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ABSTRACT

The work was carried out on the baseneamhplex of Kano metropolis to investigatéo the
aquifer characteristics and groundwater po#ts of the arean order to reveal the nature,
guality and occurrence of groundwatéhe geological mapping wasrried outusing
topographical map on a scale of 1:50,000. A vertical elecsaalding (VES)wasconducted
using Ohmega resistivity meter with Schlumberger configuraBamp test data of boreholes
from the areavere used for the determination of aquidbaracteristics, which includes;
transmissivity (T), hydraulic conductty (k), andstorage coefficient (SField study have
shown that the area is underlain by schists, granites (porphyritic & biotite granites), and diorites.
There are also minor intrusions of quartz veins, and aplitesdyke trends of these structures
show a prdominating NWSE direction Vertical electrical sounding¥ES) revealsthatfour

(4) geoelecric layersvhich include topsoil/laterite/clay, weathered layer, fractured/fresh
basemeneéxists The weathered layer serves as an aquiferous zone; wheeatiénsvely thick.
Bedrock could also serves as an aquifer where it is extensively fractureding tespdata
obtainedndicates thaaquiferpropertiesn the study area ad low potentials, which could be
related to depth of the boreholes drilledl&@m design. The analysis and interpretation of
groundwater chemistry of the area suggest concentrafieband Cd abov&VH O draximum
permissibldimits of 0.01mg/I and 0.03mg/I rpectively, in about 93%f the samples analysed.
That is a dangerous pportion, as they are known to be very dangerous to human health.
Therefore Government should provide waste management disposal systems and proper

monitoring of wastelischarge by industries in the area.
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CHAPTER ONE:
INTRODUCTION
1.1 BACK GROUND

Groundwater is a vital resour ce, with a | arge
resource directly or indirectly for livelihoods (Sanjay, 2010). Much of the groundwater can be

said to be meteorim origin. Also, a smallpercentages known to enter the hydrologic cycle

from subterranean sources and is described as juvenile water. This water includes water of
magmatic and volcanic sourceshile connate water is entrapped between the interstices of

sedimentary formations.

However, in order to tap this resource, a hydraulic structure called borehole is sunk into the
ground, which when properly drilled, designed, and developed, will permit economic withdrawa
of water from an aquifer. According toishresearch, shallow boreholes are those drilled to a
depth of <60m, while deep boreholes are drilled to a depth of >70m, because many believed that

fractures closes within 70aepth

Many boreholes ardrilled into the crystalline basement, with tihéention of constructing wells
for rural and community water supplies. Some existing shallow porous andhregplifers have
low yield, because of thifgoreholes are now sunk into the hard rock in order to tap groundwater
in deep fractures f O 2HbWewer, someboreholes are unsuccessful, the reason being that,
most of these unsuccessful boreholes do not encounter-begtengfractures, or some of the

fractures are not hydraulically interconnected to provide sufficient water to the boreholes.



1.2AIM OF THE STUDY

The aim of this study i®:-

Examine the sustainability issue of the deep boreholes and how groundwater occur at depth of
>200m in those boreholesjso to nvestigate the general hydrogeology of Kano metropolis

using shallow and dedyreholes

1.30BJECTIVES

I.  Geological mapping of the area, which include the study of the rock tgpddgepth

of weathering

II.  Determination of potability of the water obtained from these boreholes as well as

their conformity with the standard for variouses.

1.4SIGNIFICANCE OF THE STUDY

This research will be relevant to hydrogeologists atie:rowater managerss it will

revealthe naturepccurrencend qualityof groundwater in thetady area at depth.

It will also resolve the sustainabilitysueof the deegoreholes.

The study will produce a lineament map of the study area from a remotely sensed data.

It will also be a good reference material for further research in the future.

1.5LOCATION AND ACCESSIBILITY OF THE STUDY AREA

The studyarea idocated in the KanMunicipal; it is bounded by latitude$1°51" to 12206'N and
longitudes8°23 to 8°38 E coveringan area of about 770.063n°. (Fig. 1) shows the location

of the study arean Kano State



Study area

Fig 1. Location Map of Kano State $howing the Study Area (Obtained fromhttp://www.

mapsofworld .com/Kano



It is accesble through the Kan&aria, KaneMaiduguri, KaneKatsina, KaneHadejiahighway

roads andnumerousntraSate roads, as well as footpaths.

1.6 RELIEF AND DRAINAGE

The areaof study lies on the averaghiitude of 478m, ands generally undulating lowland. The
highest pointis about681m (above sea levellGoron Dutse hill)and the lowest point i431m
(above sea levelBabban layi Unguwauku). The relief is greatly influenced by the geolpgy

characterized by smaid low laying outcrops in the study area.

The study aa is drained by the River Challawhich flows fromthe west to the eastern part of
the study areand its numerous seasonal tributgri@so by River Watari, which together with
River Challawa join River Hadejia and empties into the Lake Chad. While Rivers Gari and

Jakara flows from the study area anshghpear into the sands of Chad formation further east.

1.7CLIMATE, VEGETATION AND LAND USE

1.7.1 Climate

The climateof the study aress that of tropical weanddry type.The mean annual rainfall in the
area is 800mm (Olofin, 1987). It extends frearly May to late September, while dry season last
for about seven months, October to Apwiccording to Olofin (1987) themean annual

temperature is about ZB. The highest temperatures are recorded between March and April.



Table 1: Annual weather of the Study Area

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year

Average

high °C

(°F)

@\\;\?ra?é 13.0 150 19.0 189 15.8 13.0 19.06
CF) (55.4)(59) (66.2) (66)  (60.4)(55.4) (66.29)

rF:l?:]nfa"oo 03 16 116 496 1182 1031 102 00 00 6964
Avg

(inches) (0) (0.012 (0.063, (0.457 (1.953) (4.654) (4.059 (0.402)(0) (0) (27.419
rainy

0.0 0.1 0.1 0.0 0.0 495
days (
1.0 mm)

Mean

;Y:;r;t:llr)]/e 24492345 238.7 2340 263.5 261.0 229.4 220.1 240.0 266.6 264.0260.42,957.1

hours
(Source: Hong Kong Observato?p12)

1.7.2 Vegetation

Generally, the Sudan Savanna can be said to be the vegetation of Kano region, (Olofin, 1987). It
composed of a variety of trees scattered over an expense of land. Trees are hardly taller than
20m. Neem tree is the most common specie in tba. Most of the trees specie® adapted to
drought condition through long tap roots and tiny leaves. Most of the trees shed their leaves
during the dry season, grasses dry off, but during the rainy season their underground stem

develop new shoots.
1.7.3 Human Geography

The peopldan the area ardominantlyHausasFulanis, Kanurisand some fewribesincluding

Yorubas and IgbosThe use of the land is for agricultyraidustrial and urban purposes. The
5
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second and third points atfee most significat in thearea, being urban and shortages of land for

other purposes.

1.8 Statement of he Problem

The increased demand for water in many parisrydtallinebasement compleareas (including

the study areajas stimulated development of groundwater, leading to the expansion of means
of groundwater abstractiofhat call for this workwhich intends to update the hydrogeology of

the area byookingat whygr oundwat er occurs at a batanerith of
rocks despite thgeneral understandinat fractures closes with depth will also look at the

aquifer characteristics in order to determine ground water potentials of the area.



CHAPTER TWO:
LITERATURE REVIEW
2.1PREVIOUS WORK

Many published and unpublished studies have been carried out in the areard&heaginly
geological, geophysal andhydrogeological investigations. Thesgudied distribution of rock

types and aquifer characteristics in the study area.

Earlier worksinclude Isa (1984). He investigated the hydraulic properties of the basement
complex and Chad formation aquifers of Kano State based onipgrgsting of selected
boreholes. Heobtained theverage value of transmissivity (T) in basenmomiplex of the study
area to be 0.51fthr (12.32ni/day). Coefficient of permeability (hydraulic conductivity) (k) is

0.0138m/hr (0.33m/day). Specific capacity is 0.38m of drawdown.

MacDonald and @rtneits (1986)work highlightedsome hydrogeologicalharacteristics of the
aquifers in the area using borehole logsdafling programmefor Kano State Agricultural and

Rural Development Authority (KNARDA),supervised by Wardrop Eng. IncThese
characteristics could be viewed in terms of the rock types, the structural development, as well as

depth of weathering and products.

Hazell et.al., (1992), demonstrated the dependenaegdlith aquifer chareristicson geology
and environment, with goticular emphasis on lithology, weathering pattern and fracturing.
Specific capacity is shown to be related to both lithology and weathering grade; dry season water

levels and frequency of occurrence of successful holes latedréo lithology in the ar@, and



concluded that borehole performanceépendent on the aquifer and not on small variations in

small diameter and depth.

Olorunfemi and Fasuyi (1993) delineated the aquifer types in the studyl hes®. aquifer types
include weathered layer ader, weathered/ fractured or partly weathered aquifer, and fractured

aquifer.

Magdi (1999 hastried and studied the general geology of area in relation to the lateritic profiles

around Kananetropolis

Bala (2001) investigated the usefulness of LanB8sdathematic Mapperl imageries in
groundwater exploratiomn basement complex rocks of Kanand ZariaKaduna areas. He
demonstrated that areas having high fracture density are considered to be of hnghvgteu
potential.In anotherecentstudy carried out by Balat d., (2011), the regolith aquifers derived
from different bedrock typesn the basement complex of Kanwere examined using
information on depth of borehole, static water level, yield aralvdown of 259 boreholes
covering different rock types. Their result shows that mean depth of borehole vary from about
37m to 48m in rocks of the younger granites and imtlggmatitesgneiss complex and schists
respectively.

Danjuma (2005) carried out a hydrogeological study of Sheet 80 Kabo NE whesiated the
petrology and hydrogeology of the area. This relationship could be viewed in terms of the rock
types, the structural development and the depth of weathering.

Mukhtar (2011) analysed water from Kano River to deime the concentration of some
selected metals; Cu, Fe, and Mn before and after treatment at Tamburawa Water Treatment

Plant. The study was conducted whe@hallawa merges with Kano RiveAll the observed
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concentration of metaldor raw waterwere above WHO standatzkfore treatmentwhile the

treated water concentration for Fe was above the international statdact Mn and Cu were
within WHO limits. The treatment plant reduces the metahcentrationsit is still below the

WHO standard.

2.2 GEOLOGY AND HYDROGEOLOGY OF CRYSTALLINE BASEMENT COMPLEX

ROCKS OF NIGERIA

2.21 Geology of Crystalline Basement Complex Rocks

The crystalline basement rocks are composed of hard, crystallizedcorstalized rocks of
igneous and metamorphic origin. They occur as granites, gneisses, migmatites, schists, phyllites,
pegmatites or quartzites.
In Nigeria, the basement complex is one of the major-figtoological components that make
up the Geology oNigeria. According to Obaje (2009), it is part of the fdrncan mobile belt
and lies between the West African and Congo cratons, and South of Toureg shield. It is intruded
by the Mesozoic catalkaline ring complexes (Younger granites) of the-Blagea and is
uncomformably overlain by Cretaceous and Younger sediments. It was affected by the Pan
African Orogeny (600ma). Within the basement compleiigkria four (4) major lithological
units are found namely:

e Themigmatitesgneisses complex

e The schist belt (metasediments and metavolcanics rocks)

e The Older Granites (Pan African granitoids)

e Undeformed Acid and Basic dykes
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‘?’Z%Ta;nvilcanics Jurassic Younger Grantas
I:I Pracambrian Basement
- Cretaceous
[_© ] Major (referance) town

Figure 2: Geological map of Nigeria showing different r ocks types (After Obaje, 2009 )
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2.2.2 Hydrogeology of Basement aquifers

Basement aquifers developed within the weathered overburden and fractured bedrock of
crystalline rocks of intrusive and /or metamorphic origin that arenlsnaf Precambrian age
(Wright and Burgesd,992).

It is believedthat, in weathered regolitigroundwaters found in intergranular spaces between
mineral grains, while irunweathered basement rodkss stored in interconnected systems of
fractures, joints and fissures that are oassted with regional tectonism. oMever, poor
comectivity ofthe bedrock fracttes and low permeabilityesults in signitant local variations

in yield and this can cause local variation loé hydraulic conductivitywithin the same rock
mass, over short distances.

The aquifer systems deloped are:

1) Alluvial aquifer; alluvial material overlies the weathered overburden and create a distinct
intergranular aquifer type. These elongated aquifers follow rivers or drainage lines with
limited width and depth, which vary according to topography and the climate

2) Compositeaquifer;comprising of a variable thickness of regolith overlying bedrock

3) Fractured aquifer; composed mainly of crystalline materials (i.e. igneous and
metamorphic rocks) characterized by an intact and relatively unweathered matrix with a

complex arrangement of interconnected fracture systems.

11
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Water Table

Fractured
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Fig. 3: Nature of Basement Aquifers (After Richard, 2004)

2.3Development of Groundwater

Most gudies onbasement aquifers lgifferent workersareon the development of groundwater
resources in thick regolith.é. weathered overburden).They focuses mainlyestablishing a
relationship betwen the yield of a borehole and its depth, geology and weathering thickness.
Using datafrom basement complex areas in some selected parts in Southwestern Nigeria and
Abuja; Alao, (2000) put the average thickness of overburden from 6m to 15m, and average

thickness of aquifers as 35m. In the study carried out by &ath, (2011) in thebasement
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complex of Kano, the regolith aquifers derived from different bedrock types were examined
using information on depth of borehole, static water level, yield and drawdown of 259 boreholes
covering different rock types. Their result shows that naepth of borehole vary from about

37m to 48m in rocks of the younger granites and imtlggmatitesgneisscomplex and schists

Davis and Turk (1964) suggested the optimum depth of boreholes in crystalline rocks to range
from 50m 60m.

Permeability and prosityare some of the important properties tgplainthe characteristics of
aquifers According to MacDonald et al, (2008, these properties vary with depth. hiké
permeability depends on the extent of fracturing and the clay content, pogesigyally

decreass with depth as shown igf 4 below:=

ROCK PROFILE AQUIFER PROPERTIES (relative scales)
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Fractures in the bedrock
can significantly increase
the hydraulic conductivity

Fig. 4. Schematic diagram of the variation of permeability and porosity with depth in the crystalline
basement (After Chilton and Foster, 1995)

In essence, Fig. 4 sows that regolith has a high storage capacity but low permeability, whereas

bedrock has a low storage capacity but high permeability. Henvéhvat is not always the case.

13



Because there are cases where boreholes yield do not necessdrilg deth depth. For
example,Loiselle and Evans (1995) did not find any evidence of either decrease in fracture
density or fracture yield up to a depthaiout 180m in the crystalline rocks of Maine, USA.
High yields from deep fracture horizons are reported from India and Sri Lanka. Data on borehole
drilling in parts of the Indian shield also show an improvement in borehole productivity with an
increasen depth up to 300m (Jagannathan 19%hghal and Gupta, (2010) observed that high
discharge from deep gold mines in Karnataka, India, and Rand mines in South Africa also

indicate high potentiality of deep fractured aquifer

2.4 Exploration Approaches

Owing b the complexity of the geology apdor groundwater réarge;groundwater tends to be

highly limited in extent in crystalline basement rocks. The finding of suitable target in complex
terrain requires the use of local knowledge; geophysics, (magnheveys, vertical electrical

sounding VES, and electromagnetic methods, etc); detailed structural and geological mapping
(e.g. field mapping, aerial photography and satellite imagery analyses); ¢éxplahalling etc.

However, the conventional methagplied in groundwater exploration in crystalline rocks area

i S by ogeophysical approach, where most bor e
resistivityand electromagnetimethod, with little or no understanding of the structural geology

of the arget area.Sami (2009) demonstrated how the rate of drilling successful boreholes can be

improvedin the crystalline rocks aaeas showhelow:=
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Figure 5: Flow chart of the Integrated Exploration Process (Adopted from Sami, 2009)

Sami (2009), placeemphasison a comprehensive geodynamic and strain aralgsel how

they are used to identify tectorprocess and their expressi@s well as identify compressional

and extensional @ntations by structural mapping of joints on an outcrop, respectiVebse
methodsare very important and help in narrowing down the area of interesgréamd
geologicaland geophysical work. They prevent a situation whereby a large area is subjected to

extensive geological and geophysical work for groundwater invastigat

w
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!
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Fracturetrace, or lineament analysis, is a powerful growader exploration toollt depends on
identifying faults and lineaments on aerial photographd.andsat imageand then locating

them on the groundThey may be evident on high resolution satellite imagery and through
geomorphiexpression on topographic maps (Fetter, 2001).

Landsat 5TM imagery of an area can be analyzed and interpreted in order to detenmine t
lineament trends, lineament density and groundwater potential across the area ¢Amlidu
2011) Lineament density shows number of lineaments per unit area, or total length of lineaments
per unit area. Areas having high lineament dersyld represent areas with high groundwater
potentials.

However, in most cases, authors could not establish a direct relationshiprbbtweleole yield

and lineament, due ttack of direct evidence that the structures responsible for the flow
correldes with amapped lineamenGander, (2007) noted that, this may be attributed to local
factors such as fracture infilling, fracture connectivity etc. It is recognized that lineament
mapping is often not based on facts, but rather on personal beliefs or feelingiscaddpends

on factors such as data quality, extraction technique, and interpretation method. But when it is
correctly interpreted, lineament in conjunction with knowledge of local geology, hydrogeology,
tedonics, geomorphology etcreveals setting andrientaton of fractures for groundwater
explordion at depth.These approaches to borehole siting will achieve a high success rate if

properly applied.
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2.5 Structural control of groundwater occurrence

In most geologic environments, there is a stradteontrol which sometimes deterras the
availability of groundwater (Offodile2002).Structural patterns in geological formations arise
mostly from the number of tectonic activities post dating the emplacement of rock formations.
Groundwater is assocet with these structures in various forms e.g. faults, fracture$letse
structural features arevariade in nature with respecto frequency, spatial extengand

interconnectivitywithin the impervious crystalline rock s

Throughout the last decade, the optimization of the location of wells in tectonically fractured
areas throughout Africa, India and Brazil focused mainly on assessing the relationship between
bedrock strature and groundwater yield. This was achiebgaralyzing the positio of wells in

relation to lineanents (aeromagnetic data or landsat images) (Greenbaun, 1992; Fernnandes and
Rudolph 2001;Owen et al, 2007). Fracture zones usually occur along lineaments and often
correspond to the surface drainagegrats (Adams, 2009Fracture systems are related to either
decompression or tectonic forces. The former tend to be sub horizontal with a decreasing

frequency with depth. The latter tend to be sub vertical and are often in zonal concentrations.

Therefore, flow in hardock aquifers is very complex and is governed by hydraulic
conductivities in the regolith and underlying fractured bedrock. The flow could generally be
local or regional flow systems. In local flow system, regolith zone acts asvogghat slowly

feeds the water from the surface into fractures of bedrock (where good hydraulic interconnection
is present). Martin (2011) proposed that this flow is generally limited to 50m below ground level.
However, in regional flow system, regiontdw of ground water occurs within the major

interconnected fracture systems.
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Fig 6: Groundwater flow in &ement Aquifers (After Martin2011)
The sustainability of such drilled wells is what has not been certified especially with the rate at
which those wells are drilled in and around #edy areaAdams, (2009) observed that radt
fracture and fracture sets that are intercepted by drilling will yigltér in hard rock terrain, but

flow through rocks requires that a connected netwbfkacturesbe present.

2.6 Geology and Hydrogeology of the Study Area

Kano area is underlain by rocks of the Nigerian basement complex comprngntatites
gneiss complex, younger metasediments, older and younger granitese{Bala 2011).
MacDonald et al, (1986) established that, it is dominantly underlain by undifferentiated
metamorphic suiteandolder granite(comprising ofcoarse pink granite and porphyritic biotite
granitg, with the older granitepredominatng over otherrock types The older granite is
composed of coarsgrained granite, granodiorite, diorite and aplite. The lithological varieties are
less common than in metamorphic suite. They were emplaced during the Pan African orogeny
whichwasdated about 65@50 ma The nost abundant and typical memizérthe older granite
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suite is a coars@orphyritic granite (Oyawoye, 1972). It isypified by the abundant large
feldspar set in a ground mass rich in biotite or hornblende. The feldspar may be white, purple,
pink, ydlowish brown and dark grey.

The schists are considered to be Upper Proterozoic supracrustal rocks which have been infolded
into themigmatitesgneissquartzite complex (Obaje, 2009According to Magdi (2009) schists
occupy an area within the 606walled cityd6d to
schists are fine to medium grainedhistog rocks of pellitic to psamiticharacter. They are
reddish to greenish grey in coloand highly weathered. Thegre found to be associated with
diorite. This association indicates that schists have been intruded by small dioritic bodies, and are

considered older than diorites in the area.
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In the study area, groundwater occurs within the weathered mantle or in the joint and fracture
systems of the unweathered or partly weathered rocks (MacDenald 1986). Dupreez and
Barber,(1965) poposed that well should be locatedthe weatheredhantle and fractured rock
where permeability and porosity are sufficient to allow appreciable amounvatdr to
accumulate in storag@he high groundwater yield in the area is found where thick overburden
overlies fracturd zones. The older granite hiasen subjected to many tectonic movements and

pressure through geologic history such that they often have several fracture lines.
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CHAPTER THREE:

METHODOLOGY

3.1Introduction

This chapter describes the study design, samphiethodsollowed, and the techniques applie
in dataanalysis.

3.2Desk Studies
The study involved collection and reviewinfjexistingliteratures including bulletins, journals,
and textbooksgeological and topographical maps. This was helpfuhierstanding geological
geophystal and hydrogeological conditionstbi studyarea

3.3 Geological Mapping of the Study Area
Topographical raps on a scale of 1:5000 covering the study area wesbtained from Kano
State Ministry of Land ad Housingand Federal Survey Office in Kadyrnthese maps wereed
as base mafor this stidy. A reconnaissance Survey the study area was conducted which
allows the researcher tamiliarize himself with the terrain and also aimed at identifying the
existing ra¢k exposureanddistribution of rock types.
An effort was made to study and appraise the geology of the area under investigation. The
mapping was achieved using topographical map on a scale of 1:5@dfass clinometer
satellitenavigator (GPS), and a digital camendnich allows photographef important structures
and rocks to be snapped

3.4 Geophysical Investigation
A vertical electrical sounding (VES) of electrical resistivity method was carried out using

Ohmega resistivity mer with Schlumberger configuratioAccording to Macaulay (2008)he
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VES principle is based on the fabiat substrata is a resistor to the flow of electric current and
that any suksurface variation in conductivity will alter the current which affebts electrical
resistivity of overburden and bedrock varies considerably in relation to moisture content.

Electric current is passed into the ground betweem duter electrodes while the resultant
potential difference is measurbg two inner electroded he electric field produced is measured

by the instrument in the form of Resistance which when multiplied by a constant (k) gives the
apparent Resistivity value.

"""

[=Kn k& é é é é f ahlumi®rger array

The electrode spacing was progressivietyeased keeping the centre point of the electrode array
fixed. The maximumhalf current electrode separatipnA B was etween 1 and 80while the
hal-pot ent i al electrode separation (MNu2) was
resistivity mesured at each point was plotd a loglog paper. The plots gave a rough idea of

position and forms of the interface.

A total of 20 VES points were soundédhe qualitativeinterpretation ofhie field data was done
using a computer program known as QOffte identify thickness and resistivity of different
layers so as to give information ateeplyweatheredand fracturedonesas shown in appendix

3.5Measurementof Hydrogeological Data

A depth to water table of @tal of 50 hand dug wells were measured during the peak of dry
season in April 2013, and peakrainy season in September 2013. The resuégpeesented in

appendix Il The measurement was dobefore the water was agiéat, using measuring tape.
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This was achieved by tying to the tape a piece of small metal. When lowered into the well, it
produced a ripple waves upon touching the water surface. The depth to water table was then read

directly from the tape &r compensating fadhe heighof thewell above ground surface.
3.6 Aquifer Properties

Pump test data of twenty (Rdeepand shallowboreholes were used for the determination of
aquifer charaeristics. These properties includes transmissivity (T), hydraulic conductivity/
coefficient of permeabilityk), and storage coefficient/ storativity (S), aaee also known as
aquifer constantsThese constants are determined from pump test, because during punap tests

large sample ahiquifer present in a well tested under field conditions.

Parts of the data obtained from the measurements pletted on semiog graph in ordeto
observe the changes in didown for a period of pumping of the borehdlée dravdown (s) in
meters orthe ordinate is plotted againgie (t) in minutesf{g. 12). When there is significant
change in drawdown during the period of pumping, the flow is considered unsteady, but if the
change in drawdown is not significant (nearly horizontal line on the jraphflow is regarded

as steady flow. However, all the pump test data used for this study are of unsteady flow.

The Theis equation is used to determine aquifer hydraulic ckasdicis.The time drawdown is

then interpretetb yield the aquifeparametersTheis equation is as follows:

s:%W(u)ééééééééééééééééé. (1)
The euation above ialsoknownas the non equilibriuraquation,
WhereW (u) is the well function which represents the exponential integral,

s is the drawdown, and Q = is the constant well discharge,
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u=r’S/4Tt
where r =radial distance from the pumped well,
T= Transmissivity,
t=time since pumping began
S= storage coefficient
The non-equilibrium or Theis equatiopermits determination of the aquifer constants (S and T).
The equations widely usedn practice and ipreferable to the equilibrium equation because:
1. Avalue of S can be determined,
2. Only one observation well is reqad,
3. A shorter period of pumping is necessary, and
4. No assumption of steady state is required.
However, as a derivative of Theisnape i | i br i um e qu atintredaced Jacob
a simplified equation for one observation well for small value of u (i.e. for small r and /
or large t) less than 0.01 so that from the drawdowre graph plotted on a semi

logarithmic paper, we have:

23Q | . A AFri 204 £ £ £ 2 2 2 £ 9z 2 2z 2 9z
Drawdown s:-—flog 225TtIr’Sé 6 6 6 66 éééé6ééé 2

4T

This is the equation of a straight line whose slope is equa%i%g% and is found as the

vertical projection of the intercept of the straight line between two number on the time
scale that have logarithmic one unit apart s@§0land 100. T may be found from the
slope and S may be found from equation (2) for pump testing above.

When howeverone observation well is used log 2.25F8r in equation (2) above is

equal to 1. Hence the equation becomes;
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Q is known from the pumping test,
s is found from the slope,
Hence T can be calculated by substitution in equatian (3)
Having calculated T, the hydraulic conductivity (permeability) of the aquifer could be
computed empirically using the equation:
T=kb
i.e.kz%éééééééééééééééé. . (4) .
Where k= hydraulic conductivity,
T= Transmissivity, and
b= Thickness of the aquifer.
From the borehole log, the value of b can be known.

Specific capacitgan be calculated using the following equation:

///////////////

S:%eeeeeeeeeeeeeee. (5)

Where Q= discharge
S= maximum drawdown.
3.7 Lineament mapping
LANDSAT ETM+ imagery of the area was downloaded from global land cover facilityT$ite.
automatic lineament extraction was carried out with the aid of the Line module of the PCI
Geomatica softwarelhecalculation of lineamentlated values with script files was damgng

Arc GIS 9.3 software. The extracted lineamentye taken to Rockworks 15 softwamdaere

rosediagram (azimutHrequency) generated lineaments treffelg. 14.
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3.8 Collection of Water Samples
The bottles for sampling were obtainednd at each sampling pothe bottle wasinsed with the
deionized water before the samplascollected.Then p', Temperature, Total Dissolve3blids
(TDS), and Conductivityvere measured directly in the fieltsing Mi 806 (4 in 1) combined
meter.This allows an initial, rapid assessment of water quality at the site of samhisgwvas
followed by the acidification with sonfew drops of Nitric acid (HNG) to prevent adsorption of
ions on the walls of the containers, similarly to prevent bacterial activifies sample was

labeled and stored in container containing ice blocks before taken to the laboratory for analysis.

Equipment used- Polyethylene bdtes (for acidified and non acidified sampledjsposable
syringes washing bottles, permanemrawing ink markers ice blocks, and two 500ml
polyethylene beakers for sample water to meagtiand ECp” meter At each of the sampling

points, the following procedures were followed;

1. Writing the sampleaumberon sample bottles;

2. Marking location and sample number on the map;

3. Temperatured/EC meterand polyethylene beaker were rinseddiionized water and
then with water to be sampledto remove any trace of previous sample or storage
solution;

4. Measurements démperature p", TDS, and electrical conductivity (EC) ofvaterusing
Mi 806 (4 in 1) combined meter;

5. Recording the templ/EC/TDS readings on the field record sheet, the meter and beaker

were rinse with deionizedater and meter kept in its cap;

27



6. Two samples were collected at each sampling pointis some drops of nitric acid
(HNOs3) added to one othe bottles for cation analysasd closedtightly;
7. The filled samplebottleswere placed in the cool box;

8. Transportatiorof samples to the laboratory for analysis.

3.8.1 Laboratory Work
The water quality of thecidified and non acidified anplesfrom deep and shallow boreholes
were analysed at thdulti-user laboratoryDepartment of Water Resources and Environmental
Engineering Multi-purpose laboratory ithe Departmentfosoil Science, ABU Zarig in order
to determine the ancentrations of major and some trace elements in the water. This was
achievedusing Atomic Absorption Spectrometer (AABarian AA240Fs),Water kit, Direct
reading PhotometefHannamodel), titrimetric method and Flame photomete(FPF9 Jenwy

model).

3.8.2 Interpretation of groundwater chemistry

The chemical parameters of water samples from the 20 deep and shallow boreholes were plotted
using AquaChem; a software package developed specifically for graphical and numerical

analysis and modeling of water quality dathe ot types used in thigork includes

e Correlation plotWilcox
e Summary plotSchoeller

e Trilinear plot: Piper.
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Each of these plots provides a unique interpretation of the many complex interactions between
the groundwater and aquifer materials, atehtifies important data trends and groupings.

In Piper plots, major ions are plotted as cation and anion percentages of milliequivalents in two
base triangles. The total cations in meg/l, and the total anions in meq/l, are set equal to 100%.
The data pimts in the two triangles are then projected onto the diamond grid. The projection
reveals certain useful properties of the total ion relationships. Every sample is represented by
three data points; one in each triangle and one in the diamond lgri8cloeller plot semi
logarithmic plots representmajor ion analyses in ithequivalents per liter, andlemonstrate
different hydrochemical water types on the same plo¢ Wilcox plot is a simple scatter plot of
Sodium Hazard (SAR) on the Y-axis vs. Salinity Hazard (Cond) on the X-axis. The

Conductivity COND) is plotted in a logcale.
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CHAPTER FOUR:

RESULTS AND DISCUSSIONS

4.1 Geology
The study area is believead be a typical basement compl@he major rock unitsnapped in
the study areare:

e Schists

e Diorites

e Granitesand

e Minor Intrusions

They areshown on the geological map of the area (Fig.8).

Geological mapping dahearea was done hyakingof observations of geology ite fieldand

recordingthem so that ageolaical map of the study arean be produced

4.1.1 Schists

This rock type is generally believed to have developed in separateduasig a sedimentary
cycle preceding the Paifrican orogeny(Ajibade and Fitches1989. The rock contais
abundant particles oifmica, characterized by strong foliation, and originatifrgm a

metamorphismThey are fine to medm grained, and reddish (rusty) gmeenish grey in colour.

They arehighlywe at her ed. The schists ocKamogpy tgobatoget

north central part of the area.
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4.1.2 Diorite

They are medium to fine grained in texture. Twour of these rocks isatk greeniskgrey.

They were emplaced within tisehists, and outcrgmng as rounded to sub rounded boulders.

4.1.3 Granites

The granites constitute more thémeequarter of the tal area mappedhe graniteutcrop
as distinct plutons often of batholitic dimensions, @tk back to PrecCambrian timeThese
rocks are the most obvious manifestation of the-Afaican Orogeny.They are of two (2

varieties porphyitic granites and biotitegranites

I.  Porphyriic granites

These arghe most dominant rock type in the study afid#ey vary in coloufrom pink to light.
The proportion of milky or pink phenocrysts of feldspar is responsible for the variation in colour.
These rocks were seen highlyeathered and extensivelyactured with major and minor

fractures cris$ cuttingthe rocls.
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6N_I?E'_Iate I: Highly weathered porphyritic granite (Naibawa byepass) (1 54'59"N 08 33V
26N

F;Igée Il: Fractured Porphyritic granite (Near Tamburawa bridge) (11 50"23VYN 08 30"
58"E)

II.  Biotite granite
They aremediumgrained andvary in colour from light topink. Minerals observed in hand
specimens are quartz, feldspar, and biofiteeyoccupy small part ofhe area mapped. These
granites have a different crystallization history with the porphyritic tydes.ocality 9 they
form a small hi | | Th&krocksvwere appeanassiviylim gatueenBlodks of
some of these rocks were seen detactieth the main rock by weathering which was

facilitated by the orthogonal nature of the rock fractares are fand as boulders.




Plate IIl: Biotite granite exposure(Magwan) (11 50"23VN 08 30'58VR).

4.2 Structures
The basement complex is believed to have responded to various tectonic events during the Pan
African orogenyand even earlieMajor structural elements identified in the field are the joints
and fractures. Theegional strike of the joints andscturesaredominantly NS, representinthe
final imprint of the parAfrican orogenyOther trends are NSW and NWSE. Major rivers are
structurally controlledby these main strike directiomms$ structures, an examplke River Hadejia.

4.2.1 Joints and fractures

Theseare the maja structural elements identified characteristic feature of the basement
complex is the widespread occurrence of fractuggske of Joints and fracturdsends was
taken. Twosetsof joints set were observed; a predomin&diNE-SSW trending joint set and a
less predominant joint set trding E-W.

4.2.2 Foliations
Foliation isalmost associatednly with granitic and schistose rocks of the ataagranites, the
predominant foliation trend observed is\ In theschist schistosity is well developed and trend
predominantly NESW.

4.2.3 Minor Intrusions
Somedykes and veins of aplite have been found intruding the major rocks of the study area.

I. Quartz veins

They are tabular or sheldte bodies of quartz which have been introduced into joint or system
of joints or fissures in rocks. They are light agled composed basically of quartz. They range in
thickness from few millimeters to several centimeters. Some veins observed tend to cross cut

each other forming a networkHowever, only few othem form mappable unitét locality 4
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(Ring Road Byepass, Mibawa)a quartz vein cutting throughbiotite grante exposure is seen

as shownn (platelV).

"
o~

Plate1V: A quartz vein (Block Industry, Naibawa) (11°54'59 "N, 08°33"26"'E)

Il . Aplite dykes
A major aplite dyke wadound intruding porphyritic granite at locality 2 (Near Tamburawa
Water Treatment Planflhe dyke trends N3&. Aplite is a light-coloured, finegrained,
equigranularntrusion composedf subhedrato anhedral grains of quartz aatkali feldspar,
and found as latestage veinsin granite bodies. The quar&kali feldspar composition
corresponds to the lowetgmperaturaneltsin granitemagmasystemssuggesting that they are
residualmelts formed by the differentiation gfanitemagma.n the aplite observedjndividual
crystals cannot beélentified with a naked eyeIn some localities is staineahd appear dark
browndue to weathering.

4.3Geophysical Results

Twenty (20) VES soundgs data were analysed. Tableélow shows the values of resistivity,

and thickness of each layer.
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Table 2: Summary of VES Results

— — | ™layer 2 ayer 3% layer 4 layer Type of
w U9 Curve
> 8 rzxn| 2oged|~zo| 39|24 ~=z® 0 |g3234d|~gd| 2034
g2l | 2832 a2 | 283|232 | 23| 283|282 228 | 28 E%2
"3 @ S| 2 |3 @ 5| |3 @2 5| % |3 @ 5| °=
1 BUK 197.7 | 2.86 2.86 52.84 11.89 | 9.02 503.5 60.84 48.95 206.4 60.85 | - QH
1
2 UBA1 | 2783.2| 1.12 1.12 48.82 18.12 | 16.99 9779.3 43.32 25.20 31.67 43.32 | - QH
3 ASH1 | 78.63 | 9.18 9.18 116.0 17.43 | 8.24 333.2 72.05 54.62 231.4 72.05 | - HA
ALl 1 375.3 | 1.81 1.81 28.48 56.16 | 54.34 76.91 84.89 28.73 209.6 84.89 | - QH
GPL1 | 1198 | 1.75 1.75 43.74 26.75 | 24.99 79.04 73.44 46.69 64.99 73.44 | - QH
6 RAS 1 | 26.60 | 1.72 1.72 67.89 8.91 7.18 26.13 42.64 33.72 64.07 42.64 | - KA
7 KZR 1 | 22.09 | 4.93 4.93 36.22 18.71 | 13.77 176.6 62.31 43.60 62.85 62.31 | - A
8 ABK 1 | 303.2 | 1.92 1.92 93.69 28.04 | 26.12 129.1 67.55 39.50 115.9 6755 | - QH
9 RLM 1293 | 2.73 2.73 103.0 26.76 | 24.03 339.9 73.06 46.30 269.4 73.06 | - A
2
10 RLM 147.3 | 6.74 6.74 119.7 15.45 | 8.70 262.6 56.90 41.45 150.5 56.90 | - HA
1
11 FCT3 115.7 | 11.57 | 11.57 | 119.8 28.45 | 16.87 262.4 85.10 56.64 161.2 85.10 | - HA
12 BDW 55.62 | 2.87 2.87 136.9 10.14 | 7.27 48.81 61.01 50.87 57.07 61.01 | - K
2
13 KWU 126.1 | 1.50 1.50 39.84 17.30 | 15.79 90.18 52.26 34.96 257 52.26 | - QH
1
14 PAV1 | 35.71 | 6.70 6.70 88.45 27.18 | 20.48 101.9 74.09 46.90 107.2 74.09 | - HA
15 BHT 78.45 | 2.42 2.42 32.19 8.19 5.76 77.27 61.71 53.52 124.5 61.71 | - H
16 MHB 273.6 | 4.20 4.20 62.01 25.48 | 21.28 145.4 68.09 42.60 92.19 68.09 | - QH
1
17 GWD 26.36 | 7.85 7.85 216.3 21.04 | 13.19 138.5 44.23 23.18 597.9 4423 | - HA
1
18 SK91 | 1475 | 1.47 1.47 48.72 6.77 5.29 87.15 48.89 42.12 257.8 48.89 | - QH
19 AHL 1 | 208.4 | 2.20 2.20 108.1 18.29 | 16.08 87.27 86.90 68.60 53.66 86.90 | - Q
20 IDR1 | 141.0 | 3.84 3.84 95.49 16.02 | 12.18 236.9 48.81 64.83 2455 64.83 | - H
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4.3.1Discussionf Geophysical Results

The aim of Vertial electrical Sounding is tdetermine thalifferent geoelectric layers in the
subsurface, the aquifer units and their characteristics, as well as generajebjaycal
condition Four layereetype curve were obtained from the VES pointsthe study arearhey
have varying geologic charactéris, showing different degresf weathering and other second
porosity in form of fracturing of the bedrocRlots of calculated apparent resistivity in ohm
against elecbde spacing with geoelectric sections showing resistivity degdth of the
subsurfae layer ar@resented in appendix Vhesedayerscould be groupeds follows-

1*'layer- Top soillaterite/clay

2"%ayeri Weathered layer

39 layeri Fractured layer

4™ layeri Bedrock

l. Top soill

This is a surface dry layer of highsistivity that ranges from 12.93 ohm m to 2783.2 ohm m. Its
thickness varies from 1.12m to 11.5ihe low resistivity end is diagnostic of sandy clay and
clay while a high resistivity end indicates laterkgmwever, very highesistivity could beafresh
basement.

Il. Weatheredlayer

This layer is thought to be highly decomposed crystalline rock. The resistivity value ranges from
28.480hm m to 216.3 ohm m. The thickeevaries from 5.29m to 54.34m. Accordingian
Hassan and Olurenfemi (1994t conssts of clayey sand/ sandy clay layer. The layer is highly

decomposed by weathering to fosand and clayey sand depending on the local variation of the
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mineralogy.However, this layer is believed to be the regolith. Haziehl., (1992) made it clear

in the geophysical assessment of Kano crystalline aquifers that, resistivity values reflects the
preferred lithological range, high value indicates a granular regolith, and intermediates values
indicating silty clayey regolith. Sekable 3 for the Resistivity ranges and weathering grades.

Dan Hassan and Olurenfemi (19%9dentified this layer to be the major aquifer utfithe depth

of weathering is sufficiently thick as exhibited by most of the VES points in the study area; the
weathered mantle could contain water in storage large enough to produce a successful borehole.
Therefore, the following VES points are identifieas good potentials for groundwater
development; BUK 1, SOK 1, FCT1, BRJ 2, BMP1, CLB 1, DKT 1 and BDW 2.

Il. Fractured layer

The resistivity value ranges fro26.13 ohm m to 9779.8hm m. The thickngs varies from
23.18 m to 68.60n. In some placedractured zones occur immediately beneath the weathered
horizon.The fractured zones are difficult to detect geophysically, unless it is of greater thickness.
Where the fractured zone is saturated, a high groundwater yield can be obtained from borehole
penetrating such a sequence.

V. Bedrock

This has a very high resistivity with infinite thickness. But where it is fractured and satuteted
resistivity reduceslt is not a source of groundwater unless fractured. However, when the shape
of the VES curve approaches a very steep gradient of aboutstbady increase in resistivity),

it may indicate a freshasement roclithout fractures.

Therefore the geophysicaksult showsthat generally the area has a good potential for
groundwater development, especially in places underlain by porphyritic granite becatsse of

thick regolith and extensivieactures.
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Table 3 Resistivity and conductivity ranges for weathering gradegSource: Hazell et. al.,

1992)

Type of | Provisional gradg Resistivity Conductivity Lithology

regolith/rock (ohm m) (mmhos/m)

Silty-clayey i/ 1Iv <50 >20 Mica rich biotite

regolith gneiss

Fine/medium 1] 50-100 20-10 Granite  gneisg

coarse regolith migmatites

Granular regolith| 1A 100170 106 Older  Granite
coarsed grained

Slightly [ 170270 6-4 Al

weathered

regolith/fractured

rock

Fractured rock | 1I/] >270 <4 All

4.4 Groundwater configuration maps

The elevation of ater levels (Appendix lIxbove sea level measuratthe field wasised in
construcing groundwater configuratiomaps for both the k& of dry and wet seasonsigiO
and11 shows t he peak o fgroutdwster aelevationwnaps the reaps énch 6 s
dugwells were located on the topographical map of the study area with their respatiigs of
water level elevations above sea lepltted against each of the well measurétdis was

followed by manual fotting of groundwater contours lines on the mdprections of
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groundwater movement wedrawn, usually from higher elevatisrio lower elevatioa and
perpendiculato groundwater contosythereby joining the second order streams of the anea

the mapThe last stage watigitization ofthe maps usinglobalmappersoftware

4.4.1 Static water level at peak of Dry Season

The measured water level in hand dug wells atkp&f dryseason range from 3.20 to 19.00
mbgl. The maxmum water levels elevation was 56tasl and mininum was 425.6nasl this

gave aange of 74./m with themean water level elevation 467.44masl
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Fig. 10 Peak of dry season groundwater configuration map
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4.42 Static wate level at peak of Wet Season

Thewater levelmeasuremestin hand dug wells at ja& of wetseason range from 0.50 to0.Q2
mbgl. The maximum water levelelevation was 508asl and minimunwas 444.6 masl, his

gave a range of 63@and with a mean water level elevationd@0.68masl.

4.4.3 Discussion of Groundwater Configuration maps

Analysis of the water level configuration indicated that the maximum and minimum water level
elevations at the peak of rainy season ve8®m and 1.6nhigher than those of the peak of dry
season. The flow ithe area is from areas of recharge to those of dischAlgeg rivers or

streams; the static water level is found to be shallow (i.e. within few meters from the surface) as
observed in the south eastern and south western parts ofuthe asta. In areasf higher
elevationse.g. north westerpart of the study arethe static water level is deepdihe depth to

water table is thicker at the recharge area (watersheds) and thinner at the discharge areas (river or
stream channels)Groundwaterrecharge is afunction of rainfall, vegetation, relief and
characteristics of regolith. The aquifer are usually recharged by infiltration directly from rainfall

or by fractures directly connected to a major river or stream.

The flow direction is generally from topogphically higher areas toward lo¥aying areas. It
indicates flows that are parallel to the hydraulic gradient and perpendicular to the water table
contours. The directions of groundwater flow are shownrbyws on the maps of water table

configuration ad directions of groundwater flow at the peaks of the rainy and dry seasons.
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4.5Hydraulic properties of the Aquifers

Twenty (20 boreholeswvere pump tested irthe study area. gpendixlll showspump test data

for constant dis@drge and reovery period phase$able 4 and Showstheir calcdated aquifer

propertiesThe aquifer properties of thmreholes were derivagsing the following procedure:
(BH 1: Farm centre

Daita: - Q=0.901/s=0.90x18m%s s=50.26mns=3.08m b=50m

1. Transmissivity,

_23Q
4TAS

_ 2.3X0.90x10-3
4X3.142857x3.08

_0.00207
38.72

T=5.35x10°m?/s

2. Hydraulic conductivity,

kz% , Where b= aquifer thickness

= 2222 = 1.07x10°

k =1.0%10°m/s
3. Specific capacity =

where s= maximum drawdown

_ 0.90x10-3
50.26
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= 1.79x10°m?%/s

Time (Minute)
1 10 100 1000

Drawdown (meter)
2

12

14

Fig. 12: A graph of draw down versus time of GGASS Panshekara




Table 4 Aquifer Properties of Pump testedDeepBoreholes in the Study Area

SIN | BH Depth | Discharge | Transmissivity (T) Hydraulic Specific Drawdown
ID Coordinates | Location | (m) Q(lls) Conductivity (k) capacity per log
(m?/s) (m*day) (m?/s) cycle fis)
(m/s) (m/day)
1 BH | N11°5878~ Farm 300 0.90 5.35x10° | 4.62 1.07x10° | 0.09 1.79x10° | 3.08m
1 E83321" centre
2 BH | N11°5873° | Farm 250 0.75 5.30x10° | 4.58 1.06x10° | 0.09 1.30x10° | 2.59m
2 E8°3230" centre
3 BH | N11°5805" Farm 120 0.79 6.02x10° | 5.20 2.00x10° | 0.17 1.29x10° | 2.4m
3 E8°3330" centre
4 BH | N12°01'13° Nasarawa| 125 0.82 5.64 x10° | 4.87 2.26x10° | 0.20 1.51x10° | 2.66m
4 E83307" GRA
Table 5. Aquifer Properties of Pump testedShallow Boreholes in the Study Area
S/IN | BH Location Depth | Discharge | Transmissivity (T) Hydraulic Specific Drawdown
ID Name (m) Q(lls) (ms) (mP/day) Conductivity (k) capacity per log
(m%s) cycle pis)
(mls) (miday) (m)
1 BH5 GGSS 36 1.11 1.78x10° | 1.54 1.49x10° | 0.13 1.07x10° | 4.95
Panshekara
2 BH6 Dan gauro| 37 1.17 6.12x10° | 5.29 5.10x1C° | 0.44 1.97x10° | 35
Pri. Sch
3 BH7 Liman M. Idi | 29 1.14 2.43x10° | 2.10 2.69x10° | 0.23 8.90x10° | 8.6
4 BH8 | Majema 31 0.31 8.86x10° | 0.79 7.39x10° | 0.06 3.78x10° | 6.4
5 BH9 D/kowa Pri.| 54 0.45 7.84x10° | 0.68 4.36x10° | 0.04 1.95x10° | 10.5
Sch.
6 BH10 | Dabo  Pri.| 44 0.35 5.12x10° | 0.44 3.42x10° | 0.03 1.34x10° | 125
Sch.
7 BH11 | Masaka 34 0.32 1.45x10° | 1.25 1.21x10° | 0.10 4.81x10° | 4.05
8 BH12 | Nababa 28 0.30 1.74x10° | 1.50 1.45x10° | 0.13 4.08x10° | 3.15
9 BH13 | Masallacin 43 1.17 9.31x10° | 8.04 5.82x10° | 0.50 4.13x10" | 2.3
Lawal
10 | BH14 | Ayagi 52 0.38 1.74x10° | 1.50 1.93x10° | 0.17 3.8x10° 4.0
11 | BH15 | Barnoma 50 1.17 2.49x10° | 21.51 3.11x10° | 2.69 7.96x10" | 0.86
12 | BH16 | Rimin 46 0.50 5.63x10° | 0.49 3.75x10° | 0.03 1.83x10° | 16.25
Auzunawa
13 | BH17 | Fegin Liman | 36 0.85 2.16x10° | 1.87 1.20x10° | 0.10 7.60x10° | 7.2
14 | BH18 | Masallacin J.| 41 0.60 1.93x10° | 1.67 1.48x10° | 0.13 5.64x10° | 5.7
Tukwane
15 | BH19 | Mil Tara 52 0.80 3.57x10° | 3.08 2.23x10° | 0.19 1.06x10° | 4.1
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16 | BH20 | Kofar 33 0.50 8.71x10° | 0.75 3.96x10° | 0.03 2.06x10° | 10.5
Yamma

The Transmssivity values for theleepboreholes pump tested the area have a range between

6.0210° m%s and 530x10° m%s (5.20 m?day and 4.58n%day), while the shallowboreholes
have a range betweeh49x10* m%/s and 5.12x1® m%/s (21.51 m%day and 0.44 m?/day) as

shown in table 4 and &ove.

Table 6: Gheorghe Standards for Transmissivity

>500 High potential
50-500 Moderate potential
5-50 Low potential

0.55 Very low potential
<0.5 Negligible potential

Table 7. Standard for Transmissivity by Krasny (1993)

T(m“/day) Designation of Transmissivity Groundwater supply potentia

1000 Very high Withdrawal of great regiong
importance

100 High Withdrawal of lesser regiona
importance

10 Intermediate Withdrawal for local water
supply ( smal
plants etc.)

1 Low Small withdrawal for loca

water supply  (Private
consumption etc)

0.1 Very low Withdrawal for local wate
supply with limited
consumption

Impermeable Sources for local water supp
are difficult if possible tg
ensure.
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The hydraulic conductivity values aretiveen 2.2810°m/s and 1.0610°m/s or 0.20 m/day
and 0.09m/day for the deep boreholes, while that of shallow borehdiage a range of
3.11x10°m/s and 3.42x10m/s (2.69 m/day and 0.03 m/day)

Table 8 Hydraulic conductivity of Crystalline r ocks Domenico and Schwartz (1997

Materials Hydraulic conductivity (m/sec)

Permeable basalt 4x10"to 2x10?

Fractured igneous and metamorphic rock | 8x10°to 3x10”

Weathered granite 3.3x10°to 5.2x10°
Weathered gabbro 5.5x10" to 3.8x10°
Basalt 2x10™to 4.2x10
Unfractured igneous anmdetamorphic 3x10 **to 2x10™

The specific capacity values in the study area ranges between I°zhd0.29x19 m? /s for

deep boreholesor shallow ones; it ranges between 7.96%h0?/sand 1.34x19 m?/s.
4.5.1Discussionsf the Hydraulic Properties

Using the Gheotlge 6 s c | a s s i f,ithe @ransnuosaivityi values & the aguifés in the
study area are within the low potentidbait using the classificabin by Krasny (1993) in Table 7,
Transmissivity values of some ttie aquifers have intermediate value e.g. BiMESallacin

Lawal) and BH 14(Ayagi), indicating low potentials of groundwater withdrawals for local water

supply(smal/l communityés pl ant s; snallowithdrawalwh i | e

for locd water supply (Private consumption).
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Therefore, the high values of Transmissivity and hydraulic conductivity in some boreholes are
associated with boreholes drilled within fracture zones, or with fractures connected to a river o
stream For exanple, BH 14 (deep boreholed)ashigh transmissivity of 4.62, 4.58, 5.20, and
4.87m?/day respectivelyThey could have deeper fractures connected to a major rig&ream,
because the areas they are located have a thin regolith, and regolith zoseaa@seavoir that
slowly feeds the water from the surface into fractures of bedrocln blis casegood hydraulic
interconnection couldot begood enougho warrantmovement of substantiguantity of water
through the regolith into fracturdsedrock.While BH 6, BH 13, BH 15 and probabBH 19 has
transmissivity of 5.29, 8.04, 21.51, and 3®&day respectively, and likely associated with
boreholes drilled within fracture zones.

Low values of transmissivity and hydraulic conductivity are associattéd boreholesdrilled

within clayey weathered aquifer, or crystalline rock with limited fractures.

Hydraulic conductivity based omgaifers material compositionowhen compared witBouwers
(1978) Standards for Hydraulmnductivity, andhydraulic conductivity of crystalline rocKksy
Domenico and Schwartz (19Pihdicates that aquifers are derived from deep weatheximd
fracturing of the bedrock.

For Specific capacity, thigme of pumping during the constant discharge ploageimp test was

not enough tanake meaningful conclusion. This is because, under normal circumstances, period
of pump test shdd not be less than 24 hrs. In some pump test data used for thisth@time

of pumping was not up to 3 hrs, therefore the tlomawas too short and consequently the

aquifer was not stressed sufficiently to know its actual specific capacity.

From analysis ofransmisivity, hydraulic conductivity and specific cap@y, their values are

smalt because aquifers of the studyea are believed to be much better than they were
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evaluated. However, low values of hydraulic conductivity compared to transmissivity values
might be dueo lack of interconnection between tfractures, or was affected by the depth of
boreholes drillednd/or design.

4.6 LineamentAnalysis and Groundwater Rotential

Structural trends such as discontinuity can be detected in many forms, such as faults, joints,
bedding planes or foliation (Mogaji et. al.,2011), and may be detected in the form of a hheame
using remotely sensed data such as conventional aerial photographs and satellite imagery.
According to Anudu et. al., (2011) the commonest method used to calculate lineament density is
based on the number of lineaments per unit area (number/kntg total length of lineaments

per unit area (km/km2) or combining both.

The NW-SE is the major trendf lineaments in the areas observed from Rose diagram of
Fig.14. The zones of high lineamerdensityshown in (kg. 15)could probably be feasiblones

for groundwater prospecting in the study area

To study the relationship betwe#re deep groundwater productivity and lineament in the area;
the positions of deep boreholes gletted on superimposed lineament mapg(FL6), and are
located at ndaheastern partf the areaand by looking at the proximity of these boreholes to
lineaments; it was evident that the deep boreholes may not be tapping the suspected deep seated

fractures. Therefore, their exploitation potenisgboor, signifying low ptential.
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in the Study Area
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Fig. 16. Lineament Map siperimposed on the Geological map of the Study Area
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