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ABSTRACT

The groundwater potential of Kafanchan and environs has been investigated using a combination of geological, geophysical and hydrological methods. The groundwater resource in the area is mostly within the weathered overburden, fractured basement rocks and the newer basalts. The result of the study shows good groundwater potentials. The hydraulic properties in the study area have been calculated. Transmissivity value ranges between 1.185   to 9.829 m2/ day with an average of 3.461 m2/day. The hydraulic conductivity value ranges from 0.019 to 19.886 m/day with an average of 1.550 m/day. Specific Capacity value ranges from 2.340 to 19.553 m3//day/m with an average of 6.831 m3/ day/m. Measurements of depth to water table for both peak of wet and dry seasons indicated that the water table is shallow, ranging from 0.3 to 9.0 m and 4 to 18.8 m for rainy and dry seasons respectively. Groundwater contour map and flow directions for the peak of dry season was produced. The groundwater in the mapped area generally flows to the southeastern part. Water analysis also indicated that the water is of good quality in terms of its alkali and alkali earth metals. Sodium Absorption Ratio (SAR) falls between 0.06 and 2.2 and therefore the water suitable for irrigation. On a Piper trilinear diagram the water in the study area has been classified into Na+K-HCO3 and Ca+Mg, Na+K-HCO3 water types.
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CHAPTER ONE

                                        GENERAL INTRODUCTION

1.
INTRODUCTION
The Groundwater potential of Kafanchan and environs is of great interest because of the high demand of water by the inhabitants for various purposes. The chemical and physical nature of the rock formations vary from area to area, thus creating a wide range of water yield and quality in the study area.
Groundwater is the most important natural resource available to man. It is a supporter of life on earth. It governs the economic, industrial and agricultural growth of any nation (Todd, 1980) hence its requirement in sufficient quantity as well as accruable quality by human lead to a healthy life. Basement aquifers are developed within the weathered overburden and fractured bedrock of crystalline rocks of intrusive and or metamorphic origin which are mainly of Precambrian age.  As far as the hydrogeology of the Basement Complex aquifers is concerned, the climatic variables of rainfall and potential evapotranspiration  (PET) are the most significant factors in determining run off and groundwater recharge.

Kaduna State is located in the humid wet-dry tropics, in the northern reaches of the Guinea Savannah (Du Preez and Barber, 1965). The average rainfall is 1350 mm per annum and is distributed within four to eight months, usually from March to October (Eduvie, 2003). Continuous demand for water, especially for domestic use, has led to widespread and intensive search for groundwater, especially in the crystalline complex where occurrences of groundwater are considered low and generally to be under the control of geological structures and weathered overburden. Most of the rural communities in southern part of Kaduna State rely mostly on groundwater through hand dug-wells and boreholes for their water needs as most of surface sources have been adversely polluted and hence expensive to develop (Jatau and Bajeh, 2007).
The Kaduna State Water Board (2009) reported that the daily standard water requirement for the rural, semi urban, and urban areas for Kaduna State is 30, 60, 120 litres per person per day (l/p/d) respectively. In 2009, the total daily water demand for consumption in Kaduna State was estimated to be 432.80 million litres of water per day (Table 1).
Table 1: The total daily water demand for consumption Kaduna State.
	Population

2006
	Category
	Projected 

Population 2006
	Standard daily

Requirement (l/p/d)
	Total daily water demand (MLD)

	3,031.108
	Rural
	3,503,960.85
	30
	99.37

	984,727
	Semi urban
	1,138,344.41
	60
	64.56

	2,050,455
	Urban
	2,370,325.98
	120
	268.87

	2,164,892
	Total
	7,012,631.24
	
	432.80


Source: Kaduna State Water Board (2009)
By 2010, Kaduna State Water Board had a total of nine water plants with a total installed capacity of 3, 76.66 (ml/d) mililitres/day ( Table 1.2) which falls short of the total daily water demand for the entire State. Base on (Wright, 1992), only 30% of the rural populations of sub-Saharan Africa have access to potable water supply of minimum quantity (25 litres per head per day). The remaining short fall will have to be met through groundwater.  Basement aquifers are of particular importance in tropical and sub-tropical region. This is because of their widespread extent, accessibility and because there is often no readily available alternative source of water supply. 

Table 1.2: Water plants and their capacities in Kaduna State

	S/No.
	Location of Plants
	Source of Water Dam/Weir Capacity( x106 m3 )
	Waterworks Capacity (x106 l/d)

	1
	Kaduna
	Kangimi(58.5)
	267

	2
	Zaria
	Shika(15.3)
	60

	3
	Kafanchan
	Wonderful
	13.5

	4
	Saminaka
	Saminaka(0.5)
	3.5

	5
	Zonkwa
	Kajim
	12.86

	6
	Birnin Gwari
	Dagoma(3.95)
	2.6

	7
	Ikara
	Gimbawa(3.0)
	7.0

	8
	Kwoi
	Kwoi
	12.13

	9
	Kagoro
	Kagoro
	1.0

	
	Total
	
	376.66


Source: Kaduna State Water Board (2010)
In realization of the need for providing potable water to the communities, the Federal Government in 1981 initiated different national borehole programmes, thus reaching a turning point in groundwater resources development in Nigeria. Besides the effort of the Federal Government, Kaduna State Water Board, Local Government Areas, Directorate for Food, Road and Rural Infrastructure (DFRRI), Water and Sanitation Project (WATSON), Kaduna State Agricultural Development Project (KADP), Petroleum Special Trust Fund (PTF), Millennium Development Goal (MDG), other Non-Governmental Oganizations and internationally by UNDP, UNICEF, JICA and World Bank programmes have participated in groundwater development. Despite all these, an appreciable result is yet to be achieved to attain adequate groundwater development.
For this, growing attention has been paid to groundwater resources development since 1984 in many parts of the semi-arid and arid areas where hard rock occur.
1.2
Aim and Objectives of the present Study

The aim of this study is to evaluate the groundwater potential of the crystalline rocks of Kafanchan and environs, part of Sheet 167 Kafanchan (SW and SE) and to review the geology of the area.

The objectives of this study include
i.          Groundwater investigation of parts of Kafanchan Sheet 167 (SW and SE) and its               
           environs through the use of geophysical techniques notably the electrical resistivity method.

ii      To determine the variation in the overburden and fracture units of the basement    system.
iii.
To assess the water bearing potential of each unit of the rocks in the study area.
iv.
To assess the portability of the groundwater in the area of study through the analysis of its physicochemical parameters. 
1.3
Location, Extent and Accessibility of the Area of Study
The area of study is part of Sheet 167 Kafanchan (SW and SE) located in the southern part of Kaduna State. It lies between latitudes 9º31' and 9º45'N and longitudes 8º10' and 8º22'E and has a total areal coverage of 585 km².
The accessibility of the area is by means of minor and major tarred roads that run through the area. The area also has network of rural feeder roads and footpaths. These provide access to the villages and hamlets within the area of study. From the north, the area is accessible through the Zonkwa - Madakiya - Kafanchan road, and from the east by the Kagoro -Kafanchan road, from the south by Kafanchan – Ungwar Fari – Bakin Kogi road and from the west through Ungwar Rimi - Kamurum – Gidan Maga road. 

         Two railway tracks also passed through the area of study. One is from the southern part which heads northwards and the other is from Kafanchan to Bukuru (Fig. 1).
1.4
Climate, Vegetation and Landuse

The area is situated within the tropical climatic region of West Africa with two distinct seasons, the rainy and dry seasons.  The rainy season extends from March/April to October, while the dry season lasts from November to March/ April. The average rainfall in the southern part of Kaduna is 1200mm/yr (Eduvie, 2007). The rainfall decreases thereafter during the months of September and October when it will finally stop. The raining period covers a total of seven months and receives a total of about 1756 mm of rainfall annually and with about 110 rain days (Kaduna State Water Board, 1989).

The dry season is characterized by a dry northeasterly wind resulting in low humidity and temperature increase with maximum temperature of 35.5ºC recorded during this period.  The average temperature for the area is 27ºC. The monthly rainfall in Kafanchan from 1995-2005 is presented in Appendix 1, while the mean monthly temperature is presented in Appendix 2, and the relative humidity is presented in Appendix 3. The relative humidity reaches maximum of 77% during the months of July and August with the least value of 19% recorded in January (Kaduna State Water Board, 1989).).  

The vegetation of the area is the Guinea Savannah open park land to Orchard-bush type characterized by long grasses with patches of forest common along streams and lower sides of hills. Palm trees are common on the Kafanchan plain especially in the areas with granitic basement rock which has acid soil that is believed to be derived from the underlying granitic rocks.
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Source: Federal Surveys, NigeriaTopographical Series 1:50,000, Sheet 167 Kafanchan SW and SE (1971)
Fig 1: Location map of Kafanchan and Environs. 
The land is extensively cultivated for crops such as rice, yam, cocoyam, millet, maize and sugar cane. Vegetables which are grown during the dry season by irrigation include spinach, tomatoes, carrots and pepper. Livestock like goats, cows and chickens are also being reared in the area.
1.5
Relief and Drainage

The relief of the area comprises of the lowland and upland areas. The lowland is represented by the Kafanchan plain which comprise of Kafanchan town, Matsirga, Madakia, Katsit, Garaje Kagoro, Tum, Fadan Daji and Zakwa. These areas have ground surface elevation above mean sea level range of between 594 m and 777 m covering the eastern, northeastern and central part of the area of study. The upland areas comprise of ridges, hills and inselbergs occupying the northern, north-western and southwestern part of the area of study.  Examples are found in the Farman ranges which are granitic rock, the Zuturung hill, Yariye Mutumbu Hill, Gatum Hill and the Madauchi Hill. The height of these hills above mean sea level ranged between 762m -996.70m.
The area is well drained by streams, and rivers, most of which have their sources from the surrounding hills.  (Kaduna State Water Board, 1989) classified the surface water in the State into seven sub-catchment or basins.  The area under investigation falls into two of these sub-basins namely, the Mada and Gurara sub-basins.  The drainage system in the area generally flows either northwards or westwards into the Kaduna and Gurara rivers which form part of the Niger basin or southwards into the Mada River which belongs to the Benue basin. The Farman range of hills forms the divide between the Gurara and Mada drainages.  The Mada is represented by the Kogum River.  The rivers and most of the smaller streams are perennial.


The Gurara basin covers an area of nearly 4,600 km². The drainage system of this sub-basin is dendritic, however the tributaries are trellised because these are controlled by the master-joint pattern of the basement rock.


The Mada basin has a total size of 3,235 km².  It is represented by the Kogum River with Gimi River as its main tributary.  The course of the Kogum River is characterized by a number of rock outcrops which give rise to cataracts and a small water fall at Matsirga with a drop of 4.5m to 6.1m (Plate I).
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Plate I: Photograph of waterfalls in Matsirga 2 km from Kafanchan along River Kagom, Madakiya road (Location 09o06'82.1"N and 08o18'66.5"E)
This marks the river’s descent from the basalt-capped area in and around Kafanchan to the area underlain by rocks of the Basement Complex. The Kogum River drainage pattern is dendritic. The alignment of the river beds reflects influence of the fracturing of the basement rocks.  The Gidan Waya and Assob rivers are also tributaries of the Kogum River (Fig. 2).
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Figure 2: Relief and Drainage Map of Kafanchan and Environs

        Source: Federal Surveys, NigriiaTopographical Series 1:50,000, Sheet 167 Kafanchan SW and SE (1971)
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CHAPTER TWO

2.
LITERATURE REVIEW
2.1
Geology


The Nigerian Basement Complex evolution took place at least over four orogenic cycles: The Liberian (2800 ± 200 Ma), the Eburnian (200 ± 200Ma), the Kibaran (1100 ± 200 Ma) and the Pan-African (600 ± 150) Ma). The Pan-African orogeny is the most significant orogeny in Nigeria, its imprint being ubiquitous (Okezie, 1970), (Grant, 1978) and  (Ajibade, 1980). The rocks in this zone (the Pan-African mobile belt) have witnessed a period of remobilization and reactivation which took place during the Pan-African thermotectonic event some 600 Ma ago  (McCurry, 1970, 1976).
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Fig. 3: Geological map of Nigeria (After Obaje, 2009).

The Basement Complex in the Nigerian sector generally comprises the following groups of rock types. 

a. Migmatites, gneisses and quarzites.

b. Metasediments and metaigneous rocks.

c. Granites and granites gneisses.

d. Charnockites, diorites and gabbros.

e. Volcanics and hypabysals.

Two tectno-metamorphic events took place in the Nigerian Basement Complex which resulted in the metamorphism, migmatization and granitization of the pre-existing basement rocks in the area transforming them into different rock types with some relics of the original rock still preserved. Previous works on the geology of the area of study includes those of (Jacobson and Webb, 1946), (Okezie, 1970) and (Nehikhare, 1971).

           Based on existing literature the major lithologic units present in the area of     
            study are outlined below.

a) Crystalline Basement Rocks - consisting of gneisses and migmatites formed during the Pre-cambrian period, with rocks such as biotite , hornblende granite and banded gneisses.
            Oyawoye (1970) and (McCurry, 1976) reported that the gneisses and Older       

            metasediments are believed to be the oldest and are of Birimian age (2800    

            Ma). Okezie (1970) identified the following rock types namely Migmatite -  

           Gneiss, Older Granite and Basalt in the study area.

b) Intrusive Rocks – These are rocks formed during the Late Protozoic to Cambrian consisting mainly of granites and granodiorites. These rocks intruded into both the crystalline basement and metasediment belts. The Older and Younger Granites are the two main groups present.

c) Metasedimentary Rocks – These were formed during the upper Proterozoic  resulting from loading and metamorphism of sediment during the Pan-African Orogeny.  These consist of schist and quartzite.
d)  The Newer Basalts – Extensive flows of recent basalts occur in the area under study. The basalts were extruded subsequent to the development of the main elements of the present topography and tend to flow in river valleys MRT (1979). The basalts occur as boulders and vesicular with tendency of amygdaloidal structure (Okezie, 1970). 

2.1.1     Migmatite and Gneiss

This is the oldest and the second largest group of rocks in the basement complex, (Russ, 1957). The group also represents reactivated Older Metasediments (Oluyide, 1995). Based on chronology, lithological characteristics, age and mode of occurrence in the field, two units of rocks namely migmatites and gneisses are distinguished. 
The migmatite occurs in the area as flat-lying bodies, medium size domes, ridges, whale-backs or escarpments. It is characterized by swirted foliation and large blocks of banded gneiss.  
           The gneiss in the area is predominantly banded with dark, biotite-rich bands alternating with lighter, quartzo-feldspathic ones.  The bands are product of metamorphic differentiation.  The gneiss is believed to be formed from the widespread permeation by fluids of magmatic origin parallel to the foliation of the host rocks (Jacobson and Webb, 1946).  The banding may be regular, contorted or complicated.
2.1.2   Oder Granites
           Okezie (1970) describes two main types of Older Granites and these rocks constitute the second oldest and largest group of rocks in the area under study. They are the light coloured biotite granites and the dark coloured biotite granite. Structurally they are discordant, intrusive, late tectonic to concordant syntectonic bodies. Their size ranges from plutons to large batholiths (Okezie, 1970). The Older Granite is of metasomatic origin resulting from the selective granitization of the pre-existing gneisses and schists.
The light coloured biotite – granite is generally more or less foliated example the Farman granite.  This is medium-grained and slightly porphyritic with few feldspar phenocrysts (Okezie, 1970). Mineral constituents include quartz, microcline, microperthite and lepidomelanic biotite with secondary mineral mainly and muscovite and accessory minerals like sphene, ilmenite and apatite. 
2.1.3
Basalts
            There are extensive flows of recent basalt in the study area. The basalts were extruded subsequent to the development of the main elements of the present topography and tend to flow in river valleys (MRT, 1979). They are the newer (quaternary) olivine basalts as distinguished from the older (Tertiary) basalts that are now lateritised in the Jos Plateau Region. It flows forming an extensive flat sheet northeast of Kafanchan. Along the railway line between Kafanchan and Kagoro two prominent outcrops of basalt occur. One which underlies Kafanchan township and extends southwardly to Zako village. The other branch extends as far as the Kaninkon railway station (Okezie, 1970).  He further observed that the western outcrop of the basalt is believed to have filled an old river channel which has its floor below the local base level of the present drainage.

The basalt overlies the Basement Complex uncomformably giving rise to the flat even topography in and around Kafanchan town. The weathering of the basalts to finer grains accounts for the muddy nature of the locality during the wet season.


The basalt generally occur as boulders with uniform mineral assemblages which include olivine, augite and plagioclase. Some have vesicles and have tendency of amydaloidal structures. The basalt in the area is olivine-basalt.
2.2
Hydrogeology
Du-Preez (1961) studied the distribution of groundwater in northern Nigeria. He concluded that groundwater extractable from open wells, and boreholes can be obtained from the weathered and fractured portions of the Basement Complex. Also (Du Preez and Barber, 1965) investigated the distribution and chemical quality of groundwater in northern Nigeria.  Their findings showed that the groundwater from this region is of low mineralization.


Gc Gwe Insumma (1978) undertook a pre-drilling hydrogeological investigation in parts of the area under investigation.  He discovered that the main aquifers present are the weathered basement and fractured rocks. He also observed that most of the wells have penetrated the weathered mantle and/or alluvial deposit and did not reach up to the bedrock and have discharge of less than 2,000 l/h. He concluded that in areas with thin overburden drilling should be extended deeper into the bedrock to exploit the groundwater that is contained in the joints and fractures. 
              Mbonu (1988) studied the Hydrogeology of the Basement Complex rocks of northern Nigeria and revealed that 91% of sampled water from both surface and ground water sources has a nitrate concentration of 45 mg/l. 

Hazell et al., (1992) investigated the hydrogeology of the crystalline aquifers in northern Nigeria and geophysical techniques were used for the exploration. These authours concluded that the Basement complex has areas of deeply weathered regolith which they estimated to be at a depth of 10 to 30m which separated is separated by larger areas of barren shallow regolith.


A consulting firm MRT consulting Engineers (Nig.) Limited (1979) prepared a water master plan for Kaduna State Water Board and based their work surface water resources as the weathered zone in the Basement Complex aquifer has low yield.

Parkman International and Parkman Nigeria Limited (1997) reported that Kaduna State has three hydrogeological units.  These are

i. the modern alluvium of present day river channels
      ii   the ancient alluvium of Fadama under silts, abnormally thick regolith overlying 
           Basement Complex granitic and meta-sedimentary rocks,                         

iii   fractures in the fresh granitic rocks in-filled with detritus.
Eduvie (2003) carried out a research on exploration, evaluation and development of groundwater in southern part of Kaduna. He analysed a total of 31 water samples in his work out of which only two (G.S.S Kafanchan and Tum) falls within the area of present investigation. 

Jatau and Bajeh (2007) appraised the hydrogeology of part of Jema'a Local Government Area of Kaduna State.  Their work involved the analysis of 10 water samples from boreholes and the use of geoelectric sounding data to estimate the aquifer potentials in the area.  Three of these boreholes i.e. Ungwan Fari, Gwoska and Tudun Wada- Kaninkon fall within the area of present study. Their study revealed a four- layered sequence of the sub-surface. Their findings also show that the area has a good groundwater potential with the aquiferous zones being the weathered overburden and fractured basement. The physico-chemical analysis shows the groundwater is within the (WHO, 2004) standard with the water type being more of the earth alkaline.
                Hammidu et al., (2013) assessed the groundwater potentials of the crystalline aquifers using hydraulic properties. Pumping test data for 25 boreholes were used to evaluate the hydraulic properties of the aquifers derived from Basement rocks for GidanWaya in southern part of Kaduna State sheet 188 Jema’a NE and NW, North Western Nigeria using the Cooper-Jacobs’s non equilibrium graphical procedures. The transmissity values for the 25 boreholes ranged between 1.16 x 10-1and 9.76 x10-3. The hydraulic conductivity values are between 1.12x 10-2 m/s and 9.24x10-3m/s. The specific capacities value ranges from 1.00 x 10-1 m3/s/m to 9.95x10-2 m3/s/m. Generally the result of the pumping test analysis shows that the boreholes on the average have high groundwater potentials.
           Hammidu et al., (2013) studied the suitability of groundwater for multipurpose use in Sabon Gari, Jema’a Local Government area, Kaduna State north central Nigeria. Twenty water samples, comprising five from hand-dug wells and fifteen from boreholes were analysed for physical parameters and dissolved chemical constituents.  Results showed that pH varies from 5.14 to 6.66; temperature 27 oC to 33 oC; and TDS, 30 to 280. The concentrations of the ions are: Na+ 0.63 to 14.40; K+, 0.32 to 4.5; Ca2+, 0.24 to 21.00; Mg2+, 0.27 to 5.52; Cl-,  2.49 to 13.49; HCO3- , 50.50 to 373,70; CO3 2- , 16.20 to 105.20; and SO4 2- , 0 to 20.00. Analysis of the results reveals that sodium absorption ratio ranges from 0.18 to 5.5; residual sodium carbonate 1.11 to 6.22; percentage sodium 2 to 37% permeability index 1.53 to 7.23%; and total hardness varies from 0.11 to 2.83. The water species are Ca-Mg-CO3   and Na-K- CO3 .  The groundwater is potable, and suitable for irrigation and industrial uses.
 
Hammidu et al. (2014) worked on causes of low groundwater yield of boreholes in crystalline basement complex: A case study of Gwantu Town and environs southern part of Kaduna State. Data from thirty seven (37) boreholes which include; borehole depth, static water level, drawdown, yield, specific capacity, transmissivity and Aquifer thickness were used to assess the water yielding capacity of both fractured bedrock and weathered regolith aquifers. 
CHAPTER THREE
3.
METHODOLOGY
3.1     Materials

            Some of the materials used during the field work includes topographical map on a scale of 1:50,000, global positioning system (GPS), measuring tape, a pH meter Exstick Model (Ph100 and RE300) and conductivity meter model TDS Elode 5031, digital camera, hammer, masking tape, sampling containers and nitric acid.
3.2
Desk Studies

Relevant literatures on the geology, geophysics and hydrogeology in or around the area of study were gathered.  These included maps, pumping test data, geophysical sounding readings and interpretation curves. These information were analysed and interpreted with the ones generated during the fieldwork.
3.3
Geological Mapping

 The materials used were topographic map of sheet 167 Kafanchan on scale of 1:50,000 of the Federal Survey of Nigeria, measuring tape, compass, GPS and camera. The major outcrops of geologic interest were mapped in the field with their coordinates taken using Global Positioning System (GPS). The information derived from the field was plotted on the base map to produce a geologic map of the study area. 
3.4
Geophysical Mapping

This investigation was carried out in order to identify areas with high groundwater potentials, the depth and lateral extent of the aquiferous zones and their thicknesses,   structures that are water bearing in the subsurface and also determine the depth to bedrock in the area of study.


Electrical sounding was employed to investigate the subsurface for groundwater occurrence.  A total of four Vertical Electrical Soundings (VES) were conducted in the field, these were interpreted alongside with existing data from the area.

The VES was used to investigate the subsurface. In this method artificially-generated electric current was introduced into the ground and the potential differences were then measured at the surface. The method basically measures the horizontal and vertical discontinuities in the electrical properties of the ground. A campus Omega digital resistivity meter was used employing the Schlumberger electrode spread for the survey. For this arrangement, the inner potential electrodes have spacing of (2l) which is smaller than that of the outer current electrodes represented as (2L) (Fig. 4).
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Fig. 4: Schlumberger Electrode arrangement

The Schlumberger equation is given as               
                               
[image: image3.wmf]I

V

x

L

x

L

l

a

D

+

-

=

)

(

)

(

2

2

2

2

2

2

p

r

  

where:

                                                                                  
[image: image4.wmf]a

r

 =apparent resistivity
                                                                                             x=midpoint of the potential and current 
                                                                                         electrode                             
                                                                                    ∆v = voltage

     






I = current

L = distance of current electrode

l = distance of potential electrode

Spreads of 70 to 100m were used depending on the depth of interest. Values of apparent resistivity were obtained and these values were used to generate different resistivity curves. The resistivity curves were then interpreted using computer interpretation program for Schlumberger sounding data modified (Zohdy, 1989), U.S. Geological survey and curves were generated. 
3.5
Hydrogeological Mapping

Static water level measurements were carried out in hand-dug wells using measuring tape. Measurements for both the peak of dry and wet seasons were conducted.  The global positioning system (GPS) was used to record the coordinates at the measurement points. The water table below the ground surface was measured using a deep meter to get the groundwater level.

Measurements for the dry season were carried out at the end of April, while those of the wet season were conducted in August/September (Plate II). The fluctuations of the static water levels were recorded. The plotting of the absolute groundwater elevations of all observation points on a topographical map was done and the groundwater elevations indicated. Elevation of wells, in feet above sea level was interpolated from the base map. Elevation of groundwater table was calculated as the difference between elevation of well and measured depth to the water table in this well. The directions of the groundwater flow were indicated. The topographic map was digitized to produce configuration and flow directions map at the peak of dry season for the study area..
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Plate II: Photograph showing water level mmeasured at Ungwan 
VIO on 5th September, 2014 along Takau Road, 1km from Emir of 
Kafanchan Palace (Location 09034`12.8”N and 08017`44.5”E)
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3.6
Hydraulic Properties

Twenty eight (28) boreholes were tested for aquifer parameters with the period of testing ranging 1 hour- 5 hours depending on the time at which equilibrium position was reached for individual well being pumped.

The non-equilibrium solution was employed to determine the aquifer properties due to the following advantages.

1.
It requires one observation well

2.
The aquifer constants S and T can be calculated

3.
A short pumping period is required and no assumption of steady state flow condition is necessary. 

The Cooper Jacob method was used for assessing the aquifer properties. At least two important modifications of non-equilibrium equation can be traced to a very simple observation made by Cooper and Jacob (1946)


s = 
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Given that 
s    =
drawdown



u   =
well function




T  =
Transmissivity



Q  =
Constant well discharge

 For a small well radius (r) and large time (t) well function (u) becomes negligible.
The following equations were derived by Cooper and Jacob (1946).                                                                                           
s = 
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Q = Constant pumping rate

T= Transmissivity in m2/d
S = Drawdown

T = time since pumping started

R = radius of the well


Equation (4) is known as modified non-equilibrium equation and it can be used to determine the time drawdown observation made in a single observation well.


According to Freeze and Cherry (1979), the hydraulic conductivity (K) can be determined using the following relationship.


K = 
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   b = is the part of the saturated aquifer that is penetrated by the screen or aquifer thickness.

The specific capacity in the study area is calculated using the following formula below.
Specific Capacity = 
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   S = maximum or total drawdown recorded.
The pumping test data obtained from existing literature and those obtained from pumping test conducted in the field for the purpose of this research were used to determine the aquifer characteristics. No observation well was used; measurements were taken from the tested boreholes. The length of the screen represents the aquifer thickness.
3.7
Hydrogeochemistry
        A total of 23 groundwater samples were collected, ten from boreholes and thirteen from hand-dug wells for analysis in the study area. The plastic containers used for sampling were rinsed several times with the water to be sampled. Two samples were collected from each sampling point for both anion and cation analysis. Concentrated nitric acid (pH 2) was added to the water samples from which the cations were to be analyzed. 

The two sets of samples were labeled and ice-packed in a container in order to keep  the temperature of the water samples low and therefore slow or stop biochemical reactions in the stored water samples. The physical parameters of pH, TDS and temperature were measured in-situ at the sampling points for each sample collected using a pH meter Exstick Model (Ph100 and RE300) and conductivity meter model TDS Elode 5031, respectively. The storage under low temperature and the addition of the concentrated nitric acid solution were done to also reduce any reaction or physical change that could result between the container and the samples due to temperature changes. The cations were analysed at the laboratory of the National Research Institute for Chemical Technology, Basawa, Zaria using Atomic Absorption Spectrometer (AAS) while the anions were determined using titrimetry method at the Public Health Laboratory of Department of Water Resources Engineering, Ahmadu Bello University (ABU), Samaru Zaria. The suitability of the water for various uses was established for all the water samples.
CHAPTER FOUR
4.
RESULTS AND DISCUSSIONS
4.1
Geology
Three major lithological units were mapped in the area. These are migmatites, gneisses, granites and basalts. The various rock types were located on the topographic map and their boundaries established through the use of GPS.  The field map was finally digitized to produce the geological map of the study area (Fig. 5).
4.1.2
Migmatite-Gneiss Complex
The migmatite-gneiss complex occurs in two broad regions with newer basalts in between them occupying part of the central area to the west and the south western quadrant of the study area .The rocks occupy 27% of the study area. 
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The migmatite is mostly made up of granitic xenoliths as dominant component and the gneissic part contain small dykes, lenses, pods and veins of leucogranite, applogranite or pegmatite in the field (Plate III).

Plate III: Photograph of migmatite showing artificial pods and banding in a river

channel at Matsirga along Kafanchan-Madakiya road 2km away from Kafanchan

(Location 09o06'82.1"N and 08o18'66.5"E).
Migmatite occur as ridges in between valleys with elevations over 785 metres above sea level in some places. The migmatite has medium to coarse grained texture with foliation and relics of granitic materials which are the dark coloured bands alternating with the light coloured components.
The gneisses structurally occur as low lying isolated outcrops to large bodies. The gneisses has banding and ribbon structures, the bands are dark, biotite which alternate with lighter quartzo-feldspathic ones (Plate IV).
The gneisses occur in various exposed and weathered form. Hand specimens show that some gneisses consist of alternation of micaceous band and more coarsely crystalline band of quartz and feldspar intergrowth. The degree of deformation in the study area defines the variability in composition and texture of the observed gneisses.

Banded gneiss: The banding in gneiss was observed in Matsirga, (Plate IV) ranging from few mm of light and dark minerals to alternating bands of 2 – 6 cm in thickness.
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Plate IV: Photograph of Gneiss outcrop Showing bands of alternating light and 

            dark coloured minerals exposed along River Kogum channel  200m away

             from  Matsirga Water falls. (Location 09o61'82.1"N and 08o18'66.5"E).

 However other bands are irregularly developed and do not stretch for up to a meter. The alternation of light and dark bands gives the rock a pinkish grey appearance.

        Porphyroblastic biotite granite gneiss was mapped in the field. The rock has granoblastic texture and swirted foliation with large blocks of banded gneiss. Outcrops of porphyritic granite gneiss occur as flat-lying, domes or ridges, whale back or as high rising compartments.
        The banding in most cases are due to metamorphic differentiation (Okezie, 1970) which resulted into widespread permeation by fluids of magmatic origin parallel to the foliation of parent rocks. Gneisses occur as pinkish to grey in colour with variable joint direction which contains feldspar, quartz and biotite as major minerals.  Gneisses sometimes occur together with migmatites.
4.1.3
Granite

The granitic rock occupies the entire northern and northwestern part of the area mapped occupying about 45% of the study area. The rock is in contact with the newer basalts to the south and the northeastern quadrant while part of its eastern boundary is in contact with the rocks of migmatite-gneiss complex. Most of the granite outcrops are hilly with dome-shaped appearance and also occurs as blocks or boulders. The granite is believed to be emplaced during the Precambrian to Cambrian and is intrusive into the migmatite - gneiss complex and the metasediments.  Two types of granite were identified in the field. These are the equigranular biotite granite and the porphyritic biotite granite The equigranular granite outcroped in Albarka Prayer Camp along Kafanchan-Kwoi road. The component minerals observed in hand specimens are the quartz, feldspar and mica. The rock texture is medium grained with prominent structures like quartz veins, joints and fractures cross-cutting the surface are common in this outcrop (Plate V).
[image: image112.jpg]Apparent Resistivity (ohm.m)

= \i T ﬂ‘rﬂi
10 100
Electrode Spacing (m)

Layer

1

ENEESIREN]

Interpreted Model
Resistivity
(ohm.m)

187.0
320
220

450

Depth
R
(m)

0.60
6.00
20.0

SHAVES!




[image: image113.jpg]0 450N

| A
49

(/. £ FN @vw ? J
N {j%ﬁ\y Q ' 7‘ l

2= IND 1/h\s

| B\ ‘V‘,fz
¢ AT
AV \W"\
NI st
QL
GAVAY)
¥

T v 2Ll / ‘ﬁ\{k o ~ DA VL&
.‘c"»f ’.‘5- = I v ‘\ y ‘ 3 2l -
ﬂ Y "o TN &o. //‘ YK ‘j A\\s“) y . /
:»"i 7 o "1 (»j‘; ~ T\ A LR s .. ™ { ‘
/L, Y N e e AN AN
) ) SN 6 AU il DI I
7 1N v V \
. - ’ \\\\\i\\\ /
Y (/&\ »
N
BT
" ”

=
=
o
SO
38 22'0"E
LEGEND 1.85 O_‘I.85 9.95Km

2%23 Hand-dug well and water table elevation (feet amsl) \/ Stream

2100 | Groundwater elevation contour (feet amsl) Groundwater flow direction

2222-| Surface elevation contour (feet amsl) N

Figure 14: Configuration of groundwater table and direction of groundwater flow at peak of dry season,





[image: image11.emf]OGu

OGu

OGu

OGu

OGu

b

b

b

b

b

MG

MG

MG

MG

MG

A

B

OGu

MG

b

OGu

b

MG

40

Ch

Ch

Ch

Ch

222

Ch.

Sch

Zat

Bot

Ch.

Sch

Sch

Mkt

Sch

Sch

646

Sch

Sch

Sch

Sch.

Sch.

3095

3132

2870

2935

2855

3010

3035

2962

3060

1178

3175

3228

3204

2914

3155

2588

Abet

Sch.

3261

3175

Jifo

2563

Jifo

2808

3108

3072

3138

2910

3125

3160

2820

2810

2860

2620

2230

3015

2666

2760

2678

2622

2658

2552

2555

2650

2662

2725

2732

2593

2612

2470

2588

2570

2481

2490

2515

2540

2705

2563

1920

2910

2602

2612

2558

Jasu

3080

3125

9080

Sch.

2893

Sch.

2384

Trum

R.H.

2570

2538

2480

2572

2562

2582

2608

2662

2576

KAFANCHAN

GARAJE

Ungwan Rimi

Zauro

Ung Daji

Ungwan Baki

Madakia

Kafanchan  Kurmi

Ungwan  Fari

Ungwan Rana

Rimi

8  10' 0"E

8  10' 0"E

8  22' 0"E

8  22' 0"E

Kaje

Kaje

Kaje

Zazon

Mabat

Gatum

Avong

Rebok

Aduan

Aduan

Wadon

Kudan

Adwan

Agban

Ambam

Takau

Afana

Afana

Afana

Afana

Zuturu

Tsofon

Tsofon

Farman

Shogwa

Rabuan

Furjan

Ayagan

Ayagan

Baffot

Katsik

Kamaru

Fanjih

Kanyem

Bonkwa

Sansun

Garaje

Katsik

ZONTROK

Zontrok

Eriebok

Tumkaje

Gwaskar

Asonkwai

Chanchuk

FILM  20

Gida Jata

Matsurgar

Marsa Gida

Tudun  Wada

Ungwan Zati

Farman Daji

Ungwan Daji

Ungwan Daji

Ungwan Baki

Ungwan Baki

Ungwan Rana

Runyai  Sch.

KANKADA HILL

Kan    Gurara

MADAUCI   HILL

Sabongari Kanem

Railway  Station

Suryang or Kankada

70

76

42


      Fig. 5: Geologic map of Kafanchan and environs part of sheet 167 Kafanchan SW and SE
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Plate V Photograph of equigranular biotite granite in Albarka Prayer Camp 8 km away from Kafanchan along Kwoi road (Location 09o31' 61"N and 08o11' 63.3"E).
The homogeneity in texture and cross-cutting structural features probably suggest that the granites is intrusive and probably magmatic in origin. The outcrops in the field range from inselbergs to ridges in size.
The porphyritic biotite granite outcrops in Afana -Marsa-Kamuru - Gidan Maga - Farman and Wadon/Aduan Gida in form of ridge. The rock is rich in biotite which confers on it shaded dark colour. Texturally, the rock is coarse grained with visible feldspar phenocrysts, while xenoliths of gneisses were observed occasionally. The outcrops are mostly dome-shaped and can reach the height of 80m in the case of Yariye (Plate VI).

Plate VI: Outcrop of porphyritic biotite granite in Yariye Mutubum hill 3km
 from Ungwar Rimi (Location 09o38' 80.3"N and 08o13'38"N)
4.1.4
 Basalts

The basalts constitute about 23% of the rocks in the area under study. They are generally preserved in the field as boulders of variable sizes. The basalt occurres in the field as fine - medium grained massive rocks, and are occasionally vesicular and pyroclastic occurring as pumice and volcanic bombs. The fine-medium basalts are massive and rich in phenocrysts of olivine, quartz and augite. The proportion of the phenocrysts to the groundmass varies considerably, phenocryst of plagioclase are less common and vary in size from 0.5 to 5 mm with euhedral lath-shaped crystals. Quarrtz grains range from 0.1 to 6 mm in diameter. Augite phenocrysts range up to 5mm in diameter. The fine grained massive form and the pumice mineral composition is very difficult to be identified on hand specimen. The basalt is generally greyish black in colour because of the high proportion of mafic minerals content. They are extensive rock that forms the plains of Kafanchan in Tum, Madakiya, Zakwa, Garaje, Aduan 1, Kafanchan town and Katsit. The basalt was extruded subsequent to the development of the main elements of the present topography and tend to flow in valleys (McLeod et al., (1971); (MRT, 1979). Borehole  log in Katsit shows that the basalt is about 32 m thick. The vesicular basalt is commonly found along the Tum-Madakiya axis.

Outcrops of basalt boulders occur at Madobiya (Plates VII) along Madakiya-Tum road.
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         Plate VII: Outcrop of basalt in Madobiya along Tum-Madakiya Road 2 km away 

                           from  Madakiya (Location 09o 42'73.6"N and 08o19'42.8"E). 
  4.2    Minor Rocks
 4.2.1   Pegmatites

Numerous granitic pegmatites are found cutting across the migmatite/gneiss complex and the granite at different locations. The pegmatites occur as dykes, lenses or irregular bodies. Outcrops of larger pegmatites characteristically form low ridges above the surrounding area. The pegmatites contain large crystals of quartz, k-feldspar and biotite.  Some of the feldspar phenocrysts measures up to 8cm in diameter. A pegmatitic dyke occur cutting across a granite outcrop in Albarka Camp trending between 70o and 260o (Plate VIII). This dyke has a width of 30 cm and an exposed length of 45 m. The pegmatitic dykes in the study area are generally weathered and disintegrated into mica flakes, quartz, and feldspar Mineral. The pegmatites are generally intrusive and magmatic in origin
[image: image13.jpg]


 
Pplate VIII: A weathered pegmatitic dyke cutting across a granitic outcrop in

 part Albarka Prayer Camp Location:N09o31' 60.5" and E08o11' 65.2").
4.2.2 Veins and dykes

A typical quartz vein occurs in an equigranular biotite granite at Albarka Camp (Plate IX).  Quartz veins in the study area range in width from 2cm - 12cm.
A pegmatitic dyke occur cutting across a granite outcrop in Albarka Camp (PlateVIII). This dyke has a width of 30cm and an exposed length of 45m. The pegmatitic dykes in the study area are generally weathered and disintegrated into mica flakes, quartz, and feldspar Minerals. 
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Plate IX: Outcrop of  migmatite showing a faulted quartz vein in 

               Albarka Camp (Location 09o32'572"N and 08o12'062"E).  
4.3
Structures     
These structures are developed in response to tectonic activity especially during the emplacement of later intrusions. The dominant structures mapped are joints, fractures, dykes, folds, minor faults and vesicles.
4.3.1 Joints and Fractures
These are the prominent structural features in all the rock units in the study area mostly developed on the granites, gneisses and migmatites. Prominent sets of vertical and horizontal joints and fractures occur in the granites which are often widely spaced producing massive blocks (Plate X). Most of the joints are trending predominantly N-S while others are NNE-SSW and NE-SW directions Figures 6 and 7
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       Fig.6: A predominantly N-S trending of joints in granites.
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             Fig.7: A predominantly N-S trending of joints in gneiss and migmatite    
                         complex .

Plate X: Photograph of intense jointing on equigranularbiotite granite at Albarka Prayer Camp 8 km away from Kafanchan (Location 09o31'61"N and E08o11'63.3"E)
4.3.2   Foliations
The foliation on the gneisses is tectonically controlled showing parallel alignment of mafic minerals (Plate IV).
4.3.3   Folds
 Ptygmatitic folds with contortion of minerals band were found on a migmatite outcrop in Ungwan Galadima, which is probably an evidence of plastic deformation (Plate XI).
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Plate XI:  Outcrop of gneiss showing folds in Ungwan Galadima opposite
            College of Education, Kafanchan (Location 09o34'71.5"N and 08o19'25"E).  
4.3.4   Minor faults
These were observed on the outcrop of migmatite as minor displacements of pegmatite and some few narrow quartz veins. The lateral displacement of the quartz vein is up to 42mm in Albarka Camp (Plate IX).
4.3.4   Vesicles
Vesicles were observed severally in newer basalts having an average of 3mm in diameter in the field. A typical vesicular basalt was found in Madobia, Plate XII.


Plate  XII: Vesicular Basalt boulder exposed during road construction 
                 in Madobia (Location 09o42'736"N and 08o19'428"E).  
All these structures play important role in the movement of groundwater.  Recharge could be enhanced when the joints are intensively interconnected,and better for groundwater replenishment and borehole yields
4.4   Geophysical Results
Four electrical soundings were conducted for the purpose of this research at different sites in the field; the data were interpreted alongside with twenty-three others obtained from the Kaduna State Ministry of Water Resources and Jema’a Local Government area, making a total of twenty-seven VES soundings with their locations presented in (Fig 8).
The results of are presented in the geophysical sounding (Table 4.1) while the geophysical sounding readings of the sub-surface layers for some selected sites are presented in Appendix 4  . 
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 Fig 8: Geological map of Kafanchan and environs showing VES, Pumping test and Water sampling locations.                                               

                               Table 4.1 Summary of geophysical survey (VES) result for the Basement Complex rocks in the area of study

	S/N  
	Location 


	Geologic Material
	FIRST Layer
	SECOND LAYER
	THIRD LAYER
	FOURTH  LAYER
	FIFTH  LAYER

	
	
	
	Top Soil
	Lateritic sands/clay
	Weathered Basement  Clay/Sandy
	Fractured bedrock
	Fresh bed rock

	
	
	
	Resistivity (ΩM)
	Depth 
(M)
	Thickness

(M)
	Resistivity (ΩM)
	Depth 
(M)
	Thickness

(M)
	Resistivity (ΩM)
	Depth 
(M)
	Thickness

(M)
	Resistivity (ΩM)
	Depth 
(M)
	Thickness

(M)
	Resistivity (ΩM)
	Depth to bedrock
(M)

	1
	Zaria Street
	Basalt
	66
	0-0.5
	0.5
	24-72
	0.5-22
	21.5
	159
	22-33
	11.0
	432
	33
	
	
	

	2
	Jema’a LGC Secretariat
	Basalt
	43.7
	0-0.32
	0.32
	2954.6
	0.32-1.38
	1.06
	185.2
	1.38-2.57
	1.19
	52.95-72.76
	2.57-43.86
	41.29
	302.1
	41.29

	3
	Ungwan Rago Takau
	Migmatite/Gneiss
	270
	0-0.6
	0.6
	750
	0.6-4.0
	3.6
	300
	3.6-15
	11.4
	
	
	
	2000
	15

	4
	Ungwan Shagaya
	Migmatite/Gneiss
	187.0
	0-0.6
	0.6
	320
	0.6-6.0
	5.4
	220
	6.0-20.0
	14
	450
	20
	
	
	

	5
	Ungwan Maigizo
	Basalts
	81-139
	0-5.0
	0.5
	33-55
	5-15
	10
	104
	15-22
	7
	179
	22-33
	11-0
	293
	33

	6
	Abattoir Kafanchan 
	Basalt
	24.0
	0-1.5
	1.5
	35.0
	1.5-4
	3.5
	58.0
	4.0-15.0
	11
	36
	15.0-30.0
	15.0
	80
	30

	7
	Ungwan Masara 1
	Migmatite/Gneiss
	300
	0-0.2
	0.2
	1250
	0.2-3.6
	3.4
	160
	3.6-26.0
	22.4
	
	
	
	5990
	26

	8
	Takau Gida
	Migmatite/Gneiss
	570
	0-0.4
	0.4
	1400
	0.4-7.4
	7.0
	65
	7.4-9.4
	2.0
	220
	9.4-34.0
	
	2000
	34

	9
	Bauchi Street by Borno Street
	Basalt
	173
	0-0.3
	0.3
	381
	0.3-2.74
	2.44
	301
	2.74-12.6
	10.2
	
	
	
	5,656.2
	18.00

	10
	Bayan College
	Basalt
	278.3
	0-0.431
	0.431
	808.1
	0.431-1.661
	1.23
	36.50
	1.661-8.401
	6.74
	51.53-112.9
	8.401-21.221
	12.82
	
	

	11
	Bauchi Street Area
	Basalt
	6.82-72.59
	0-0.195
	0.193
	722.1-1182.6
	0.193-0.3195
	0.1265
	103.9
	0.3195-28.91
	28.59m
	275.4-17724.3
	28.59-47.7
	48.52
	
	

	12
	Bauchi Road Kafanchan
	Basalt
	300
	0-2.0
	2.0
	250
	2.0-10
	8
	178
	10-23
	13
	257
	>23.00
	
	
	

	13
	Central Mosque Kafancan
	Basalt
	419.5
	0-0.731
	0.731
	354.2
	0.731-12.121
	11.39
	418.9
	12.121-21.92
	9.8
	607.8
	21.92-24.001
	2.08
	1424.0
	24.001

	14
	Hayin Gidan Sarki
	Migmatite/Gneiss
	23.98-173.91`
	0-1.08
	1.08
	35-65
	1.08-5.0
	3.92
	68
	5.0-8.1
	2.9
	56-78
	8.1-42.0
	33.9
	
	

	15
	Ungwan Masara Maigizo
	Migmatite/Gneiss
	568
	0-0.886
	0.886
	954.4
	0.886-3.306
	2.42
	211.7-362.5
	3.306-24.33
	21.03
	424.9
	24.33-30.95
	6.61
	5,024.4
	30.95

	16
	UngwanYohanna
	Migmatite/Gneiss
	57.06
	0-0.335
	0.335
	1762.2
	0.335-1.335
	1.00
	69.23
	1.335-5.845
	4.51
	180.6-260.2
	5.845-27.03
	21.46
	779.1
	27.03

	17
	ECWA Goska
	Migmatite/Gneiss
	948
	0.0-0.60
	0.6
	1850
	0.6-3.0
	2.4
	1250
	3.0-8.0
	5.0
	1900
	8.0-25.0
	17
	1350
	25.0

	18
	Sakwak
	Migmatite/Gneiss
	175
	0-1.0
	1.0
	900
	1.0-5.0
	4.0
	300
	5.0-15.0
	10.0
	65
	15.0-25.0
	10.0
	-
	25.0

	19
	Ungwan  Rana

Kaninko
	Migmatite/Gneiss
	569
	0-1.10
	1.10
	500
	1.10-4.0
	2.9
	105.0
	4.0-30.0
	26.0
	550
	>30
	
	
	

	20
	GDSS Madakiya
	Basalt
	380
	0-1.4
	1.4
	42
	1.4-6.0
	4.6
	114
	6.0-13.3
	7.3
	32
	13.3-34.1
	20.8
	1018
	34.1

	21
	Madakiya
	Basalt
	490
	0-0.3
	0.3
	890
	0.3-5.5
	5.2
	308
	5.5-13.5
	8.0
	32
	13.5-31.0
	17.5
	1016
	30.0

	22
	Aduan Gida
	Granite
	125
	0.-8.0
	8.0
	50
	8.0-13.0
	5.0
	350
	13.0--20.0
	7.0
	20.0-30
	20-30
	
	1018
	30.0

	23
	Katsit
	Basalt
	659
	0-0.04
	0.04
	1770
	0.4-1.6
	1.2
	523
	1.6-5.9
	4.3
	104
	5.9-37.3
	31.4
	6350
	37.3

	24
	Abet Kufai
	Granite
	2700
	0-0.9
	0.9
	1350
	0.9-8.5
	7.6
	1180
	8.5-13
	4.5
	81
	13.0-20.0
	7.0
	1541
	20

	25
	Zuturung
	Granite
	220
	0-0.4
	0.4
	350
	0.4-3.0
	2.7
	300
	3.0-15.0
	12.0
	65
	15-35
	20
	-
	35.00

	26
	Albarka
	Granite
	1400
	0-1.0
	1.0
	450
	1.0-5.5
	4.5
	850
	5.5-18.0
	12.5
	
	
	
	2000
	32.0

	27
	Abet Kpang
	Granite
	679
	0-0.8
	0.8
	800
	0.8-3.0
	2.2
	360
	3.0-25.0
	22
	
	
	
	3500
	25


The result of the geophysical investigation (Table 4.1) reveals four to five layers sequence of the subsurface within the area of study. These layers are

1. Top soil: this consists of top loose soil with apparent resistivity values range between 6.82-2700 (Ωm) with an average of 439 (Ωm)  and  average thickness of about  0.99 meters

2. The next layer is the laterite/ clay layer with range of resistivity of 24.72-2,954.6 Ωm with an average of 709.07 Ωm and an average depth of about  4.75 meters.

3. The lateritic clay layer is underlain by the weathered clayey-sandy layer whose resistivity ranges between 36.50 -1250 Ωm with an average of 309.5 Ωm.  This has an average thickness of about 10.9 meters.
4. The fourth layer is the slightly fractured bedrock with resistivity range of 36-17724.3 (Ωm)  (with an average of 643.2m Ωm)  and average thickness of 18.2meters.

5. The fifth layer is the fresh bedrock with resistivity range of 80– 5990 with an average of 2176 (Ωm) and average depth beyond 24.6meters. 
It is clear from the above sequence that the weathered clay-sandy layer and the fractured bedrock constitute the main aquifers in the area of study. This is because of the low resistivity values recorded which is also an indication of saturated zones in the sub-surface due to the presence of groundwater. The main aquiferous layers are the weathered mantle and the fractured bedrock.
From Table 4.1, it can be seen that the weathered and fractured rock units extends to a depth of 33 m below the ground surface. Beyond this depth is the fresh crystalline bedrock with average resistivity of 2176 Ωm. This shows the bedrock has high resistivity and low permeability hence zero saturation in terms of groundwater. The high values of resistivity recorded can be due to the absence of fractures at the depths. 
4.4.1     Interpretation of VES curves
 The VES curves were generated from the partial curve matching technique and refined by computer interpretation method.  Using the computer interpretation program for Schlumberger sounding data modified by (Zohdy, 1989), the raw data obtained from soundings were fed into the computer to generate different types of curves depending on the values of resistivity obtained. The behavior of each curve shows how the resistivity of the subsurface formation varies with depth. Basically four types of curve were generated using the curve matching techniques namely the H-type, Q-type, A-type, and K-type of curves 
H-type curve is obtained when a layer of lower resistivity occur between two layers of higher resistivity. This curve can either be for a clayey formation with a low resistivity but poor groundwater discharge or a fractured gravely sandy layer of lower resistivity value with high yield. Q-type type of curve is obtained when three layers of increasing lower resistivity giving rise to a double decreasing curve. A-type curve is obtained when a three or more layer sequence were superimposed on each other with increasing higher resistivity resulting in a double increasing curve. K-type curve is obtained when a layer with a higher resistivity is deposited between two layers of low resistivity. 
Based on the resistivity curves/geo-electric layers generated in the study area the H-type is predominant. A highly saturated layer is expected to display a K-type or H-type of curve which signifies a gravely sandy or fractured layer with high ground water potential and lower resistivity. The presence of a thick saprolite which is the transition zone between the fractured bedrock and the weathered mantle can also constitute saturated layer with very low resistivity. The presence of Q-type of curve in an area can be an indication of multiple fractures. The continuous decrease in resistivity value of layers with depth may be an indication of groundwater accumulation. Areas with the A-type curve layers may be groundwater disadvantaged because of the increasing high resistivity with depth which may be an indication of lack of groundwater saturation especially when the rock is devoid of fractures. Based on the curve analysis the study area is generally favourable for groundwater development for both private and commercial use.
4.4.2
Aquifer types in the area of Study
Based on surface measured geo-electrical data and logs from drilled boreholes, the aquifers identified are the porous permeable weathered basement rocks, the fractured basement rocks and the alluvium aquifer.
 4.4.3       The weathered basement aquifer
This is a thick regolith resulting from the in-situ decomposition of basement rocks. In the area of study, the weathered basement aquifer has a maximum thickness of about 28.91 m. The hand-dug wells in the area obtained their water from this aquifer at minimum depth of 4.5 m at Ungwan Yanshio and maximum depth of 13m at Wadon (Appendix 5). The weathered basement aquifer is made up of silt, clay, and sandy material (Table 4.1). The borehole logs within the weathered basement consist of sandy, clayey and silty materials occurring between 3-30 m (Figures 9 and 10).
4.4.4
The fractured basement aquifer
This aquifer as the name suggest resulted from the fracturing and jointing of the basement rocks due mainly to  tectonic events within the subsurface rocks which created the openings , these serve as reservoir for groundwater accumulation. The rocks that serve as the fractured aquifer are the granites, basalts, migmatites-gneisses rocks. Lithological log of a borehole drilled at Albarka Prayer Camp with the weathered/fractured aquifer consisting of coarse grained granitic materials that lies 20-47.7 m (Fig.9). The geophysical sounding indicates that fractures are developed at similar depth between 21 and 32 m. The geophysical sounding interpretation shows that fractures extend to a maximum of 33 m in Ungwan Maigizo (Table 4.1); thus indicating that these aquifers are localized and terminate at shallow depths. The localized nature of this type of aquifer may be due to the closure of the fractures as a result of rock-loading and minimal weathering at that depth (Clark, 1985).
4.4.5
The basalt aquifer
The basalt aquifer is formed by weathering of the basalt, volcanic ash and zones of alluvium beds occurring between individual lava flow. Alluvium aquifers occur along Tum - Madakiya stream which are used for irrigation. These aquifers are exploited through hand-dug wells for domestic and livestock purposes.
4.4.6   Estimation of aquifer potential from geo-electric sounding in the study area
         To serve as the basis for estimate of aquifer potential, simple schemes by Olayinka (1996) were used (Tables 4.2 to 4.3). These entailed the use of the depth to bedrock, saprolite resistivity and bedrock resistivity obtained from the inversion of the sounding data. Weighing factors ranging from a minimum of 2.5 for thickness exceeding 30 m (Table 4.2) has been assigned to the depth of the overburden 
Table 4.2: Aquifer potential as function of the depth to bedrock ( after Olayinka, 1996)
	Depth to bedrock (m)
	Weighing factor
	Depth from text (m)

	<10
	2.5
	-

	10 – 20
	5.0
	15,18,20

	20 – 30
	7.5
	30,26,21,23,24,30,27,25,2530,30,

	>30
	10
	34,37,35,32,41,33,34,47


         The low resistivity of the order of less than 20 Ωm for the regolith is often indicative of a clayey regolith (Olayinka and Olurunfemi, 1992) and (Barker, 1992), which reduces permeability. The relatively low bedrock resistivity could suggest a high aquifer potential due to the expected high fraction permeability. The maximum weight factor of 10 is assigned to the bedrock (weathered bedrock) that is less than 21-100 Ωm (Table 4.3).

Table 4.3 Aquifer potential as function of saprolite resistivity (after Olayinka, 1996)
	Resistivity  (Ωm)
	Aquifer characteristics
	Weighing factor
	Resistivity from text (Ωm)

	<20
	Clay with limited potential
	7.5
	-

	21-100
	Optimum weathering and groundwater potential 
	10.0
	36,58,65,68,69

	101-150

	Medium conditions and potentials
	7.5
	103, 104,105,114

	151-300
	Little weathering and poor potentials
	5.0
	159,160,178,185, 220,300
,211,300,300

	300
	Negligible potential
	2.0
	308,350,360,362,523,1180

850, 418,1250


Table 4.4 Aquifer potential as function of fractured bedrock resistivity ( after Olayinka, 1996)

	Resistivity  (Ωm)
	Aquifer characteristics
	Weighing factor
	Result from text



	
	
	
	Resistivity  (Ωm)

	150
	High fracture permeability as a result of weathering high aquifer potential
	10.0
	20,32,32,36,36,51,52,56

,65,6578,81,104,178,

220,225,252,180,424,432,450

	750-1500
	Reduced influence of weathering medium aquifer potential
	7.5
	

	1500-3000
	Fairly low effect of weathering low aquifer potential
	
	1772, 1900

	<3000
	Little weathering an poor potentials
	2.5
	-


           In general the location of a thick overburden is a very important parameter. This is due to the fact that the regolith facilitates the ingress of water into the overburden and so transforms the permeable and impervious granite and gneisses into sources of abundant groundwater reserves.
4.4.7    Relationship between geology and resistivity

Igneous and metamorphic rocks generally have high resistivity except if they are fractured. When fractured, the degree of fracturing and number or percentage of fractures filled with water will determine the value of resistivity.  Sedimentary rocks being more porous and have high groundwater content tend to have lower resistivity. Similarly, wet soil and freshwater also have lower resistivity values. Clay soils have lower resistivity compared to sandy soil. There is an overlap in the values of resistivity of the different geological materials due to factors such as concentration of dissolved salts, porosity and degree of saturation of water. The resistivity value ranges for different geological materials are given in Table 4.2 (after Keller and Frischknecht, 1966) and in Table 4.6 (after Society of Expolorarion Geophysicists of Japan, 1989). A comparison between the resistivity obtained from VES curves in the study area presented in Table 4.1, the various resistivity layers show that the resistivity of the subsurface varies with depth, geology and the degree of water saturation of the underlying rock type at that location.

           Table: 4.5: Resistivity values of some rocks (after Keller and Frischknecht, 1966)

	 Material
	Resistivity( Ωm)
	Conductivity semen/m

	Granite
	5 x 103
	10-6 – 2 x 10-4

	Basalt 
	103 - 106
	10-6 – 10-3

	Slate
	6 x 102  - 4  x 107
	2.5 x 10-8 x 1.7 x 10-3

	Marble
	102 – 2.5 x 108
	4 x 10-9 – 10-2

	Quartzite
	102 – 2 x103
	5 x 10-9 – 10-2

	Sandstones
	8 - 4 x 103
	2.5 x 10-4 – 10-2

	Shale
	20 – 2 x 103
	5 x 10-4 – 0.05

	Limestone
	50 – 4 x 102
	2.5 x 10-3 – 0.02

	Clay
	1 – 100 
	0.01 – 1

	Alluvium
	10 – 80
	1.25 x 10-3 – 0.1

	Groundwater (fresh)
	10 – 100
	0.01- 0.1 

	Seas water
	0.2
	5


Table: 4.6: Resistivity range of rocks and groundwater ( after Society of Exploration Geophysics of Japan (SEGJ) and Geophysics Cologne, 1989)

  Legend: Society of Exploration Geophysicists of Japan
                Geophysiscist Cologne  : 

The VES curves and subsurface geologic logs cutting across the various rock units in the study area have been analyzed. The borehole log at Ungwan Rana located in a migmatite/gneiss terrain shows the subsurface to consist of a top loamy bed underlain by highly lateritic / sandy clay, medium to coarse-grained sand, highly weathered and fractured, partially fractured basement and lastly the fresh basement. The relationship between the VES curve and lithological log for Ungwan Rana Fig 9 shows that apparent resistivity of the top loamy soil is 569 Ωm with depth of between  0.0-1.10m,highly lateritized with apparent resistivity of 600 Ωm and depth between 1.1-4.0m, the sandy/ highly weathered and fractured basement with apparent resistivity of 105 Ωm and depth between 4.0-30m constitutes the aquifer, the partially weathered basement with apparent resistivity of 550 Ωm and depth between 30-37.5m, underlain by this finally is the fresh basement which has apparent resistivity >550 Ωm Fig 9. 
             The relationship between the curve and lithological log for Albarka Prayer Camp located in a granitic terrain shows that apparent resistivity of the top soil/laterite is 1819 Ωm with depth of between 0-0.60m.Underlying this layer is lateritic sands with apparent resistivity of 2500 Ωm and depth between 0.60-2.0m. This is underlain by Clayey sands having apparent resistivity of 1075 Ωm with depth between 2.0-4.0m. Underlying next is the highly weathered basement which constitutes the main aquifer, this layer has apparent resistivity of 650 Ωm with a depth between 4-32. Underlying next is the partially weathered basement which has resistivity of 2000 Ωm and depth >32m after which is the fresh basement. The VES curve is presented in Fig.10.

[image: image19]
Fig.9: Relationship between VES curves and lithological log of borehole in weathered/fractured basement terrain at Ungwar Rana, Takau (Location 09o33'881"N and E08o16' 700"E)
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Fig. 10:  Relationship between VES curves and lithological log of borehole in weathered/fractured basement terrain in Albarka Camp (Location 09o31'61"N and E08o11'63.3"E).
               The relationship between the curve and lithological log for Kafanchan Abatoir borehole located in a basalt terrain is presented in Fig.11. The apparent resistivity of the top muddy soil is 24 Ωm with depth of between 0-1.5m. Underlying this layer is lateritic sands with apparent resistivity of 35 Ωm and depth between 1.5-4.0m. This is underlain by weathered basalt having apparent resistivity of 59 Ωm with depth between 4-15m a shiny micaceous sand with basaltic pebbles which probably marks the end of the basalts .overerlying uncomformably on highly weathered basement which constitute the main aquifer, this layer has apparent resistivity of 36 Ωm with a depth between 15.0-30m. Underlying next is the partially weathered basement with resistivity of 80 Ωm and depth >30m.
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Fig. 11: Relationship between VES curves and lithological log of borehole in       weathered/fractured basaltic terrain at Abatoir Kafanchan (Location 09o34'580"N and E08o17' 095"E)

4.5    Depth to Water Level Measurement.
            The Depth to water table measurement was conducted at the peak of dry season on 25, 26 and 30 April, 2015 for 40 hand-dug wells and their locations plotted on the base map 1: 50,000  (Fig.12). (Fig.13).The details of these measurements for hand-dug wells are in Appendix 5. The depth to water level in hand-dug wells at the peak of dry season (April) ranges from 4.0m  to 18.8m  with arithmetic mean of 7.25m, while the depth to water level at the peak of  rainy season (August) ranges from 0.3m to  9.0m with arithmetic mean of 3.2m. The average depth to water level fluctuation between the two seasons is 4.1m. The water table measurements were done at various locations randomly. The depth to water table measurement locations for the peak of dry and rainy seasons are shown in Figures 12 and 13. 
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 Fig. 12: Map showing locations for water level measurement at the peak of dry     season in hand-dug wells       
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Fig. 13: Map showing locations for water level measurement at the peak of rainy        season in hand-dug wells       
4.5.1    Groundwater configuration map and flow direction
          The groundwater configuration map and flow direction at the peak of dry season was produced (Fig 13). Groundwater elevation map is a representation of the phreatic surface for the rainy season and the dry season. As it is observe naturally, the groundwater flow from areas of higher water table elevation (high lands) to areas of lower water table elevation  (valleys). Brassington(1993) observed that the shape of the water table in the groundwater flow is a subdued version of the surface topography.The groundwater in the study area generally flow to the southeastern part of the study area under gravitational influence from Kankada Hills, Madauchi Hills, Zontrok Hills and Kamurum Hills.
  Base map: Federal Surveys, NigriiaTopographical Series 1:50,000, Sheet 167 Kafanchan SW and  SE (1971)
4.5.2     Groundwater Recharge/Discharge 
The recharge in the area is mainly through rainfall which infiltrates and replenished the wells. While discharge from the aquifer system in the area is either by natural means through discharge from springs, evapotranspiration and streams. Groundwater can also be discharge artificially through abstraction from hand dug wells and boreholes.
4.6
Hydraulic Characteristics of the Aquifers

The hydraulic characteristic of an aquifer is dependent on its ability to transmit and storativity, permeability/hydraulic conductivity and the thickness of the aquifer. Twenty eight (28) boreholes were tested for aquifer characteristics and their locations are shown in Fig. 8  
The pump testing was done at the intervals of 1 hour, 2 hours, 3 hours, 4 hours and 5 hours depending on when equilibrium was established. The summary of  borehole pumping test data for the area of study are presented in  (Appendix 6), while the pump test data sheets are in Appendix 7.  
The calculations of these parameters are based on the assumptions that certain natural ideal conditions prevailed, Kruseman and Ridder (1983) and getting these natural ideal conditions may not be practically possible. As a result, parameters calculated using these formulae are usually approximate and could only be used as a guide Adanu (1989). Table 4.9 shows a summary of the hydraulic properties for the study area. The plotted graphs for time-drawdown curves for some boreholes at various locations are shown in Figures 15 to 21.
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Fig. 15:  Drawndown-Time Curve for Borehole at Abet Kufai (Location 09o40'084"N and      E08o11'094"E)                 
Borehole No. UB24
ABET KUFAI
s=drawdown(m), Δs=single-log cycle drawdown increment(m), b=aquifer thickness(m), Q=constant well discharge(l/s) , T=transmissivity in (m2/s), K=hydraulic conductivity (m/s), S=specific capacity m2/s/m, d=day, m=meter
DATA:
s = 15.68        Δs = 4.4       b = 10       Q  =  0.9 l/s 
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Fig.16:  Drawdown –Time Curve for a Borehole at Takau Gida (Location 09o33'068"N and 08o18'021"E) .

Borehole No.UB 8  Takau Gida
Data 
 s = 14.27    Δs = 5.9   b = 12   Q = 1.0l/s
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Fig. 17:  Drawdown –Time Curve for a Borehole at Madakiya 09o42'174"N and 

             E08o22'497"E)   
Borehole No. UB20 Madakiya
Data 
 s = 23.76   Δs = 10    b = 10  
Q = 0.75
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Fig. 18:  Drawdown –Time Curve for a Borehole at Hayin Gidan Sarki 09o34'800"N and 

             E08o17'670"E).

Borehole No.UB14 Hayin Gidan Sarki
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Fig.19:  Drawdown –Time Curve for a Borehole at Albarka Camp (Location 09o31'776"N and E08o11'591"E)
Borehole No. UB17  Albarka Camp
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Fig. 20:  Drawdown –Time Curve for a Borehole at Central Mosque, Kafanchan (Location 09o34' 958"N and E08o17' 404"E)
Borehole No. UB13 Central Mosque Kafanchan
Data 
 s = 15.09    Δs = 7
b = 12 
   Q = 0.875

1.
Transmissivity T =  
[image: image67.wmf]s

Q

D

p

4

30

.

2





  T =  
[image: image68.wmf]7

)

(

4

4

.

86

875

.

0

3

.

2

7

22

´

x

x

 



   T =  
[image: image69.wmf]004

.

88

88

.

173

 = 1.976



     T =  1.976 m2/d
1. Hydraulic Conductivity K =  
[image: image70.wmf]b

T





      =

[image: image71.wmf]12

976

.

1

 = 0.165



  K  =  0.165m/d
3.
Specific Capacity =  
[image: image72.wmf]s

Q

 




       =  
[image: image73.wmf]09

.

15

4

.

86

875

.

0

x

 = 0.05798542

Specific Capacity   =  5.001 m2/d/m
[image: image74.emf]Time [min]

2 3 4 5678910

2

3 4 5678

9

100

2

3 4 5678

9

1000

              ... BH at Jema’a L.G.A Secretariat . Figure  Drawdown-Time Curve For

D

r

a

w

d

o

w

n 

[

m

]

0.0

1.5

3.0

18.0

13.5

10.5

4.5

6.0

7.5

12.0

15.0

16.5

19.5

21.0

9.0


Fig. 21:  Drawdown –Time Curve for a Borehole at Jema’a L.G Secretariat (Location 09o35' 152"N and E08o17'679"E)
Borehole No.UB 2 Jema’a Local Government Secretariat
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Table 4.7:  Hydraulic properties of some borehole tested in Kafanchan and Environs.
	S/No. 
	Borehole No.
	Locality
	Coordinates
	Drawdown Per log Cycle Δs (m)
	Yield
(m3/day
	T (m²/day)
	 K (m/day) 
	Specific Capacity   (m3/day/m

	
	
	
	Latitude(N)
	Longitude(E)
	
	
	
	
	

	1.
	UB1
	Zaria Street
	 09o34'553"  
	08o17'010”
	2.25
	86.4
	7.025
	0.703
	10.448

	2.
	UB2
	Jema’a Local Govt Secretariat
	09o33'152"  
	08o17'679”
	4.8
	75.168
	2.865
	0.284
	4.558

	3.
	UB3
	Ung Rago
	09o33'992"  
	08o17'568”
	1.6
	86.4
	9.829
	1.098
	13.649

	4.
	UB4
	Ungwan Shagaya
	09o35'749"  
	08o18'008”
	7.4
	63.45
	1.602
	0.134
	2.340

	5.
	UB5
	Aduan 1 Maigizo
	09o34'580"  
	08o17'093”
	2
	64.8
	5.929
	0.494
	12.706

	6.
	UB6
	Kafanchan Abatoir
	09o34'580"  
	08o17'093”
	3.8
	103.68
	5.073
	0.423
	10.431

	7.
	UB7
	Ung masara II
	09o33'014"  
	08o18'066”
	8.6
	71.28
	1.606
	0.019
	3.042

	8.
	UB8
	Takau Gida
	09o33'068"  
	08o18'021”
	5.9
	86.4
	2.679
	0.223
	6.055

	9.
	UB9
	Bauchi by Borno Street
	09o34'822"  
	08o17'269”
	5.0
	92.16
	3.367
	O.210
	4.826

	10.
	UB10
	Bayan College
	09o36'242"  
	08o19'260”
	3.4
	63.936
	3.440
	0.287
	4.480

	11.
	UB11
	Bauchi Street
	09o35'131"  
	08o17'269”
	0.4
	78.225
	2.150
	0.179
	6.258

	12.
	UB12
	Bauchi Road Kafanchan
	09o35'143"  
	08o17'313”
	7.04
	86.4  
	2.582
	0.215
	4.870

	13.
	UB13
	Central Mosque Kafanchan
	09o34'958"  
	08o17'404”
	7.0
	75.6
	1.976
	0.165
	5.001

	14.
	UB14
	Hayin Gada Sarki
	09o34'800"  
	08o17'670”
	3.5
	86.4
	4.516
	0.376
	8.727

	15.
	UB15
	Ungwan Masara
	09o34'045"  
	08o17'835”
	5.1
	43.2
	1.550
	0.129
	2.824

	16.
	UB16
	Ungwan Yahanna
	09o35'523"  
	08o19’715”
	2.2
	75.6
	8.382
	1.048
	11.118

	17.
	UB17
	Albarka Camp
	09o31'771"  
	08o11'391”
	7.5
	49.68
	1.212
	0.101
	15.300

	18.
	UB18
	Sakwak
	09o30' 647"  
	08o19'146”
	1.5
	74.304
	9.062
	0.755
	19.553

	19.
	UB19
	Ungwan Rana Kaninkon
	09o33'881"  
	08o16'700”
	7.1
	73.44
	1.889
	0.189
	4.584

	20.
	UB20
	Madakiya
	09o42'174"  
	08o  22'437”
	1.0
	64.8
	1.185
	0.119
	2.727

	21.
	UB21
	GDSS Madakiya
	09o39'077"  
	08o19' 000”
	7.8
	86.4
	2.028
	0.203
	4.386

	22.
	UB22
	Aduan Gida
	09o42’'076"  
	08o19'014”
	6.2
	55.296
	1.530
	19.886
	3.249

	23.
	UB23
	Katsit
	09o34'547"  
	08o16' 023”
	6.6
	53.568
	1.481
	14.81
	3.712

	24.
	UB24
	Abet Kufai
	09o40' 084"  
	08o11' 094”
	4.4
	85.14
	3.557
	0.356
	5.455

	25.
	UB25
	Zuturung Mago
	09o 51'074"  
	08o10' 060”
	6.00
	96.768
	2.951
	0.295
	5.403

	26.
	UB26
	Abet Kpang
	09o49'857"  
	08o11' 391”
	6.5
	64.8
	1.824
	0.182
	4.235

	27.
	UB27
	ECWA Gwoska
	09o30'647"  
	08o 19' 146”
	7.4
	107.136
	2.649
	0.221
	4.658

	28.
	UB28
	Gidan Maga
	09041’685”
	008010’000 ”
	5.54
	107.136
	3.541
	0.295
	6.679


The hydraulic properties in the study area are presented in Table 4.7. Transmissivity values ranges between 1.185 and 9.829 with an average of 3.461 m2/ day. These values are >500 m2/day using the classification range in Table 4.8 and 49. The aquifers in the study area can be said to have low groundwater withdrawals considering transmissivity values in Table 4.9. 
Table 4.8: Standards for transmissivity (T) Georghe (1978)
Transmissivity Rrange (m2/day                 Transmissivity Potentials

                   >500                                     High potential

                    50-500                                 Moderate potential 

                     5-50                                    Low potential

                     0.5-5                                   Very low potential

Table 4.9 Standard for transmissivity (T)  Krasny (1993)

	T (m2 /day)
	Designation of transmissivity
	Groundwater Supply Potential

	1000
	Very higth
	Withdrawal of great regional importance

	100
	High
	Withdrawal of lesser regional importanc

	10
	Intermidiate
	Withdrawal for local water supply (small community plants etc)

	1
	Low
	Small withdrawals for local water supply (Private consumption etc).

	0.1
	Very law
	Small withdrawals for local water supply with limited consumption.

	
	Impermeable
	Sources for local water supply are difficult if possible to ensure.


The hydraulic conductivity values in the study area range from 0.019 to 19.886 m/ day with an average of 1.550 m/ day. In consideration of Table 4.10, the interpretation and classification of aquifer hydraulic conductivity is based on the material that constitute the  aquifer. This shows that the materials that make up the aquifers are derived from deep weathering and fracturing of the basement rocks in the subsurface within the study area as revealed in well cuttings and borehole logs include clay, sand and gravel to pebbles. 
Table 4.10:  Standards for hydraulic conductivity (K) ( after Bouwers, 1978)
Materials                                                  K Ranges (m/day)

Clay soils (surface)                                     0.01 – 0.2

Deep clay beds                                           10-8 to 10-2l

Loam soils (surface)                                    0.1 to 1

Fine sand                                                     1 to 5

Medium sand                                               5 to 20

Coarse sand                                                 20 to 100

Gravel                                                          5 to 100

Sand and gravel mixes (till)                         0.01to 0.1

Specific Capacity values range between 2.340 and 19.553 m3/day/m with an average of 6.831. Table 4.13 summarizes the aquifer properties in the study area. In comparism,the values of hydraulic conductivity by Domenico and Schwartz (1997) for crystalline rocks and unconsolidated sedimentary materials with result given in Table 4.11. The values obtained from the area are within the range in tables 4.11 and 4.12 respectively.
Table 4.11:  Hydraulic conductivity of crystalline rocks

(after Domemico and Schwartz, 1997)
	                                                        Crystalline Rocks

	Material
	Hydraulic Conductivity (m/sec)

	Permeable Basalt
	4x10-7 to 2x10-2

	Fractured igneous and Metamorphic rock
	8x10-9 to 3x10-4

	Weathered granite 
	3.3x10-6 to 5.2x10-5

	Weathered gabbro
	5.5x10-7 to 3.8x10-6

	Basalt
	2x10-11 to 4.2x10-7,      

	Unfractured Igneous and Metamorphic rock
	3x10-12 to 2x10-10


Table 4.12: Hydraulic conductivity for unconsolidated materials

                  (after Domenico and Schwartz, 1997)
	                                   Unconsolidated Sedimentary Materials

	Materials
	Hydraulic Conductivity
  (m/sec)

	Gravel
	3x10-4 to 3x10-2

	Coarse sand
	9x10-7 to 6x10-3

	Medium sand 
	9x10-7 to 5x10-4

	Fine sand
	2x10-7 to 2x10-4

	Silt loess
	1x10-9 to 2x10-3

	Till
	1x10-9 to 2x10-6

	Clay
	1x10-11 to 4.7x10-9

	Unweathered marine clay
	8x10-13 to 2x10-9


Table 4.13 Summary of aquifer properties for 28 boreholes in the study area

	Aquifer property
	Transmissity

T(m2d)
	Hydraulic conductivity

K(m/d)
	Specific Capacity

(m3/d/m)

	Minimum
	1.185
	0.019
	2.34

	Maximum
	9.329 
	19.836
	19.553


4.7
Hydrochemistry
The study of water quality depends on the purpose of use, whether for domestic, industrial or agricultural use.  Water being a solvent can dissolve and carry substances in solution from many areas that can make it not suitable for a particular purpose. Water quality may differ from one place to the other which reflects the differences in the mineral composition of the rocks or the existence of geological structures like faults, which can affect the movement of water.  Corrosion and incrustation in borehole components is one of the reasons for groundwater pollution. The chemical elements in groundwater are derived from four (4) principal sources: rain, soil/chemical process, product of weathering of the minerals in the rock through which the groundwater flows and interaction between the water and its host rock.   


Twenty three groundwater samples from hand-dug wells and boreholes were collected from various locations (Fig.8) for chemical analyses, at the National Research Institute for Chemical Technology, Basawa, Zaria using Atomic Absorption Spectrometer (AAS) while the anions were determined using titrimetry method at the Public Health Laboratory of Department of Water Resources Engineering, Ahmadu Bello University (ABU), Samaru-Zaria. 
 The results of the physico-chemical properties of groundwater are presented 
in Table 4.14 and Table 4.15, while Table 4.16 shows the results in comparison to WHO (2004) Drinking Water Standard and Table 4.21 shows NIS (2007) Permissible Limit for Drinking Water.
4.7.1
Physical parameters of groundwater 


The physical quantities are described below, Table 4.14 which shows the summary of the physicochemical parameters analysed.
4.7.2
Temperature oC
The measured temperature value of between 27oC and 31oC was recorded for the 20 samples collected.
4.7.3   Hydrogen ion concentration (pH)

The pH of the water samples ranges between 4.0 and 7.0 was recorded for the water in the area. The water in the study area can generally be considered as acidic and falls slightly below the minimum permissible WHO (2004) drinking water standards.
4.7.4
Total dissolve solid (TDS)

This is a measure of all dissolved solid materials present in the water whether ionized or not. In general the total concentration of dissolved salts is an indication of the overall suitability of the water for different uses. The dissolved constituents analyzed include the cations (calcium, magnesium, sodium, potassium and Fe Total and the anions (carbonates, bicarbonates, sulphates, chlorides, and nitrates). These anions form the bulk of the dissolved salts and also determine to a very large extent, the quality of the water. The TDS values for the samples collected ranges between 20 and 390mg/l with a mean value of 127.8mg/l. The groundwater in the area is classified based on the TDS values obtained and on the classification by Carroll (1962) as fresh since the TDS in the groundwater is less than 1000 mg/l.
4.7.5
Alkali metals (Sodium and Potassium)
Sodium is released into groundwater by weathering of plagioclase feldspars. However it is likely that many of the wells sampled were more or less polluted by household effluents. The presence of sodium in well water sampled from Govt. College Kagoro, Zakwa, Ungwan Masara, Takau, Tudun Wada, Kafanchan Abatoir, Hadeja Street Kafanchan, Zaria Street Kafanchan, Aduan1, Ungwan Rimi, Abet and Afana respectively may be from houselhold pollution.  The concentration of sodium ranges between 1.27 and 29.5mg/1. All these values fall within the highest desirable level of the WHO (2004) and NIS (2007) drinking water standard (200 mg/l). The suitability for irrigation of the water in the study area can be determined based on the sodium percentage (Na%) Table 4.17. Water samples from Madakiya, Wadon, Ungwan Fari and Kamarum have Na% less than 20 which make the water in these areas excellent for irrigation based on Wilcox (1955) classification of water for irrigation. Water samples from Bayan Federation, Ungwan Masara, Tum Ungwan Galadima and Ungwan Rimi  have Na% ranges between 20 and 40, hence the water in these areas can be considered good for irrigation. Water samples from Govt. College Kagoro, Zakwa, Tudun Wada, Goska, Kafanchan Abatoir, Hadeja Street Kafanchan, Abet and Afana have Na% ranges between 40 and 60 hence the water in these areas is said to be permissible for irrigation. Water samples from Aduan Gida, Maigizo, Ungwan Baki, Zaria Street Kafanchan and Aduan 1 all have Na% between 60 and 80 which make the water doubtful for irrigation in these areas. Water sample from Takau has Na% more than 80 which make the water in this area unsuitable for irrigation. 

Potassium is released to water by weathering of orthoclase and microcline feldspars. The concentration of potassium ranges between 0.76 mg/l and 4.0 mg/l. It is possible, that many of the wells sampled were polluted by residential effluents and by solid debris. The concentration of twenty-one water samples out of the twenty three have concentration values which fall within the highest desirable level by WHO (2004) drinking water standard (1.0 mg/l - 12 mg/l) while the other two water samples from Ungwan Fari and Ung Baki have concentration between 0.77 mg/l and 0.84 mg/l respectively which is below WHO (2004) drinking water standard.  The ions of these metals derive their origin from the decomposition of minerals notably feldspars like orthoclase and microcline in igneous or metamorphic rocks.
4.7.6
Alkaline earth metals (Calcium and Magnesium)

Calcium and magnesium are often associated with volcanic terrains. The weathering of basalts in the study area may be one of the sources of calcium and magnesium. The Calcium cation may also be released to the water in the process of weathering of plagioclase feldspar, amphibole, pyroxene and apatite. Calcium concentration ranges from 0.09 to 17.78 mg/l with an average value of 3.89mg/l these values fall below the highest desirable limit (75mg/l) while that of magnesium ranges from 1.0 to 15.6 mg/l with an average of 10.3mg/l. All the values also fall below the highest desirable limit (50mg/l).

 Magnesium ion is released into water from the weathering and chemical breakdown of plagioclase feldspars, mica and pyroxene.  Both ionic metals (Ca2+and Mg2+) may combine with carbonates, sulphate and silica to form thick scales in boilers and other heat exchanging equipment especially when such water is evaporated from boilers Freez and Cherry (1979). Both metals (Ca2+ / Mg2+) are relevant to water hardness within the study area. This is similar to the findings of Olarewaju et al. (1997), Bala and Onugba (2001), on hardness of water within the Basement Complex in other parts of Nigeria. The total hardness (TH) obtain in Table 4.18 ranges between 0.38meg/l and 6.42meg/l and the water can be classified to be soft based on Hem (1970) classification of hardness in Table 4.18.
4.7.7   FeTotal
The concentration of iron in the groundwater ranged from 0.02mg/l to 0.035mg/l in the study area which make it excellent for drinking and domestic use. The weathering of minerals like pyroxenes, amphiboles, biotite and magnetite from igneous rocks may be the principal source of the iron.
4.7.8   Chloride (CI-)
     
Choride in water in the crystalline aquifers is entirely of meteoritic (atmospheric) origin as it is not released during the process of weathering. Chloride concentration ranges between 2.4 and 49.98 mg/1.These values of chloride may indicate organic pollution of water in the wells.
4.7.9   Sulphate (SO42-)
The sulphate ions have a concentration of zero to 10 mg/1. This range of concentration values fall below the highest desirable value (20mg/l) and the minimum permissible value (400mg/l) for WHO (2004) drinking water standards. These values also fall below the maximum permissible value (100mg/l) for NIS (2007). The source of sulphate is probably from the oxidation of sulphides present in igneous rock and decaying organic matter (through hydrogen sulphide). The presence of sulphate may be an indication of organic matter.
4.8   Bicarbonate (HCO3 -)
A range of bicarbonate ions from 101 to 1010 mg/1 with an average of 354.5mg/l was obtained for the bicarbonate.  The source of the bicarbonate is atmospheric in origin.  Four sample locations namely Unk1, Unk18, Unk19 and Unk20 falls below WHO (2004) desirable drinking water level of (500mg/l), while values for the rest of the locations are considered to fall under variable. The likely source of the ion in groundwater is from the dissolution of carbon dioxide in water from the atmosphere or carbon dioxide in the soil and from the respiration of plant in the root zone.
4.8.1   Nitrate (NO3-)
The nitrate concentration obtained from the water samples ranges between 0.3 to 38.2 mg/1 with an average value of 9.21mg/l. These values fall below the desirable limit (45mg/l) for WHO (2004) drinking water standard, and NIS (2007) the values fall below the maximum permissible value (50mg/l). The sources of these anions in the groundwater are most likely from natural sources e.g. organic process of bacterial decomposition of amino acid to ammonia, nitrites and nitrates. Agricultural chemicals also contribute NO3– to groundwater.

	
	
	
	
	
	
	
	
	
	
	
	

	S/Nr 
	Location
	Coordinates
	pH
	Sampling temp.
	TDS
	
	Concentration (mq/l)

	
	
	Latitude 
	Longitude
	
	
	
	Na+
	K+
	Mg2+
	Ca2+
	FeTotal
	Carbonate 
	Bicarbonate 
	Chloride 
	Sulphate 
	Nitrate

	UNK 1
	Govt. College Kagoro 
	09035’469”N
	008021’795”E
	5
	30
	180
	26.5479
	1.5579
	15.2752
	0.6476
	0.02
	64.7
	525.2

	34.9
	5
	0.59

	UNK 3
	Tum
	09042’174”N
	008022’437”E
	5.2
	30
	130
	13.7006
	1.7409
	15.5542
	0.1214
	0.02
	48.5
	343.4
	3.49
	5.2
	0.62

	UNK 4
	Madakiya
	09039’738”N
	008019’209”E
	4.6
	29
	150
	12.9511
	1.2213
	15.607
	0.4587
	0.02
	97.2
	404
	3.49
	6
	0.03

	UNK 5
	Adaun Gida
	09042’782”N
	008019’372”E
	5.5
	29
	80
	19.6605
	3.23
	3.7015
	2.55
	0.02
	64.7
	171.7
	2.99
	5.4
	0.05

	UNK 6
	Wadon 
	09044’757”N
	008019’223”E
	5.5
	30
	180
	7.2931
	4.5662
	11.6325
	17.6614
	0.02
	113.3
	414
	3.49
	5
	0.05

	UNK 7
	Zakwa 
	09037’317”N
	008019’260”E
	5
	28
	220
	26.7755
	4.9794
	14.2661
	2.3342
	0.025
	72.8
	535.3
	5.99
	5.8
	0.09

	UNK 8
	Bayan Federation
	09036’039”N
	008018’749”E
	5.5
	29.5
	80
	8.7518
	1.3693
	13.8437
	0.0135
	0.02
	40.5
	161.6
	3.49
	5.5
	0.12

	UNK 9
	Ungwan Galadima 
	09035’760”N
	008018’983”E
	5.12


	31
	100
	12.5408
	1.1675
	15.3506
	0.1889
	0.02
	44.5
	202
	7.49
	5
	0.08

	UNK 10
	Maigizo 
	09035’397”N
	008019’632”E
	4.9
	30
	30
	8.6062
	1.1969
	1.5672
	0.6341
	0.025
	40.4
	353.5
	4.49
	6.2
	0

	UNK 11
	Ungwan Masara 
	09034’281”N
	008013’750”E
	5.7
	27
	80
	18.6014
	2.2128
	4.5568
	0.0944
	0.02
	64.7
	101
	4.49
	5
	0.22

	UNK 12
	Takau 
	09034’142”N
	008017’760”E
	5.7
	28
	70
	15.5819
	1.2421
	7.7605
	0.0944
	0.02
	32.4
	222.1
	49.98
	5.7
	0.02

	UNK 13
	Ungwan Baki 
	09033’642”N
	008017’537”E
	6.0
	29
	20
	4.8992
	0.7665
	1
	0.5397
	0.025
	60.7
	212
	3.99
	5
	0.1

	UNK 14
	Unggwan Fari 
	09031’031”N
	008017’743E
	6.1
	29.3
	40
	1.2651
	0.835
	4.9912
	1.2953
	0.03
	89.1
	161.6
	4.49
	5
	0

	UNK 15
	Tudun Wada 
	09033’032”N
	008018’355”E
	5.2
	28
	60
	15.0338
	1.4145
	10.8361
	0.1079
	0.02
	40.5
	282.8
	6.49
	5
	0.28

	UNK 16
	Goska 
	09030’315”N
	008019’126”E
	5.4
	28
	30
	6.9943
	1.3191
	3.9791
	0.1214
	0.03
	56.6
	101
	6.49
	0
	0.32

	UNK 17
	Abattoir Kafanchan 
	09034’590”N
	008017’041”E
	5.8
	28.5
	140
	25.5182
	1.9597
	15.4034
	1.673
	0.02
	68.8
	232.3
	11.99
	5.4
	0.08

	UNK 18
	Hadeja Str. Kaf.
	09035’058”N
	008017’846”E
	5.6
	29
	200
	29.524
	3.9501
	14.53
	4.7223
	0.025
	40.5
	1010
	2.49
	5.5
	0.09

	UNK 19
	Zaria Str. Kaf. 
	09035’155”N
	008017’678”E
	4.8
	31
	360
	24.0131
	3.5087
	11.0433
	17.7694
	0.02
	109
	626.2
	37.98
	5
	0

	UNK 20 
	Aduan I 
	09035’657”N
	008018’068”E
	7.0
	30
	390
	24.1231
	2.0013
	12.8588
	7.0565
	0.02
	121
	505
	37.98
	5
	2.9

	UNK 21
	Ungwan Rimi 
	09035’048”N
	008010’540”E
	5.2
	31
	250
	27.5018
	3.2887
	12.5224
	17.7828
	0.03
	117
	414
	14.99
	10
	0.13

	UNK 22
	Kamurum 
	09038’662”N
	008013’563”E
	4.2
	31
	120
	4.4548
	1.9549
	14.0187
	13.2225
	0.035
	113
	131.3
	3.99
	5
	0

	UNK 23
	Abet 
	09041’650”N
	008020’005”E
	4.3
	30.5
	70
	20.2117
	1.9072
	8.7304
	0.1079
	0.031
	405
	232.3
	3.49
	6
	0

	UNK 24
	Afana 
	09033’039”N
	008012’201”E
	4.5
	29
	130
	22.6133
	1.3277
	7.8058
	0.4587
	0.02
	52.6
	484.8
	7.99
	5
	0.1


     Table 4.15 Physico-chemical groundwater analysis in the study area 
	           
	                    
	                           
	
	
	
	
	

	Sample number 
	Location
	Latitude 
	Longitude
	pH
	Sampling temp.
	TDS
	Concentration (meq/l)
	

	
	
	
	
	
	
	
	Na+
	K+
	Mg2+
	Ca2+
	Carbonate 
	Bicarbonate 
	Chloride 
	Sulphate 
	Nitrate
	

	UNK 1
	Govt. College Kagoro 
	09035’469”N
	008021’795”E
	5
	             29
	0
	1.15
	0.03
	1.25
	0.03
	2.15
	8.6
	0.98
	0.15
	0.59
	

	UNK 3
	Tum
	09042’174”N
	008022’437”E
	5.2
	30
	130
	0.61
	0.04
	1.27
	0
	1.61
	5.62
	0.06
	0.16
	0.62
	

	UNK 4
	Madakiya
	09039’738”N
	008019’209”E
	4.6
	29
	150
	0.05
	0.03
	1.28
	0.02
	3.23
	6.78
	0.06
	0.18
	0.03
	

	UNK 5
	Adaun Gida
	09042’782”N
	008019’372”E
	3.5
	29
	80
	0.85
	0.08
	0.3
	0.12
	2.15
	
2.81
	0.08
	0.17
	0.05
	

	UNK 6
	Wadon 
	09044’757”N
	008019’223”E
	5.5
	30
	180
	0.31
	0.11
	0.95
	0.88
	3.77
	8.77
	0.09
	0.15
	0.05
	

	UNK 7
	Zakwa 
	09037’317”N
	008019’260”E
	5
	28
	220
	1.16
	0.12
	1.17
	0.11
	2.42
	8.77
	0.16
	0.08
	0.09
	

	UNK 8
	Bayan Federation
	09036’039”N
	008018’749”E
	4.5
	29.5
	80
	0.38
	0.03
	1.13
	0
	1.34
	2.64
	0.09
	0.17
	0.12
	

	UNK 9
	Ungwan Galadima 
	09035’760”N
	008018’983”E
	3
	31
	100
	0.54
	0.02
	1.26
	0
	1.48
	3.31
	0.21
	0.15
	0.08
	

	UNK 10
	Maigizo 
	09035’397”N
	008019’632”E
	1.9
	30
	30
	0.37
	0.03
	0.12
	0.03
	1.34
	5.79
	0.12
	0.19
	0
	

	UNK 11
	Ungwan Masara 
	09034’281”N
	008013’750”E
	3.7
	27
	80
	0.08
	0.05
	0.37
	0
	2.15
	1.65
	0.12
	0.15
	0.22
	

	UNK 12
	Takau 
	09034’142”N
	008017’760”E
	2.7
	28
	70
	0.67
	0.03
	0.63
	0
	1.07
	3.64
	1.4
	0.18
	0.02
	

	UNK 13
	Ungwan Baki 
	09033’642”N
	008017’537”E
	2
	29
	20
	0.21
	0.01
	0.08
	0.02
	2.02
	3.47
	0.11
	0.15
	0.1
	

	UNK 14
	Ungwan Fari 
	09031’031”N
	008017’743E
	3.7
	29.3
	40
	0.05
	0.02
	0.41
	0.06
	2.96
	2.64
	0.12
	0.15
	0
	

	UNK 15
	Tudun Wada 
	09033’032”N
	008018’355”E
	1.12
	28
	60
	0.65
	0.03
	0.89
	0
	1.34
	4.63
	0.18
	0.15
	0.28
	

	UNK 16
	Goska 
	09030’315”N
	008019’126”E
	3.1
	28
	30
	0.3
	0.03
	0.32
	0
	1.8
	1.65
	0.18
	0
	0.32
	

	UNK 17
	Abattoir Kafanchan 
	09034’590”N
	008017’041”E
	3.2
	28.5
	140
	1.11
	0.05
	1.26
	0.08
	2.29
	3.8
	0.33
	0.17
	0.08
	

	UNK 18
	Hadeja Str. Kaf.
	09035’058”N
	008017’846”E
	3
	29
	200
	1.28
	0.08
	1.19
	0.23
	1.34
	0.16
	0.07
	0.17
	0.09
	

	UNK 19
	Zaria Str. Kaf. 
	09035’155”N
	008017’678”E
	3.5
	31
	360
	1.04
	0.08
	0.09
	0.35
	3.63
	10.26
	1.07
	0.15
	0
	

	UNK 20 
	Aduan I 
	09035’657”N
	008018’068”E
	9.5
	30
	390
	1.04
	0.05
	1.05
	0.35
	4.03
	8.27
	1.07
	0.15
	2.9
	

	UNK 21
	Ungwan Rimi 
	09035’048”N
	008010’540”E
	3.2
	31
	250
	1.19
	0.08
	1.03
	0.88
	3.89
	6.62
	0.42
	0.31
	0.13
	

	UNK 22
	Kamurum 
	09038’662”N
	008013’563”E
	4.2
	31
	120
	0.19
	0.04
	1.15
	0.65
	3.76
	2.15
	0.11
	0.15
	0
	

	UNK 23
	Abet 
	09041’650”N
	008020’005”E
	4.3
	30.5
	70
	0.87
	0.04
	0.71
	0
	13.49
	3.8
	0.09
	0.18
	0
	

	UNK 24
	Afana 
	09033’039”N
	008012’201”E
	4.5
	29
	130
	0.98
	0.03
	0.64
	0.02
	1.75
	0.13
	0.22
	0.15
	0.1
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 4.16: WHO (2004) drinking water standards

	Parameter
	Unit of measurement
	WHO standard (2004)
	Result from area of study                 (Mg/l)

	
	
	Highest Desirable Level
	Minimum Permissible
	Range
	Mean

	pH
	
	7-8.5
	Min 6.5 Max9.2
	4.6-9.5
	6.12

	Ka+
	Mg/l
	1.0-12
	>12
	1.27-29.5
	13.05

	Na+
	
	200
	>200
	0.77-4.98
	1.85<

	Mg2+)
	
	50
	150
	1.0-15.6
	10.3

	\Ca2+)
	
	75
	200
	0.09-17.78
	3.89

	H CO3-)
	
	Variable
	500
	101-1010
	354.5

	Cl-
	
	200
	600
	2.4-49.98
	9.2

	SO42-
	
	20
	400
	0-10
	5.07

	NO3-
	
	45
	50
	0.3-382
	9.21

	Fe2-
	
	0.1
	1
	0.02-0.035
	0.15

	TDS
	Mg/l Ca CO3-
	1000
	
	20-390
	127.8


4.8.2
Groundwater classification

Groundwater classification in the area of study was carried out in order to identify the water types present. This classification is on the basis of the TDS and the dominant ions in the water samples. The TDS values are within the range of 30 to 320 which are low. These low TDS status permits the classification of groundwater in the study area as fresh since it has values less than 1000mg/l. Chilton and Smith (1984) shows that low mineralization (TDS) is due to high leaching of soluble minerals from the weathered zone or because the groundwater was likely derived from recent recharge. The Piper trilinear diagram (1944) proceedure was used to plot the concentration of the major cations and anions Fig 21. Based on these plots two (2) water types emerged, these are Na + K- HCO3  and Ca+Mg, Na+K- HCO3 
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Fig. 22 Water type classification   using the Piper trilinear diagram :  1= Govt. College Kagoro, 3= Tum, 4= Madakiya,5= Adaun Gida,6= Wadon,7= Zakwa,8= Bayan Federation,9= Ungwan Galadima,10= Maigizo,11=Ungwan Masara ,12= Takau,13= Ungwan Baki,14= Ungwan Fari,15= Tudun Wada,16= Goska,17= Abattoir Kafanchan,18= Hadeja Str. Kaf.,19= Zaria Str. Kaf.,20= Aduan I,21= Ungwan Rimi,22= Kamurum,23= Abet,24= Afana
The mineral weathering/dissolution was the main process responsible for the hydrochemical evolution of the groundwater system in the study area. This area could be considered a reacharge zone where precipitation replenishes the groundwater resulting in the leaching of minerals during which the Na+ and K+ replaced Mg2+ or Ca2+, through cation exchange process Alagbe  (2002). This leads to the Na+K-HCO3 and Ca+Mg, Na+K-HCO3 water types in the study area.  The dominance of HCO3 over Ca and Mg could also suggest the weathering of silicate minerals in the granites and migmatite - gneiss rocks.

There are more HCO3 ions hence the excess HCO3 get involved in the exchange reactions with Na available in the system Oke and Tijani (2012).

4.8.3   Suitability of water for various uses

Water is used for different purposes which include household use, irrigation, and industrial usage. There is the need to assess suitability of water for these various uses. Indices like sodium adsorption ration, Residual sodium carbonate, permeability Index, percentage sodium were determined. Values obtained were compared with set standards and the suitability of water determined.
Table 4.17: Concentrations of indices for various water usage in the area of study


	S/No
	LOCATION
	 SAR
	TH        

 (mg/l  Ca CO3 )
	Percentage

Sodium

(Na+ %)
	Residual Sodium Carbonate

(RSC)

	1
	Govt. College Kagoro 
	1.44
	5.21
	48
	9.47

	2
	Tum
	0.76
	5.21
	34
	5.96

	3
	Madakiya
	0.06
	5.30
	06
	8.76

	4
	Adaun Gida
	1.85
	1.26
	69
	4.5

	5
	Wadon 
	0.32
	6.1
	19
	13.7

	6
	Zakwa 
	1.45
	5.08
	50
	9.91

	7
	Bayan Federation
	0.43
	4.63
	27
	2.85

	8
	Ungwan Galadima 
	0.68
	5.17
	30
	3.53

	9
	Maigizo 
	1.37
	0.57
	73
	6.98

	10
	Ungwan Masara 
	0.19
	1.52
	22
	3.43

	11
	Takau 
	1.20
	2.60
	93
	4.05

	12
	Ungwan Baki 
	0.95
	0.38
	69
	5.40

	13
	Ungwan Fari 
	0.10
	1.85
	13
	5.17

	14
	Tudun Wada 
	0.97
	3.65
	43
	5.05

	15
	Goska 
	0.75
	1.31
	51
	3.10

	16
	Abattoir Kaf.
	1.37
	5.37
	50
	4.78

	17
	Hadeja Str. Kaf.
	1.52
	5.48
	49
	0.23

	18
	Zaria Str. Kaf. 
	2.21
	1.28
	71
	13.72

	19
	Aduan I 
	1.24
	5.19
	72
	12.20

	20
	Ungwan Rimi 
	1.21
	6.42
	38
	9.40

	21
	Kamurum 
	0.20
	6.31
	11
	5.16

	22
	Abet 

	1.45
	2.91
	56
	16.62

	23
	Afana

	1.79
	2.67
	60
	1.22


          SAR=Sodium Absorbtion Ratio, TH=Total Hardness
4.8.4
Sodium adsorption ratio (SAR)

This is the rate at which sodium is being adsorbed from water by the soil. This depends on the concentration as well as the composition of soluble salts in water by the soil. This could have a negative effect on some physical characteristics or properties of the soil, like infiltration rate and permeability. The sodium adsorption ratio was calculated from the relationship given by Richards (1954
).

    Na+
SAR
=
Ca2+ + Mg2+
                               2   
    

                                Cation concentrations are in meq/l

According to Mandel and Shiftan (1981) groundwater with sodium ratio  within the range of between 0 and 10 is suitable for irrigation purpose. The SAR for the water samples in the study area ranges between 0.06 and 2.21, Table 4.17. This means that the water in the study can be used for irrigation. According to Schoeneich (2000), SAR values from 0 to 1.25 are considered safe, from 1.25 t0 2.50 marginal and above 2.50 unsuitable. Water with SAR greater than 1.25 should not be applied for irrigation, except perhaps on very sandy, highly permeable soils, or in or in conjunction with chemical soil amendments, such as gypsium. About 64.3% SAR values in the study area can be considered safe for irrigation while 35.7% are considered as marginal for irrigation. So people living in the area of study can know where irrigation can be practice most for commercial use.
4.8.5
Total hardness

This is the total of the alkali earth metals present in the sample water. Hem (1970).  It is calculated using the relation TH = 2.5 Ca + 4.1 Mg with all ionic concentrations expressed in mq/1. The total hardness for the analyzed samples ranges between 0.38 and 6.42 (Table 4.18). Based on the classification of total harness by Hem (1970) (Table 4.18) the water in the area can be classified as soft water. The groundwater in the study area is good for laundry and industrial purposes.
Table 4.18:  Classification of hardness of minerals after Hem (1970)

	Hardness Ca2+ Mg2+ Carbonate (mg/l Ca CO3)
	Water Classification

	0 – 60
	Soft water

	61 – 120
	Moderately hard

	121 – 180
	Hard

	>180
	Very hard


4.8.6   Percentage sodium Na%

The Sodium content in a sample of groundwater is estimated as a percentage of all the alkali and alkali earth metal cations present in the sample. This is expressed as;


Na% =      
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Cation concentrations are given in meq/1.

This index was used to study the sodium hazard and to assess the quality of water for irrigation purpose. Higher percentage of Na+ in groundwater can lead to stunted growth in plants at the same time it will reduce soil permeability.

The percentage of sodium in the water from the area of study ranges between 6.0% and 93% Na (Table 4.17). The high values recorded may be due to the process of ion exchange taking place between the alkali metal ion (Na+) and the alkali earth metals ion (Ca2+ and Mg2+) present in the water samples and clay (finer grains) in the soil respectively. Todd (1980) showed that ion exchange process leads to changes in the physical properties of the soil leading to deflocculation, which causes reduction in the soil permeability and drainability. For the 23 samples of water analysed for sodium percentage, four samples are in the excellent class, six are within the good class range, eight water samples fall into the permissible class, five are in the doubtful class, one sample falls within the unsuitable class range Table 4.19, Wilcox (1955) gives this class ranges.
Table 4.19: Suitability of groundwater for Irrigation based on percentage sodium after Wilcox (1955)



% Na water 



<20

Excellent




20 – 40
Good




40 – 60
Permissible




60 – 80
Doubtful




>80

Unstable
Considering the concentrations of indices for various water uses obtained in the area of study (Table 4.17), four locations (Wadon, Kamurum, Madakiya and Ungwar Fari) constituting 17% of the samples analysed have Na+ less than 20 % which is excellent for irrigation, five locations (Ungwar Rimi, Tum, Bayan Federation, Ungwar Masara and Ungwar Galadima) constituting 21% of Na+ are within the range of 20 to 40 which is permissible for irrigation. Eight locations (Afana, Abet, Hadeja Street, Kafanchan Abatoir, Goska, Tudun Wada, Zakwa and Govt. College)  constituting 34% falls within the range of 40 to 60 which is permissible for irrigation. Five locations (Aduan Gida, Maigizo, Ungwar Baki, Zaria Street Kafanchan and Aduan 1 constituting 21% of the total water samples falls within the range of 60 to 80  and this range is considered  doubtful for irrigation and finally one location (Takau) constituting 4% which falls within the range of >80 and is considered  unstable .
4.8.7   Residual calcium carbonate (RSC)
This is the excess sum of carbonate and bicarbonate in the groundwater over the sum of the calcium and magnesium cations and determined from the formula.


RSC = (HCO3 + CO32) – (Ca2+ + Mg2+)
All the ionic concentrations are expressed in meq/1.
The range of RSC for the area is between 0.23 and 16.62, (Table 4.20). Water with high RSC value rise to soil that is infertile which will contain high carbonate and bicarbonate deposit. However, water with RSC value less than 2.5meq/l is safe for irrigation. Based on the RSC values in the area of study, two samples are considered good and these constitute only 8 % of the total water samples.

Table 4.20: Groundwater quality classification based on RSC Ragunath (1987)


RSC

Remark



<1.25

Good



1.25 – 25
Doubtful



<2.5

Unsuitable
4.8.8   Discussion on the usability of water
The range of both TDS (20 to 380) and Total Hardness (0.38 to 6.4) are all within the accepted limit of WHO (2004) and NIS (2007) presented in Tables 4.16 and 4.21 respectively. The recorded values for these two indices shows the water from the area of study is fresh and soft which is good for drinking and other domestic uses.
Table  4.21 :  NIS (2007) Nigerian drinking water standard

	S/No
	Parameter
	 Maximum Permitted level

	1
	PH
	6.5-8.5

	2
	Conductivity
	1000

	3
	TDS
	500

	4
	Hardness (CaCO3)
	150

	5
	Chloride (Cl-)
	250

	6
	Sulphate (SO4-2)
	100

	7
	Nitrate(NO3-)
	50

	8
	Sodium (Na+ )
	200

	9
	Magnesium (Mg2+)
	0.20

	10
	Iron (Fe2+)
	0.3


Values obtained from sodium absorption ratio falls within the range of 0.06 and 2.21which indicates zero hazard effect on crops. However the RSC values obtained for the groundwater in the area shows that water samples from two locations (Hadeja Street Kafanchan and Afana) out of the twenty - three analyzed have values of less than 2.5 which fall within the permissible limit. While the remaining twenty-one (21) sample location has values that fall within the doubtful limit (Table 4.21). The TDS which also refer to the salinity hazards has  values for all the twenty-three (23) water samples less than 1000  which is within the highest desirable level WHO (2004), hence can be safely used for irrigation and all types of soil and livestock farming.
Assessment and evaluation of the hydrochemical data from the study area have thrown light on the hydrochemistry and quality of groundwater system from the weathered basement aquifers of Kafanchan and environs. The physical and chemical parameters of all sampled water fell within the WHO (2004) guideline values for drinking water and revealed that the groundwater is suitable for drinking. The TDS values are between 27 and 305 which is low. Chilton and Smith-Carington (1984) shows that low mineralization (TDS) is due to high leaching of soluble materials from the weathered zone or because the groundwater was likely derived from recent recharge.
The principal source of the dissolved chemical species in the groundwater system of the study area is from mineral weathering/dissolution process facilitated by the action of infiltrating rain water rich in atmospheric and/or biogenic CO2. This mineral weathering/dissolution was the main process responsible for the hydrochemical evolution of the groundwater system in the study area. The water types in the study area are Na+k-HCO3   and Ca + Mg, Na+k-HCO3 representing geogenetic characters of shallow groundwater system in the study area which may be as a result of weathering and or dissolution of atmospheric minerals.
CHAPTER FIVE

5.
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS.
5.1 
Summary
The area is underlain by rocks of the Precambrian Basement Complex of northern Nigeria. The rocks comprise of migmatites-gneiss, granite which was intruded into the basement gneiss during the Pan African and the Newer Basalts which were emplaced during the Quartenary. The medium-coarse grained granites occupy about 40% of the study area and are mostly occurring in the Farman range of hills. The second most abundant rock is the Newer Basalts which occupy the lower plain of Kafanchan comprising about 35% of the rocks in the study area. The third next abundant rock type in the study area is the migmatite- gneiss occupying about 25% of the study area. All rock types play an important role in groundwater accumulation if weathered and fractured.
         The minimum and maximum fractures in the study area are 8m and 35m respectively, implying that the groundwater occurrence in the fractured basement is shallow. Hence light-weight drilling rigs can be used for borehole construction with minimum cost. 

A total of twenty-six (27) VES locations were analyzed in this work. The raw data obtained from sounding were imputed into the computer to generate different curve types depending on the values of resistivity obtained. Basically four types of curves were generated using the matching curve techniques namely the H-type, Q-type, A-type, and K-type of curves, Table 4.2. The behaviors of the various curves show how the resistivity of the subsurface formation varies with depth. The interpretations of the sounding curves suggest that the subsurface layers are basically four (Table 4.1). The resistivity of the first layer varies from 18.5 to 144 (Ωm), grouped as the top laterite soil. The second layer is the weathered basement with resistivity generally varying from 24.72 to 954.6 (Ωm), it consists of sandy clay, clayey sand, with intercalation of silty/clays and laterite in some places. The third layer has a resistivity values ranging from 14 to 850 (Ωm) corresponds to weathered regolith transition zone called saprolite. The fourth layer is the fresh bedrocks .This layer has relatively high resistivity values ranging between 27 and 722.1 (Ωm). A correlation of the surface measured geoelectrical data with drilling results for two drilling sites at Ungwar Rana and Albarka Camp is in agreement.
Areas with low resistance indicate water potential zones which corresponded with highly weathered areas which are good aquifers and hence have been screened. Ungwar Rana has a discharge of 73.44m3 l/d while Albarka Camp has a discharge of 49.68l/d.
Depths of hand-dug wells were measured. The deepest hand-dug well is 15m while the shallowest is 5m with a mean of 8m.

Water levels in hand-dug wells at the peak of wet season (August) range from 0.3m  to 9m , while the water level at the peak of  dry season (April) range from 4m to 18.8m. The seasonal variation of groundwater level in hand-dug wells for both peaks of dry and wet seasons shows a water fluctuation of an average of 4.1m with recharge through precipitation. 

Based on the aquifer properties calculated; Transmissivity values recorded for the area ranges between 1.185 and 9.829 m3/day/m with an average of 3.461 m3/day/m. Hydraulic conductivity ranges from 0.019 to 19.886 m/day with an average of 1.550 m/day. Specific capacity ranges between 2.340 and 19.553 m3/day/m. 
The aquifer properties suggest that boreholes in the area under study on the average have high groundwater potentials capable of sustaining withdrawals for regional importance with the exception of fewer situations where supply can only be local and limited.
 Water analysis has shown that the water in the study area is more of alkaline and alkaline-earth water.  The groundwater Classification of water using Piper trilinear diagram revealed predominantly Na  +   K - HCO3 and Ca+ Mg , Na +  K - HCO3/.
5.2
Conclusions
The Geology of the study area is made up of four rock units, granite, migmatites, gneisses and basalts. These host rocks as a result of weathering and fracturing activities gave rise to the enabling environment for groundwater accumulation.
The VES method for groundwater exploration was used by employing the Schlumberger Array. The interpretation of the sounding curves suggests that the subsurface layers are basically four (Table 4.1).The top laterite soil, the weathered basement, the weathered regolith transition zone and the fresh bedrock. A correlation of the surface measured geoelectrical data with borehole logs for two drilling, sites at Ungwar Rana and Albarka Camp shows that the main aquifers in the study area is the weathered regolith and the fractured basement rock with low resistance indicate water potential zones which corresponded with highly weathered and fractured areas. Ungwan Rana has a discharge of 73.44m3 l/d while Albarka Camp has a discharge of 49.23m3l/d.
Groundwater contour maps and flow directions for the peak of dry season was produced. The groundwater in the mapped area generally flows to the southeastern part.
From the aquifer properties one can conclusively say that the aquifers within the area of study have high groundwater potentials. Hence supply from boreholes can be of regional extent and can sustain community, individual or for commercial use.
The hydrochemical parameters of all samples water fell within the permisable values for drinking water and revealed that the groundwater is good for drinking and domestic uses. 
The principal source of the dissolved chemical species in the groundwater system of the study area was from mineral weathering/dissolution process facilitated by the action of infiltrating rain water rich in atmospheric and/or biogenic CO2. This mineral weathering/dissolution was the main process responsible for the hydrochemical evolution of the groundwater system in the study area. The principal hydrochemical facies in the study area is Na+k-HCO3 representing geogenetic characters of this shallow groundwater system in the study area which was the result of weathering/dissolution of atmospheric minerals.
5.3     Recommendations

Critical research should be conducted on the geo-technical problems associated with borehole construction in the basaltic terrains, especially the skills required to  remedy the difficulties encountered in the penetration of the first basement (basalt) because of the boulders and the second aquifer (basement rocks) due to the thick overburden developed from the weathering of the crystalline rocks in Kafanchan and environs.
Proper planning of dump site locations to remedy instances of groundwater pollution; this can be aided by the information derived from the groundwater configuration and flow directions map.
Periodic monitoring of the water quality should be done to monitor possible groundwater pollution as a result of improper handling of domestic and industrial waste/ refuse since the groundwater flow directions in the study area are known.
Geochemical analysis of rocks especially the basalts should be conducted to ascertain the mineral constituents realeased into the soil as a result of chemical weathering which made the basaltic terrain in the mapped area suitable for the cultivation of crops such as sugar cane, tomatoes, okro, sweet potato and soya beans.
5.4      Contributions to knowledge.

The geologic map of the study area has been updated and also hydrogeological maps of the study area have been produced. The SAR ranges between 0.06 and 2.21 in the study area which makes the water excellent for irrigation. These SAR values probably account for the irrigable Fadama lands in Tum ,Madakiya, Matsizga and Zauru where food and cash crops are cultivated.
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	                                          APPENDIX 1    Total monthly rainfall ( mm) in  Kafanchan 1995-2005


	DEC
	
	

	YEAR
	JAN
	FEB
	MAR
	APRIL
	MAY
	JUNE
	JULY
	AUG
	SEPT
	OCT
	NOV
	
	TOTAL
	

	1995
	0
	0
	15.1
	72.6
	247.8
	163.1
	242.6
	289.4
	405
	163.4
	0
	0
	1599
	

	1996
	21
	5.2
	-
	39.5
	284.2
	198.6
	312.5
	225.1
	221.8
	228
	0
	0
	1535.9
	

	1997
	1.5
	0
	7.3
	195.4
	162.1
	288.4
	439.3
	336.6
	432.4
	431.2
	85.2
	0
	2379.4
	

	1998
	0
	0
	4
	57.2
	396.6
	278.6
	595.2
	347.2
	432.2
	160.26
	0
	0
	2271.26
	

	1999
	3.6
	24.6
	74.4
	99.2
	353.4
	287.8
	397.6
	624.2
	557.8
	171
	0
	0
	2593.6
	

	2000
	0
	0
	26.2
	110.2
	265.6
	276.8
	177.3
	403.7
	442.7
	130.1
	0
	0
	1832.6
	

	2001
	0
	0
	0
	115.5
	160
	378.2
	304.8
	366.1
	364.8
	21.8
	0
	0
	1711.2
	

	2002
	0
	0
	24.8
	88.3
	98.4
	341.8
	412.8
	342.7
	256.9
	151.1
	3.2
	0
	1720
	

	2003
	0
	0
	2.7
	170.2
	83.2
	276.8
	219.5
	377.4
	378.6
	206.6
	20
	0
	1735
	

	2004
	0
	0
	5
	121.1
	255.7
	223.4
	352
	427.8
	144.6
	10.1
	0
	
	1539.7
	

	2005
	24.6
	29.8
	13.2
	67.4
	123.8
	240.6
	328.2
	311
	326.6
	129.8
	0
	0
	1595
	

	SUM
	50.7
	59.6
	172.7
	1136.6
	2430.8
	2954.1
	3781.8
	4051.2
	3963.4
	1803.36
	108.4
	0
	20512.66
	

	MEAN
	11.825
	14.03333
	33.50909
	158.8556
	337.6111
	410.2917
	525.25
	562.6667
	550.4722
	272.24
	26.56667
	0
	2848.981
	


Source: Kaduna State Water Board (1995-2005)
	Appendix 2: Mean monthly air temperature (Tmax and T min) in centigrades from 1995-2005



	      YEAR
	
	JAN
	FEB
	MAR
	APRIL
	MAY
	JUNE
	JULY
	AUG
	SEPT
	OCT
	NOV
	DEC

	1995
	T(max)
	38
	38
	38
	30
	IN BAD CONDITION
	
	
	
	
	
	

	
	T(min)
	13
	13
	20
	20
	
	
	
	
	
	
	
	

	1996
	T(max)
	IN BAD CONDITION
	
	34
	30
	39
	28
	30
	33
	33
	
	

	
	T(min)
	
	
	
	17
	17
	16
	17
	17
	15
	11
	13
	

	1997
	T(max)
	36
	36
	38
	35
	31
	30
	30
	30
	30
	13
	34
	36

	
	T(min)
	13
	12
	16
	18
	18
	18
	17
	18
	17
	18
	12
	12

	1998
	T(max)
	36
	39
	38
	39
	33
	30
	30
	29
	30
	32
	35
	36

	
	T(min)
	11
	18
	20
	20
	20
	19
	19
	18
	17
	17
	14
	13

	1999
	T(max)
	37
	37
	37
	37
	35
	31
	29
	29
	30
	32
	34
	35

	
	T(min)
	12
	17
	18
	18
	19
	19
	18
	17
	18
	17
	14
	10

	2000
	T(max)
	36
	36
	36
	36
	33
	30
	30
	28
	30
	32
	35
	35

	
	T(min)
	12
	15
	13
	19
	18
	17
	18
	17
	18
	17
	13
	12

	2001
	T(max)
	35
	36
	38
	35
	33
	31
	30
	29
	30
	33
	35
	36

	
	T(min)
	14
	16
	18
	20
	19
	18
	19
	18
	18
	12
	11
	13

	2002
	T(max)
	34
	36
	37
	38
	34
	31
	30
	29
	29
	32
	33
	35

	
	T(min)
	12
	14
	18
	18
	20
	18
	19
	18
	18
	17
	13
	13

	2003
	T(max)
	35
	36
	37
	37
	35
	30
	29
	29
	31
	32
	34
	34

	
	T(min)
	11
	16
	19
	19
	20
	20
	19
	19
	18
	18
	15
	10

	2004
	T(max)
	35
	37
	39
	38
	34
	31
	30
	30
	30
	33
	35
	36

	
	T(min)
	12
	15
	17
	20
	18
	18
	18
	17
	18
	17
	16
	13

	2005
	T(max)
	37
	38
	39
	39
	32
	
	30
	30
	30
	33
	34
	36

	
	T(min)
	11
	15
	20
	20
	20
	18
	35
	18
	18
	17
	15
	14


Appendix 3  Mean relative humidity for period of  11 years (1995-2005)
	    YEAR
	
	JAN
	FEB
	MAR
	APRIL
	MAY
	JUNE
	JULY
	AUG
	SEPT
	OCT
	NOV
	DEC

	1995
	T(max)
	76
	70
	55
	84
	IN BAD ONDITON
	
	
	
	
	
	

	
	T(min)
	33
	30
	44
	55
	
	
	
	
	
	
	
	

	1996
	T(max)
	IN BAD CONTON
	
	
	100
	100
	100
	100
	100
	84
	54
	63

	
	T(min)
	
	
	
	
	57
	69
	76
	75
	68
	35
	25
	45

	1997
	T(max)
	65
	73
	85
	84
	85
	92
	100
	100
	91
	92
	84
	55

	
	T(min)
	23
	11
	18
	15
	76
	75
	76
	76
	69
	26
	40
	18

	1998
	T(max)
	54
	69
	77
	84
	91
	91
	91
	91
	100
	84
	57
	45

	
	T(min)
	16
	26
	13
	16
	64
	69
	76
	75
	64
	55
	24
	66

	1999
	T(max)
	54
	69
	77
	84
	91
	91
	91
	91
	100
	84
	57
	45

	
	T(min)
	21
	12
	21
	28
	63
	63
	68
	75
	63
	45
	26
	23

	2000
	T(max)
	51
	55
	50
	84
	41
	100
	100
	91
	91
	90
	44
	36

	
	T(min)
	25
	28
	26
	63
	45
	75
	68
	75
	75
	32
	10
	8

	2001
	T(max)
	39
	36
	57
	84
	84
	91
	91
	91
	91
	70
	52
	40

	
	T(min)
	15
	14
	28
	45
	68
	63
	68
	75
	68
	39
	16
	14

	2002
	T(max)
	55
	51
	84
	92
	84
	91
	100
	100
	91
	91
	70
	57

	
	T(min)
	11
	13
	16
	47
	52
	56
	68
	75
	68
	63
	26
	23

	2003
	T(max)
	44
	50
	55
	84
	91
	100
	100
	100
	90
	84
	51
	38

	
	T(min)
	11
	15
	26
	28
	47
	56
	68
	75
	75
	68
	23
	15

	2004
	T(max)
	54
	55
	75
	84
	92
	100
	91
	100
	91
	90
	75
	63

	
	T(min)
	13
	14
	16
	28
	47
	56
	68
	75
	75
	68
	23
	15

	2005
	T(max)
	58
	63
	70
	85
	84
	92
	91
	100
	91
	83
	62
	45

	
	T(min)
	18
	17
	23
	26
	64
	76
	75
	55
	63
	45
	26
	16


Source: Kaduna State Water Board

Appendix 4  Geophysical results / VES curve interpretations  of some

                       locations in the study area.             
4.1.1   Zaria Street, Kafanchan (VESI)
(FIELD DATA)
AB/2


App. Res.

AB/2


App. Res.

1.  00


45.30


  20.00


  35.90

1.  50


40.20


  25.00


  39.10

2.  00


39.00


  30.00


  44.90

3.  00


33.60


  30.00


  52.40

5.  00


38.80


  40.00


  61.10

7.  00


42.20


  50.00


  71.40

7.  00


44.90


  60.00


  87.70

10.00


41.00


  70.00


101.20

15.00


34.40


  80.00


112.90







100.00


141.10

 VESI (Interpretation)

DEPTH

RESIS.


DEPTH

RESIS

0. 49


66.82


        4.96

  63.93

0.71


49.26


        4.86

  36.35

1.05


34.23


      10.47

  24.86

1.54


30.96


      15.37

  32.16

2.26


47.61


      22.56

  64.63

3.31


72.02


      33.11

159.41







99999.00

432.76

4.1.2  Zaria Street, Kafanchan (VESI interpretation)

4.2.1  Jemma Local Government Secretariat (VES2)
Schlumberger Array





Layered Model:





Smooth Model:
Spacing 


Data

Synthetic


Synthetic

No.
(Meters


Resistivity
Resistivity
Difference
Resistivity
Difference


AB/2

M/N 

1.
1.00

0.300
103.6

126.8

.22.36

2.
1.50

0.300
174.5

182.4

   .4.55

3.
2.00

0.300
236.6

232.1

    1.91

4.
3.00

0.300
332.1

312.8

    5.80

5.
4.50

1.00
419.0

391.1

    6.66

6.
7.00

1.00
483.3

434.6

  10.06

7.
10.00

1.00
469.5

404.3

  13.87

8.
15.00

1.00
270.9

293.9

    8.51

9.
20.00

1.00
171.1

197.7

 .15.54

10.
30.00

5.00
109.9

102.2

  7.04

11.
45.00

5.00
75.39

75.11

0.370

12.
70.00

5.00
84.64

86.06

  1.68

13.
100.0

5.00
107.3

106.8

0.538

NO DATA ARE MASKED
Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
43.17


0.320

.02.320

0.00743


13.84

2.
2954.6


1.06

.1.38

3.593E.04

3136.2

3.
195.2


1.19

.2.57

0.00644


220.9

4.
52.95


22.09

.24.66

0.417


1169.9

5.
72.76


19.20

43.87

0.263


1397.5

6.
302.1




-43.87
ALL PERIMETERS ARE FREE

4.2.2  Jemma Local Government Secretariat (VES2) interpretation)


[image: image84]
4.3.1  KDMDGs 2010 – Ungwan Rago (Takau) Jama’a LGA (VES)
Schlumberger Array
Readings and unadjusted apparent Resistivity Values

AB/2
MN/2

Reading

Geometric Factor

Apparent Resistivity
Ratio adjusted

(m)
(m)

(ohm)

(m)


(ohm m)


unadjusted  

1.
1.00
0.00

142.5

2.36


336


1.00

2.
1.50
0.50

84.3

6.29


530




3.
2.00
0.50

54.7

11.78


644

4.
2.50
0.50

38.3

18.85


654

5.
3.00
0.50

23.5

27.5


654

6.
4.00
0.50

17.81

49.5


851

7.
5.00
0.50

8.27

77.8


643

8.
6.00
0.50

8.27

77.9


643

9.
8.00
0.50

3.63

200


727

10.
10.0
0.50

2.01

315


630

11.
6.00
1.00

13.06

55.0


718

12.
8.00
1.00

6.80

99.0


673

13.
10.0
1.00

3.50

155.5


673

14.
16.0
1.00

1.058

352


376

15.
20.0
1.00

0.708

627


476

16.
25.0
1.00

0.596

950


584

17.
30.0
1.00

0.412

1412


624

18.
40.0
1.00

0.320

2510


504

19.
25.0
5.00

1920

188.5


362

20.
30.0
5.00

1305

275


359

21.
40.0
5.00

0.875

495


443

22.
50.0
5.00

0.775

778


603

Adjusted apparent Resistivity value
Spacing

Apparent Resistivity
Spacing

Apparent Resistivity
Spacing
Apparent Resistivity

(m)

(ohm m)


(m)

(ohm m)


(m)

(ohm m)

10.00

270


5.00

517


25.0

513

1.50

426


6.00

586


30.0

528

2.00

517


8.00

578


40.0

666

2.50

520


10.0

091


50.0

882

3.00

526


15.0

520




4.00

708


20.0

405


4.3.2   KDMDGs 2010 Ungwa Rago (Takau) Jama’a LGA (VES 1 
Interpretation)


4.4.1   Aduwan 1 Maigizo (VES 2)
Sclumberger Aarray
 (Field Data)
AB/2


App. Res.

AB/2


App. Res.
1.00


97.20


20.00


60.30

1.50


121.50


25.00


72.00

2.00


118.70


30.00


88.00

3.00


113.40


30.00


79.70

5.00


99.80


40.00


103.30

7.00


92.90


50.00


105.80

7.00


98.20


60.00


120.00

10.00


95.00


70.00


129.80

15.00


64.20


80.00


139.00







100.00


159.50
DEPTH


RESIS.


DEPTH


RESIS

0.49


81.63


     4.86


  96.84

0.71


124.66


     7.13


  45.21

1.05


139.81


   10.47


    3.83

1.54


125.09


   15.37


  55.79

2.26


111.72


   22.56


104.96

3.31


109.56


    33.11


179.44







9999.00


293.05
4.4.2  Aduwan 1 Maigizo (VES 2 Interpretation)

4.5.1  Abattoi Kafanchan Jama’a LGA Kaduna State
Readings and unadjusted apparent Resistivity Values

AB/2
MN/2

Reading

Geometric Factor

Apparent Resistivity
Ratio adjusted

(m)
(m)

(ohm)

(m)


(ohm m)


unadjusted  













1.00

1.
1.00
0.50

11.44

2.36


27.0




2.
1.50
0.05

4.38

6.28


27.5

3.
2.0
0.05

2.66

11.78


31.3

4.
2.50
0.05

1.610

18.85


30.3

5.
3.00
0.05

1.126

27.5


31.0

6.
4.00
0.05

0.730

49.5


36.1

7.
5.00
0.05

0.470

77.8


36.5

8.
6.00
0.05

0.358

112.3


40.2

9.
8.00
0.05

0.1900

200


38.1

10.
10.0
0.05

0.1430

313


44.8













1.12

11.
6.00
1.00

0.674

55.0


37.1

12.
8.00
1.00

0.328

99.0


32.5

13.
10.0
1.00

0.264

155.5


41.1

14.
15.0
1.00

0.1500

352


52.8

15.
20.0
1.00

0.0810

627


52.8

16
25.0
1.00

0.0433

980


42.4

17.
30.0
1.00

0.0285

1412


40.2

18.
40.0
1.00

0.0260

2510


65.3













1.33

19.
25.0
5.00

0.030

188.5


43.4




20.
30.0
5.00

0.1420

275


39.0

21.
40.0
5.00

0.0787

495


38.9

Adjusted apparent Resistivity value
Spacing

Apparent Resistivity
Spacing

Apparent Resistivity
Spacing
Apparent Resistivity

(m)

(ohm m)


(m)

(ohm m)


(m)

(ohm m)

1.00

23.6


4.00

31.7


15.0

51.6

1.50

24.1


5.00

32.0


20.0

47.7

2.00

27.5


6.00

35.7


25.0

45.8

2.50

26.26


8.00

32.5


30.0

42.3

3.00

27.1


10.0

39.7


40.0

53.9

4.5.2  Abattoir Kafanchan Jama’a LGA Kaduna State(VES interpretation)


4.6.1   Ungwan Masara (VES 2)
Schlumberger Array




Layered Model:





Smooth Model:

Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN/2

1.
1.00

0.300
605.9

602.2

0.633

2.
1.50

0.300
639.0

644.0

-0.794

3
2.00

0.300
674.2

683.5

-1.73

4
3.00

0.300
761.2

730.0

4.09

5
4.50

1.00
695.5

727.8

-4.65

6.
7.00

1.00
655.2

64.09

2.16

7.
10.00

1.00
534.9

528.2

1.24

8.
15.00

1.00
394.3

411.6

-4.37

9.
20.00

1.00
371.7

359.6

3.25

10.
30.00

5.00
348.7

345.7

0.869

11.
45.00

5.00
399.6

417.9

-4.59

12.
70.00

5.00
618.7

598.3

3.29

NON DATA ARE MASKED

Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
568.7


0.886

-0.886

0.00156


504.1

2.
954.4


2.41

-3.29

0.00253


2300.1

3.
362.5


7.00

-10.30

0.0193


2541.0

4.
211.7


14.03

24.03

0.0662


2971.3

5.
4249


6.61

-30.95

0.0155


2810.2

6.
50244




-30.95

4.6.1   Ungwan Masara (VES 2 Interpretation)

4.7.1   Bauchi by Borno Str (VES1)
Schlumberger Array





Layered Model:





Smooth Model:
Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN/2

1.
1.00

0.500
21.180

20.580

2.18



2.
2.00

0.500
26.40

30.71

-16.26

3.
3.00

0.500
35.27

40.31

-14.30

4.
5.00

0.500
60.51

52.26

15.28

5.
6.00

1.00
7.00

53.45

23.64

6.
8.00

1.00
50.93

53.93

5.89

7.
10.00

2.50
48.00

51.82

-7.97

8.
15.00

2.50
40.87

46.07

-12.72

9.
2.00

2.50
48.79

45.72

6.48

10.
30.00

2.50
4.67

56.95

-4.17

11.
40.00

7.50
70.00

37.94

-5.63

12.
50.00

7.50
102.0

91.89

9.09

NON DATA ARE MASKED

Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
173.0


3.00

-3.00

0.0173


51.90

2.
381.7


2.40

-5.40

0.00629

916.1

3.
301.0


13.00

-18.40

0.0431


3913.0

4.
56.2




-18.40

ALL PARAMETER ARE FREE
4.7.2   Bauchi by Borno Street (VES1Interpretation)

[image: image85.jpg]Bauchi by Borno St.
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4.8.1   Bayan College 

                                     Schlumberger Array





Layered Model:





Smooth Model:
Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN/2

1.
1.00

0.300     39.2

399.9

-1.97



2.
1.50

0.300
476.2

454.1

4.62

3.
2.00

0.300
454.4

467.1

-2.80

4.
3.00

0.300
425.5

416.3

2.15

5.
4.50

1.00
273.3

283.8

-3.82

6.
7.0

1.00
132.3

130.3

1.63

7.
10.00

1.00
66.09

65.81

0.416

8.
15.00

1.00
50.65

50.95

-0.581

9.
20.00

1.00
55.78

55.93

-0.271

10.
30.00

5.00
69.80

71.89

-2.99

11.
45.00

5.00
03.1

96.99

5.94

12.
70.00

5.00
130.2

133.8

-2.82
NON DATA ARE MASKED

Layered Model
L#
RESISTIVITY    THICKNESS
ELEVATION LONG. COND. TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
278.3


0.431

-0.431

0.00155

120.1

2.
808.1


1.23

-1.66

0.00152

995.3

3.
36.50


6.74

-8.40

0.184


246.2

4.
51.53


7.08

-15.49

0.137


365.1

5.
112.9


5.74

-21.24

0.0508


649.1

6.
388.1




-21.24
ALL PARAMETER ARE FREE
4.8.2  Bayan College (VES1 Interpretation) 
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4.9.1   Bauchi Street (VES 2)
Schlumberger Array





Layered Model:





Smooth Model:

Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN

1.
1.00

0.500
30.20

31.98

-5.91

2.
2.00

0.500
6.41

53.61

11.24

3.
3.00

0.500
70.13

67.92

3.15

4.
5.00

0.500
73.13

84.13

-15.04

5.
6.00

1.00
80.10

88.76

-10.81

6.
8.00

1.00
100.1

94.51

5.58

7.
10.00

2.50
113.0

97.69

13.54

8.
15.00

2.50
98.20

101.1

-3.02

9.
20.00

2.50
106.3

102.4

3.63

10.
30.00

2.50
101.0

103.3

-2.25

11.
40.00

7.50
100.0

103.6

-3.66
NON DATA ARE MASKED
Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
72.59


0.00751

-0.00751

1.034E


0.544

2.
6.82


0.185

-0.193

0.0272


1.76

3.
183.1


0.0206

-0.213

1.901E.05

22.36


4.
1182.6


0.0128

-0.226

1.085E.05

15.18

5.
1031.1


0.0360

-0.262

3.494E.05

37.14

6.
722.1


0.0571

-0.319

7.913E.05

41.27

7.103.9


285.9

-286.2

2.75


29721.9

8.
17724.3


477.6

-763.9

0.0269


8.467E+06

9.
275.4


0.761

-764.7

0.00277


209.8
ALL PARAMETER ARE FREE
4.9.2   Bauchi Street  (VES 2 Interpretation)

4.10.1   Kano Street (VES 2) 
Schlumberger Array





Layered Model:





Smooth Model:

Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN

1.
1.00

0.500
37.58

37.50

0.793

2.
2.00

0.500
60.99

65.29

-7.05

3.
3.00

0.500
81.19

96.09

-18.35

4.
5.00

0.500
162.5

154.6

4.81

5.
6.00

1.00
180.0

182.0

-1.12

6.
8.00

1.00
311.8

232.7

25.37

7.
10.00

2.50
300.0

278.4

7.19

8.
15.00

2.50
322.5

373.4
             -15.18

9.
20.00

2.50
423.6

447.8

3-5.73

10.
30.00

2.50
567.2

363.0

0.723

11.
40.00

7.50
670.0

662.9
               1.05

12          50..00                   7.50       770.0                    763.4                     0.852
NON DATA ARE MASKED

Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
28.53        

0.861

-0.861

0.0301


24.57

2.
5696.5

              1.92

-0.279

3.38880.04                         10993.1

3.
130.7

              4.83                       -0.62

0.0369   

               632.0


4.
10209.1 


              
               -7.62

8

5.
1031.1


0.0360

-0.262

3.494E.05

37.14

6.
722.1


0.0571

-0.319

7.913E.05

41.27

7.
103.9


285.9

-286.2

2.75


29721.9

8.
17724.3


477.6

-763.9

0.0269


8.467E+06

9.
275.4


0.761

-764.7

0.00277


209.8

ALL PARAMETER ARE FREE
4.10.2   Kano Street (VES 2 Interpretation) 
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4.11.1   Kafanchan Central Mosque (VES2)
                             Schlumberger Array

Layered Model:





Smooth Model:
Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN

1.
1.00

0.500
33.5033.

0.793                    0.347

2.
2.00

0.500
41.00

43.12

-5.9

3.
3.00

0.500
52.20

47.71

 8.59

4.
5.00

0.500
52.10

52.05

 0.0865

5.
6.00

1.00
52.00

 53.21       
-2.33

6.
8.00

1.00
52.20

54.33

 -4.09

7.
10.00

2.50
51.40

54.00

-5.37

8.
15.00

2.50        54.60

 49.61

  9.12

9.
20.00

2.50
 44.70

 44.20

  1.11

10.
30.00

2.50       
39.50

 40.49

 -2.52

11.
40.00

7.50        40.70

 45.34
               -11.40

12          50..00                   15.00                                    54.05                   -5.37

13           60.00                   15.00                                    64.10                    6.96

14           70.00                   15.00                                    74.53                     7.75
NON DATA ARE MASKED

Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
419.5        

  7.31

-7.31

0.0174


3067.5

2.
354.2

               11.39

-18.70

 0.0321                                4035.3

3.
418.9

                 9.80                   -28.51

0.0234   

               4109.7

4.
607.8 


  2.08         
-30.59
             -0.00343

               1268.68

5.
1424.0




-30.59

ALL PARAMETER ARE FREE
4.11.2  Kafanchan Central Mosque (VES2 Interpretation)
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4.12.1   Hayin Gidan Sarki (Riverside) (VES1)
Schlumberger Array





Layered Model:





Smooth Model:
Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN

1.
1.00

0.500
26.39

26.37

0.0573

2.
2.00

0.500
30.82

34.36
            -11.48

3.
3.00

0.500
45.21

43.99
              2.67

4.
5.00

0.500
63.34

55.20

12.84

5.
6.00

1.00
65.00

58.39

10.16

6.
8.00

1.00
65.57

62.26

5.03

7.
10.00

2.50
55.00

64.28
            -16.85

8.
15.00

2.50
53.84

66.22
            -23.00

9.
20.00

2.50
60.84

66.75

-9.72

10.
30.00

2.50
73.18

67.00

8.44

11.
40.00

7.50
78.00

67.04
             14.04

Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
288.6        

0.198

-0.198

6.882E-04                          57.35

2.
  13.20

              0.588

-0.789

0.0447                                 7.80

3.
697.6

              0.0125                   -0.802

1.798E-05

 8.75    


4.
839.2

              
0.02269
               -0.809                  9.158E-06                           6.45

5.           742.6


0.0208

-0.830

2.2815E-05
              15.52

6.
617.5


0.049

-0.875

7.279E-05

27.75

7.
327.1


0.004

-1.00

3.998E-05
              42.78

8.
67.05


0.3924

-392.4

5.83


2624.9

9.
276..8


0.691

-393.1

0.00252

               193.0

10.
957.8


17.6

-510.7

0.122

              112659.4

11.
1043.5


12.71

-523.5

0.0122


13292.8

12.          55.78




-523.5



               
ALL PARAMETER ARE FREE
4.12.2    Hayin Gidan Sarki (Riverside) (VES1 Interpretation)

4.13.1   Ungwan Masara (VES2)
Schlumberger Array





Layered Model:





Smooth Model:
Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN

1.
1.00

0.300
605.9

602.2
             0.603

2.
1.50

0.300
639.0

644.0
            -0.794

3.
2.00

0.300
674.2

683.5
              -1.37
4.
3.00

0.300
761.2

730.0

 4.09
5.
4.50

1.00
695.5

727.8
              -4.65
6.
7.00

1.00
655.2

640.9

 2.16
7.
10.00

1.00
534.9

528.2
               1.24
8.
15.00

1.00
394.3

411.6
              -4.37
9.
20.00

1.00
371.7

359.5

 3.25
10.
30.00

5.00
348.7

345.7
             0.869
11.
45.00

5.00
399.6

417.9
             -4.59
12           70.00                   5.00       618.7                     598.3                   3.29
Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
 568.7        

0.886

-0.886

0.00156                                504.1
2              954.4

              2.41

-3.29

0.00253                               2300.3
3.             362.5

              7.00                    -10.30

0.0193

               2541.0    


4.
211.7

            14.03                  -0.24.33                    0.0662                                 2971.3
5.           424.9


6.61

-30.95

0.0155
                             2810.2
6.
5024.4

            

              -30.95
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4.13.2   Ungwan Masara (VES2 Interpretation)


4.14.1   Ungwan Yohanna (VES1)

                             Schlumberger Array





Layered Model:




Smooth Model:

Spacing 


Data

Synthetic


Synthetic

No.
(Meters)


Resistivity
Resistivity
Difference
Resistivity
Difference

AB/2

MN

1.
1.00

0.300
143.8

152.0

-5.73

2.
1.50

0.300
194.1

211.5
              -8.94

3.
2.00

 0.300    267.1
              259.9
   
 2.69

4.            3.00                      0.300     372.7                    325.5                  12.66

5.
4.50

1.00
381.3

364.3

4.44

6.
7.00

1.00
328.6

343.0
             -4.39

7.
10.00

1.00
269.8

279.0
              -3.37

8.
15.00

1.00
202.1

205.3
            -1.62

9.
20.00

1.00
195.5

184.5

5.58

10.
30.00

5.00       194.3

204.7
             -5.33

11.
45.00

5.00
268.2

259.1
              3.41

12.          70.00                   5.00        338.2                    340.9                 -0.814

Layered Model
L#
RESISTIVITY

THICKNESS
ELEVATION
LONG. COND.

TRANS. RES


(ohm-m)

(meters)

(meters)

(Siemens)

(Ohm-m#2)

1.
    57.06       

-0 .335

 -0.335

0.00588                                19.15

2.
1762.2

                1.00

 -1.33

5.687E-04                         1766.1  

3.              69.23

                4.51                      -5.84

0.0651

               312.2   


4.            180.6

          
11.23
              -17.08                   0.0621                               2029.3 

5.           
260.2

                4.38

-21.46
               0.0168                               1141.7

6.
779.1




-21.46
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4.14.2   Ungwan Yohanna (VES1 Interpretation)
[image: image89.jpg]ru.,:;;





4.15.1   Ungwan Shagaya (VES2)
Schlumberger Array





Layered Model:





Smooth Model:

                                                                                                                                                              Ratio
Spacing 


Reading

Geometric
Apparent

Adjusted
No.
(Meters)


(ohm)    

Factor (m)
Resistivity
              Unadjusted


AB/2

MN                                                                                                              1.00

1.
1.00

0.50
86.6

2.36

204
2.
1.50

0.50
40.7

6.28
              256
3.
2.00

0.50
24.1

11.78
              284
4.
2.50

0.50
16.08

18.85

303
5.
3.00

5.0
11.63

27.5
              320
6.
4.00

5.0
6.69

49.5

331
7.
5.00

5.0
4.13

77.8
              321
8.
6.00

5.0
2.78

112.3
              312
9.
8.00

5.0
1.876

200

376
10.
10.00

5.0
1.112

313

348
                                                                                                                                                              1.11 

11.
6.00

1.0
5.17

55.0
               284
12           8.00                     1.0          3.40                     99.0                        336
 13.
10.0

1.0
1.990
              155.5
               309
14.
15.0

1.0
0.699
              352

 246
15.
20.0

1.0
0.382
               627 
               239
16.
25.0

1.0
0.279
              980

 273
17.
30.0

1.0
0.1730
              1412
               244
18.
40.0

1.0
0.1210
              2510
               304
                                                                                                                                                              1.18

19.
25.0

5.0
1.300

188.5

25.0
20.
30.0

5.0
9.923

275

30.0
21.
40.0

5.0
0.558

495

40.0
22.
50.0

5.0
0.397

778

50.0
                                                       ALL PARAMETERS FREE
Adjusted Apparent Resistivity Values
L#
Spacing
  Apparent Resistivity   Spacing   
Apparent Resistivity Spacing   Apparent Resistivity

(m)

(ohm.m)            (meters)

(ohm.m)          (m)             (ohm.m)        
1.
 1.00        
186.5

  5.0

   293                25.0               271
2              1.50
               234
                6.0

   287                30.0               260     
3.             2.00
               259                        8.0

   343                40.0               303  
4.
 2.50
               277                      10.0                         317                50.0               332
5.             3.00

 292
               15.0

   250
        
6.
  4.00

 302                      20.0
                  244
4.15.2   Ungwan Shagaya (VES2 Interpretation)

4.16.1   Albarka Prayer Camp (VES2)
                                             Schlumberger Array
      Readings and unadjusted Apparent Resistivity Values
Array  Electrode Spacings MN 
Reading
 Geometric Factor         Apparent

Ratio
Type.
 AB/2

(m)
(ohm)                 (m)
         Resistivity
              Adjusted



                                                                                                        1.00

1.
1.00

0.50
810

2.36

1909
2.
1.50

0.50
180

6.28
              2390
3.
2.00

0.50
3  80.

11.78
              2120
4.
2.50

0.50
112.3

18.85

2120
5.
3.00

5.0          70.6

27.5
              1941
6.
4.00

5.0
 30.9

49.5

1529
7.
5.00

5.0
15.70

77.8
              1221
8.
6.00

5.0         11.36

112.3
              1276
9.
8.00

5.0
 5.40

200

1081
10.
10.00

5.0
 3.12

313

978
                                                                                                                                                      1.11 

11.
6.00

1.0
  21.8

55.0
               1199
12           8.00                     1.0          12.18                    99.0                       1205
 13.
10.0

1.0
   6.45
            155.5
                1003
14.
15.0

1.0
   2.30
              352
                809
15.
20.0

1.0          1.250
              627 
                783
16.
25.0

1.0
 0.800
              980
               784
17.
30.0

1.0          0.576
            1412
                813
18.
40.0

1.0
 0.338
             2510
                849
                                                                                                                                                              1.18

19.
25.0

5.0
  3.40

188.5

641
20.
30.0

5.0
  2.30

275

632
21.
40.0

5.0
  1.520

495

752
22.
50.0

5.0
  0.967  

778

752
Adjusted Apparent Resistivity Values

Spacing
  Apparent Resistivity   Spacing   
Apparent Resistivity Spacing   Apparent Resistivity


(m)

(ohm.m)            (meters)

(ohm.m)          (m)             (ohm.m)        
              1.00        
1819

  5.0

   1164                25.0               726
              1.50
               2270
                6.0

   1165               30.0                735     

              2.00
               2020                      8.0

   1075               40.0                818 

              2.50
               2020                     10.0                         933                50.0                845
.             3.00

 1849
               15.0

   753
        


4.00

 1457                     20.0
                  729



 4.16.2   Albarka Prayer Camp (VES2 Interpretation)




APPENDIX  5    Hand-dug well data in Kafanchan and environs
GS elev=Ground Surface Elevation,SWLD=Static Water L for dry season,evel  WL elev D= Water level elevation for rainy season,WL elevR=Water level elevation for rainy season , WLD= Well depth, WL elev D=Water level elevation for dry 
	S/No
	            Loction
	                             Coordinate
	GS elev (m)
	GS elev (ft)
	GWD lev(m)
	WL elev D(m)
	WL elev D(ft)
	SWLm)
	WL elev  R (m)
	WL elev  R (ft)
	WLD

(m)

	
	
	Lat.

((N)
	Long.

(E)
	
	
	
	
	
	
	
	
	

	1
	Kagoro
	09o 34’ 80’’
	08o 19’ 80’’
	783
	2569
	4.5
	779
	2556
	1.5
	782
	2566
	5

	2
	GRA Kaf
	09o 36’11’’
	08o 19’51’’
	765
	2510
	6.7
	758
	2487
	3.0
	762
	2500
	7

	3
	Zakwa                   
	09o 37’ 02’’
	08o 19’42’’
	759
	2590
	6.6
	752
	2467
	3.0
	756
	2480
	8

	4
	Trim 
	09o 36’ 84’’
	08o 19’90’’
	770
	2213
	9.0
	761
	2497
	2.9
	767
	2516
	10

	5
	BauchiStr
	09o 34’ 09’’
	08o 17’13’’
	742
	2449
	10.0
	732
	2402
	2.0
	740
	2428
	12

	6
	Takau 1
	09o 34’ 54’’
	08o 17’85’’
	757
	2498
	6.5
	751
	2464
	1.0
	756
	2480
	8

	7
	Ungwan Yashio
	09o 34’ 11’’
	08o 16’38’’
	725
	2393
	4.5
	721
	2365
	2.2
	723
	2372
	4.5

	8
	Ambam
	09o 32’ 75’’
	08o 19’12’’
	804
	2638
	9.8
	794
	2605
	9.0
	795
	2608
	10.5

	9
	Goska
	09o 30’ 52’’
	08o 19’10’’
	801
	2628
	18.8
	786
	2579
	8.0
	793
	2602
	15

	10
	Rehab. Takau
	09o 33’ 90’’
	08o 18’84’’
	763
	2503
	6.0
	757
	2484
	5.0
	758
	2487
	6.1

	11
	Takau
	09o 34’ 71’’
	08o 18’72’’
	776
	2546
	9.6
	766
	2513
	6.6
	769
	2523
	10.4

	12
	Ungwan Rana
	09o 33’68’’
	08o 16’70’’
	793
	2602
	7.0
	785
	2411
	6.7
	786
	2579
	7.4

	13
	Katsit
	09o 34’ 47’’
	08o 16’83’’
	735
	2411
	8’0
	727
	2385
	4.0
	731
	2398
	9

	14
	Kudan
	09o 37’ 69’’
	08o 15’98’’
	704
	2310
	9.4
	694
	2277
	8.0
	696
	2283
	9.4

	15
	Zauru
	09o 36’34’’
	08o 14’ 19’’
	747
	2451
	7.2
	740
	2427
	6.0
	741
	2431
	7.8

	16
	Gidan Maga
	09o 41’68’’
	08o 10’00’’
	813
	2667
	7.5
	806
	2644
	2.5
	811
	2661
	8.5

	17
	Tum
	09o 42’17’’
	08o 22’ 43’’
	840
	2756
	4.0
	836
	2743
	1.0
	839
	2753
	6

	18
	Ungwan Rimi
	09o 35’40’’
	08o 13’ 20’’
	750
	2461
	8.5
	741
	2431
	2.0
	748
	2454
	9

	19
	Abet
	09o 41’65’’
	08o 10’00’’
	806
	2644
	8.0
	798
	2618
	2.2
	804
	2638
	8.5

	20
	Wadon
	09o 44’ 75’’
	08o 19’70’’
	897
	2946
	7.0
	890
	2856
	4.0
	893
	2930
	13

	21
	Madakiya
	09o 39’73’’
	08o 19’70’’
	795
	2608
	5.0
	790
	2592
	1.5
	794
	2605
	6

	22
	Aduan Gida
	09o 42’00’’
	08o 19’48’’
	835
	2740
	8.0
	827
	2713
	4.0
	831
	2726
	9

	23
	Sakwak Garage
	09o 39’36’’
	08o 18’00’’
	795
	2608
	6.0
	789
	2589
	1.5
	793
	2602
	7

	25
	Aduan 2
	09o 35’ 11’’
	08o 18’20’’
	742
	2434
	8.0
	734
	2408
	5.0
	737
	2418
	8.5

	26
	Zikpa.
	09o 37’ 05’’
	08o 19’42’’
	774
	2543
	5.0
	769
	2523
	1.4
	743
	2438
	7

	27
	Madauchi
	09o 45’ 95’’
	08o 19’06’’
	863
	2831
	7.0
	856
	2908
	0.3
	862
	2828
	7.8

	28
	Nuhu Bamali
	09o 45’00’’
	08o 21’00’’
	855
	2805
	6.8
	848
	2782
	4.0
	851
	2792
	7.5

	29
	Fadan Daji
	09o 38’48’’
	08o 21’00’’
	797
	2615
	5.0
	792
	2598
	1.0
	796
	2612
	5.2

	30
	Madakiya Kufai
	09o 40’12’’
	08o 16’48’’
	790
	2592
	7.0
	793
	2593
	1.3
	789
	2580
	6.3

	31
	Ayagan
	09o 37’ 12’’
	08o 15’ 00’’
	832
	2730
	5.0
	827
	2713
	1.5
	831
	 2726                                                        
	6.7

	32
	Farman
	09o 40’12’’
	08o 13’48’’
	785
	2575
	4.0
	701
	2300
	1.0
	784
	2572
	4.7

	33
	Marsa 1
	09o 36’00’’
	08o 10’48’’
	788
	2585
	8
	780
	2559
	2.0
	786
	2579
	9.2

	34
	Marsa 11
	09o 37’12’’
	08o 10’12’’
	772
	2533
	8
	764
	2507
	1.0
	771
	2530
	9

	35
	Sakwak
	09o 40’04’’
	08o 14’32’’
	764
	2507
	6.8
	757
	2485
	2.0
	762
	2500
	7.3

	36
	Abet Kufai
	09o 40’ 85’’
	08o 11’91’’
	767
	2516
	7
	760
	2493
	1.0
	766
	2513
	7.2

	37
	Yarbuwan
	09o 43’48’’
	08o 16’12’’
	892
	2927
	8
	884
	2900
	2.0
	 890           
	2920
	8.9

	38
	Albarka Camp
	09o 31’79’’
	08o 11’62’’
	776
	2546
	7.0
	769
	2523
	3.0
	773
	2536
	7

	39
	Kamaru
	09o 38’80’’
	08o 13’38’’
	804
	2640
	5
	779
	2624
	1.0
	778
	2448
	6

	40
	Afana
	09o33’36”
	08o12’36”
	727
	2385
	5.2
	728
	2388
	1.2
	726
	2382
	6


Appendix  6   Summary of the tested boreholes in the area of study

	S/NO
	LOCATION 
	LATITUDE
	LONGITUDE
	Depth 

 Drilled
	SWL
(m)
	Screen 

 Length

(m)
	Total

Drawdown
(m)2
	Q ( l/s)

	1
	Zaria Street Kafanchan
	N09o34’55.3”
	E08O17’ 20”
	25
	8.5
	10
	8.25
	1.0

	2
	Jema’a LGC Secretariat
	N 09o35’152”


	E08O17’679”
	30
	6.1
	10
	16.49
	0.87

	3

	UngwanRago Takau
	N 09o33’922”


	E08O17’568”
	34
	6.2
	9
	6.33
	1.0

	4
	Ungwan Shagaya
	N09o35’749”
	E08o19  ’237”
	40
	7.5
	12
	27.12
	0.75

	5
	Aduan Maigizo Kafanchan
	N 09o35’ 384’’


	E08O18’08”
	20
	6.9
	12
	5.10
	0.75

	6
	Kafanchan Abatoir
	N 09o34’580”
	E08O17’093”
	30
	7
	12
	9.94
	1.0

	7
	Ungwan Masara 
	N 09o34’14”
	E08O18’66”
	38
	6.2
	12
	23.43
	1.4

	8
	Takau Gida
	N 09o33’68”
	E08O18’21”
	38
	10.4
	12
	14.27
	0.8

	9
	Bauchi by Borno Rd, Kafanchan 
	N 09o34’822”
	E08O17’269’’
	34
	7.04
	16
	19.07
	1.2

	10
	Bayan College (Maigizo Ward)
	N 09o36’242”
	E08O19’260”
	25
	8.95
	12
	14.27
	0.55

	11
	Bauchi Str. Area
	N 09o35’131”

	E08O17’355”
	24
	12
	12
	12.5
	0.4

	12
	Bauchi Rd Kafanchan 
	N09o35’143”
	E08o17’313”
	24
	8.7
	12
	20.14
	1.0

	13
	Kafanchan Cenral Mosque
	N 09o34’958”
	E08O17’404”
	25
	7.5
	12
	15.09
	0.9

	14
	Hayin Gida Sarki 
	N 09o34’800”
	E08O17’670”
	15
	2.30
	8
	9.9
	0.8

	15
	Ungwan Masara (Maigizo Ward)
	N 09o34’045”
	E08O18’835”
	26
	7
	12
	15.30
	0.6

	16
	Unwan Yohanna (Migizo Ward) 
	N 09o35’523”
	E08O19’719”
	26
	4.2
	8
	6.08
	0.2

	17
	UNG. ECWA Goska
	N 09o30’647
	E08O19’146”
	30
	7.2
	12
	23.0
	1.2

	18
	Sakwak
	N09o40’05’’
	E08o14’37’’
	48.5
	12
	12
	3.8
	0.45

	19
	Ungwan Rana
	N09o 33’ 881’’
	E08o 16’ 700’’
	37.5
	12.04
	10
	16.02
	0.8

	20
	Aduan Gida
	N09o42’713’’
	E08o19’788’’
	40
	6.9
	10
	23.06
	1.2

	21
	G.D.S.S Madakiya
	N09o39’77’’
	E08o19’ 00’’
	36.5
	6.5
	10
	19.70
	1.6

	22
	Aduan Gida
	N09o 42’ 76’’
	E08o19’14’’
	35.5
	6.0
	13
	19.23
	1.2

	23
	Katsit
	N09o 34’ 57” 
	E08o 16’ 23”
	37.5
	15.8
	10
	14.43
	0.65

	24
	Abet Kufai
	N09o 40’ 84”

	E08o 11’ 94”
	38
	8.7
	10
	15.30
	0.8

	25
	Albarka Camp
	N09o 31’ 771’’
	E08o 11’ 391’’
	30
	7.2
	12
	17.91
	1.2

	26
	Zuturung Mago
	N09o 51.74’’
	E08o 10’ 60’’
	37.5
	8.3
	10
	15.68
	0.6

	27
	Albarka Camp
	N09 o 31’771’’
	E08o 11’ 591’’
	24
	10
	12
	23.00
	0.575

	28
	Gidan Maga
	N09o 41’ 685’’
	E08o 10’ 00’’
	24
	6.7
	12
	16.04
	0.8



	Elapsed Time (Min)
	Pumping Water Level
	Drawn Down (m)
	Time (Min) Since Pumping Started
	Water Level (m) 
	Residual drawn (m) 

	0
	8.55
	10
	0
	16.80
	8.25

	1
	10.44
	1.89
	1
	10.15
	1.60

	2
	11.49
	2.94
	2
	9.56
	1.01

	3
	12.32
	3.77
	3
	9.24
	0.69

	4
	13.63
	5.08
	4
	9.10
	0.55

	5
	14.90
	6.35
	5
	8.86
	0.24

	6
	15.88
	7.33
	6
	8.75
	0.13

	7
	16.15
	7.60
	7
	8.72
	0.10

	8
	16.22
	7.67
	8
	8.68
	0.06

	9
	16.38
	7.83
	9
	8.55
	

	10
	16.79
	8.24
	10
	
	

	12
	16.80
	8.25
	12
	
	

	14
	16.80
	8.25
	14
	
	

	16
	16.80
	8.25
	16
	
	

	18
	16.80
	8.25
	18
	
	

	20
	16.80
	8.25
	20
	
	

	25
	16.80
	8.25
	25
	
	

	30
	16.80
	8.25
	30
	
	

	35
	16.80
	8.25
	35
	
	

	40
	16.80
	8.25
	40
	
	

	50
	16.80
	8.25
	50
	
	

	60
	16.80
	8.25
	60
	
	

	70
	16.80
	8.25
	70
	
	

	80
	16.80
	8.25
	80
	
	

	90
	16.80
	8.25
	90
	
	

	100
	16.80
	8.25
	100
	
	

	120
	16.80
	8.25
	120
	
	


	0
	6.12
	0
	0
	22.61
	16.49

	1
	10.09
	3.87
	1
	21.06
	14.94

	2
	13.76
	7.54
	2
	21.01
	14.89

	3
	14.04
	8.52
	3
	20.92
	14.80

	4
	15.91
	9.79
	4
	20.45
	14.33

	5
	17.17
	11.05
	5
	18.23
	12.11

	6
	1855
	12.43
	6
	15.22
	9.10

	7
	19.10
	12.98
	7
	14.62
	8.50

	8
	19.45
	13.33
	8
	13.09
	6.76

	9
	19.96
	13.34
	9
	12.88
	5.94

	10
	20.25
	14.13
	10
	12.06
	5.24

	12
	20.61
	14.49
	12
	11.36
	4.15

	14
	20.62
	14.49
	14
	10.27
	3.12

	16
	20.93
	14.50
	16
	9.24
	2.14

	18
	20.97
	14.81
	18
	8.26
	0.93

	20
	20.98
	14.85
	20
	
	

	25
	20.98
	14.86
	25
	
	

	30
	21.08
	14.86
	30
	
	

	35
	22.02
	15.90
	35
	
	

	40
	22.61
	16.49
	40
	
	

	50
	22.61
	16.49
	50
	
	

	60
	22.61
	16.49
	60
	
	

	70
	22.61
	16.49
	70
	
	

	80
	22.61
	16.49
	80
	
	

	90
	22.61
	16.49
	90
	
	

	100
	22.61
	16.49
	100
	
	

	120
	22.61
	16.49
	120
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                       Appendix 8: Strike and dip measured on fractures in the study area.

	            Loction
	                             Coordinate
	strike
	Dip

	
	Lat.

((N)
	Long.

(E)
	
	

	Matsirga
	09  37  00
	08 19 00
	180
	10

	Ung Maigizo
	09 34 71
	08 19 25
	118
	70

	
	
	
	180
	10

	
	
	
	190
	20

	Goska
	09 32
	08 19 00
	140
	17

	
	
	
	210
	38

	Aduan Gida
	09o 42’00’’
	08o 19’48’’
	180
	10

	
	
	
	190
	20

	
	
	
	202
	20

	Ramai
	09 46 00
	08 17 00
	024
	18

	
	
	
	130
	10

	Farman
	09 42 00
	08 15 00
	070
	80

	
	
	
	260
	80

	
	
	
	180
	62

	
	
	
	130
	60

	Yarbuwan
	09o 43’48’’
	08o 16’12’’
	110
	44

	
	
	
	145
	50

	Ung Avong
	09 41 00
	08 16 00
	060
	50

	
	
	
	038
	20

	
	
	
	028
	50

	Albarka Camp
	09 31’596’’
	08o 11 654
	080
	76

	
	
	
	340
	70

	
	
	
	300
	90

	
	
	
	100
	60

	
	
	
	045
	90

	Afana
	09 32 572 
	08 12 062
	022
	42

	Zauru
	09 35 272
	08 16 922
	012
	30

	Ung Galadima
	09 35 937
	08 19 219
	020
	40



2





L





Δv
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x
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Table 4.14 : Physico-chemical groundwater analysis results in the study  area 
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APPENDIX 5j   Ung Rana Kaniko(VES3)




















APPENDIX – UNGWAN SHAGAYA (VES 1)
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Appendix  7   Pump test data sheet for boreholes in study area


Borehole N: UBT 1					Borehole N: UBT 2








BOREHOLE NR:	UB 3			


0�
6.27�
0�
0�
12.60�
6.33�
�
1�
�
�
�
�
�
�
2�
9.26�
2.99�
2�
8.88�
2.61�
�
3�
�
�
�
�
�
�
4�
10.31�
4.04�
4�
7.83�
1.56�
�
5�
�
�
�
�
�
�
6�
10.97�
4.70�
6�
6.56�
0.29�
�
7�
�
�
�
�
�
�
8�
11.22�
4.95�
8�
�
�
�
9�
�
�
�
�
�
�
10�
11.50�
5.23�
10�
�
�
�
12�
�
�
�
�
�
�
14�
11.60�
5.33�
12�
�
�
�
16�
11.60�
5.33�
14�
�
�
�
18�
11.83�
5.56�
16�
�
�
�
20�
11.83�
5.56�
18�
�
�
�
25�
11.95�
5.68�
20�
�
�
�
30�
11.95�
5.68�
25�
�
�
�
35�
12.45�
6.18�
30�
�
�
�
40�
12.30�
6.03�
35�
�
�
�
50�
12.50�
6.18�
40�
�
�
�
60�
12.50�
6.23�
60�
�
�
�
70�
12.52�
6.25�
70�
�
�
�
80�
12.60�
6.33�
80�
�
�
�
90�
12.60�
6.33�
90�
�
�
�
100�
12.60�
6.33�
100�
�
�
�
120�
12.60�
6.33�
120�
�
�
�






BOREHOLE NR:	UB 4			


0�
7.56�
0�
0�
34.68�
27.12�
�
1�
�
�
�
�
�
�
2�
9.38�
1.82�
2�
22.12�
14.56�
�
3�
�
�
�
�
�
�
4�
14.01�
6.45�
4�
27.56�
14.00�
�
5�
�
�
�
�
�
�
6�
23.96�
16.40�
6�
21.42�
13.86�
�
7�
�
�
�
�
�
�
8�
30.62�
23.06�
8�
20.83�
13.27�
�
9�
�
�
�
�
�
�
10�
34.68�
27.12�
10�
19.51�
11.95�
�
12�
34.68�
27.12�
12�
18.55�
10.99�
�
14�
34.68�
27.12�
14�
17.60�
10.04�
�
16�
34.68�
27.12�
16�
16.59�
9.03�
�
18�
34.68�
27.12�
18�
15.65�
8.09�
�
20�
34.68�
27.12�
 20�
14.12�
6.56�
�
25�
34.68�
27.12�
25�
13.70�
6.14�
�
30�
34.68�
27.12�
30�
12.60�
5.04�
�
35�
34.68�
27.12�
35�
11.39�
5.83�
�
40�
34.68�
27.12�
40�
10.51�
2.95�
�
50�
34.68�
27.12�
50�
9.36�
1.80�
�
60�
34.68�
27.12�
60�
�
�
�






BOREHOLE NR:	UB 6			


0�
7.00�
0.00�
0�
16.94�
9.94�
�
1�
8.80�
1.80�
1�
15.26�
8.26�
�
2�
10.07�
3.07�
2�
14.06�
7.04�
�
3�
10.82�
3.82�
3�
13.12�
6.12�
�
4�
11.60�
4.60�
4�
12.46�
5.48�
�
5�
12.38�
5.38�
5�
12.02�
5.02�
�
6�
12.93�
5.93�
6�
11.62�
4.62�
�
7�
13.38�
6.38�
7�
11.30�
4.30�
�
8�
13.73�
6.73�
8�
11.07�
4.07�
�
9�
14.00�
7.00�
9�
10.84�
3.84�
�
10�
14.18�
7.18�
10�
10.64�
3.64�
�
12�
14.52�
7.52�
12�
10.56�
3.56�
�
14�
14.76�
7.76�
14�
09.50�
2.00�
�
16�
15.00�
8.00�
16�
08.00�
0.5O�
�
18�
15.25�
8.25�
18�
07.5O�
0.00�
�
20�
15.43�
8.43�
�
�
�
�
25�
15.70�
8.70�
�
�
�
�
30�
15.88�
8.88�
�
�
�
�
35�
16.03�
9.03�
�
�
�
�
40�
16.18�
9.18�
�
�
�
�
45�
16.31�
9.31�
�
�
�
�
50�
16.40�
9.40�
�
�
�
�
60�
16.61�
9.61�
�
�
�
�
80�
16.72�
9.72�
�
�
�
�
100�
16.81�
9.81�
�
�
�
�
120�
16.89�
9.89�
�
�
�
�
140�
16.93�
9.93�
�
�
�
�
180�
16.94�
9.94�
�
�
�
�






BOREHOLE NR:	UB 5			


0�
6.90�
0�
0�
12.00�
51.0�
�
1�
7.70�
0.80�
1�
11.30�
4.40�
�
2�
8.90�
2.00�
2�
10.60�
3.70�
�
3�
9.40�
2.50�
3�
10.30�
3.40�
�
4�
9.90�
3.00�
4�
9.90�
3.00�
�
5�
10.30�
3.40�
5�
9.40�
2.50�
�
6�
10.50�
3-60�
6�
9.30�
2.40�
�
7�
10.70�
3.80�
7�
9.10�
2.20�
�
8�
10.90�
4.00�
8�
9.05�
2.15�
�
9�
11.00�
4.10�
9�
9.00�
2.10�
�
10�
11.15�
4.25�
10�
8.95�
2.05�
�
12�
11.25�
4.35�
12�
8.85�
1.95�
�
14�
11.40�
4.50�
14�
8.78�
1.88�
�
16�
11.50�
4.60�
16�
8.50�
1.60�
�
18�
11.66�
4.76�
18�
8.20�
1.30�
�
20�
11.72�
4.82�
20�
7.90�
1.00�
�
25�
11.84�
4.84�
25�
7.75�
0.85�
�
30�
11.95�
5.05�
30�
7.65�
0.75�
�
40�
12.00�
5.10�
40�
7.45�
0.55�
�
50�
12.00�
5.10�
50�
7.20�
0.30�
�
60�
12.00�
5.10�
60�
7.00�
0.10�
�
70�
12.00�
1.50�
70�
6.95�
0.05�
�
80�
12.00�
1.50�
80�
6.90�
0.00�
�
90�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�






BOREHOLE NR:	UB 7			


0�
6.20�
0�
0�
29.63�
23.43�
�
1�
11.15�
4.95�
1�
22.26�
16.06�
�
2�
14.90�
8.70�
2�
17.62�
11.42�
�
3�
19.30�
13.10�
3�
17.44�
11.24�
�
4�
22.92�
16.72�
4�
17.13�
10.93�
�
5�
25.91�
19.71�
5�
16.00�
9.80�
�
6�
28.97�
22.77�
6�
15.07�
8.87�
�
7�
29.63�
23.43�
7�
14.23�
8.03�
�
8�
29.63�
23.43�
8�
13.46�
7.26�
�
9�
29.63�
23.43�
9�
12.84�
6.64�
�
10�
29.63�
23.43�
10�
11.48�
5.25�
�
12�
29.63�
23.43�
12�
10.41�
4.21�
�
14�
29.63�
23.43�
14�
9.70�
3.50�
�
16�
29.63�
23.43�
16�
8.16�
1.96�
�
18�
29.63�
23.43�
18�
7.86�
1.66�
�
20�
29.63�
23.43�
20�
7.22�
1.02�
�
25�
29.63�
23.43�
25�
6.80�
0.62�
�
30�
29.63�
23.43�
30�
�
�
�
35�
29.63�
23.43�
35�
�
�
�
40�
29.63�
23.43�
40�
�
�
�
50�
29.63�
23.43�
50�
�
�
�
60�
29.63�
23.43�
60�
�
�
�
80�
29.63�
23.43�
�
�
�
�
100�
29.63�
23.43�
�
�
�
�
120�
29.63�
23.43�
�
�
�
�
120�
16.89�
9.89�
�
�
�
�
140�
16.93�
9.93�
�
�
�
�
180�
16.94�
9.94�
�
�
�
�






BOREHOLE NR:	UB 8			


0�
10.40�
0.00�
0�
24.67�
14.27�
�
1�
11.63�
1.23�
1�
23.24�
12.84�
�
2�
12.77�
2.37�
2�
21.89�
11.49�
�
3�
13.82�
3.42�
3�
20.68�
10.28�
�
4�
14.79�
4.39�
4�
19.58�
9.18�
�
5�
15.69�
5.29�
5�
18.60�
8.20�
�
6�
16.53�
6.13�
6�
17.73�
7.33�
�
7�
17.29�
6.89�
7�
16.98�
6.58�
�
8�
17.96�
7.56�
8�
16.32�
5.92�
�
9�
18.51�
8.11�
9�
15.76�
5.36�
�
10�
19.05�
8.65�
10�
15.33�
4.93�
�
12�
19.89�
9.49�
12�
14.57�
4.17�
�
14�
20.56�
10.16�
14�
13.93�
3.58�
�
16�
21.09�
10.69�
16�
13.39�
2.99�
�
18�
21.58�
11.18�
18�
12.97�
2.57�
�
20�
21.92�
11.52�
20�
12.66�
2.26�
�
25�
22.74�
12.34�
25�
12.11�
1.71�
�
30�
23.34�
12.94�
30�
11.74�
1.34�
�
35�
23.77�
13.37�
35�
1152�
1.12�
�
40�
24.06�
13.66�
40�
11.39�
0.99�
�
50�
24.38�
13.98�
50�
10.59�
0.19�
�
60�
24.50�
14.1�
60�
10.52�
0.12�
�
70�
24.54�
14.14�
70�
10.48�
0.08�
�
80�
24.58�
14.18�
80�
10.45�
0.05�
�
90�
24.61�
14.21�
90�
10.43�
0.03�
�
100�
24.63�
14.23�
100�
10.42�
0.02�
�
120�
24.65�
14.25�
120�
10.41�
0.01�
�
140�
24.66�
14.26�
140�
�
�
�
160�
24.67�
14.27�
160�
�
�
�
180�
24.67�
14.27�
180�
�
�
�






BOREHOLE NR:	UB 10			


0�
8.95�
0.00�
0�
23.22�
14.27�
�
1�
10.40�
1.45�
1�
21.76�
12.81�
�
2�
11.67�
2.72�
2�
20.41�
11.46�
�
3�
12.81�
3.86�
3�
19.17�
10.22�
�
4�
13.85�
4.9�
4�
18.05�
9.10�
�
5�
14.71�
5.76�
5�
17.00�
8.05�
�
6�
15.44�
6.49�
6�
16.06�
7.11�
�
7�
16.08�
7.13�
7�
15.21�
6.26�
�
8�
16.63�
7,68�
8�
14.45�
5.50�
�
9�
17.07�
8.12�
9�
13.83�
4.88�
�
10�
17.44�
8.49�
10�
13.34�
4.39�
�
12�
18.14�
9.19�
12�
12.56�
3.61�
�
14�
18.76�
9.81�
14�
11.91�
2.96�
�
16�
19.29�
10.34�
16�
11.42�
2.47�
�
18�
19.75�
10.8�
18�
11.04�
2.09�
�
20�
29.12�
11.17�
20�
10.76�
1.81�
�
25�
20.92�
11.97�
25�
10.21�
1.26�
�
30�
21.60�
12.65�
30�
9.84�
0.89�
�
35�
22.12�
13.17�
35�
9.59�
0.64�
�
40�
22.51�
13.56�
40�
9.40�
0.45�
�
50�
22.92�
13.97�
50�
9.17�
0.22�
�
60�
23.09�
14.14�
60�
9.06�
0.11�
�
70�
23.14�
14.19�
70�
9.02�
0.07�
�
80�
23.17�
14.22�
80�
8.99�
0.04�
�
90�
23.19�
14.24�
90�
8.98�
0.03�
�
100�
23.21�
14.26�
�
�
�
�
120�
23.22�
14.27�
�
�
�
�
140�
23.22�
14.27�
�
�
�
�
160�
23.22�
14.27�
�
�
�
�
180�
23.22�
14.27�
�
�
�
�






BOREHOLE NR:	UB 9			


0�
7.04�
0�
0�
26.11�
19.07�
�
1�
�
�
�
�
�
�
2�
13.82�
6.78�
2�
20.81�
13.77�
�
3�
�
�
�
�
�
�
4�
15.67�
8.63�
4�
18.23�
11.19�
�
5�
�
�
�
�
�
�
6�
23.74�
16.70�
6�
16.22�
9.18�
�
7�
�
�
�
�
�
�
8�
26.11�
19.07�
8�
14.70�
7.66�
�
9�
�
�
�
�
�
�
10�
26.11�
19.07�
10�
13.51�
6.47�
�
12�
26.11�
19.07�
12�
12.49�
5.45�
�
14�
26.11�
19.07�
14�
11.72�
4.68�
�
16�
26.11�
19.07�
16�
10.53�
3.49�
�
18�
26.11�
19.07�
18�
9.70�
2.66�
�
20�
26.11�
19.07�
20�
8.33�
1.29�
�
25�
26.11�
19.07�
25�
7.02�
0.00�
�
30�
26.11�
19.07�
30�
�
�
�
35�
26.11�
19.07�
35�
�
�
�
40�
26.11�
19.07�
40�
�
�
�
50�
26.11�
19.07�
50�
�
�
�
60�
26.11�
19.07�
60�
�
�
�






BOREHOLE NR:	UB 12			


0�
10.20�
00.0�
0�
30.54�
20.14�
�
1�
12.35�
2.16�
1�
28.20�
18.00�
�
2�
14.22�
4.02�
2�
26.20�
14.22�
�
3�
15.67�
5.02�
3�
24.42�
12.59�
�
4�
17.29�
5.67�
4�
22.79�
11.09�
�
5�
18.59�
7.09�
5�
21.29�
9.63�
�
6�
19.76�
8.39�
6�
19.83�
8.38�
�
7�
20,78�
9.56�
7�
18.58�
7.30�
�
8�
21.27�
10.58�
8�
17.50�
6.46�
�
9�
22.56�
12.36�
9�
16.66�
5.77�
�
10�
23.23�
13.03�
10�
15.97�
4.69�
�
12�
24.27�
14.07�
12�
14.89�
8.84�
�
14�
25.16�
14.96�
14�
14.04�
3.16�
�
16�
26.94�
15.74�
16�
13.36�
2.69�
�
18�
26.57�
16.37�
18�
12.89�
2.33�
�
20�
27.07�
16.67�
20�
12.53�
1.58�
�
25�
27.95�
17.75�
25�
11.78�
1.03�
�
30�
28.60�
18.40�
30�
11.23�
0.71�
�
40�
29.51�
19.31�
40�
10.91�
0.47�
�
50�
29.92�
19.72�
50�
10.41�
0.21�
�
60�
30.16�
19.96�
60�
10.30�
0.10�
�
70�
30.22�
20.02�
70�
10.26�
0.06�
�
80�
30.26�
20.06�
80�
10.23�
0.03�
�
90�
30.29�
20.09�
90�
10.22�
0.02�
�
100�
30.30�
20.11�
�
�
�
�
120�
30.32�
20.12�
�
�
�
�
150�
30.33�
20,13�
�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 11			


0�
4.00�
0.00�
0�
16.50�
12.50�
�
1�
5.00�
1.00�
1�
16.30�
12.30�
�
2�
5.90�
1.90�
2�
16.10�
12.10�
�
3�
7.00�
3.00�
3�
16.00�
12.00�
�
4�
7.90�
3.90�
4�
15.90�
11.90�
�
5�
9.70�
5.70�
5�
15.70�
11.70�
�
6�
10.50�
6.50�
6�
15.50�
11.50�
�
7�
10.80�
6.80�
7�
15.20�
11.20�
�
8�
10.90�
6.90�
8�
14.90�
10.90�
�
9�
11.40�
7.40�
9�
14.60�
10.60�
�
10�
11.90�
7.90�
10�
14.40�
10.40�
�
12�
12.40�
8.40�
12�
13.00�
10.00�
�
14�
12.80�
8.80�
14�
13.50�
9.50�
�
16�
13.20�
9.20�
16�
13.00�
9.00�
�
18�
13.60�
9.60�
18�
12.70�
8.70�
�
20�
14.00�
10.00�
20�
12.20�
8.20�
�
25�
14.50�
10.50�
25�
10.30�
6.30�
�
30�
14.90�
10.90�
30�
8.60�
4.60�
�
40�
15.50�
11.50�
40�
6.00�
2.00�
�
50�
16.00�
12.00�
50�
4.70�
0.70�
�
60�
16.20�
12.20�
60�
4.00�
0.00�
�
90�
16.40�
12.40�
90�
4.00�
0.00�
�
120�
16.50�
12.50�
120�
4.00�
0.00�
�






BOREHOLE NR:	UB 13			


0�
7.05�
0.00�
0�
22.14�
15.09�
�
1�
8.39�
1.34�
1�
20.61�
13.56�
�
2�
9.64�
2.59�
2�
19.20�
12.15�
�
3�
10.78�
3.73�
3�
17.90�
10.85�
�
4�
11,81�
4.76�
4�
16.68�
9.63�
�
5�
12.75�
5.7�
5�
15.55�
8.50�
�
6�
13.65�
6.6�
6�
14.51�
7.46�
�
7�
14.46�
7.41�
7�
13.62�
6.57�
�
8�
15.20�
8.15�
8�
12.85�
5.80�
�
9�
15.85�
8.8�
9�
12.21�
5.16�
�
10�
16.37�
9.32�
10�
11.65�
4.60�
�
12�
17.20�
10.15�
12�
10.77�
3.72�
�
14�
17.95�
10.9�
14�
10.01�
2.96�
�
16�
18.57�
11.52�
16�
9.37�
2.32�
�
18�
19.07�
12.02�
18�
8.85�
1.80�
�
20�
19.45�
12.4�
20�
8.45�
1.40�
�
25�
20.12�
13.07�
25�
7.91�
0.86�
�
35�
20.67�
13.62�
35�
7.56�
0.51�
�
30�
21.12�
14.07�
30�
7.38�
0.33�
�
40�
21.45�
14.4�
40�
7.27�
0.22�
�
50�
21.77�
14.72�
50�
7.13�
0.08�
�
60�
21.93�
14.88�
60�
7.07�
0.02�
�
70�
22.02�
14.97�
70�
7.06�
0.01�
�
80�
22.08�
15.03�
80�
7.05�
0.00�
�
90�
22.11�
15.06�
90�
�
�
�
100�
22.13�
15.08�
100�
�
�
�
120�
22.14�
15.09�
120�
�
�
�
140�
22.14�
15.09�
140�
�
�
�
180�
22.14�
15.09�
180�
�
�
�






BOREHOLE NR:	UB 14			


0�
2.30�
0.00�
0�
12.20�
9.90�
�
1�
4.20�
1.90�
1�
10.20�
7.90�
�
2�
4.60�
2.30�
2�
9.60�
7.30�
�
3�
5.20�
2.90�
3�
8.80�
6.50�
�
4�
5.40�
3.10�
4�
6.90�
4.60�
�
5�
6.50�
4.20�
5�
5.60�
3.30�
�
6�
6.80�
4.50�
6�
5.40�
3.10�
�
7�
7.40�
5.10�
7�
5.20�
2.90�
�
8�
7.80�
5.50�
8�
4.10�
1.80�
�
9�
8.30�
6.00�
9�
3.30�
1.00�
�
10�
8.60�
6.30�
10�
3.20�
0.90�
�
12�
9.30�
7.00�
12�
2.60�
0.30�
�
14�
9.60�
7.30�
14�
2.30�
0.00�
�
16�
9.90�
7.60�
16�
�
�
�
18�
10.20�
7.90�
18�
�
�
�
20�
10.50�
8.20�
20�
�
�
�
25�
10.70�
8.40�
25�
�
�
�
30�
10.90�
8.60�
30�
�
�
�
40�
11.20�
8.90�
40�
�
�
�
50�
11.50�
9.20�
50�
�
�
�
60�
11.80�
9.50�
60�
�
�
�
90�
12.20�
9.90�
�
�
�
�
120�
12.20�
9.90�
�
�
�
�
140�
12.20�
9.90�
�
�
�
�
160�
12.20�
9.90�
�
�
�
�
180�
12.20�
9.90�
�
�
�
�
150�
30.33�
20,13�
�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 15			


0�
7.00�
0.00�
0�
22.50�
15.30�
�
1�
8.40�
1.20�
1�
21.60�
14.40�
�
2�
9.60�
2.40�
2�
20.10�
12.90�
�
3�
10.50�
3.30�
3�
19.30�
12.10�
�
4�
11.60�
4.40�
4�
18.50�
11.30�
�
5�
12.41�
5.21�
5�
18.00�
10.80�
�
6�
14.04�
6.84�
6�
17.50�
10.30�
�
7�
15.30�
8.10�
7�
17.10�
9.90�
�
8�
16.42�
9.22�
8�
16.60�
9.40�
�
9�
17.40�
10.20�
9�
16.10�
8.90�
�
10�
19.60�
12.40�
10�
15.70�
8.50�
�
12�
1990�
12.70�
12�
15.10�
7.90�
�
14�
20.60�
13.40�
14�
14.30�
7.10�
�
16�
20.90�
13.70�
16�
12.40�
5.20�
�
18�
21.10�
13.90�
18�
11.10�
3.90�
�
20�
21.30�
14.10�
20�
10.30�
3.10�
�
25�
21.50�
14.30�
25�
9.50�
2.30�
�
30�
21.90�
14.70�
30�
8.30�
1.10�
�
40�
22.10�
14.90�
40�
7.60�
0.40�
�
50�
22.30�
15.10�
50�
7.30�
0.10�
�
60�
22.40�
15.20�
60�
7.20�
0.00�
�
90�
22.45�
15.25�
90�
7.60�
0.00�
�
120�
22.50�
15.30�
120�
7.20�
0.00�
�
140�
22.50�
15.30�
120�
7.20�
0.0�
�
160�
22.50�
15.30�
160�
7.20�
0.0�
�
180�
22.50�
15.30�
180�
7.20�
0.0�
�
150�
30.33�
20,13�
�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 16			


0�
4.20�
0.00�
0�
15.20�
6.80�
�
1�
7.30�
0.80�
1�
14.60�
6.20�
�
2�
8.20�
1.70�
2�
14.40�
6.00�
�
3�
9.20�
2.10�
3�
13.60�
5.20�
�
4�
9.60�
2.40�
4�
13.40�
5.00�
�
5�
10.30�
2.70�
5�
13.20�
4.80�
�
6�
10.90�
2.90�
6�
12.80�
4.40�
�
7�
11.30�
3.30�
7�
12.30�
3.90�
�
8�
11.80�
3.80�
8�
12.10�
3.70�
�
9�
12.10�
3.90�
9�
11.90�
3.50�
�
10�
12.20�
4.20�
10�
11.70�
3.30�
�
12�
12.30�
4.30�
12�
10.80�
2.40�
�
14�
12.50�
4.60�
14�
10.40�
2.00�
�
16�
12.70�
4.80�
16�
9.80�
1.40�
�
18�
12.90�
5.20�
18�
9.40�
1.00�
�
20�
12.90�
5.30�
20�
9.30�
0.90�
�
25�
12.90�
6.10�
25�
9.10�
0.70�
�
30�
13.10�
6.30�
30�
8.40�
0.00�
�
40�
13.20�
6.40�
40�
8.40�
0.00�
�
50�
13.20�
6.70�
�
�
�
�
60�
13.20�
6.80�
�
�
�
�
90�
13.20�
6.80�
�
�
�
�
120�
13.20�
6.80�
�
�
�
�
90�
30.29�
20.09�
90�
10.22�
0.02�
�
100�
30.30�
20.11�
�
�
�
�
120�
30.32�
20.12�
�
�
�
�
150�
30.33�
20,13�
�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 17			


0�
10.00�
0.00�
0�
33.00�
23.00�
�
1�
11.20�
1.20�
1�
31.20�
21.20�
�



2�
12.40�
2.40�
2�
28.40�
18.40�
�
3�
13.30�
3.30�
3�
27.30�
17.30�
�
4�
14.40�
4.40�
4�
25.20�
15.20�
�
5�
15.21�
5.21�
5�
24.40�
14.40�
�
6�
16.84�
6.84�
6�
23.20�
13.20�
�
7�
18.10�
8.10�
7�
22-40�
12.40�
�
8�
19.22�
9.22�
8�
21.60�
11.60�
�
9�
20.20�
10.20�
9�
20.80�
10.20�
�
10�
22.40�
12.40�
10�
20.20�
9.70�
�
12�
23.40�
12.70�
12�
19.70�
9.10�
�
14�
24.70�
13.40�
14�
19.10�
8.40�
�
16�
25.20�
14.70�
16�
18.40�
7-50�
�
18�
28.40�
15.20�
18�
17.50�
6.30�
�
20�
29.10�
18.40�
20�
16.30�
4.10�
�
25�
29.60�
19.10�
25�
14.10�
2.80�
�
30�
30.20�
19.60�
30�
12.80�
2.20�
�
40�
32.80�
20.20�
40�
12.20�
0.30�
�
50�
33.00�
22.80�
50�
10.30�
0.20�
�
60�
33.00�
23.80�
60�
10.20�
0.20�
�
90�
33.00�
23.00�
90�
10.06�
0.06�
�
120�
33.00�
23.00�
120�
10.00�
0.00�
�
90�
30.29�
20.09�
90�
10.22�
0.02�
�
100�
30.30�
20.11�
�
�
�
�
120�
30.32�
20.12�
�
�
�
�
150�
30.33�
20,13�
�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 18			


0�
14.43�
0.00�
0�
18.23�
3.80�
�
1�
15.14�
0.21�
1�
17.33�
2.90�
�
2�
15.86�
1.43�
2�
16.38�
2.45�
�
3�
16.59�
2.16�
3�
16.51�
2.08�
�
4�
16.99�
2.56�
4�
16.23�
1.80�
�
5�
17.21�
2.78�
5�
15.99�
1.56�
�
6�
17.39�
2.96�
6�
15.79�
1.36�
�
7�
17.48�
3.05�
7�
15.59�
1.16�
�
8�
17.57�
3.14�
8�
15.53�
1.10�
�
9�
17.63�
3.20�
9�
15.42�
0.99�
�
10�
17.68�
3.25�
10�
15.34�
0.94�
�
12�
17.78�
3.35�
12�
14.42�
0.92�
�
14�
17.89�
3.42�
14�
14.42�
0.00�
�
16�
17.93�
3.46�
16�
�
�
�
18�
17.93�
3.50�
18�
�
�
�
20�
17.93�
3.52�
20�
�
�
�
25�
18.02�
3.59�
25�
�
�
�
30�
18.O7�
3.64�
30�
�
�
�
35�
18.09�
3.66�
35�
�
�
�
40�
18.10�
3.67�
40�
�
�
�
50�
18.12�
3.69�
45�
�
�
�
60�
18.16�
3.73�
50�
�
�
�
80�
18.19�
3.76�
60�
�
�
�
100�
18.21�
3.78�
80�
�
�
�
120�
18.22�
3-79�
90�
�
�
�
140�
18.23�
3.80�
100�
�
�
�
180�
18.23�
3.80�
120�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 19			


0�
12.04�
0.00�
0�
28.06�
16.02�
�
1�
13.47�
1.43�
1�
26.11�
14.07�
�
2�
14.82�
2.78�
2�
24.35�
12.31�
�
3�
15.96�
3.92�
3�
22.75�
10.71�
�
4�
17.09�
5.05�
4�
21.35�
9.31�
�
5�
18.13�
6.05�
5�
20.11�
8.07�
�
6�
19.10�
6.09�
6�
19.03�
6.99�
�
7�
19.94�
7.06�
7�
18.09�
6.05�
�
8�
20.66�
7.9�
8�
17.28�
5.24�
�
9�
21.25�
8.62�
9�
16.64�
4.60�
�
10�
21.74�
9.21�
10�
16.13�
4.09�
�
12�
22.56�
9.7�
12�
15.27�
3.23�
�
14�
23.26�
10.52�
14�
14.69�
2.65�
�
16�
23.87�
11.22�
16�
14.23�
2.19�
�
18�
24.17�
11.83�
18�
13.56�
1.81�
�
20�
24.64�
12.13�
20�
13.85�
1.52�
�
25�
25.36�
12.6�
25�
12.98�
0.94�
�
30�
25.99�
13.32�
30�
12.63�
0.59�
�
35�
26.49�
13.95�
35�
12.43�
0.39�
�
40�
26.92�
14.45�
40�
12.30�
0.26�
�
50�
27.26�
14.88�
45�
12.21�
0.17�
�
60�
27.52�
15.22�
50�
12.14�
0.10�
�
70�
27.67�
15.48�
55�
12.07�
0.05�
�
80�
27.77�
15.63�
60�
12.06�
0.03�
�
90�
27.86�
15.73�
70�
12.05�
0.02�
�
100�
27.93�
15.82�
80�
�
0.01�
�
120�
27.98�
15.89�
90�
�
�
�
140�
28.02�
15.94�
100�
�
�
�
160�
28.04�
15.98�
120�
�
�
�
180�
28.05�
16�
140�
�
�
�
240�
28.06�
16.01�
180�
�
�
�
300�
28.06�
16.02�
�
�
�
�






BOREHOLE NR:	UB 20			


0�
6.90�
0.00�
0�
29.76�
23.76�
�
1�
9.50�
2.60�
1�
27.62�
21.00�
�
2�
11.49�
5.10�
2�
25.62�
19.00�
�
3�
13.14�
7.19�
3�
23.84�
17.22�
�
4�
14.54�
8.84�
4�
22.21�
15.59�
�
5�
15.84�
10.24�
5�
20.71�
14.09�
�
6�
17.01�
11.54�
6�
19.25�
12.63�
�
7�
18.03�
12.71�
7�
17.98�
11.36�
�
8�
18.93�
13.73�
8�
16.92�
10.30�
�
9�
19.81�
14.67�
9�
16.08�
9.46�
�
10�
20.48�
15.51�
10�
15.39�
8.77�
�
12�
21.52�
16.18�
12�
14.54�
7.69�
�
14�
22.41�
17.22�
14�
13.86�
6.84�
�
16�
23.19�
18.11�
16�
13.39�
6.16�
�
18�
23.82�
18.89�
18�
12.64�
5.69�
�
20�
24.32�
19.52�
20�
12.09�
5.33�
�
25�
25.21�
20.02�
25�
11.77�
4.58�
�
30�
25.86�
20.67�
30�
11.53�
4.03�
�
35�
26.38�
21.19�
35�
11.37�
3.71�
�
40�
26.77�
21.58�
40�
11.27�
3.47�
�
50�
27.00�
21.99�
45�
11.21�
3.31�
�
60�
27.18�
22.13�
50�
11.16�
3.21�
�
70�
27.32�
22.23�
55�
11.12�
3.15�
�
80�
27.42�
22.83�
60�
11.09�
3.10�
�
90�
28.02�
23.23�
70�
11.08�
3.06�
�
100�
28.42�
23.53�
80�
10.11�
3.03�
�
120�
29.12�
23.73�
90�
8.50�
3.02�
�
140�
29.32�
23.74�
100�
7.92�
2.44�
�
160�
29.33�
23.75�
120�
7.81�
2.33�
�
180�
29.34�
23.76�
140�
6.91�
1.43�
�






BOREHOLE NR:	UB 21			


0�
6.50�
0.00�
0�
26.20�
19.70�
�
1�
7.20�
0.70�
1�
25.50�
19.00�
�
2�
8.4o�
1.90�
2�
24.40�
17.90�
�
3�
9.30�
2.80�
3�
23.30�
16.80�
�
4�
10.40�
3.90�
4�
22.20�
15.70�
�
5�
11.21�
4.71�
5�
21.40�
14.90�
�
6�
12.84�
6.34�
6�
20.20�
12.70�
�
7�
13.10�
6.66�
7�
18.40�
11.90�
�
8�
14.22�
9.22�
8�
16.60�
10.10�
�
9�
14.90�
8.40�
9�
15.10�
8.60�
�
10�
15.40�
8.90�
10�
13.20�
6.70�
�
12�
16.70�
10.20�
12�
10.70�
4.20�
�
14�
17.40�
10.90�
14�
9.10�
2.60�
�
16�
18.70�
12.20�
16�
8.40�
1.90�
�
18�
19.20�
12.70�
18�
7.50�
1.00�
�
20�
20.40�
13.90�
20�
7.30�
0.80�
�
25�
22.10�
15.60�
25�
6.90�
0.40�
�
30�
22.60�
16.10�
30�
6.60�
0.10�
�
40�
23.20�
16.70�
40�
6.50�
0.00�
�
50�
24.10�
17.60�
50�
6.50�
0.00�
�
60�
24.60�
18.10�
60�
6.50�
0.00�
�
90�
25.80�
19.30�
�
�
�
�
120�
26.20�
19.70�
�
�
�
�
140�
26.20�
19.70�
�
�
�
�
100�
30.30�
20.11�
�
�
�
�
120�
30.32�
20.12�
�
�
�
�
150�
30.33�
20,13�
�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 23			


0�
15.8�
0.00�
0�
30.23�
14.43�
�
1�
17.32�
1.52�
1�
28.62�
12.82�
�
2�
18.62�
2.82�
2�
27.12�
11.32�
�
3�
19.78�
3.98�
3�
25.72�
9.92�
�
4�
20.83�
5.03�
4�
24.41�
8.61�
�
5�
21.75�
5.95�
5�
23.28�
7.48�
�
6�
22.55�
6.75�
6�
22.34�
6.54�
�
7�
2326�
7.46�
7�
21.59�
5.79�
�
8�
23.89�
8.09�
8�
20.93�
5.13�
�
9�
24.39�
8.59�
9�
20.39�
4.59�
�
10�
24.80�
9�
10�
19.96�
4.16�
�
12�
25.52�
9.72�
12�
19.20�
3.40�
�
14�
26.14�
10.34�
14�
18.55�
2.75�
�
16�
26.66�
10.86�
16�
18.06�
2.26�
�
18�
27.12�
11.32�
18�
17.68�
1.88�
�
20�
27.49�
11.69�
20�
17.40�
1.60�
�
25�
28.87�
12.44�
25�
16.85�
1.05�
�
30�
29.31�
13.07�
30�
16.48�
0.68�
�
35�
29.63�
13.83�
35�
16.26�
0.46�
�
40�
29.83�
14.03�
40�
16.13�
0.33�
�
50�
29.96�
14.16�
45�
16.03�
0.23�
�
60�
30.05�
14.25�
50�
15.96�
0.16�
�
70�
30.11�
14.31�
55�
15.92�
0.12�
�
80�
30.16�
14.36�
60�
15.89�
0.09�
�
90�
30.19�
14.39�
70�
15.85�
0.05�
�
100�
30.21�
14.41�
80�
15.82�
0.02�
�
120�
30.22�
14.42�
90�
15.81�
0.01�
�
140�
30.23�
14.43�
100�
�
�
�
160�
30.23�
14.43�
120�
�
�
�
180�
30.23�
14.43�
140�
�
�
�
240�
�
�
180�
�
�
�






BOREHOLE NR:	UB 22			


0�
6.00�
0.00�
0�
24.11�
19.23�
�
1�
11.52�
4.50�
1�
23.25�
17.47�
�
2�
11.86�
5.84�
2�
21.63�
15.85�
�
3�
12.96�
6.94�
3�
20.13�
14.35�
�
4�
13.97�
7.95�
4�
18.63�
12.85�
�
5�
14.37�
8.085�
5�
16.97�
11.19�
�
6�
15.69�
10.17�
6�
15.77�
9.99�
�
7�
16.39�
10.87�
7�
14.71�
8.93�
�
8�
12.02�
11.50�
8�
13.79�
7.98�
�
9�
17.56�
12.04�
9�
13.01�
7.23�
�
10�
18.60�
13.08�
10�
12.37�
6.59�
�
12�
20.01�
14.55�
12�
11.87�
6.09�
�
14�
22.55�
15.09�
14�
11.09�
5.31�
�
16�
21.06�
15.60�
16�
10.44�
4.15�
�
18�
21.38�
15.92�
18�
9.86�
3.73�
�
20�
22.35�
16.89�
20�
9.44�
3.41�
�
25�
22.63�
17.17�
25�
9.12�
2.87�
�
30�
22.93�
17.40�
30�
8.58�
2.69�
�
35�
23.15�
17.62�
35�
8.40�
2.55�
�
40�
23.34�
17.81�
40�
8.26�
2.44�
�
50�
23.48�
17.95�
45�
8.15�
2.35�
�
60�
23.73�
18.20�
50�
8.06�
2.27�
�
70�
23.84�
19.31�
55�
7.98�
2.19�
�
80�
23.91�
19.03�
60�
7.93�
2.17�
�
90�
23.97�
19.09�
70�
7.90�
�
�
100�
24.02�
19.14�
80�
7.88�
�
�
120�
24.07�
19.20�
90�
7.86�
�
�
140�
24.08�
19.21�
100�
6.08�
�
�
160�
24.09�
19.02�
120�
6.03�
�
�
180�
24.10�
19.02�
140�
�
�
�
190�
24.11�
19.02�
180�
�
�
�






BOREHOLE NR:	UB 24			


0�
8.70�
00�
0�
29.34�
15.68�
�
1�
19.59�
2.19�
1�
28.09�
14.43�
�
2�
19.95�
2.55�
2�
26.98�
13.46�
�
3�
20.52�
3.18�
3�
26.01�
12.50�
�
4�
21.05�
3.65�
4�
25.05�
11.65�
�
5�
21.64�
4.24�
5�
24.20�
10.92�
�
6�
22.16�
4.76�
6�
26.47�
10.29�
�
7�
22.68�
5.24�
7�
22.84�
9.73�
�
8�
23.14�
5.74�
8�
22.28�
9.21�
�
9�
23.62�
6.22�
9�
21.76�
8.66�
�
10�
24.21�
6.81�
10�
21.21�
8.19�
�
12�
24.89�
7.49�
12�
20.74�
7.85�
�
14�
25.59�
7.79�
14�
20.40�
7.58�
�
16�
26.20�
8.40�
16�
20.13�
7.35�
�
18�
26.33�
8.53�
18�
19.90�
7.25�
�
20�
26.51�
8.71�
20�
19.82�
7.10�
�
25�
26.61�
8.81�
25�
19.65�
6.95�
�
30�
27.08�
9.28�
30�
19.50�
6.70�
�
35�
27.54�
13.88�
35�
19.25�
6.57�
�
40�
28.07�
14.41�
40�
19.12�
6.44�
�
50�
28.80�
15.14�
50�
18.86�
6.28�
�
60�
29.00�
15.34�
60�
18.66�
6.21�
�
70�
29.12�
15.46�
70�
18.60�
6.21�
�
80�
29.31�
15.65�
80�
18.56�
6.16�
�
90�
29.34�
15.68�
90�
15.60�
2.96�
�
100�
29.34�
15.68�
100�
12.78�
0.14�
�
120�
29.34�
15.68�
120�
9.60�
3.04�
�
140�
�
�
140�
8.68�
2.30�
�
160�
�
�
�
�
�
�






BOREHOLE NR:	UB 27			


0�
7.20�
00.0�
0�
15.30�
�
�
1�
8.40�
1.20�
1�
14.40�
�
�
2�
9.60�
2.40�
2�
12.90�
�
�
3�
10.50�
3.30�
3�
12.10�
�
�
4�
11.60�
4.40�
4�
11.30�
�
�
5�
12.41�
5.21�
5�
10.80�
�
�
6�
14.04�
6.84�
6�
10.30�
�
�
7�
15.30�
8.10�
7�
9.90�
�
�
8�
16.42�
9.22�
8�
9.40�
�
�
9�
17.40�
10.20�
9�
8.80�
�
�
10�
19.60�
12.40�
10�
8.50�
�
�
12�
19.90�
12.70�
12�
7.90�
�
�
14�
21.10�
13.40�
14�
7.10�
�
�
16�
20.90�
13.70�
16�
5.20�
�
�
18�
21.10�
13.90�
18�
3.90�
�
�
20�
21.30�
14.10�
20�
3.10�
�
�
25�
21.50�
14.30�
25�
2.30�
�
�
30�
21.90�
14.70�
30�
1.10�
�
�
40�
22.10�
14.90�
40�
0.40�
�
�
50�
22.30�
15.10�
50�
0.10�
�
�
60�
22.40�
15.20�
60�
0.00�
�
�
90�
22.45�
1525�
90�
0.00�
�
�
120�
22.50�
15.30�
120�
0.00�
�
�
90�
30.29�
20.09�
90�
10.22�
0.02�
�
100�
30.30�
20.11�
�
�
�
�
120�
30.32�
20.12�
�
�
�
�
150�
30.33�
20,13�
�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 26			


0�
7.20�
0.00�
0�
22.50�
15.30�
�
1�
8.40�
1.20�
1�
21.60�
14.40�
�
2�
9.60�
2.40�
2�
20.10�
12.90�
�
3�
10.50�
2.30�
3�
19.30�
12.10�
�
4�
11.60�
4.40�
4�
18.50�
11.30�
�
5�
12.41�
5.21�
5�
18.00�
10.80�
�
6�
14.04�
6.84�
6�
17.50�
10.30�
�
7�
15.30�
8.10�
7�
17.10�
9.90�
�
8�
16.42�
9.22�
8�
16.60�
9.40�
�
9�
17.40�
10.20�
9�
16.10�
8.90�
�
10�
19.60�
12,40�
10�
15.70�
8.50�
�
12�
19.90�
12.70�
12�
15.10�
7.90�
�
14�
20.60�
13.40�
14�
14.30�
7.10�
�
16�
20.90�
13.70�
16�
12.40�
5.20�
�
18�
21.10�
13.90�
18�
11.10�
3.90�
�
20�
21.30�
14.10�
20�
10.30�
3.10�
�
25�
21.50�
14.30�
25�
9.50�
2,30�
�
30�
21.90�
14.70�
30�
8.30�
1.10�
�
40�
22.10�
14.90�
40�
7.60�
0.40�
�
50�
22.30�
15.10�
45�
7.30�
0.10�
�
60�
22.40�
15.20�
50�
7.20�
0.00�
�
90�
22.45�
15,25�
55�
7.20�
0.00�
�
120�
22.50�
15.30�
60�
7.20�
0.00�
�
90�
30.29�
20.09�
90�
10.22�
0.02�
�
100�
30.30�
20.11�
�
�
�
�
120�
30.32�
20.12�
�
�
�
�
150�
30.33�
20,13�
�
�
�
�
180�
30.34�
20.14�
�
�
�
�






BOREHOLE NR:	UB 25			


0�
8.30�
0.0�
0�
25.56�
17.91�
�
1�
10.67�
2.37�
1�
23.41�
15.76�
�
2�
12.70�
4.40�
2�
21.39�
13.74�
�
3�
14.26�
5.96�
3�
19.47�
11.82�
�
4�
15.52�
7.22�
4�
17.74�
10.09�
�
5�
16.58�
8.28�
5�
16.20�
8.55�
�
6�
17.75�
9.45�
6�
14.84�
7.19�
�
7�
18.25�
9.50�
7�
13.70�
6.05�
�
8�
19.04�
10.29�
8�
12.78�
5.13�
�
9�
19.66�
10.89�
9�
12.04�
4.39�
�
10�
20.18�
11.41�
10�
11.48�
3.83�
�
12�
21.16�
12.39�
12�
10.65�
3.00�
�
14�
21.96�
13.19�
14�
9.94�
2.29�
�
16�
21.42�
13.73�
16�
9.36�
1.71�
�
18�
21.93�
14.24�
18�
8.94�
1.29�
�
20�
22.35�
14.66�
20�
8.62�
0.97�
�
25�
23.22�
15.53�
25�
8.38�
0.73�
�
30�
23.87�
16.18�
30�
8.30�
0.07�
�
35�
24.29�
16.60�
35�
�
�
�
40�
24.62�
16.93�
40�
�
�
�
50�
24.86�
17.17�
45�
�
�
�
60�
25.01�
17.32�
50�
�
�
�
70�
25.12�
17.43�
55�
�
�
�
80�
25.33�
17.64�
60�
�
�
�
90�
25.42�
17.73�
70�
�
�
�
100�
25.50�
17.81�
80�
�
�
�
120�
25.56�
17.87�
90�
�
�
�
140�
25.59�
17.90�
100�
�
�
�
160�
25.56�
17.91�
120�
�
�
�
180�
25.56�
17.91�
140�
�
�
�
190�
25.56�
17.91�
180�
�
�
�






BOREHOLE NR:	UB 28			


0�
6.7�
0.00�
0�
22.74�
16.04�
�
1�
8.26�
1.56�
1�
20.98�
14.28�
�
2�
9.7�
3.00�
2�
19.35�
12.65�
�
3�
11.03�
4.33�
3�
17.88�
11.18�
�
4�
12.22�
5.52�
4�
16.52�
9.84�
�
5�
13.24�
6.54�
5�
15.29�
8.59�
�
6�
14.25�
7.55�
6�
14.26�
7.56�
�
7�
15.15�
8.45�
7�
13.85�
7.15�
�
8�
15.97�
9.27�
8�
13.05�
6.35�
�
9�
16.61�
9.91�
9�
12.37�
5.67�
�
10�
17.10�
10.4�
10�
11.83�
5.13�
�
12�
17.94�
11.24�
12�
10.97�
4.27�
�
14�
18.61�
11.91�
14�
10.21�
3.51�
�
16�
19.14�
12.44�
16�
9.65�
2.95�
�
18�
19.63�
12.93�
18�
9.28�
2.58�
�
20�
19.97�
13.27�
20�
8.93�
2.23�
�
25�
20.79�
14.09�
25�
8.38�
1.68�
�
30�
21.82�
15.12�
30�
8.01�
1.31�
�
40�
22.31�
15.61�
40�
7.69�
0.08�
�
50�
22.52�
15.82�
50�
7.62�
1.01�
�
60�
22.59�
15.89�
60�
7.8�
0.97�
�
70�
22.65�
15.95�
70�
7.51�
0.90�
�
80�
22.69�
15.99�
80�
7.48�
0.87�
�
90�
22.71�
16.01�
90�
7.47�
0.86�
�
100�
22.92�
16.02�
100�
7.43�
0.85�
�
120�
22.73�
16.03�
140�
7.42�
0.84�
�
150�
22.74�
16.04�
180�
7.00�
0.42�
�
180�
22.74�
16.04�
�
6.00�
0.02�
�
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Fig. 2: Drainage of Map of Kafanchan and Environs
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Ves 3: Ung. Rana 





Resistivity   Depth                                                                 





 (Olum.m)    (m)





Geo-electric               





0                 





0       





layer 





Top Loamy soil  





560         1.10                       





Highly  





Lateritized  





500         4.0                    





Laterite Sandy 





Clayey 





Medium to 





grained 





sand 





105         30                     

















Lithology 





1





2





10





0





20





3





550           37.5                    





4





Fresh basement 




















Highly weathered 





fractured basement 
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