cross section. Four cross sections were drawn using 

Strata 4 software. The aquifer thickness was also drawn along the profile as 

histogram. 

 

Figure 4.18: Location Map Showing Cross Section Profiles 

PROFILE A—A′: A—A′ was taken along the NW—SW flank of the study area. The 

depth to water is shallow around Eziama (VES 17), Ibeme (VES 12), Umuanunu 

(VES 28) and average at umuelemai (VES 4), Comprehensive (VES 27) 
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The average aquifer thickness along the profile is 42m. 

 

Figure 4.19A: The Cross Section of A - A′ 

 

Figure 419B: Aquifer thicknesses along A - A′ 
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PROFILE B—B′: B—B′ was taken along south West direction in the area. The 

depth to water table is deep and has an average of 108m. The points along the 

profile are Umuenyi (VES 13), Mgbeke (VES 19) and Umuelemail (VES 4). The 

average aquifer thickness is about 50m. 

 

Figure 4.20A: The Cross Section of B - B´  
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Figure 4.20B: Aquifer Thicknesses along B - B′ 

PROFILE C—C′: This profile was taken along the NS direction. The depth to 

water table is shallow at Obichoro Osu (VES 1), Obiohuru (VES 2), Umuduru (VES 

3) with an average of 52m and deep at Umueze (VES 21), Osuachara (VES 20) 

with and average depth of 75m. The average thickness of aquifer along this 

profile is 43.4m. 
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Figure 4.21A: Cross Section of C - C′ 

 

Figure 4.21B: Aquifer Thicknesses along C - C′ 
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PROFILE D—D′: This was taken along the SW—NE direction. The points are 

Umuoparaire (VES 8), Umuelemai (VES 4), Umuezeala (VES 30) and Umukabia 

(VES 31). The area has an average aquifer thickness of 39m.   

 

Figure 4.22A: Cross Section of D - D´ 
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Figure 4.22B: Aquifer Thicknesses along D - D′ 

Table 4.4: Drilling Litholog of 16 Locations in Mbano 

S/N        TOWN  DEPTH TO AQUIFER 
(THICKNESS) (Ft)  

REMARK  

1 Okohia  320 - 440  Not Terminated  
2 Orji Osuachara  200 - 240    
3 Alike Umunumo  190 - 320  Not Terminated  
4 Umunakar Ama  240 - 400  Not Terminated  
5 Umuezeogwu  240 - 340    
6 Amaraku  250 - 330    
7 Nsu  400 - 470    
8 Ugiri  340 - 400    
9 Mbano Hospita  250 - 300    

10 Umuelemai  390 - 460    
11 Anara  240 - 340  Not Terminated  
12 Umunumo 1  180 - 250    
13 Umunumo 11  220 - 260    
14 Umunakanu  170 - 200  210 - 620 (Shale)  
15 Umukabia  90 - 135    
16 Nkwofada   -  30 – 450 (Shale/ 

Clay 
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Table 4.5: Finding of the Depth and Aquifer Thickness in the Study Area 

VES 
No  

Location/ Town  Depth To 
Aquifer(m)  

Aquifer 
Thickness (m)  

Recommended  
Borehole Depth (m)  

1 Obichoro  53 64.1 117.1 
2 Obiohuru  60 55.7 115.7 
3 Umuduru  45 57.3 102.3 
4 Umuelemail  85 50.5 135.5 
5 Mbano Hospital  49 48.2 97.2 
6 Umuneke  41 43 84 
7 Ugiri  95 32 127 
8 Umuoparaire  59 34 93 
9 Ogbo Umuoparaire  59 42 101 
10 Amaraku  62 45 107 
11 Umuopara  69 33 102 
12 Ibeme  58 32 90 
13 Ezeumuenyi  80 30 110 
14 Ekwe Amauzari  76 49 125 
15 Amakpaka  Umueze  77 42 119 
16 Anara  70 30 100 
17 Eziama  57 39 96 
18 Ezumoha  59 98 157 
19 Ikpa Mgbeke  120 55 175 
20 Orji Osuachara  69 27 96 
21 Umuoyia Umueze  90 18 108 
22 Umufor Umunumo  35 41 76 
23 Umuduruokoro 

Umunumo  
39 57 96 

24 Umuokiri Umunumu  25 30 55 
25 Umunumo 1  45 80 125 
26 Umuduru Okweaku  27 23 50 
27 Comp. High. Sch. Nsu  75 23 98 
28 Umuanunu Nsu  85 25 110 
29 Umuezeala Nsu  90 43 133 
30 Umuezeala  56 49 105 
31 Umukabia  27 14 41 
32 Umuduru Okwelle  11.8 42 53.8 
33 Ezimba  19 40 59 
34 Nkwofada Akunwata  15 12 30 
35 Umuduru Egbeaguru  3 5  -  
36 Umuolihi Isu  43.3 71.3 114.6 
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Figure 4.23: Fence Diagram of the Hydraulic Potential of the Study Area   

4.14   Qualitative Interpretation 

Qualitative interpretation of the vertical electrical sounding curves obtained 

from the study area showed four six geo-electrical layers and some area shows 

more than six layers. These indicate the complex nature of the formations within 

the study area. Telford etal (1998) reported that the distribution of resistivities 

of different subsurface layers in a three layer earth model can be classified base 

curves shapes into; H-types (p1 > p2 <p3 ), K-types (p1 <p2 >p3 ), A-types (p1 <p2 

<p3 ), Q-types (p1 >p2 >p3 ). Generally they can be combined to produced the 

following  

HA-types (p1 >p2 < p3 <p4) it occurs at Ves 5 and 15 
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HK-types (p1 >p2 < p3 >p4 ) it occurs at Ves 1, 4 and 14 

KH-types (p1< p2 > p3 <p4 ) it occurs at Ves 3,7,10, 11, 12 

QH-types (p1 >p2 > p3 <p4 ) it occurs at Ves 2, 8,9 

This is just to mention a few locations at which it occurs. The nature of all the 

curves   obtained can be seen in appendix I. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

The results have shown a very close semblance with those obtained from 

pumping tests and other statistical analysis methods. This shows that electrical 

resistivity survey is a useful method for understanding the aquifer systems 

within the study area. Computer modelled interpretation techniques have also 

helped to resolve the true thicknesses, resistivities and the depth to the 

aquiferous zones. The depth to water is shallow around Umuneke, Umuopara 

and Amaraku areas with an average depth of 40m. The aquifer is relatively deep 

around Obiohuru, umuelemai,Ezeumuenyi, and  Orji Osuachara areas with a 

mean depth of 65m. Very deep aquifers with a mean depth of 95m were sensed 

at Ikpa Mbgeke, Umunumo 1, and Umueze. The above result agrees closely with 

how Uma (1989) delineated the aquifer systems within the Imo River Basin. He 

found out that three aquifer systems exist within the Imo River Basin: a shallow 

discontinuous aquifer system, a thick regional unconfined aquifer system, and a 

confined aquifer system. Hydraulic conductivity varies between 1.4 m/day and 

12.71m/day 

With respect to the Kσ value, one can split the study area into five distinct zones, 

A, B, C, D and E, with respective Kσ values equal to 0.52, 0.4, 0.27, 0.15 and 0.05. 

The highest value (zone A) is recorded in the eastern part of the basin, whereas 

the lowest value (zone E) is recorded in the western part. This result is 
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consistent with the lithological composition of alluvial deposits and the grain size 

analysis; in the eastern part the coarsest grained materials (sands and gravels) 

are developed. Transmissivity values were calculated by using these mean Kσ 

values. The value of transmissivity ranges between 250 and 565 m2/day. High 

values of transmissivity are recorded in the north-east and eastern part of the 

area, ranging from 270 m2/day in the vicinity of VES11 and 12  to  550 m2/day in 

the vicinity of VES18 and 19. This result shows that the aquifer composed of 

unconsolidated fine medium- coarse sand, which is marked with resistivity 

ranges of 2040 – 4200 ohm-m in the area. Sufficiently high transmissivities 

coupled with good aquifer thicknesses are most prospective for drilling 

productive boreholes. These findings make the north-eastern part of the area 

attractive for drilling with high yield expectations. A geological formation 

reflecting a predominantly high transverse resistance value indicates that its 

resistivity is high or it has higher thickness with favourable aquifer conditions. 

The aquifer in the study area reflects higher transverse resistance so it has high 

transmissivity with good groundwater potential. The transmissivity values 

obtained from electrical resistivity measurements depend upon the accuracy of 

hydraulic conductivity resulting from computation using the resistivity method. 

The highest transmissivity values are recorded in the North-Eastern part of the 

basin, and hence any groundwater development project should be concentrated 

within this part. The hydraulic conductivity at a location may also be estimated 

from the relevant equation, if the parameter α = Kσ is known for a reference well 

in the basin. The strength of this method is the possibility for estimation of 

hydraulic parameters, thereby reducing the additional expenditure of carrying 
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out pumping tests. Thus, the VES technique has been very popular due to its 

simplicity. The weaknesses are the unsuitability of VES in areas with complex 

geology and topography. When an aquifer is anisotropic, empirical correlations 

between aquifer hydraulic conductivity and electrical resistivity will include a 

dependence on degree of anisotropy. Ignoring the anisotropy, scatter may be 

introduced into the field relationships .The scale of the heterogeneity related to 

the sounding curves and pumping tests complicates the interpretation. It is 

pointed out that the reliability of the previously mentioned methods depends on 

the accuracy of the geoelectric parameters determined from the sounding curves, 

as well as the accuracy of the hydraulic parameters calculated from pumping 

tests. The reliability of the regression curve, as well as the derived equation 

relating the hydraulic with electrical parameters, depends on a critical minimum 

number of measurements, which is determined by using the successive analysis. 

5.2 Recommendation 

It is however recommended that other advanced imaging techniques like cross-

hole electrical tomography be used in the area to validate the results.  

We also recommend that a hydro chemical study be carried out to determine the 

portability of the water for both industrial and domestic uses. 

The development of a long term record of shallow groundwater levels around 

Mbano and environs should be established. This could be used to identify trends, 

quantify the effect of     super-saturation of the soil, and monitor the effect of any 

large groundwater abstractions. 
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A detailed investigation of the hydraulic parameters, such as transmissivity, 

specific yield, and hydraulic conductivity of the aquifer should be continuously 

recorded and stored. This data would assist in the development of future 

hydrologic models for the area. 

Hydrologic modelling, integrated with detailed field investigations, to predict the 

movement of chemical and variation of ground water chemistry in response to 

groundwater abstraction and sea level rise should also be considered. 

An investigation of the various components of aquifer recharge, and their 

relative significance should be recorded and stored for further study. 

Periodic electrical resistivity surveys to identify any changes in the subsurface 

resistivity, particularly with regard to the groundwater abstraction should be 

considered.  

The production of an aquifer vulnerability map of the area to show areas where 

aquifers are protected by thick and low permeable cover, isolating them from 

contaminated sources is very important. 

5.3   Contributions to knowledge 

This work has produced tremendous results of the complex hydrogeology within 

the area. From results presented here, we have been able to show; 

i. The geoelectric sections of the areas 

ii. The aquifer variations ranging from unconfined to confined aquifers 

iii. The discontinuity in lateral distribution of the aquifers 
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iv. The average depth to aquifers within the towns in the area 

v. The aquifer thicknesses within the area 

vi. The aquifer conductivity and transmissivity within the area 

vii. The hydraulic potential of the areas. Including areas that can sustained 

industrial boreholes 

viii. The fence diagram showing areas that are hydrologically prolific  and 

areas that are not hydrologically prolific. 
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APPENDIX I: COMPUTER GENERATED CURVES FOR THE STUDY AREA 
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APPENDIX II: WELL 

LOGS
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APPENDIX III: STRATA LOGS 

 

BOREHOLE LITHOLOGY 

A record of the borehole cuttings reveals the following subsurface profile 

TOWN= ALIKE UMUNUMO 

COMPANY =GEOFLUX CONSULT LIMITED 

DATE =19TH MAY, 2010 

Table 4.1a 

Depth (ft) Lithology colour 

0-----20 Laterite reddish 

20-----70 Clayey shale Bluish 

70-----85 Sandstone Whitish 

85-----110 Clay Brownish 

110-----125 Sandyshale Grayish 

125-----190 Shalysilt Grayish 

190----310 Sandstone whitish 
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TOWN= UMUKABIA 

COMPANY =ANAMBRA IMO RIVER BASIN DEVELOPMENT AUTHORITY 

DATE =DECEMBER 

Table 4.1b 

DEPTH (FT) LITHOLOGY COLOUR 

0----25 LATERITE REDDISH 

25----90 CLAYEYSHALE BROWNISHGRAY 

90----135 SAND WHITISH 

135---220 SHALE GREY 

TOWN= ORJI OSUACHARA 

COMPANY =GEOFLUX CONSULT LIMITED 

DATE =1ST MARCH, 2008 

Table 4.1c 

DEPTH(FT) LITHOLOGY COLOUR 

0-----20 LATERITE REIDISH 

20-----60 CLAYEYSILT BROWNISH 
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60-----80 SILT DARKISH 

80----200 SHALE GRAYISH 

200----240 SANDYSHALE DIRTYWHITE 

 

TOWN= NKWOFADA AKUNWANTA 

COMPANY =GEOFLUX CONSULT LIMITED 

DATE =10TH SEPT. 2009 

Table 4.1d 

DEPTH(FT) LITHOLOGY COLOUR 

0------10 LATERITE REDDISH 

10-----30 CLAY BROWNISH 

30-----240 SHALE GRAY 

240-----300 CLAYEYSHALE WHITISHGRAY 

300----450 SHALE GRAYISH 

 

TOWN= ORIJIAMA OKWELLE 
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COMPANY =GEOFLUX CONSULT LIMITED 

DATE =11TH MAY, 2010 

Table 4.1e 

Depth(ft) Lithology colour 

0------40 Laterite reddish 

40----90 Clayedsilt mlky 

90----290 Clay yellowish 

290---390 Shale grey 

 

TOWN= UMUELU UMUNAKARUAMA 

COMPANY =GEOFLUX CONSULT LIMITED 

DATE =20TH AUGUST, 2010 

Table 4.1f 

DEPTH(FT) LITHOLOGY COLOUR 

0------50 LATERITE REDDISH 

50------70 LATERITIC SAND REDDISH 
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70-----110 CLAY BROWNISH 

110----140 SAND WHITISH 

140----180 SHALE GREY 

180-----240 CLAYEY SAND BROWNISH 

240----290 COARSE SAND WHITISH 

290----330 SHALE GREY 

330----400 SAND WHITISH 

 

TOWN= OKOHIA 

COMPANY =GEOFLUX CONSULT LIMITED 

DATE =27TH OCT, 2010 

Table 4.1g 

DEPTH (FT) LITHOLOGY COLOUR 

0-----60 LATERITE REDDISH BROWN 

60-----90 SAND WHITISH YELLOW 

90-------180 LIGNITE BLACK 
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180-----320 SHALE GREY 

320-----440 SAND WHITISH 

 

TOWN= UMUNAKANU 

COMPANY =GEOFLUX CONSULT LIMITED 

DATE =25TH OCT, 2010 

Table 4.1h 

Depth(ft) LITHLOGY COLOUR 

0-----30 LATERITE REDDISHBROWN 

30------0 CLAY YELLOWISH 

50-----80 SAND WHITISH 

80-----140 CLAYSTONE YELLOWISHBROWN 

140-----170 SHALE GREY 

170-----200 SAND WHITISH 

200-----620 SHALYCLAY GREYISHBLAC 

TOWN= AMARAKU 
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COMPANY =IMO STATE WATER CORPORATION OWERRI 

DATE =198 

Table 4.1i 

DEPTH(FT) LITHOLOGY COLOUR 

0-----40 LATERITE REDDISH 

40----100 CLAY BROWNISH 

100---180 CLAYEYSHALE GREYISHBROWN 

180----230 CLAYEYSAND BROWNISH 

230---250 SHALYSAND GREYISHWHITE 

250----270 SAND WHITISH 

270----300 CLAY YELLOWISH 

 

 

TOWN= ANARA 

COMPANY =IMO STATE WATER CORPORATION OWERRI 

DATE =JULY 1982 
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Table 4.1j 

DEPTH(FT) LITHOLOGY COLOUR 

0-----40 LATERITE REDDISH 

40-----90 CLAYEYSAND BROWNISH 

90-----220 SAND REDDISHBROWN 

220-----280 SANDSTONE WHITISH 

 

TOWN= Umuonyia umueze 

COMPANY =IMO STATE WATER CORPORATION OWERRI 

DATE =1978 

Table 4.1k 

DEPTH(FT) LITHOLOGY COLOUR 

0-----50 LATERITE REDDISH 

50-----90 SANDYCLAY BROWNISH 

90------150 CLAY YELLOWISH 

150----250 SHALE GREY 
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250----350 SAND WHITISH 

 

TOWN= UMUELEMAIL 

COMPANY =IMO STATE WATER CORPORATION OWERRI 

DATE =1977 

Table 4.1l 

DEPTH (FT) LITHOLOGY COLOUR 

0-----50 LATERITE REDDISH 

50------120 CLAY BROWNISH 

120----200 CLAYEYSAND BROWNISH 

200----320 SHALE GREY 

320----400 SHALYSAND GREYISHWHITE 

400----460 SAND WHITISH 
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