
Geophysical characterization of the lithology 
and structure of the Olobanita Well Field, 
Lower Lake Baringo Basin, Kenya Rift: 

Implication on Groundwater occurrence

Daniel Nyaberi
Reg. No. 156/71802/2008

Dissertation submitted to the University of Nairobi in 
partial fulfilment of the requirements for the degree of 
Master of Science in Geology (Applied Geophysics)

UNIVERSITY OF NAIROBI

August 2010
University of NAIROBI Library

0478751 1



Disclaimer

This document describes work undertaken as part of a programme of study at the University of 

Nairobi. All views and opinions expressed therein remain the sole responsibility of the author, 

and do not necessarily represent those of the University.

i



Declaration

This is my original work and has not been submitted for a degree in any other University.

Signed. ................. ......Date... £

Mogaka Daniel Nyaberi

The dissertation has been submitted for examination with my knowledge as University supervisor

Professor Justus Obiko Barongo

II



Abstract

The task of the research project is the use of geophysical technologies for the characteri2ation of 

the lithology and structure beneath the Olobanita well field, and determine their implications on 

the groundwater drilling operations in the basin. Development of the aquifer since the 2000’s to 

date by the government agencies and its development partners through drilling, has resulted in 

generation over time of data and information on its water resources. Consequendy, borehole 

collapse problems have been reported that have resulted from the drilling activities. This has 

been used by my research as a guide to the study of the subsurface of the well field. Geophysical 

techniques employed includes electrical resistivity (vertical electrical sounding (VES) and 

electrical resistivity tomography (ERT)), magnetics and geospatial techniques like geographical 

information systems (GIS) and global positioning system (GPS) for development of maps.

The Olobanita Basin with an area of 625km2, a volcano-sedimentary basin is located in the 

Central Kenya Rift, Nakuru district of Rift Valley Province. It is located between latitudes 0°00’N 

and 0°15’ S and longitudes 36°00’ and 36°15’ E. For the study, establishments on the subsurface 

geology of the wellfield were made from; borehole geologic logs, vertical electrical sounding 

interpreted data, electrical resistivity tomographic interpreted data and magnetic data analysis 

results and reports by other researchers.

The vertical electrical sounding and the 2-Dimension (2D) Resistivity imaging allowed a 

distinction to be made between very high resistive volcanic sands, the moderately high resistivity 

freshwater saturated zone and the very low resistive clays in localised areas. The geological 

interpretation of the surveys correlated very well with the borehole data. Vertical faults have 

resulted in minor down-throwing of blocks in areas close to the rift wall on the east and some 

few metres to the west margins of the VES grid area. It is concluded that the well-field lies in a 

volcano-sedimentary basin, where the results from the analysis shows that there exists volcanic 

sand and silt formation to a depth ofiabout 40 metres underlain by volcanic ashes and fragments 

to a depth of about 80 metres with intercalations of hard rock formations mainly; welded tuffs 

and trachyte. These loose unconsolidated geologic materials are vulnerable to collapsing by any 

chance of disturbance. To the depth beyond 80 metres to about 300 metres exists loose 

sediments with rounded fragments; thus, contributes to the borehole blockage and collapsing 

challanges.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background Information

Fresh water is a finite and vulnerable resource, essential to sustain life, development and the 

environment. The world’s freshwater resources are under increasing pressure; so, many still lack 

access to adequate water supply for basic needs. Growth in population, increased economic 

activity and improved standards of living lead to increased competition for, and conflicts over the 

limited freshwater resource.

Current estimates indicate that the total volume of water on earth is about 1.4 x 109 km 1 of which 

about 97% is in the seas or oceans and therefore saline, 77% of freshwater is locked up in icecaps 

and glaciers, leaving negligible percentage in easily accessible sources like lakes and rivers. Kenya 

is classified as a chronically water-scarce country. The country’s natural endowment of freshwater 

is limited by an annual renewable freshwater supply of only 647 cubic meters per capita. Globally, 

a country is categorized as “water-stressed” if its annual renewable freshwater supplies are 

between 1,000 and 1,700 cubic meters per capita and “water-scarce” if  its renewable freshwater 

supplies are less than 1,000 cubic meters per capita (World Bank, 2000). Kenya uses both surface 

and groundwater resources to meet the current demand. The magnitudes of annual renewable 

water from surface and groundwater resources differ. The volume of annual renewable surface 

water is on the order of 19.7 billion cubic meters per year (mVyr) while the volume of renewable 

groundwater is on the order of 2.1 billion m3/yr (Tuinhof, 2001). Renewable groundwater is 

therefore approximately one-tenth as large as renewable surface water.

Only a certain proportion of renewable water can be used (known as the safe yield), while the
. t v'

remainder is either technically inaccessible or required to safeguard environmental and ecological 

processes. Even though all water up to the safe yield can be tapped, it can only be accessed it a 

steeply increasing cost. The safe yield for surface water is estimated to be on the order of 7.4 

billion m’/yr, while the estimated safe yield from groundwater is on the order of 1.0 billion m3/yr 

(refer to Table 1.1.).
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Table 1.1: Safe Yield from Water Resources by Major Drainage Basins in Kenya Safe yield in ‘000 

cubic meters per day

Basin Surface

Water

% Groundwater % Total %

Lake Basin 11,993 59.2 539 18.7 12,532 54.2

Rift Valley 211 1.0 586 20.3 797 3.4

~Athi River 582 2.9 405 14.0 987 4.2

Tana River 6,789 33.5 685 23.8 7,474 32.3

Ewaso Ng’iro 674 3.3 663 23.0 1,337 5.8

Totals 20,249 100 2,878 100 23,127 100

Source: Surface water data from Republic of Kenya 1992; Groundwater data from Tuinhof 2001

Groundwater has considerable potential for boosting water supplies. Kenya’s geology and 

hydrogeology favor economic exploitation of groundwater resources, with an estimated annual 

safe yield of 1.0 billion m3 per year. These resources are spread over five hydrological areas: (1) 

the volcanic rocks area in the Rift Valley; (2) the volcanic rocks area outside of the Rift Valley; (3) 

the metamorphic basement rocks’ area; (4) the eastern Quaternary sedimentary rocks’ area; and 

(5) the western Quaternary sedimentary rocks’ area.

It is estimated that less than 10% of Kenya’s available groundwater resource is currently used 

(MoWI, 2006). The advent of technology has made the quest for water for all purpose in life to 

drift from ordinary search for water to prospecting for steady and reliable subsurface or 

groundwater. While available groundwater resources must be used for economic growth, at the 

same time it is important to avoid creating undesirable impacts on groundwater leading to a 

decline in the value of the resource. This calls for proper management, both to ensure resource 

sustainability and to maintain quality.

Groundwater is one of the major sources of fresh water for supply to Nakuru town and its peri­

urban residents. Besides Kabatini and Baharini well fields, Olobanita well field contributes 

immensely towards the grid supply of water to the town. Nakuru is one of the towns in Kenya 

encompassed with the increasing growth in population and the subsequent socio-economic 

pursuits (including urbanization, industrial production, tourism and agricultural activities) and the 

demand for water is increasing rapidly (GOK, 1999), thus the need to develop groundwater 

resources to its full potential. Despite the great contribution of Olobanita well field as a water

2



source to Nakuru town, the development of groundwater supply has largely been affected by the 

collapsing of boreholes during the drilling operations. There is also increasing dependence on 

groundwater in this area with litde appraisal on the sustainability of this resource steer clear of the 

appropriateness to environment, though a reliable source of fresh water.

1.2. Statement of the research problem

The potential volume of the surface water resources is highly declining leading to increase in the 

dependence to a high proportion on groundwater resources. Deforestation, land fragmentation, 

cultivation of wetlands and rapid increase in human settlements have had negative impacts on 

water resources resulting in reduced stream flows and ground water. Groundwater is one of the 

major pre-requisites for a decent life and indeed any form of life. Nakuru town, being the fourth 

largest town in Kenya, relies heavily on groundwater explored from its hinterland in order to 

meet the water requirements for her fast growing population and its peri-urban areas. There is 

increased abstraction of groundwater in the main well-fields which include Olobanita, Baharini 

and Kabatini in Nakuru without proper knowledge of the aquifer structure and lithology. The 

appropriate utilization of groundwater has not been possible and the water scarcity has still 

remained an issue of great concern. This fact is attributable to various groundwater exploration 

and extraction problems. The collapsing of freshly drilled boreholes, the poor siting of boreholes 

that result in low uneconomical well-yields and drying up of shallow boreholes are some of the 

key concerns affecting the Olobanita well-field, one of the key fields designed for groundwater 

supply to Nakuru town.

The geophysical studies have come up with incontrovertible results pertaining to the physical 

characteristics of the subsurface and their comparison to Stratigraphic correlation monitored 

from the geologic logs which are practically excellent. This study endeavored to establish the 

geology, hydrogeology and geological structures of Olobanita well-filed which will form a basis 

into the future understanding of the groundwater regime of the area in its various aspects like 

recharge, discharge, pollution and effectiveness in groundwater development in the well-filed. 

Consequently, the difficulty posed by the lithology and geological and tectonic structures to 

groundwater drilling operations were investigated. Thus the application of these methods 

revealed the type of lithology and structure that lead to the collapsing of freshly drilled boreholes 

in the well-field.
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1.3. Location

Olobanita well-field, herein referred as the study area, occurs within the Lower Baringo Basin, 

Central Kenya Rift (see Figure 1.1). The well field is a volcano-sedimentary sub-basin with an 

area of 625km2. It is located between latitudes 0°00’N and 0"15’ S and longitudes 36"00’ and 

36"15’ E (see Figure 1.2).

Figure 1.1 The central Kenya Rift witlvthe study area shown in a square.
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Figure 1.2 Map showing the Olobanita well field within the Lower Baringo Basin, Central Kenya 

Rift (After Barongo, 2008).
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Figure 1.3. Showing the average annual rainfall across Kenya. Source: Famine Early Warning 

Systems Network (FEWSNET) 2009.

1.6. Soils and land use

1.6.1 Soils

The soils are derived basically from weathered volcanic and occupies the basin as light grey or 

brown to pinkish non-calcareous soils.

1.6.2 Land use

The area under study is mainly an agricultural zone. Both large scale and subsistence farming is 

being practiced. Coffee farming is the center stage in this area and almost entirely through private 

entrepreneurship.
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1.4. Physiography

1.4.1 Topography

The Olobanita well-field is bordered by Bahati hills to the East, Menengai caldera to the South, 

Solai escarpment to the North and El Bonwala Hill to the North West (see Figure 1.2). The area 

where boreholes for supplying water to Nakuru are drilled is approximately 7.5 kilometers square 

within the study area. The vertical electrical sounding (VES) mapping covered an area of 

0.25km2. The Rift Valley Water Services Board has drilled up to a total of ten boreholes where 

two are abandoned, two are capped and six are in use by Nakuru Water and Sewerage Company. 

The borehole X was abandoned because it collapsed and borehole 8 was abandoned because the 

yield obtained after drilling was uneconomical.

1.4.2 Drainage

The drainage system consist of the perennial Olobanita river which flows off the Solai 

escarpment, draining high ground in the Bahati forest before reaching the Ol-Punyata swamp. 

The Watkins River also drains through the area to the north-east of Olobanita River and to the 

south-east drains the Crater stream.

1.5. Climate

The dominant controls of weather and climate in the region and East Africa as a whole are:

(i) The Inter-tropical convergence Zone (ITCZ), (ii) Altitude and (iii) Latitude. The Lower 

Baringo basin experiences low and erratic annual rainfall which varies between 500 mm to 750 

mm in most parts which is characteristic of semi-arid regions which are typical characteristics of 

the Rift Valley floor (see Figure 1.3). There are primarily two periods of rainfall per year, being 

seasonal and the pattern is similar to other parts of the country. The long rains come in the 

months of March to May and the short rains in the months of September to November. It is 

highly influenced by catchment areas like the adjourning escarpments of Mau to the West and 

Aberdares to the East, both highly forested. The temperature ranges between 35°C and 39°C for 

most of the year.
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1.7. Vegetation

The vegetation within this area has a semi-arid character and high potential rangeland for grazing 

purposes. This includes the acacia, bushes and savannah. The exceptional case is recognized in 

mountainous areas where tropical rain forests are prominent especially in Bahati area of Nakuru 

District.

1.8. Communication

The Olobanita well-field is accessed from the Nakuru-Nyahururu road, at the Makutano junction, 

a feeder murram road connects to the well field which later form two other roads; one leading to 

Solai and another to Banita shops and beyond to Ol Punyats area. To the northwest of the 

project area passes a railway line.

1.9. Justification and significance

1.9.1 Justification

Nakuru town and its peri-urban areas face immense difficulties in trying to meet the water 

requirements for her rapidly growing population. The choice of the Olobanita well-field as study 

area was important, where regrettably, for the boreholes drilled; intended to supply water (about 

15,000 m1/day) to the above mentioned town, are collapsing. In the process of trying to achieve 

production by drilling of new boreholes for groundwater abstraction, structural difficulties are 

encountered with either collapse of newly drilled boreholes or drying up of earlier drilled shallow 

boreholes or some boreholes with uneconomical yields as exhibited in the well-field. In view of 

the afore-mentioned problems, there is need to delineate the groundwater availability in 

Olobanita well field. This is achieved by checking and authenticating the resource and related 

geological and structural factors contributing to the availability and the causes of drill-hole 

collapse.

1.9.2 Significance

The results achieved reveal the lithology and structures beneath the Olobanita well-field and their 

relation to groundwater occurrence. These results will help in advising on the best practice to be .
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employed in drilling operations to counter the problem of collapsing of boreholes. Further, they 

will also guide on the best points to drill to avoid the problem of siting uneconomical boreholes.

1.10. Aim and Objectives

1.10.1 Aim

The aim of the project is to determine the implications of various lithologies and structures on 

groundwater drilling operations in the Olobanita well field.

1.10.2 Objectives

The specific objective is to use geophysical techniques to determine the relationship between 

geophysical parameters, mainly electrical resistivity and magnetic susceptibility to lithology and 

structures beneath the Olobanita basin and its impact on drilling operations.

1.11. Previous works

Using geophysical tools during the initial characterization is an intuitive process offering rapid 

insight into subsurface physical properties. A geophysical survey is often the most cost-effective 

and rapid means of obtaining subsurface information, especially over large study areas (Sirles, 

2006). Geophysics can be used to select borehole locations and can provide reliable information 

about the nature and variability of the subsurface between existing boreholes. Geophysical tools 

are designed to measure specific parameters, and are generally used to measure spatial variation in 

these specific parameters within a study area of interest and have given excellent results 

previously. '*

Despite the number of surveys that have been conducted in the Nakuru and Baringo basins, 

Central Kenya-Rift in connection with groundwater exploration, no comprehensive investigation 

has embraced the present study area. According to existing literature, some groundwater 

exploration works have been carried out in the area in a regional nature, but can be used as 

reference in the present study.
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McCall, et al. (1965) investigated the general geology of the Nakuru -Kamasian basin. Their 

conclusion were that groundwater resources are found within the sedimentary formations of the 

Nakuru basin which they concluded that were of late Tertiary and Quaternary of age, arguments 

which are agreeable with those drawn by Mooney and Wetzel (1956). In addition, McCall (1957) 

published a detailed survey of geology and groundwater conditions of the Nakuru area.

According to Kuria, 1999, geophysical investigations were carried out in the area from mid 

1960’s. These were mainly done in search of groundwater, and in the 1970’s in search of 

geothermal reservoirs within the Rift Valley by various groups and firms. The first sounding 

(Wenner) was done between lakes Nakuru and Bogoria which also covers the Menengai area, 

with the aim of establishing the structural geology of the geothermal area. According to 

Nyambok, et al. (1993), there is immense amount of groundwater in the floor of the Rift Valley, 

but its abstruction is influenced by the existence of a system of faults and fractures. 

Consequently, they unfolded that the main water aquifers are controlled by secondary 

permeability zones such as faults and fractures.
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CHAPTER TWO

2.0 GEOLOGY AND HYDROGEOLOGY

2.1. Geology

2.1.1 Regional geology

The Rift Valley where the study area lies is a rift system within the abardare detachment (Kuria, 

1999). The geology of the Rift is implicidy represented by rocks which are exposed representing 

lava flows, superficial sediments and soils. Lava flow rocks whose origin is related to fissures and 

faulting within the rift valley covers the greater area in the region. Consequently, the lava sheets 

in the study area are associated with the eruption of Menengai volcano, and thus the subsequent 

pumeceous tuffs and sediments.

2.1.2 Geology of the study area

The Olobanita well-field is a volcano-sedimentary basin located in the Central Kenya Rift, 

Nakuru district. The area is characterized by rhythmic successions of volcanic activity that was 

accompanied by major episodes of faulting. The geology predominantly consists of Tertiary to 

Quaternary volcanic suite, intercalated with thin successions of lake beds. The study area lies to 

the north, of Menengai Crater. A report on geology and groundwater by McCall, 1957, gives a 

thorough description of the geology and the characteristics of the rocks encountered in the area. 

A simplified geological succession of the area is presented in Table 2.1 (Kuria, 2006). The history 

of the evolution of the Rift Valley, certainly the study area is extremely complex with no rock 

exposures older than the Tertiary era. Firstly, the continental surface planed by the erosion cycle 

which moulded the sub-Miocene erosion surface, was apparently warped down prior to the first 

eruptions, along a zone roughly corresponding with the present Rift Valley trend.

The first volcanic eruptions were the Samburu series of thin basalt and picrite lava flows, and 

subordinate pumice showers. These in part erupted from swarms of dykes and in part from 

central sources. This phase of eruption was followed by earth movements, which led to 

unconformity between the Samburu volcanics and the overlying plateau phonolites. The plateau

11



phonolites form an extensive series of flows with no pyroclastic horizons intervening. A 

continuous succession of more than 600 metres of these phonolites is exposed on Ngelesha. 

However, they thin out rapidly towards the median line of the rift and away from the rift 

shoulder to the east.

Table 2.1. Stratigraphic Table

PERIOD VOLCANIC ROCKS & 

SEDIMENTS

IGNEOUS

INTRUSIVE

TECTONIC

EPISODES

Recent Superficial deposits, soils and 

alluvium. Upper Menengai Volcanics

Pleistocene Tuffs and sediments - Nakuru Basin, 

Tuffs and fluviatile sediments, Pumice 

Tuffs, welded tuff ‘Ignimbrite’ and 

sediments forming unconformable 

outliers on the Kinangop and Bahati 

tuffs.

Syenite boulders 

on Menengai 

slopes

Minor Faulting - 

Solai, Marigat, 

and West of 

Nakuru 

Major Faulting.

Unconformity

Tertiary Pliocene: Kwaibus basalt, Kisanana 

sediments, Mau Tuffs, Bahati Tuffs, 

Kinangop Tuffs, Lower Menengai 

Volcanic Series.

Miocene: Rumuruti phonolite. 

Samburu Series, Simbara Series.

Major Faulting

Major Faulting

Warping

Unconformity

Precambrian Basement System Precambrian

Orogenic

movements
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These eruptive series were followed by major faulting in the north of the area. The vertical 

displacement on these earlier faults, now represented by dissected scarps, may have been as much 

as 1370 metres in the Lake Bogoria sector.

After a long erosional interval, there followed a second series of volcanic eruptions. These were 

initiated by basalt eruptions, e.g., Kwaibus basalts which outcrop in the area and consist of cinder 

cones marking old vents and numerous successive thin flows of lava. These basalts were followed 

by phonolite eruptions from centres in Menengai and Kiplombe and from fissure sources away 

from the volcanic centres. The eruptives included pumice tuff, lava and ignimbrites. These 

eruptions were followed by major faulting which roughed out the Rift Valley as known today to 

the south.

Following these fault movements, an erosional period formed an unconformity between outliers 

of late pumice tuff, welded tuff ‘ignimbrite’, sediments and the Kinangop and Bahati Tuffs. A 

third major faulting episode succeeded, forming Menengai caldera. A minor volcanicity in 

Menengai followed with the eruption of trachyte cinder cones and lava flows. This was followed 

by the deposition of Solai tuffs associated pumiceous sediments and Tuffs and fluviatile 

sediments of Mugurin. Minor faulting followed creating new fractures and renewing the older 

ones in Solai area. The geological map (see Figure 2.1) indicates the geological formations found 

in the study area. The geological formations are discussed as follows;

Basement

The oldest rocks in the study area are the quartzites and the gneisses forming part of the Kenya’s 

Basement System. The Basement System metamorphic rocks, of presumed Precambrian age in 

the area are concealed by Tertiary and Pleistocene volcanic rocks. These rocks are subdivided 

into; quartzites and micaceous quartzites, feldsphatic biotite gneisses and pegmatites. Absolute 

age determinations carried out on Basement system rocks from other parts of the country show 

that regional metamorphism took place in the late precambrian times but the age of the 

sediments is unknown.

Basalt

These rocks are noted in the Stratigraphic column of the study area and they are exposed in the 

Bahati Escarpment to the east of the Olobanita well field. Minor intercalations of pumiceous
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tuffs, interlaid with diatomite beds are dominantly noted within the basalt and these are part of 

the Older Miocene formation.

Phonolite and Trachyte

According to Kuria, 1999, the phonolitic and trachytic lava flows and sheets are overlying the 

basalt. These lava sheets have their origin from the eruption of Menengai volcano.

Tuffs

Overlying the phonolites and trachytes are the tuffs in the succession within Pliocene Period. 

These rocks are found around Menengai crater in form of welded pyroclastics. There are two 

types of tuffs: agglomeratic tuffs and graded tuffs as later shown in the geologic log from the 

study area.

Sediments

Overlying the tuffs are the stratified tuff ash deposits and diatomeceous silts and sands. These 

sediments, were probably deposited during the eruptive period of the Menengai volcano and thus 

deposited as ashes. The characteristic features distinguishing these rocks from underlying and 

overlying harder tuffs are their common course-grained and their porous nature and the rare 

incidence of collapsed pumice blocks and lapilli. Colours are also frequendy distinctive, many of 

the agglomeratic rocks being marked by yellowish tints. These ashes are prodminandy 

unconsolidated, non-eutaxitic, ash-fall types.

Superficial deposits

Superficial deposits in the area are mainly clayey derived from deep weathering of volcanic ashes 

in a region of moderate to high rainfall. Dark brown soils give way to reddish varrieties in the 

more densely forested parts of the area.
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GEOLOGICAL MAP OF THE STUDY AREA
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EXPLANATION
—  Main roads- 

Railway-

—  Secondary roads-

—  Crater stream

—  River Watkins

—  River Olobanita

—  Faults, tick on downthrow side

[  Tvp 3 (Phonolites and subordinate trachytes, trachyte breccias (Koishiram)

[ ]  Tvp 1 (Phonolites and subordinate trachytes, trachyte breccias (Koishiram)

|  Tvtf (Welded vitrieous tuffs and iginmbrites (Menengai)

Tvt4 (Welded vitrieous tuffs and iginmbrites (Menengai)

[ ]  Tvf 3 (Vitric pumice tuffs, ignimbrites and welded tuffs with lacustrine sediments, graded tuffs, diatomites (Mau tuffs, Bahati tuffs, Kinangop tuffs)

J  Pit 3 (Reddish-brown unstratified lapilli tuffs (Solai tuffs)

J PH 3 (Gravels, silts, diatomaceous silts, pumiceous beds and graded tuffs, part lacustrine, part fluviatile (Larmudiac Beds, Gamblian silts of Kariandusi) 

jT £  Ol Punyata swamp

_  Qv (Reddish-brown unstratified lapilli tuffs (Solai tuffs)

Figure 2.1 The geological map of the study area

2.2. Hydrogeology

2.2.1 Regional hydrogeology

Groundwater is found in a wide range of rock types, from ancient crystalline basement rocks that 

store minor quantities of water in shallow weathered and jointed layers, weathered and /or 

fractured zones in the volcanic rocks and sediments interbedded between volcanic rocks, to 

alluvial plain sediments that may extend to depths of several hundred metres and contain 

enormous volumes of groundwater. Groundwater in the Rift Valley more so in the Lower 

Baringo Basin occur in volcanic rocks and at varying depths and several aquifers may exist 

top of one another. The aquifers in these areas are confined and the depths to the 

aquifers and piezometric levels within them vary widely (IEA, 2007). Groundwater is an 

important contributor to sustaining the water balance in the Rift Valley lakes (Clarke, et al. 1990;
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Robert and David 2002). The existence of complex geological and geomorphic features 

associated with the volcano—tectonic evolution of the rift makes hydrogeological studies more 

complicated, ( Clarke, et al. 1990). The movement of groundwater in the basin is heavily 

dependant on regional and local geology.The groundwater flow pattern in the basin is less 

complicated, with the groundwater flow often following the topographical slope. Groundwater 

flow in the basin is controlled by geological structures, either directly via flows in the tensional 

faults, or through fluvial and lacustrine deposits whose occurrence is influenced by tectonism. 

The major groundwater conduits are faults lying parallel and subparallel to the Rift axis.

On a regional scale, the evidence suggests that the structural features divert substantial quantities 

of groundwater in the Rift Valley interfluves system, which comes from elevated recharge areas 

to low-lying discharge areas. The flow occurs both laterally and longitudinally, according to the 

Rift fault systems. The longitudinal flow always dominates, and governs the interconnection of 

the lakes in the subsurface. The structure of the Rift Valley and particularly the major marginal 

faults and the system of grid faulting on the Rift floor have a substantial effect on the 

groundwater flow system in the basin. The high hydraulic gradient developed across the Rift 

Valley escarpments extending to the east and west is a clear manifestation of axial faults acting as 

a zone of low permeability, thereby inhibiting flows from the escarpments towards the lakes. It is 

speculated that, at depth, groundwater flows away from the Lake Nakuru-Elementeita basin 

beneath Menengai Crater into the Lake Baringo catchment far to the north (Ayenew and Becht, 

2008). Groundwater generally flows towards the lakes, predominantly from the eastern and 

western highlands.

The prevailing geological and climatological conditions in the lower Baringo basin, favour 

groundwater occurrence in:

D Lacustrine sediments,

D Weathered and /or fractured zones in the volcanic rocks, and 

° Sediments interbedded between volcanic rocks.

The groundwater system in the basin is locally recharged by infiltration of rainwater through the 

permeable volcanic soils, whose percolation into the deep lying aquifers is facilitated by the open 

fault and fissure zones acting as groundwater conduits. However, ample recharge takes place 

along the high lying areas of Bahati Forest and Kiplombe Hill located to the east and west of the
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of Nakuru area, respectively. Maximum mean annual rainfall in these recharge areas is 

approximately 1200 millimeters.

2.2.1.1 Groundwater Conditions of Lower Baringo Basin

The groundwater conditions have been discussed in detail according to Kuria, 2006, and thus the 
argument is presented as follows:

Aquifer Piezometry

Menengai Crater -  North: Groundwater elevations adjacent to the Menengai Crater are high, 

indicating significant groundwater flow towards Olobanita area. Groundwater elevations vary 

between 1901 — 1623 metres indicating significant flow in a northwest direction. Confining 

pressures are generally low; hence the aquifer encountered in this area may result from permeable 

horizons within the Menengai volcanic deposits, rather than the Bahati tuffs.

Bahati Escarpment: In the area north of the Crater, groundwater elevations show a fairly even 

gradient from east to west down the escarpment. In Solai area the groundwater flow occurs 

towards a small lake Solai and further west of the region. The groundwater elevations range 

between 2143-1509 metres. Confining pressures are low indicating the possibility of unconfined 

or semi-confined conditions occurring, if  the local groundwater levels are lowered by borehole 

abstraction.

From the results it is inferred that groundwater from the Crater flows in the northwest direction, 

augmenting the flow from the Bahati Forest. The combined flow moves towards Olobanita 

swamp. In the central part of the zone, crater and Solai groundwater flow occurs in an east-west 

direction towards Kisanana. The groundwater elevations range between 2143 -1496 metres at 

Solai and Legisianan, respectively.

Rongai area: Groundwater level conditions in this area are not clearly understood because 

boreholes drilled in this area are either dry or produce steam. The groundwater elevations range 

between 1919-1739 metres above mean sea level: this indicates a flow in North-North-East 

direction towards Mogotio and Lomolo area. The confining pressures are low indicating 

unconfined conditions.
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Lomolo-Mogotio area: Groundwater elevation in this area is low ranging between 1425- 

1417metres; this indicates groundwater inflow from other areas. This receives inflow from: 

Rongai to the southwest, Olobanita to the southeast, Solai to the west and Kiplombe to the east. 

In the northern part towards Chemogoch area, the flow occurs in a northwest direction. From 

the groundwater results, it can be postulated that the groundwater of Lomolo-Mogotio area 

escapes through the fault systems forming a part of the flow towards Lake Baringo. The 

confining pressures are high indicating confined conditions resulting in high yields for the 

boreholes in the area.

Aquifer Geometry and Aquifer parameters

The boreholes drilled in the area have revealed that the aquifers within either the volcanic or the 

sediments are confined. Even though the area has been affected by intense faulting, it supports a 

regional aquifer system. Three aquifers exist in the area identified on the basis of borehole 

specific capacities, groundwater flow map and isochure map.

• Lomolo-Mogotio and Olobanita aquifer

• North Solai aquifer

• Rongai aquifer

Lomolo-Olobanita Aquifer

This is where the study area falls; an area which has been developed for groundwater supply to 

Nakuru town. The regional aquifer system in Lomolo-Olobanita area is composed of weathered 

volcanic rocks, fractured volcanic rocks, fractured and weathered volcanic rocks, and Lacustrine 

sediments. The weathered tuffs underlying the Wasagess flows (phonolites and trachytes) of the 

Rumuruti group and overlying the Samburu basalts form the best aquifers in Lomolo-Olobanita 

area. This system is recharged locally by rainwater and also by rivers flowing along fault zones; 

e.g. Molo and Rongai Rivers and other'streams to the west of the area and Olobanita River to the 

east. From the western side, this zone is further recharged by high rainfall occurring in the area of 

Kiplombe hill and Bahati forest.

North Solai aquifer

The regional aquifer system of this zone is composed of weathered volcanic rocks, fractured 

volcanic rocks, fractured and weathered volcanic rocks, sediments, and old land surfaces with 

sediments forming the best aquifers. However, these sediments have mainly been deposited in
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grabens, hence the aquifers are localised. This system is recharged locally along the fault and 

fissure zones by both rainwater and rivers. Several streams flow off the Solai escarpment and 

disappear underground in the area around Milton’s sidings. The zone is further recharged 

regionally from the south in Bahati forest.

Rongai aquifer

The regional aquifer system is composed of weathered volcanic rocks, fractured volcanic rocks, 

fractured and weathered volcanic rocks, and old land surfaces. This system is recharged locally 

and from the south in the areas of Njoro.
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CHAPTER THREE

3.0 BASIC THEORY

3.1. Introduction

The field data were collected by use of electrical resistivity methods (VES and Electrical 

Resistivity Tomography (ERT)) and magnetic method. These geophysical tools are designed to 

measure specific parameters, and are generally used to measure spatial variation in these specific 

parameters within a study area of interest (refer to Table 3.1).

Table 3.1. Geophysical tools and the specific parameters they measure

Geophysical

Method

Measured

Parameter(s)

Physical 

Property 

or Properties

Physical Property 

Model

(Geotechnical

Application)

Typical Site 

Model

(Geotechnical

Applications)

Electrical

resistivity

Potential 

differences in 

response to 

induced current

Electrical

resistivity

Resistivity—depth 

model often with 

interpreted layer 

boundaries

Geologic-

hydrologic

profile

Magnetics Spatial variations 

in the strength 

of

the geomagnetic 

field

Magnetic 

susceptibility and 

remanent 

magnetization

spatial variations in 

magnetic 

susceptibility of 

subsurface

Geologic profile or 

map (location of 

faults, variable 

depth

to bedrock, etc.)

The specific parameters measured by geophysical tools shown in Table 3.1, are functions of the 

physical properties of the Earth’s subsurface. Properly acquired and processed geophysical survey 

data can generally be transformed into a physical property model.

21



3.2 Basic Principles

3.2.1 Vertical Electrical Sounding 

THE SCHLUMBERGER ARRAY

The Schlumberger array has been used for VES throughout this study. An outline of its theory is 

given below.

Theory

In the Schlumberger array (see Figure3.1), A and B are current electrodes, and M and N are 

potential electrodes. Let the current I enter the ground at A and return at B.

A  M  . N* %

4 Z _ * * T
•
• > i — ^ ------------ •

----------*—
i

Figure 3.1. Showing the current and potential electrode arrangement in the field.

Assuming the medium below the sub-surface of the earth to be homogeneous and isotropic of 

resistivity p, the potentials V M and V N as measured at M and N, respectively, are given by:

VM = pl/27r l/(a - b/2) - l/(a + b/2), (3.1)

VN =pl/27r 1 /(a + b/2) - 1 /(a - b/2), (3.2)

from which p = 7r(a 2/b-b/4) (V M -VN /I). Denoting (VM -V N ) by AV, and acknowledging 

the fact that, in reality, the medium is anisotropic, the apparent resistivity pa as measured by the 

Schlumberger array is given by:
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Pa = 7r(a 2 /b - b/4) AV/1. (3.3)

If a and b are measured in meters, and oV and I in millivolts and milliamperes respectively, pa 

would be in ohm-meters.

Equation (3) may be written as:

Pa =K/I AV, (3.4)

where K = (a2 /b - b/4) is the geometric factor for the Schlumberger array. It can be shown 

(Keller and Frischknecht, 1966, p. 96) that by keeping the distance b less than 40% of a, the 

electric field E at the center of the spread is what is being measured by the Schlumberger array 

with an error of 5%.

The electric field that will be measured by the Schlumberger array (AMNB) over an earth made 

of n homogeneous and isotropic layers of resistivities [p i, p2 . . . pnl and thicknesses [h 1 , h2 , . 

. h n l ean be calculated by the following formula:

E = -p 1 1 /7r f p F n_l (m) J 1 ( ma) m dm, (3.5)

where p i = resistivity of uppermost layer,

I - current,

a= distance from center of spread to current electrode 

m= dummy variable,

J 1 (ma)= first order Bessel function,

F n _ 1 (m)= a kernel function of depth to the 1 ower boundary of each layer and the reflection 

coefficients.

The derivation of the above equation is rather complex. It is given by Keller and Frischknecht 

(1966, p. 144). Since E =- AV/b, substitution in equation (5) yields:

pa =pl Kb/7r fp F n-1 (m) J 1 ( ma) m dm (3.6)
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Several methods of evaluating equation (6), on a computer, have been devised. The computer 

program used in this work is Advanced Geosciences, Inc.(AGI) Earthlmager one-dimension 

(ID) inversion and modeling software manufactured by AGI. AGI Earthlmager ID is a 

Windows 32-bit platform based computer program that interprets ID electrical resistivity 

sounding data and produces a layered resistivity model that reveals subsurface geology. 

Earthlmager ID processes VES data collected with Schlumberger, Wenner, dipole-dipole, pole- 

pole and other arrays. The forward modeling calculation is based on a two dimension (2D) finite 

element method. Both smooth model inversion and damped least squares inversion methods 

were implemented in Earthlmager ID.

If external constraints are available, resitivity-depth models can be transformed into geologic 

models. According to Kuria, (2006), the ability of a rock to conduct electrical current depends 

primarily on the amount of open spaces between particles (porosity), the degree of 

interconnection between those open spaces and the volume and conductivity of the water in the 

pores. The presence of water and its chemical characters are the principal controls on the flow of 

the electric current because most rock particles offer high resistance to electrical flow. Thus 

resistivity decreases as porosity, hydraulic conductivity, water content, clay and water salinity 

increase. Fresh compact rocks have higher resistivities than saturated sand or gravel.

Limitations

The interpretation of resistivity data is ambiguous. It is possible to find different combinations of 

thicknesses and resistivities which when substituted in equation [6] would yield the same 

theoretical resistivity sounding curve.

3.2.2 Electrical Resistivity Tomography

This is an increasingly used geophysical survey technique in which vertical electrical resistivity 

sections are generated tomographically from measurements along a linear array of equally spaced 

electrodes inserted at the ground surface. ERT surveys map areas with complex subsurface 

geology where conventional resistivity sounding or profiling surveys are inadequate (Loke and 

Barker, 1996). Such surveys employ a number of electrodes laid out with consecutive address 

numbering. The array is multiplexed to a resistivity meter which gathers one set of all possible 

independent apparent resistivity measurements. A computer-controlled system in the meter
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selects automatically the active electrodes used for each measurement. Two different pairs of 

electrodes are selected for the next measurement and so on until the survey is completed.

The software then uses complex processing algorithms to generate a geophysical section or 

profile (see Figure 3.2). The closer the electrode spacing, the more detailed the image of the sub­

surface can be generated, but at the expense of a lower penetration depth.

C loonfr** 7

Elsvahcr.

00 

-200 

.4 00 

-6 0 0  

-8 00.

M & M  (as is lM ly  wrth topography 
Rotation 5  RMS ■rror *  4 8

6 0 0 2 4 0

30 9  50 0 80 8  131 211
m ohm m

U n* Etectrod# Spacing *  1 50 m

Figure 3.2ERT geophysical section or profile

Limitations

Limitations of imaging using ERT arise because of the difficulty of quantifying the reliability of 

tomographic images. A major source of uncertainty in tomographic inversion is data error. Data 

error due to electrode mislocations is characterized by the sensitivity of electrical potential to 

both source and receiver positions. This sensitivity is described by a scattering-type equation and, 

therefore, depends not only on source—receiver separation, but also on the location and 

magnitude of contrasts in electrical conductivity. At the overlapping scales of near-surface 

environmental and engineering geophysical surveys, for which electrodes may be close to the 

target and experiment dimensions may be on the same order as those of the target, errors 

associated with electrode mislocations can significantly contaminate the ERT data and the 

reconstructed electrical conductivity. For synthetic experiments, variations in the data due to 

electrode mislocation are comparable* in magnitude to typical experimental noise levels and, in 

some cases, may overwhelm variations in the data due to changes in material properties. 

Furthermore, the statistical distribution of electrode mislocation errors can be complicated and 

multimodal such that bias may be introduced into the ERT data. The resulting perturbations of 

the reconstructed electrical conductivity field due to electrode mislocations can be significant in 

magnitude with complex spatial distributions that are dependent both on the model and the 

experiment.
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3.2.3 Magnetic Method

The theory behind the applied magnetic method can be explained by a magnetic dipole in which 

the basic elements can be seen in a simple bar magnetic (see Figure 3.3).

Figure 3.3 Magnetic fields due to a simple bar magnetic (adapted from Reynolds, 1998).

The bar magnetic consists of two poles (dipolar), a positive north-seeking pole and a negative 

south-seeking pole, and these poles always exist as pairs. These two poles produce a magnetic 

field called the magnetic field intensity (H). If a magnetizable body (e.g., iron or magnetite) is 

placed in an external magnetic field (e.g., the earth’s magnetic field), it will become magnetized 

and produce a secondary magnetic field, determined by the material’s magnetic polarization (M). 

For low external magnetic fields (e.g., the earth’s), the degree in which the body is magnetized is 

determined by its magnetic susceptibility, k, and is defined as

M= kH. (3.7)

Magnetic susceptibility is a nondimensional quantity and is the fundamental physical property 

used in the magnetic method. The measurement of the total magnetic field, (which includes the 

external magnetic field and the magnetization) is called the magnetic induction (B) and is written 

as

B =po (1 + k) H (3.8)

Where, po is the magnetic permeability of free space. The units of B are teslas, which is generally 

too large a number for applied magnetic work, so gammas (10-9 teslas) are more commonly used. 

Also, note that B is a vector quantity and in most magnetic work today, the amplitude of B is 

Measured and it is called the total magnetic field.
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Magnetometers are designed to measure variations in the magnetic field of the Earth. These are 

usually caused by the presence of magnetically susceptible material of natural or human origin 

(typically magnetite or iron, respectively). In certain instances, magnetic data can be interpreted 

quantitatively, and transformed into constrained geologic models. More typically, however, 

magnetic data are interpreted qualitatively, and simply used to verify the presence or absence of 

magnetically susceptible materials (Anderson, 2006).

.
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CHAPTER FOUR

4.0 DATA ACQUISITION

4.1 Introduction

In order to achieve the expected results, neccessary data was collected. These data included both 

primary and secondary data. The secondary data was obtained from archives and primary data 

collected from the field. The steps used to obtain the relevant data has been subsequently 

discussed.

4.2 Aquistion of Pleriminary Data

In the view of the aim and the objectives of the study pleriminary data was considered neccesary 

to give the introductory knowledge about the study area and the Lower Baringo sub-basin at 

large. The following data was considered neccesary and thus collected to aid in the study.

• Geological (Drilling operations) data.

• Geologic logging (borehole logging) data.

• Borehole data ( including water rest levels, water stike levels, yield and total depths of the 

boreholes) in the study area.

• Geological map of Nakuru area which covers the study area.

• Hydrogeological data (groundwater potential map of Kenya).

• Rainfall data.

• Literature on geology and hydrogeology.

The methods that were employed in the collection of the afore mentioned data included 

reviewing of existing groundwater data from the MOWI and its sub-ordinate institutions, 

geological maps and reports from the Ministry of Environment and Natural Resources, Mines 

Department, and topographic maps from the Survey of Kenya. The data was useful in desktop 

studies that led to further understanding the outlined study problem in Olobanita well field.
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4.2.1 Drilling operations data

According to Yujie Shi, 2008, the drilling of borehole 1 encountered geological formations 

dominated by trachytic tuff rock type, which range in lithology from typical trachytic tuffs, tuff, 

to phonolitic trachytes and trachytes. Similarly, borehole X (BHX), previously BH2, was to be 

drilled to the anticipated depth of 300 metres deep. The encountered formations were 

dominandy trachytic tuff rock types. The stratigraphy largely consists of harmomic alterations of 

trachytic tuffs and lava flows. The individual thickness of these flows typically ranges from 20 to 

50 metres.

The walls of borehole 1 were largely stable. However, in the course of drilling, lithologic material 

collapsed and dropped into the hole from weakly consolidated layers at 8-22, 110 metres below 

the ground(see appendix B). The drilling operations of BHX was hampered by collapsing 

difficulties which culminated in the abandonement of the borehole. Below a depth of 220 

metres, air circulation was lost: as a result, it was not possible to obtain reliable yield estimates of 

individual aquifers.

4.2.2 Geologic Logging Data

Though most of the geological data from existing boreholes were not available, information was 

obtained from the available lithologic logs; Figure 6.1 from BH2 (previously BH1), Figure 6.3 

from abandoned BHX and Figure 6.5 from BH6. The BH2 log shows that the subsurface 

materials are basically divided into loose volcanic clastic sediments which ranges from zero 

metres to a depth of 120 metres. These includes; sand silts,gravel sand silts, volcanic sands with 

few gravels, volcanic ashes with tuff fragments, volcanic ash with welded tuff and trachyte 

fragments, loose sediments with rourfded fragments and tuff fragments(an erosional horizon), 

mud with imbedded rock fragments(erosional horizon), ash horizon with tuff and trachyte 

fragments, silt, ash and sand(loose sediment) with pumice fragments, ash/tuff horizon with 

trachyte fragments. The second division is tough volcanic rocks with few bands of loose 

sediments and this ranges from 120 metres to 210 metres depth. These includes; tough 

aphanutic trachyte rock, tough trachyte with some tuff, loose volcanic ash horizon, tough 

phonolitic trachyte horizon, horizon of alternated weathered gravel and mud(erosional horizon)

and weathered trachyte horizon with pumice. The third division penetrated by the borehole is
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loose volcanic sand from a depth of 210 metre to 271 metres. These comprises of gravels and 

sands(loose sediments) some reddish due to weathering, and loose volcanic sands.

The subsurface materials as shows in abandoned BHX are sediments to adepth of 20metres 

which overlies welded tuff that is underlain by pumice and gravel. A hard rock of welded tuff 

overlies an erosional surface at a depth of 76 metres which subsequendy overlies trachytic rock. 

Loose sediments of gravels and sands and occassionally silty covers the depth of 98 metres to 

the total depth of the borehole at 262 metres. In the arguement the subsurface materials as 

found in BH6 are loose sediments from top to a depth of 16 metres underlain by a hard rock 

rock to a depth of 72 metres in the order of trachyte, pumice and tuff and trachyte respectively. 

These overlies an erosional surface of gravels in in turn overlies a hard rock of welded tuff which 

lies on an erosional surface. From a depth of 104 to 140 metres is a hard welded tuff underlain by 

loose sediments of sands and gravels. These sediments sits on a hard trachyte rock at a depth of 

226 metres. From tghe depth of 226 metres to the total depth of the borehole at 260 metre are 

sediments silt, fine to coarse sands and gravels.

4.3 Aquistion of Field Data

4.3.1 Instrumentation

The integrated geophysical surveys involving VES, electrical resistivity imaging (ERI) and ground 

magnetic measurements were carried out in the study area. The VES was done using the 

SYSCAL R2 equipment from IRIS instruments of France in the Schlumberger electrode 

configuration, electrical resistivity imaging involved the SYSCAL R1 switch 72 resistivity 

equipment from IRIS instruments of France and the magnetic measurements utilized the 

SINTREX Total Field Proton Precession Magnetometer from SINTREX Ltd of Canada.

SYSCAL R2

The SYSCAL R2(Fig. 4.1) is a powerful resistivity system for sounding and profiling. This is a 

fully automated high power resistivity meter designed for direct current electrical resistivity 

surveys in either horizontal electrical profiling mode or VES mode.
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Figure 4.1 SYSCAL R2 electrical resistivity equipment which was employed in data collection.

The instrument is powered by a 12V car battery connected to a direct current(DC) —direct 

current (DC) converter. It generates a DC current which is delivered into the ground through 

two current electrodes and measures the voltage drop between two receiving potential electrodes 

and displays the apparent resistivity value. It carries out fully automated measurements through 

the control of a microprocessor which performs automatic self potential correction, automatic 

ranging, and digital stacking for signal enhancement and error display in case of any procedure 

problems. It computes and displays the apparent resistivity automatically for the most common 

electrode arrays. This tool has high reliability in a large range of weary field conditions.

SYSCAL R1 Plus switch 72 resistivity meter

The SYSCAL R1 plus resistivity meter (Fig. 4.2) is the most powerful, internally powered, 

transmitter/receiver unit available for DC resistivity applications. It features 200W output and 

may be powered from internal rechargeable battery, or external 12 V. Surveys to depths of 65 

meters can be achieved with confidence. The unique two channel design of the Syscal resistivity 

meters permits measurement of voltage and current simultaneously. This results in an instrument 

with very high accuracy and freedom from noise. Noise rejection is better than 120 db at power

tote frequencies. A 20 bit A/D converter provides excellent resolution and data quality .The case
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is fully watertight, with the only access through the top keypad, which is protected by O ring 

seals.

Figure 4.2 Field data collection using SYSCAL R1 switch 72 ERT meter.

Proton Precession Magnetometer

For land-based magnetic surveys, the most commonly used magnetometer is the proton 

precession magnetometer. The equipment used during the field data aquistion is SINTREX Total 

Field Proton Procession Magnetometer from SINTREX Ltd of Canada (Fig. 4.3). Unlike the 

fluxgate magnetometer, the proton precession magnetometer only measures the total amplitude 

(size) of the Earth's magnetic field. These types of measurements are usually referred to as total 

field measurements. A schematic of the proton precession magnetometer is shown in Figure 4.4.
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Figure 4.3. SINTREX Total Field Proton Procession Magnetometer used in the field.

The sensor component of the proton precession magnetometer is a cylindrical container filled 

with a liquid rich in hydrogen atoms surrounded by a coil. Commonly used liquids include water, 

kerosene, and alcohol. The sensor is connected by a cable to a small unit in which is housed a 

power supply, an electronic switch, an amplifier, and a frequency counter as shown in Figure 4.3.
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Figure 4.4 A schematic of the proton precession magnetometer. (After Serson, 1962).

When the switch is closed, a DC current delivered by a battery is directed through the coil, 

producing a relatively strong magnetic field in the fluid-filled cylinder. The hydrogen nuclei 

(protons), which behave like minute spinning dipole magnets, become aligned along the direction 

of the applied field (i.e., along the axis of the cylinder). Power is then cut to the coil by opening 

the switch. Because the Earth's magnetic field generates a torque on the aligned, spinning 

hydrogen nuclei, they begin to precess around the direction of the Earth's total field. This 

precession produces a time-varying magnetic field which induces a small alternating current in the 

coil. The frequency of the alternating current (AC) current is equal to the frequency of precession 

of the nuclei. Because the frequency of precession is proportional to the strength of the total field 

and because the constant of proportionality is well known, the total field strength can be 

determined quite accurately.

One of the important advantages of the proton precession magnetometer is its ease of use and 

reliability. Sensor orientation need only be set to a high angle with respect to the Earth's magnetic 

field. No precise leveling or orientation is needed. If, however, the magnetic field changes rapidly 

from place to place (larger than about 600 NT/m), different portions of the cylindrical sensor 

will be influenced by magnetic fields of various magnitudes, and readings will be seriously 

degraded.
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This may occur if  the sensor is placed close to magnetically-susceptible material, for instance. 

Finally, because the signal generated by precession is small, this instrument cannot be used near 

AC power sources.

4.3.2 Fieldwork

Vertical Electrical Sounding Survey

This data was collected in a grid of dimensions of 100m by 100m and covering an area of 600m 

along the East-West direction and 300m along the North-South directions as shown in the 

figure.4.5.

Figure 4.5. The grid within the study area where the VES data was collected.

The VES is a four electrode system. Thus it offers a meter that performs surveys in the 

traditional manner of placing four electrodes, taking a reading, and then moving the electrodes 

for the next reading. Various configurations are available: Schlumberger, Wenner, gradient, pole- 

dipole, dipole-dipole, etc. In this study, the VES method using the SYSCAL R2 electrical
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resistivity equipment based on the Schlumberger configuration was used to probe the subsurface 

geological conditions of the study area. The VES were conducted on sounding points located 100 

metres apart with a linear AB/2 spread of up to a maximum of 350 m.

Schlumberger configuration provides both VES and profiling, which is most successful in the 

exploration of ground water. Thus from this method, the thickness and depth of the various 

geoelectrical layers were obtained by interpreting the field resistivity data using Earthlmager ID 

V. 2.0.0 (AGI, 2008).

Precautions taken to realize quality data

The data collected using SYSCAL R2 is in form of apparent resistivity. The field equipment uses 

internal dry cells which are put when working and removed immediately after work. These cells 

help in the running of the machine. The right settings on spacing were adopted in the machine as 

set in the field. On the ground always in every reading AB/2 was the same in both directions and 

similarly this was applied to MN/2. Good contacts are also a recipe that was ensured to get 

correct readings.

Limitations encountered when using the method

In field surveys the fine of survey where AB/2 runs ought to be straight. In some areas, because 

of the existence of a busy road the straight line could not be achieved. At times more time could 

be taken in checking on the contacts and even the equipment could not transmit current thus 

forced to check on the source of the problem. Despite all these the fieldwork was a success.

Electrical Resistivity Tomography Survey

In the field, SYSCAL R1 Plus resistivity meter, was used to collect field data for resistivity 

imaging. Two command files were created to record “Wenner-Schlumberger” data at a 5m 

electrode separation within the user mode option of the equipment. The two command files 

■were designed to measure different parts of the profile line. The first spread begins with cablel 

followed by cable2 with electrodes 1-36 and 37-72 respectively. This survey employs a number of 

electrodes laid out with consecutive address numbering. In the field, the data collection always 

started with placing the stainless steel electrode stakes into the ground at intervals of 5m along 

selected fines. The swift cables were then laid out on the ground and a connection clipped wires 

were used to connect the electrode to its electrode stake, making sure that there was an electrical
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contact between them. The switching on and off of the electrodes are controlled automatically by 

the electronics in the swift box. The cables of electrodes 36 and 37 were then connected to the 

equipment and the details of the traverse from which data is to be collected were entered into the 

equipment and made ready for data collection.

A contact resistance test was run to check for poorly connected electrodes or abnormally high 

contact resistance reading. The total length of electrical tomography profiles in 2D was 360 

meters. A computer-controlled system selects automatically the active electrodes used for each 

measurement. Two different pairs of electrodes are selected for the next measurement and so on 

until the survey is completed. The actual measurement was carried out after the contact resistance 

test output gave good results, otherwise, the causative electrode(s) were checked and properly 

connected or watered. It took between 30 to 45 minutes to complete one spread, so during the 

data collection period a new survey section was prepared for the next spread. The start and end 

locations of survey lines were mapped with a Global Positioning System (GPS). After a successful 

collection of data from a particular spread, the measured apparent resistivity data was 

downloaded to a Laptop. Negative data are automatically removed during this process.

According to Pipan et al., 1996, electrical tomography is a high-resolution technique as opposed 

to conventional geophysical methods like resistivity sounding. Thus, electrical tomography 

surveys map areas with complex subsurface geology where conventional resistivity sounding or 

profiling surveys are inadequate (Loke and Barker, 1996). Consequently, this helped in achieving 

the determination, with high resolution the various lithology and structures and hence their 

implications on groundwater drilling operations in the Olobanita well field. A 2D model for the 

subsurface gave reasonably accurate results in areas with elongated geological structures.

Precautions taken to realize quality data

In the field before the measurements comenced the field team ensured that all the electrodes 

were at equal distances of 5m. Equally it was ascertained that the electrodes and the cables were 

all in a straight line. To form a more unique image of the subsurface electrical conductivity 

distribution, the apparent resistivity was measured through many electrode combinations and 

interpreted simultaneously. Thus to ensure that the measurement was achieved using this method 

die the contacts at the electrodes were okey. The settings were procedurally done as per the 

array employed in the data collection.

37



Magnetic Survey

The magnetic data was collected in a grid of of dimensions of 20m along the East-West profile 

by 100m along the North-South profile and covering an area of 300m along the East-West 

direction and 600m along the North-South directions as shown in the figure.4.6.
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Figure 4.6. The grid within the smdy area where the magnetic data was collected.

In the field the same area where VES survey was done, a grid was designed of profiles done at a 

spacing of 100 metres and 20 metres from one measuring point to another. Consequendy, a base 

station was decided on where the least noise was expected in the field area. The other data that 

used was collected in a greater grid of 100 metres by 100 metres with profiles running East to 

West within which most of the boreholes serving Nakuru town from the well field lies. When 

using the equipment, the North-South orientation was used for effective and correct 

measurements. Concurrendy, the time of data recording, the coordinates including the altitudes 

Was taken. At an intewrval of between 30 minutes to one hour base station reading was taken and 

•hen back to taking data in the field.
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Precautions taken to realize quality data

The foilwing steps were taken to ensure correct data was obtained from the field.

1. A sa  general operation all metallic objects were removed from near the sensor.

2. The orientation effect was always checked and having the sensor in the same the same 

direction (N-S) in all stations.

3. Measurements were taken consistendy.

4. Magnetic storms were always monitored by checking on the readings. These storms are as 

a result of large amount of electrons emitted by the sun and taking measurements should 

be avoided in the event of their happening.

5. The base station readings were recorded at intervals to monitor diurnal activity or 

perform drift corrections.

6. Measurements were done during the day.

Limitations encountered when using the method

During the field work it was hard to avoid working near metallic installations and even below 

power lines. Thus the Magnetic data acquired is having a corresponding subsurface interpretation 

that is theoretically accurate (consistent with field data), but not likely geologically consistent. 

Therefore, neccessary data corrections were done before using the data for interpretation. Of the 

numerous theoretical interpretations that was generated for the collected magnetic data set, the 

most reasonable model was the one most consistent with all other geophysical data sets (VES and 

ERT data) and available ground truth.
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CHAPTER FIVE

5.0 DATA PROCESSING AND INTERPRETATION

5.1 Introduction

The raw data collected from the field was processed in order to be utilised in interpretation. The 

processing considered; the kind of data, the software to be used in the interpretation and the 

conditions surrounding the collection of data in the field, among other factors. The subsequent 

discussions have given details on the processing and interpretation of different kinds of data that 

was obtained from the field.

5.2 Vertical Electrical Sounding

5.2.1 Data Processing

The data collected from the field was not in the format that is readily used by the software 

utilised in the interpretation. Thus raw VES data was processed in consideration of the software 

that was to be used for interpretation. Among the many available softwares for interpretation of 

VES data, the AGI Earthlmager ID inversion and modeling software was used. Thus the 

software required that data be processed in the order shown in the figure 5.1.

File Edit Settings Inversion View Tools Language Help

i igmoioi*■!I f e i n t si  i m

Figure 5.1. Format of inputting raw Ves data to be interpreted by use of the AGI Earthlmager 

ID inversion and modeling software.
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The raw data from the field is entered into the notepad in order AB/2, MN/2 and resistivity as 

collected from the field, see figure 5.2. Using a program resist. For (figure 5.3) installed in the 

data working folder, the data is processed to give ab2, xmn2, xk, rho and ohms as shown in 

figure 5.4.

Figure 5.2. Raw data from the field in an input American Standard Code for Information

Interchange (ASCII).

Figure 5.3. Input file in figure 5.2 and output file for processed results entered in the Resistfor.
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Figure 5.4. Shows next stage of processed VES data.

g jj Com m and Prom pt - edit s tn l7 o u td a t
File  Edit Search Uiew Options Help

C:\01obanitauesSSTN170UT.DAT
1 1.00 0.50 79.577468900 t
2 2.00 0.50 18.485845600
3 3.00 0.50 6.047887800
4 3.00 1.00 11.055963500
5 5.00 1.00 1.657757760
6 7.00 1.00 0.719770133
7 10.00 1.00 0.391521156 f
8 10.00 3.00 1.166924000 i
9 15.00 1.00 0.194098279

10 15.00 3.00 0.563620687 E
11 20.00 3.00 0.365260571
12 30.00 3.00 0.203081697
13 50.00 3.00 0.098243162
14 50.00 10.00 0.313216925 !
15 70.00 3.00 0.055658758
16 70.00 10.00 0.178773224
17 100.00 10.00 0.091291271
18 150.00 10.00 0.037263475
19 200.00 10.00 0.020355918
20 250.00 10.00 0.010012756
21 300.00 10.00 0.005382974
22 350.00 10.00 0.003045381 , 1

[ FI-He lp  1 L ine:1  C o l:l

Figure 5.5. Shows final stage of prrocessed VES data ready for entry to AGI Earthimager 

software(Fig. 5.1).

The data in the above format was read by the program which in turn gave the log-log plot of the 

data and the initial model as shown in figure 5.6.
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Figure 5.6. Measured and modeled data as read by AGI Earthimager ID software.

5.2.2 Interpretation of the data 

Inversion of VES data

The interpretation of each VES curve was obtained through the use of an automatic 

interpretation computer program AGI Earthimager ID inversion and modeling software by AGI 

of the United States of America. The steps used in interpretation are as follows.

• The processed data (Fig. 5.5) were entered into the AGI Earthimager ID software which 

fits an initial model and automatically presents the results (Fig. 5.6).

• Inversion of the measured and modeled data was automatically carried out by opening the 

drop down menu labelled inversion and clicking the mouse on the start inversion. This 

gave the results as shown in Figure 5.7, where the red line with red dots show the 

calculated data, the black dots show the observed data with the blue line shows the geo­

electric layer resistivity with depth.

• The initial model was modified until a very close match between the calculated and the 

measured resistivity curves was obtained. This takes into consideration the root mean 

square (RMS) which should be not more than 5%.

• This in turn gave the best interpreted model shown in Figure 5.8. and others, later used in 

the discussion.
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Figure 5.7. Inverted measured data of station 17.

Figure 5.8. An interpreted model showing the subsurface of the station 17 in the study area.

Based on these interpretations, apparent reisitivities and thicknesses of a geoelectric models, 

thought to be closer to reality, were estimated, and modified by trial and error until a very close 

match was attained between the calculated and observed resistivity curves. The best models for 

stations 13 (at BH2) and 16 (at BFI1) are shown in Figures 5.9 and 5.10 respectively. 

Consequently, all the models in the study area are given in the Figures 6.8i-xxviii, together with 

the measured VES curve and layered resistivity model at each site.
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Figure 5.9. Interpreted model (station 13 at BH2) showing curve and layered resistivity model.
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Figure 5.10. Interpreted model (stadon 16 at BH1) showing curve and layered resistivity model.

The automatic curve-matching computer program results in a geoelectric model the calculated 

apparent resistivity of which matches the given field curve almost exactly. Thus, the 

interpretation as determined by the program is mathematically correct but may not necessarily 

correspond to reality. The number of layers as determined by the program is twelve for station 

16. The resistivities of some of these layers are sometimes unrealistically small or large, while their
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thicknesses are too small to be detected by the VES method. In other words, the results may, on 

some occasions, tend to exceed the limitations of the VES method.

5.3. Electrical Resistivity Tomography data

5.3.1 Processing raw

The electrical reisitivity tomography acquired from the field are stored in the ERT system in 

internal memory which atomatically arranges them. To be able to use them, they were imported 

to the laptop. They were then exported to the format acceptable by the Resistivity Two- 

Dimensional Inversion (RES2DINV) software which was used in the interpretation. The 

RES2DINV software by Geotomo software of Singapore and Figure 5.11 shows the acceptable 

format for Wenner-Sclumberger configuration.

Figure 5.11. Data in a format as imported from the field machine for interpretation by

RES2DINV software.

5.3.2 Interpretation

TheERT data was interpreted using RES2DINV software. The data was read by the software as 

shown in Figure 5.12. After reading the data least squares inversion was used in interpretation 

which resulted in the images shown in figures 5.13 and 5.14. These images reveals variation in 

lithologies and faultzones as exhibited by the resistivity values.
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[Jig RES2DINV ver. 3.56.01 Srm idem o - D:'VDOCUMENTS\DESKTOP\Projec*i\lr00012.2009.10.23.14.26.19.DAT j

File Edit Change Settings Inversion Display Topography Options Print Help Quit

C :\SASbO00\Projects\lr 00012 .sbk 
Electrode spacing Is 10.000.
Uenner array
Measurements are in apparent resistiuity.
Total number oF datum points is 10b.
Position of first electrode in array is given.
10b 150.000 10.000 11 .5
Minimum electrode location is -200.0.
Minimum electrode spacing is 10.0.
Total number of data levels is 8.
Total number of electrodes is b1 .
First electrode is located at -200.00.
Last electrode is located at 200.00.

Figure 5.12. Data in format of figure 4.8. read by RES2DINV software.
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Figure 5.13. Profile 1 showing the vertical slice obtained from borehole 2.
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Figure 5.14. Profile 1 showing the vertical slice acquired from BH X.

5.4 Magnetic data

5.4.1 Processing

The processing of magnetic data was done by use of both interpol.for and correct.for softwares. 

The processed magnetic data was then been interpreted using Euler Deconvolution Program and 

later plotted by surfer 8 program. The data was arranged in accordance with the time of 

measurements with base station data first then field data, on the top the number of base station 

data and number of field data are indicate as shown in Figure 5.15. This is format that was used 

in interpolation of the data. The data was read using interpolfor program (Fig. 5.16) by entering 

the in put and output files. Clicking on enter key and then editing the output file gave results as 

shown in Figure. 5.17. The interpolated data shown in Figure 5.18, by entering the number of 

data points at the top and first reading of the base station data, is corrected using correct.for 

software. The correction of data is done by use of correct.for program( Fig. 5.19). By entering 

the input file and output file and clicking enter key, then editing output file the following results 

were obtained as shown in Figure 5.20, in columns; time and corrected data. The correction is 

done with the aim of removing diurnal variations. Consequently, the data is arranged ready for 

interpretation by Euler Deconvolution software and plotting using surfer in X, Y, Z format as 

shown in figures 5.21 and 5.22, respectively;
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where: X-distance in the X-axis in the grid of the study area in the field

Y- distance in the Y-axis in the grid of the study area in the field

Z-is the corrected magnetic data corresponding to the X-Y points in the field

W.

Figure 5.15. Format of magnetic field data to be interpolated.

Figure 5.16. Reading data using interpol.for program.
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Figure 5.17. Data resulting from interpolation of magnetic field data.

,~jf] M AG SM O T  - No te p a d i re maan
File Edit  Format View He lp

1 2 4 3 3 6 2 0
8 5 5 1 8 .  GO 3 3 6 2 0 . 2 8 3 3 6 3 0 . OO
8 5 6 3 7 . 0 0 3 3 6 2 0 . 4 0 3 3 6 3 0 .  OO
8 5 7 1 3 . OO 3 3 6 2 0 . 4 8 3 3 6 2 4 . OO _
8 5 8 0 7 . OO 3 3 6 2 0 . 5 7 3 3 6 1 7 .  OO
8 5 8 4 6 . OO 3 3 6 2 0 . 6 1 3 3 6 2 7 .  OO
8 5 9 1 7 . 0 0 3 3 6 2 0 . 6 8 3 3 6 1 8 . OO .
8 5 9 4 9 . 0 0 3 3 6 2 0 . 7 1 3 3 6 1 4 . OO
9 0 0 2 1 . 0 0 3 3 6 2 4 . 3 6 3 3 6 1 2 . 0 0
9 0 0 4 8 . OO 3 3 6 2 4 . 3 8 3 3 6 1 1 .  OO
9 0 1 1 9 . 0 0 3 3 6 2 4 . 4 3 3 3 6 0 4 . OO
9 0 1 5 1 . 0 0 3 3 6 2 4 . 4 5 3 3 6 1 6 . OO
9 0 2 1 9 . 0 0 3 3 6 2 4 . 5 0 3 3 6 1 4 .  OO
9 0 2 4  5 .  OO 3 3 6 2 4 . 5 2 3 3 6 1 5 .  OO
9 0 3 1 8 .  OO 3 3 6 2 4 . 5 7 3 3 6 2 1 . OO
9 0 4 4 8 . 0 0 3 3 6 2 4 . 6 6 3 3 6 1 4 . OO
9 0 5 1 7 . OO 3 3 6 2 4 . 7 0 3 3 6 1 8 .  OO
9 0 5 4 7 . OO 3 3 6 2 4 . 7 2 3 3 6 2 4 . OO
9 0 6 2 4 . 0 0 3 3 6 2 4 . 7 7 3 3 6 1 3 .  OO
9 0 6 5 5 . 0 0 3 3 6 2 4 . 7 9 3 3 6 1 8 . OO
9 0 7 3 5 . 0 0 3 3 6 2 4 . 8 4 3 3 6 2 6 . OO
9 0 9 0 5 . 0 0 3 3 6 2 4 . 9 5 3 3 6 1 0 . 0 0
9 0 9 4 4 . OO 3 3 6 2 4 . 9 7 3 3 6 1 3 . OO
9 1 0 1 3 . 0 0 3 3 6 2 5 . O l 3 3 6 1 5 . 0 0
9 1 1 0 8 . 0 0 3 3 6 2 5 . 0 7 3 3 6 0 8 . 0 0
9 1 2 2 4 . 0 0 3 3 6 2 5 . 1 3 3 3 6 1 8 . OO
9 1 3 1 0 . 0 0 3 3 6 2 5 . 1 8 3 3 6 6 9 . OO
9 1 4 2 3 . OO 3 3 6 2 5 . 2 4 3 3 6 1 7 .  OO -

Figure 5.18. Format of interpolated data used in correct.for program.

Figure 5.19. Reading data using correct.for program.
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Bdf C o m m an d  P rom pt - edit m agcorr.dat

F i l e  E d i t S e a r c h  U i e u  O p t i o n s  H e l p -

8 5 5 1 8 .0 0
---------------------- M  » i ; n » rm u ; ■ m

3 3 6 2 9 .7 2
8 5 6 3 7 .0 0 3 3 6 2 9 .6 0
8 5 7 1 3 .0 0 3 3 6 2 3 .5 2
8 5 8 0 7 .0 0 3 3 6 1 6 .4 3
8 5 8 4 6 .0 0 3 3 6 2 6 .3 9
8 5 9 1 7 .0 0 3 3 6 1 7 .3 2
8 5 9 4 9 .0 0 3 3 6 1 3 .2 9
9 0 0 2 1 .0 0 3 3 6 0 7 .6 4
9 0 0 4 8 .0 0 3 3 6 0 6 .6 2
9 0 1 1 9 .0 0 3 3 5 9 9 .5 7
9 0 1 5 1 .0 0 3 3 6 1 1 .5 5
9 0 2 1 9 .0 0 3 3 6 0 9 .5 0
9 0 2 4 5 .0 0 3 3 6 1 0 .4 8
9 0 3 1 8 .0 0 3 3 6 1 6 .4 3
9 0 4 4 8 .0 0 3 3 6 0 9 .3 4
9 0 5 1 7 .0 0 3 3 6 1 3 .3 0
9 0 5 4 7 .0 0 3 3 6 1 9 .2 8
9 0 6 2 4 .0 0 3 3 6 0 8 .2 3
9 0 6 5 5 .0 0 3 3 6 1 3 .2 1
9 0 7 3 5 .0 0 3 3 6 2 1 .1 6
9 0 9 0 5 .0 0 3 3 6 0 5 .0 5

r< 1 I - d .

Figure 5.20. Corrected magnetic data.

FREEWARE : Euler D e c o n v o lu t io n
S y s te m  P ro c e s s  D ata  H e lp  A b o u t

Figure 5.21. Data reading using euler deconvolution freeware.
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p f| h le £ d it F o r ! r i» tC > » t» Window H#lp

O ^Q l§ % %P - 4> T 4N # ĈTCTOl
A1

_ l° _____
A B C D t F G H 1 K L M N 0 p

1 3 0 33601 59
2 201 0 33609 62 __________1_________
3 40 W 33611 66
4 ~ so 01 33615.721
5 80 0 33611 76!
6 100 0 33663 82!
7 120! _0| 33612.87!
a 140: 0; 33602 93
9 160 0 33609 99

10 180 0 33608 03
11 200 0 33605 05
12 220 0 33621 16
13 240 0 33613 21
14 260] J  33608 23]
15 280] 0 33619 28
16 300 0 33613 3[
17 320; 01 33609 34!
18 340 0] 3361643.
19 360! 0 33610.48
20 380; OL 33609 si
21 400 0 33611 55
22 420 0. 33599 57.
23 440 oi 33606 62!
24 460, 6 33607 64
25 480 0i 33613 20
26 500 0 33617 32
27 520 0 33626 39
28 540 0 33616 43
29 560 0 33623 5
30 580 0 33629 6'
31 600 o f  33629 7?
32 0. 100 33622.36;
33 20 100 33604 33|
34 40 100 33666 31
35 60 100 33617 28
36 80 100 33614 25.
37 100 100' 33612 23]

Figure 5.22. Data entered in surfer for plotting.

5.4.1 Interpretation

The corrected magnetic data were interpreted using euler deconvolution software and plotted 

using surfer software respectively. The magnetic data in euler deconvolution was read as shown 

in the figure 5.21. During interpretation the Geomagnetic intensity (nT) used is 33000, 

inclination of -21° and declination of -1.9°. Clicking the Ok window, the result is figure 5.23. on 

the processing dat window, results into images showing the magnetic material in the subsurface 

in the research area were obtained. The reuslt of profile 1 in the West-East direction in th study 

area is shown in the Figure 5.24a. These magnetic results shows areas of faultzones as marked by 

red lines and the depths of the magnetic susceptible materials which ranges from about 10 metres 

to 50 metres depth. These materials are sands and gravels as further confirmed by the other 

methods (VES and ERT) used in the study. These materials are loose and dry sediments as 

confirmed by the geologic log obtained from BH2 in the study area.
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Figure 5.23. Initial plot of the processed magnetic data in interpretation.

West East

Figure 5.24a. Magnetic profile 1 about 1 OOmetres to the north of BH2.

The magnetic material shown in profile 1 (Figures 5.24a and 5.24b) occurs from a depth 

of about 10 m to about 50 m*ind generally spread at similar depths in the study area. The 

profile also shows three foremost fault zones. The system of faults which scuttle much 

deeper even in the rest of the Olobanita well field are a major impediment to the drilling 

operations given that it sets up heterogeneity.
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West East

Figure 5.24b. Shows fault zones in magnetic profile 1 of the study area.

Similarly, profile 2 (10 m north of BH2) and profile 4 shows magnetic susceptible 

materials to a depth of about 50 metres as shown in figures 5.25a,b and 5.26a,b. With an 

exception is profile 3 which has the magnetic material between the depths of 20 m to 80 

m as shown in figure 5.27a, b. These geologic materials have a horizontal resemblance 

across the profiles revealing the same depths. An exception is seen in areas disturbed by 

fault zones, where the material tends to go deeper.

54



West East

Figure 5.25a. Magnetic profile 1 about 10 metres to the north of BH2.

West East

Figure 5.25b. Shows fault zones in magnetic profile 1 of the study area.

55



West East

West East

Figure 5.26b. Magnetic profile 4 showing fault zones.
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Figure 5.27a. Magnetic profile 3 about 200 metres to the south of BH2.

West East

Faultzone

Figure 5.27b. Magnetic profile 3 showing fault zones.
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Measured and Modeled Data Layered Resistivity Model

192.50 
Depth (m)

Figure 6.2. Interpreted model at station 13 (at BH2) showing curve and layered resistivity model.

Table. 6.1. Formation resistivites from interpreted model of station 13.

Table 6.2. General relationship between F and grain-sizes established in NW-Europe [Sporry, 

2001]

F Grain size

clays

1.5 -  2 sandy clays

2 -  2.5 silty and clayey Sands

3 fine sands

4 - 5 medium coarse sands

6 - 7 coarse sands

> 8 very coarse sands and pebbles
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CHAPTER SIX

6.0 DISCUSSION OF RESULTS

6.1 Introduction

The interpreted data has to be qualified to give an explanation on the intended matter of study. 

In this discussion the interpreted magnetic, VES and ERT data have been presented and their 

geological meaning has been given.

6.2 Relationship between borehole lithology/structure and collapsing of 
boreholes

The geologic log of BH2 (see figure 6.1) presents a lithology which includes loose volcanic 

sediments covering a depth of 120 metres; from 0-120 metres below the ground surface. These 

sediments are underlain by tough volcanic rocks with few bands of loose sediments at the depth 

of 121-210 metres below the ground surface. Subsequently, loose volcanic sands are the 

lithological materials covering the remaining part of the geologic log from the depth of 211- 271 

metres below the ground. In the course of drilling of borehole 2, lithologic material collapsed 

and dropped into the hole from weakly consolidated layers at 22-24 metres as shown in appendix 

B (mostly of silts,gravel sand silts and volcanic sands with few gravels), 110-138 metres ( which 

records medium ash/tuff horizon with trachyte fragments at 110-120 metres) and 189-195 metres 

having horizon of alternated weathered gravel and mud(erosional horizon) and weathered 

trachyte horizon with pumice.

The geologic log of the abandoned BHX (see figure 6.3) gives sediments for a depth of 0-20 

metres below the ground which overlies welded tuff that is underlain by pumice and gravel. A 

hard rock of welded tuff overlies an eresional surface at a depth of 76 metres which subsequendy 

overlies trachytic rock. Loose sediments of gravels and sands and occassionally silty covers the 

depth of 98 metres to the total depth of the borehole at 262 metres. The drilling operations of 

BHX was hampered by collapsing difficulties which culminated in the abandonement of the 

borehole. At the depth of 42 metres below the ground there was intensive collapse of borehole 

'Wall lithologic materials and thus loss of drilling mud and water. This is the depth which 

lithologically has pumice gravels from a depth of 30-46 metres below the ground. The 

stratigraphic formation of over 50 metres thick collapsed beyond the depth of 200 metres below
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the ground which eventually led to the closure of the borehole. Below a depth of 220 metres, air 

circulation was lost: as a result, it was not possible to obtain reliable yield estimates of individual 

aquifers. Structurally, borehole X was drilled near a faultzone ( see figure 5.14) which may have 

contributed to the intensity of collapsing of lithologic materials at depth.

6.3 Lithological interpretation of geophysical results

Resistivity is a fundamental electrical property of rocks, that is closely related to rock lithology of 

which the main controlling factors are bulk rock porosity, pore structure, amount and salinity of 

water, temperature and the presence of clays. To convert the resistivity results into geological 

meaning requires some knowledge of the typical resistivity values for the different types of 

subsurface materials and geology of the surveyed area. The geology of the area, the electrical 

conductivity (EC) of the borehole waters, the interpreted VES results in the identified boreholes 

have been used to come up with standard ranges of formation resistivities of geologic subsurface 

materials in the study area. These has been closely correlated with the borehole geologic logs as 

further discussed.

The EC of the waters in BH2 (previously BH1) is approximately 800jj.S/cm and therefore its

mean resistivity,P w  (the reciprocal of EC) is 12.5 Ohm.m. The formation factor (F) has been 

calculated for this borehole which lies at VES point 13 of the survey grid which has a modelled 

image shown in Figure 6.2 and interpreted results of formation resistivities shown in table 6.1. 

Electrical F is given by the relation;

F = Pj (6.1)

where P f is the resistivity of formation and Pw is the resistivity of pore water. This relation is a 

derivation from Archie’s Law (Keller and Frischknecht, 1966). Using the relationship in equation 

(1), the formation resistivity ranges for station 13 at BH2 have been calculated using results in 

table 6.1 and F ranges of table 6.2 and taking into account the geologic log of borehole 2 (see 

Figure 6.1), which correlates well with the geophysical results.
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Figure 6.1. Geologic log of Olobanita Borehole no. 2 (After Mathu, 2008).
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Table 6.3. Resistivity Ranges for Materials in BH2

Material type Formation resistivity Range 

(Ohm.m)

Formation depth

Very coarse sand and gravels >100 0-0.7

Medium to coarse sands 50-62.5 0.7-1.1

Fine sands 37.5-50 1.1-6.8

Medium to coarse sand 62.5-87.5 6.8-10.4

Very coarse sand and gravels >100 10.4-69.1

Medium to coarse sand 62.5-87.5 69.1-93.6

silty clay sands to fine sands 31.25-37.5 93.6-192.5

The general relationship between F and grain-sizes established in NW-Europe (Sporry, 2001) 

shown in table .6.2. has been adopted as a rough guide, because it fitted well with borehole 

evidence and the calculated F values for BH2 are shown in table 6.3 (showing Resistivity Ranges 

for Materials in BH2).

The EC for waters in BHX is 850pS/cm and thus the resistivity ( P w) is ((1/850) pS/cm *

10000) giving 11.76 Ohm.m. Using the F ranges given in table 6.2 and the P w value,the 

formation resistivity ranges have been calculated for subsurface formation in BHX(see table 6.5). 

These values are correlated with values in table 6.4 showing Formation resistivites from 

interpreted model BHX (Fig. 6.4). The interpreted subsurface lithologies, their resistivities and 

the geologic log equivalents are discussed in section 6.2.2.

62



Vertical Scale: 1 cm represents 10m
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Figure 6.3. Geologic log of Olobanita abandoned Borehole X (After Mathu, 2008).
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Measured and Modeled Data Layered Resistivity Model

L

Depth (m)

|  78.4

1 140 0
|  90 .8

1 47.9 

(5 7 .7

i  161.6

| 2313.7 

|  1446.6 

1 669.7

1 90.5 

1 123.4

1 56.6 

Ohm-m

Figure 6.4. Interpreted model at the abandoned BHX showing curve and layered resistivity

model.

Table. 6.4. Formation resistivites from interpreted model of abndoned BHX.

Table 6.5. Resistivity Ranges for geologic materials in BHX

Material type Formation resistivity Range 
(Ohm.m)

Formation Depth (m)

Coarse sands 7 0 - 83 0-0.7
Very coarse sands and pebbles >94 0.7-1.6
Very coarse sands 8 3 - 9 4 1.6-2.2
Medium coarse sands 4 7 - 5 9 2.2-6.0

Very coarse sands and pebbles >94 6.0-33.8
Very coarse sands 8 3 - 9 4 33.8-63.4
Very coarse sands and pebbles >94 63.4-124.9
Medium coarse sands 4 7 - 5 9 124.9-247.5
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Vertical Scale: 1 cm represents 10m
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Figure 6.5. Geological log of Olobanita Borehole 6 (After Mathu, 2008).

The interpreted model for VES point at borehole 6 is shown in the Figure 6.6 and its equivalent 

formation resistivities in table 6.6.
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Figure 6.6. Interpreted model at the abandoned BFI6 showing curve and layered resistivity

Table. 6.6. Formation resistivites from interpreted model of BH6.

_____

The VES and 2D Resistivity gave similar subsurface distribution patterns of resistivity, and the 

magnetic data susceptibility profiles and hence the individual sections are discussed here together. 

Resistivity values of the lithologies m the study area varies from 10.2 to 949.8 Cl m (see Figures 

6.7a-d and figures 6.8 i-xxviii).
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Figure 6.7a. YES interpreted models (profile 1 W-E).
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Figure 6.7b. VES interpreted models (profile 2 W-E).
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Figure 6.7c. VES interpreted models (profile 3 W-E).
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The lithological variation from borehole 2 geologic log in the study area; when superimposed on 

the resistivity-depth section, is found to fit into the following categories as shown in table 6.7. 

These shows a correlation between the geologic log and the geologic materials from the 

calculation using the F table and the formation resistivities from VES interpreted results with 

specific depths. This equally applies to the abandoned borehole X where the geologic log closely 

correlates with the interpreted geologic image out of the formation resistivities from VES 

interpreted results and F table. The formation resistivities from VES interpreted results of 

stations 1-6, 9-14, 16-27, shown in Figures 6.8 i-vi, ix-xiv, xvi-xxvii, correlates well with the 

ranges established by using VES 13 interpreted results and the F table and thus with their relative 

depths correlating well with the geologic log in BH2. This shows a range of depths for high 

resistivity material from a depth of about 10 metres to 50-80 metres respetively across the VES 

surveyed area. The formation resistivities from VES interpreted results of stations 7,8,15 and 28 

in Figures 6.8 vii, viii, xv and xxviii shows a similar pattern and they all are at the eastern border 

of the VES grid in the study area. This four points of VES reveals dipping nature of high 

resistivity materials. This unique pattern has been discussed in section 6.3. The interpreted 

subsurface geology of VES point at the abandoned borehole shows a slight difference as 

compared to results in borehole 2 as shown in table 6.8. the difference exhibited has been caused 

by the faulting that has affected the area whereby the formations in area of abandoned BHX has 

shifted to a depth of 20 metres from 10 metres as revealed by magnetic results. Thus the BHX 

area which lies in the western side of the study area is a down throw of the faultzone.
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Table 6.7. Shows the interpreted subsurface geology and their resistivities for BH2

Formation Geologic interpretation Resistivity

range

( °  m )

Depth 

(m) from 

the

surface

Very coarse sands 

and pebbles

A

J

Pale brown sand silt

>

>100 0-0.7

Medium coarse 

sands

50-62.5 0.7-1.1

Fine sands 37.5-50 1.1-6.8

Medium coarse 

sands

62.5-87.5 6.8-10.4

Very coarse sand 

and pebbles

Gravelly brown sand silt, medium brown 
grey volcanic sands with few gravels

>100 10.4-69.1

Medium coarse 

rock material

Loose medium brownish grey to blackish

r “ “

62.5-87.5 69.1-93.6

Fine rock material Loose sediments with rounded fragments 

with reddish tuff fragments ( an erosional 

horizon), ash horizon with tuff and trachyte 

fragments, silt, ash and sand(loose sediment) 

with pumice fragments, ash/tuff horizon with 

trachyte fragments., tough aphanutic trachyte 

rock, tough trachyte with some tuff, loose 

volcanic ash horizon, tough phonolitic 

trachyte horizon, horizon of alternated 

weathered gravel and mud (erosional 

horizon) and weathered trachyte horizon with 

pumice.

31.25-37.5 >93.6
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Table 6.8. Shows the interpreted subsurface geology and their resistivities for abandoned BHX

Formation Geologic interpretation Depth (m) 

of the 

geologic 

log

Resistivity 

range (O  

m.)

Depth (m) of 

the formation 

resistivities

Coarse sands Soil and loose volcanic sands 1-12 70 -83 0-0.7

Very coarse sands and 

pebbles

>94 0.7-1.6

Very coarse sands 8 3 -94 1.6-2.2

Medium coarse sands 4 7 - 5 9 2.2-6.0

Very coarse sands and 

pebbles

Loose sands ands gravels (tuff 

pumice) 12-22

>94 6.0-33.8

Welded tuff 22-30

Very coarse sands Pumice gravel 30-46 8 3 -94 33.8-63.4

Welded tuff (occassionally 

trachytic)

46-76

Very coarse sands and 

pebbles

Loose gravel sands 76-84 >94 63.4-124.9

Trachytic lava 84-98

Coarse gravel (pumice, tuff 

and trachyte)and coarse sands

98-106

Medium to coarse gravel with 

coarse sands

106-124

Medium coarse sands 

__

Very fintT sands 2m (Erosional 

surface)

124-126 4 7 - 5 9 124.9-247.5

Loose medium to coarse gravel 

amd sands, trachyte and tuff

126-148

Medium and coarse sands 

which are weakly calcareous

148-166

Gravel horizon 166-174
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Silty sands with red ochre 

particles

174-188

Very loose fine brown sands 188-214

Loose sands with few gravels 214-228

Dark brown sands with gravel 228-232

Very loose fine dark brown 

soils

232-262
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Figure6.8i. Interpreted model at station 1. Figure6.8ii. Interpreted model at station 2.
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Figure6.8iii. Interpreted model at station 3 Figure6.8iv. Interpreted model at station 4



Figure6.8v. Interpreted model at station 5 Figure6.8vi. Interpreted model at station 6

Figure6.8vii.Interpreted model at station 7 Figure6.8viii. Interpreted model at station 8

Figure6.8ix. Interpreted model at station 9 Figure6.8x. Interpreted model at station 10
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Figure6.8xi. Interpreted model at station 11 Figure6.8xii. Interpreted model at station 12

Figure6.8xiii. Interpreted model at station 13. Figure6.8xiv. Interpreted model at station 14.
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Figure6.8xv. Interpreted model at station 15. Figure6.8xvi. Interpreted model at station 16.
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Figure6.8xvii. Interpreted model at station 17. Figure6.8xviii. Interpreted model at station 18.
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Figure6.8xix. Interpreted model at station 19. Figure6.8xx. Interpreted model at station 20.
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Figured.8xxi. Interpreted model at station 21. Figure6.8xxii. Interpreted model at station 22.
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Figure6.8xxiii. Interpreted model at station 23. Figure6.8xxiv. Interpreted model at station 24.

Figure6.8xxv. Interpreted model at station 25. Figure6.8xxvi. Interpreted model at station 26.
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Figure6.8xxvii. Interpreted model at station 27. Figure6.8xxviii. Interpreted model at station 28.
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The geological interpretation of the models of the resistivity sections of the ID resistivity 

soundings plotted in surfer; profiles 1 to 7 running North-South separated by 100m indicate the 

presence of a shallow material of coarse to very course sand of thickness between 45 to 60 

metres spanning over some 300m in the north-south where the profiles cover in the depth 

ranging from about 10 metres to about 60 metres below the ground (Figures 6.9 a-g). 

Exceptionally, profile 7 (Fig. 6.9g) depicts a narrower thickness of about 50 metres which is 

slightly intrupted by an intercalation of low resisitity material for about 45 to 90 metres at one 

point and then the previous materials continues to a depth beyond 300 metres deep. Profile 1 

shows a change to the southern where the same material is noted from depth of 25 metres to 

120 metres. This is confirmed by the tomography profile. 1( Fig..5.13) running through BH 2 

(previously BH1) where subsists an outstanding low resistivity layer(i.e. less than 100 O m) from 

the surface to a depth of about 10 m. From the depth of about 10 m to about 55 m, is a high 

resistivity layer (i.e. more than 100 O m). This is attributable to a similar layer of dry, loose 

volcano-sedimentary rocks confirmed by the geologic log results. The surfer profiles running in 

the West to East direction as indicated in Figures 6.10a-c, shows that the formations in the 

eastern end to be dipping, that is, considering the change of resistivities. The profile in Figure 

6.11 shows a dipping in the western side. This faulting both in the eastern and the western side of 

the project area is confirmed by the magnetic profiles as subsequently discussed. Otherwise the 

general bedding of the formation is horizontal with the high resistivity ranges from about 10 

metres to 50-80 metres below the ground. To the depth beyond 50-80 metres are low resistivity 

formations; revealing the approximate depth where the first groundwater rest level is expected.
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Figure 6.9a. Profilel Vertical section of true resistivity in the N-S direction (contours in ohm.m).

North South

Figure 6.9b. Profile2 Vertical section of true resistivity in the N-S direction (contours in ohm.m).
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Figure 6.9c. Profile3 Vertical section of true resistivity in the N-S direction (contours in ohm.m).

North South

Figure 6.9d. Profile4 Vertical section of true resistivity in the N-S direction (contours in ohm.m).
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Figure 6.9e. Profile5 Vertical section of true resistivity in the N-S direction (contours in ohm.m).
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jure 6.10a. Pro file 1 Vertical section of true resistivity in the W-E direction (contours in ohm.m).



Figure 6.10b.Profile2 Vertical section of true resistivity in the W-E direction (contours in 

ohm.m).
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Figure 6.11. Profile4 Vertical section of true resistivity in the W-E direction (contours in ohm.m).

6.4 Structural interpretation of geophysical data

Prominent structural features were not much in the mainly sedimentary environment of the study 

area. However, vertical and sub-vertical faults occur in areas close to the rift wall that marks the 

eastern margin and an area of a few metres to the western margin of the study area. Significantly, 

profile 7 (Fig. 6.9g.) which is running North-South in the Eastern side of the project area depicts 

a high resistivity material from the depth of about 10 metres to beyond the depth of 300 metres. 

This shows that at this point the formations are dipping against the general horizontal layering of 

the formations in the other profiles. This is also confirmed by Apparent resistivity contour maps 

made for depths of 50, 100, 150, 250, 300 and 350m shown in Figures 6.12 a-g. Magnetic 

profiles were done in the area in the West to East direction covering dimensions as shown in 

Figures 5.24a, 5.25a, 5.26a and 5.27a and they give subsurface images of magnetic susceptible 

materials to a depth of about 10 metrs to about 60 metres. Similarly longer magnetic profiles 

were run in the area in the West to East direction covering 2500 metres, thus the project area 

being inside the grid. The interpreted magnetic profile ( Fig. 6.13) running 30 metres within the 

project area from the northern border indicates that at about 2000 metres to about 2300 metres 

the magnetic susceptible material tends to go deeper that other areas in the project area where its 

shallower and horizontal. The dipping effect of the magnetic material along the eastern end of in 

Figure 13 and other profiles ( Appendix A, 1-4) shows a resemblance to VES and tomography
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revelations of an existance of a fautline in the eastern end of the project area. Similarly, the 

magnetic data profiles which covers more of the area than VES and Tomography shows that 

there also exists a faultline to the western side of the project area ( Appendix A, 1-4).

Figure 6.12b. Horizontal section of true resistivity at 100 m depth (contours in ohm.m).



Figure 6.12c. Horizontal section of true resistivity at 150 m depth (contours in ohm.m).
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West

Figure 6.12g. Horizontal section of true resistivity at 350 m depth (contours in ohm.m).

Similarly, tomography profiles were done near the abandoned BHX which lies to the western of 

the study area and separated by a fault line and thus reveals the same subsurface picture. This 

shows comparable resistivity ranges with those of the project area but shows a fault zone at the 

eastern end of this profile (see Figure. 5.14.), and thus ascertained by the magnetic profile in 

Figure 6.15. The magnetic profile (Figure 6.16) through the abandoned BHX (previously BH2) 

demonstrates magnetic materials occupying a depth flanked by about 5 m and 55 m. The fault 

zone is evident at about 30 metres east of BHX, to the western end and eastern end of the 

profile.

Figure 6.13. Magnetic profile processed to a depth of 1000m
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Figure 6.14. Profile 1 showing the vertical slice acquired from abandoned BHX.
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6.5 Relationship between borehole lithology/structure and geophysical 

results and hence collapsing of boreholes

Examination of the geologic logs, ERT profiles and VES models of BHX and BH2, correlated in 

Figures 6.16 and 6.17 leads to the interesting findings that there seem to be good correlations 

between the variations in the formation resistivities and the geologic logs. The results from the 

analysis shows that there exists sand and silt formation to a depth of about 40 metres underlain 

by volcanic ashes and fragment to a depth of about 80 metres. These loose unconsolidated 

geologic materials are vulnerable to subsidence in circumstances where a void is created by any 

cause, either drilling or earthquake occurence. The depth beyond 80 metres to about 300 metres 

consists of loose sediments with rounded fragments:- tuff fragments; ash horizon with tuff and 

trachyte fragments, silt, ash and sand with pumice fragments, ash/tuff horizon with trachyte 

fragments; tough trachyte rock, tough trachyte with some tuff, loose volcanic ash horizon, tough 

phonolitic trachyte horizon, horizon of alternated weathered gravel and mud and weathered 

trachyte horizon with pumice; in order from top to bottom respectively.

Figure 6.16. Shows correlation of ERT profile, geologic log and VES model and the specific 

areas where collapsing occured during drilling of BH2.
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Figure 6.17. Shows correlation of ERT profile, geologic log and VES model and the specific 

areas where collapsing occured during drilling of BHX.

Considerations have been made regarding the resistivity values, the borehole geologic logs and 

the specific depths where collapsing was recorded during the drilling of the two boreholes 

studied (i.e. boreholes 2 and X). In borehole 2, the areas of collapse are indicated at the depths of 

8-24 metres, 110-139 metres and 189-195 metres( see Figure 6.16). The formation resistivities are 

between 190.9 and 349 ohm.m for depths of of 8-24 metres, less 35 ohm.m for both 110-139 

metres and 189-195 metres. Considering the lithologic formations at these levels, there is an 

indication that the depths of 8-24 metres is dominantly of very coarse sands and gravels and for 

both 110-139 metres and 189-195 metres are silty clay sands to fine sands. In the very coarse 

sands and gravels; collapsing is attributed to low levels of compaction, no bonding geologic 

material present, thus high chances of free fall of the material once disturbed. Consequently, in 

the silty clay sands to fine sands; clay is dominant and considering that these are the levels where 

groundwater is found, high chances of liquifaction hence the free flow of the material once 

disturbed.

Having the same application to the abandoned borehole X; the areas of collapse are indicated at 

the depths of 15-32 metres (see Figure 6.17) and beyond 200 metres where more than 50 metres 

formation range collapsed. The formation resistivities are between greater than 94 ohm.m for 

depths 42 metres which is indicative of very coarse sands and pebbles, less 56 ohm.m for both
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depth beyond 200 metres indicating medium sands. The collapsing at the depth of 42 metres is 

attributed to low bonding but at the depth of beyond 200 metres is attributed much to the effect 

of the faultzone as shown in Figure 5.14.

Generally, there is a close correlation of the formations resistivities, the geologic log and the 

component of collapsing in the observed boreholes. The extremes of the resistivities( very high 

and very low) gives the extremes of the lithologic material which have been observed to be either 

dominandy coarse sands, pebbles and gravels giving high resistivities and/or dominandy clayey 

formations at depths filled with water giving the low resistivities. The extreme points of the 

lithologic formation are the specific areas affected by collapsing. It is important to note that 

formation outside the aforementioned lithologies are the areas where faulting has gready 

increased the borehole collapsing problem as shown in the analysis of the abandoned borehole 

X. Thus the loose materials are a recipe for collapsing of the freshly drilled boreholes in this area, 

a problem addressed by this study.

6.6 Groundwater

The Olobanita well-field is renown for its high yields from boreholes tapping the aquifers in the 

well-field. The sounding curves (Figs.6.8i-xxviii) are very analogous which shows a KHKHK type 

curve with ten to twelve geoelectric layers having distinct resistivities and thicknesses. The curves 

and the resistivities show wet section of the formation of low resistivity at about 5 to 20 metres. 

The aquifer levels are noted from the depth of about 60 metres, the second aquifer at about 80 

metres, the third aquifer at 120 metres and the fourth aquifer about 160 metres and a high 

potential aquifer at 260 metres below the ground as shown by the presented VES interpreted 

results. But considering the drilling results of BH2 (previously BH1) shows that in this particular 

point minor aquifers were noted at depths of 140-142, 182-184, 208-217 and 238-252 metres 

below the ground.
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CHAPTER SEVEN

7.0 CONCLUSION AND RECOMMENDATIONS

Nakuru town and its peri-urban areas use mainly groundwater from the the main aquifers; 

Olobanita, Kabatini and Baharini for domestic and industrial activites. The existence of buried 

river channels ( in Kabatini and Baharini) and faultlines and thick sedimentally formations ( in 

Olobanita) are believed to be the cause of the high yielding boreholes. However, despite the high 

yields in Olobanita some have been abandoned as a result un economical yields. Others were 

abandoned at the time of drilling mainly due to either the presence of excessive silt and clay 

resulting in the caving in of walls or the encounter of hard rock boulders(volcanic fragments).

The VES (VES) and the 2D Resistivity imaging allowed a distinction to be made between very 

high resistive volcanic sands, the moderately high resistivity freshwater saturated zone and the 

very low resistive clays in localised areas. The geological interpretation of

the surveys correlated very well with the borehole data. Vertical faults have resulted in minor 

down-throwing of blocks in areas close to the rift wall on the east and some few metres to the 

west margins of the research area. The loose silts and volcanic sands of thick depths, the volcanic 

rock fragments were established to be the common causes of collapsing and blockage of freshly 

drilled boreholes.

2D, VES and magnetic models of the of the subsurface information of the research area have 

been presented. Also Apparent resistivity contour images made for depths of 50, 100, 150, 250, 

300 and 350m were made. The findings of the study agree fairly well with all the available ground 

information and also provide answers to the groundwater problems currendy existing in the 

study area.

**■'

Based on this work the following recommendations have been made;

■ Drilling by use of mud instead of compressed air is ideal in these area which is affected by 

collapsing of fresh borehloes. Mud helps in consolidating the loose materials immediate 

to drilling rig, thus couters the caving in effect.

■ It is recommended that the wells should be drilled with modern equipment preferably 

geophysically logged with Long Normal (LN) and Short Normal (SN) resistivity, SP, 

natural gradient, caliper and gamma - gamma radiation (neutron).
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■ Grouting should be applied during the drilling process. Grouting is the act of injecting 

certain substances into the void of earth materials to reduce or eliminate their 

permeability, consolidate them, or increase their strength. Grouting or cementing well 

casing involves filling the annular space between the casing and the drilled hole with 

suitable slurry of cement or clay.

■ Some wells must be drilled and preserved solely for observation purposes (i.e. they should 

not be used for production purposes) to help in regulation of the extraction of ground 

water from this well field.
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APPENDICES

APPENDIX A

1. Magnetic profiles (1-4) run in the area in the West to East direction covering 2500 metres at 
intervals of 100 metres showing subsurface magnetic materials and faultzones.

1. Magnetic profile 2 to a depth of 1000m

2. Magnetic profile 3 to a depth of 1000m
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3. Magnetic profile 4 to a depth of 1000m

4. Magnetic profile 5 to a depth of 1000m



APPENDIX B

1. Concrete field data on borehole completion report-Olobanita Borehole No. 1 showing areas 

affected by collapsing during drilling operations.
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- sscssmcnt of Borehole Drilling Works Checwtsr^l

*P" ;■
BOREHOLE DRILLING PROGRESS ASSESSMENT CHECKLIST

The drilling supervisor/driller and/or any responsible drilling representative should explain the following 
parameters and if possible provide any other information relevant to the project’s drilling phase which 
not covered below.

1. D ate o f  a sse ssm en t.......10/04/200.8................. ................... ..................................................................................................... .

2. Pro ject N am e OL O B A N IT A  BO REH O LE -  I................................................................................................................ .

T otal D rilled  D epth ( m ) ....... 2.71. 0............, B o reh o le  D iam eter ........3.50m m ...................................................... .

3. W hat is  the current W ate r R est L ev e l in  m eters? ........1.30® b e lo w  g ro un d  )ev e !.......................................... ,

4 Ind icate all Water Struck Levels and their estimated airlifted yields

i ............ 1.40 , ................................................................... ...........................................

i i  .............182 ..,.............................................................................................................

l' J

i i i .  ..............208 ......................................................................................................................................

iv. '"  • 238........................................ . i .................. .................... .

5 O utline th ickn esses  o f  v a r io u s  a q u if e r  zones encoun tered  in  m eters and th e ir  e s t im a te d  a ir l if t e d  y ie ld s  
C la ss ify  the aq u ife rs  a s  M in o r  o r  M a jo r

i. ............ 140 - 1 4 2 ........................* ....... .. .................................................................................................

ii. ...........1 .8 2 .-1 8 4 ...................................................................................................................................... ,

ii i. ...........2 0 8 . - 2 ) 7 ..................................... .................................................................................................. ,

iv . ........... 23 .8 .-.2 .52........................................................................................................................................

v. ..........................................................................................................................................................................

6. For qu ick  and accu ra te  co rre la tion  o f  aqu ifer zones w ith  g e o lo g ic a l lo gs , d id  the d r il lin g  contractor 
in d icate  sp ec if ic  w a te r  s tru ck  le v e ls  and th e ir estim ated  y ie ld s  on the sam p le  b ag s  o f  the corresponding
g e o lo g ica l l o g s ? .................................... I f  no, p lea se  e x p la in ,.........E stim ated  y ie ld  co u ld  not be m easured  s in ce ,
w e j r e  u s in g  mud. d rillin g , and/ .occasionally w e  lo st..c ircu la tio n  ..The co n trac to r feared that i f  a ir lif t in g  
w as done w ithou t.the ca s in g s  in .th e .b preho le , the .borehole w ou ld  c o lla p s e ...................................................
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■ssessmem of Borehole Drilling Works ~  Checklist

7. S a m p le s  o f  c le a r ly  la b e l le d  g e o lo g ic a l lo g s  sh o u ld  b e  b ro u gh t to G ro u n d w a te r  S u r v e y ’ s  o ff ic e  in  N a iro b i 
for a n a ly s e s  and  re p o rtin g  p u rp o ses , a f te r  w h ich  th e  lo g s  can  b e  c o lle c te d . ^

8. W h at a r e  th e  d r i l l in g  Sup erv iso r!*/ . D r i l l e r V  d r il l in g  c r e w ’ s re m a rk s  on

i D iff ic u lt ie s  en co u n te re d  d u r in g  d r i l l in g  e  g.

a )  A n y  c a v in g  in  ( c o lla p s in g  o f  w a l l s )  p ro b le m ? ...Y e s  I f  a n y  at w h at d e p th t s f ............. ,

b )  A n y  b lo c k a g e  o f  th e  h o le  b y  b o u ld e rs ?  Y e s ., I f  a n y  a t w h a t d e p th (s ) ................

......A tJ .l.O .m .th e re  w e re .b o u ld e rs .fa ll in g .f ro m  th e .upper le v e i ....................................

c )  E x p la in  a n y  o th er  p ro b lem (s ) en co u n te red  d u r in g  d r i l l in g .............................................

......S in c e  w e  w e re  u s in g  m ud d r i l l in g  fro m  2 1 7m  -  2 7 7 m , a  lo t o f  w a te r  w a s

......re q u ire d ,_________________________________________________________________

ii. A n y  d if f ic u lt ie s  en co u n te re d  d u r in g  c o lle c t io n  o f  g e o lo g ic a l  lo g s  in  re la t io n  to  n a tu re  o f  the 
a ir l if te d  c u tt in g s  e g .  a ir l if t in g  o f  v o lc a n ic  a sh e s  m ix ed  w ith  p le n ty  o f  w a te r  m igh t ap p ea r  a s  v e ry  
tu rb id  w a te r  o r  s lu r r y  w ith o u t a n y  n o t ic e a b le  fra g m e n ts . P le a s e

ii i  R a te  o f  P en e tra tio n , (w a s  it re co rd ed  o r  n o t? ) I f  y e s , p le a s e  a tta c h  its  co p y . I f  no , p le a s e  ex p la in  
w h y ..............................................; ........................................................................................................................................................

iv  G eneral progress o f  d rillin g  w orks S in c e  th e  b o re h o le  d ia m e te r  is  b ig , th e  r ig  co u ld  not a ir lif t  

th e  cu tt.ings. to. th e  s u r f a c e ........................................................................................................................................................ .

v. A n y  o th er re m a rk s7 .......... C o n s id e r in g  th e  m eth o d  o f  d r il l in g , t im e  ta k e n  to  f in ish  th is

b o reh o le , w a s  .go o d ............................................ .

e x p la in
.N/A...... r .


