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EXECUTIVE SUMMARY 

 

Introduction 

 This report describes the results of hydrogeological site investigation for the Osembe African 

Devine Church,Kisumu North District in Nyanza Province, Kenya. The aim of the 

investigations was to locate a suitable borehole/Shallow well-drilling site within Osembe area. 

To accomplish this, detailed hydrogeological and geophysical investigations have been 

executed. 

 

Climate 

The investigated site lies within an area that experiences heavy rainfall over the inland areas 

but the yearly average drops sharply on the edge of Lake Victoria. Overall, the climate is hot 

and oppressive, especially inland, though on the lakeshores fresh fairly strong winds blow 

from the Lake.  The annual precipitation varies from 1600 mm to 2000 mm. There are two 

rainy seasons; the long rains from March to June and a minor raining period in November and 

December. 

 

Geology 

The investigated site is underlain by the Nyanzian System rocks, which mainly consists of 

volcanics as basalts, andesites and rhyolites. Intrusives mainly granitic rocks locally sheared 

and well jointed also outcrops in the area. Kavirondian system rocks which are derivatives of 

Nyanzian system rocks and overlie the Nyanzian system rocks. Deposits of the sediments took 

place in several stages, mainly during pluvial periods, alternated by erosion phases during 

inter-pluvial periods.. 

 

Geophysical Fieldwork 

 Geophysical fieldwork was executed between 28
th 

 September 2012. The Resistivity method 

was used for the present investigations. Geophysical measurements were used to determine the 

thickness of the underlying layers, their potential as aquifers, and the expected quality of 

groundwater in these formations. Three Vertical Electrical Soundings (VES) was executed at a 

selected point.  

 

Conclusions 

The study concludes that, on the basis of hydrogeological evidence, groundwater prospects in 

the study area are good.  Aquifers are likely to be encountered in the Recent and Pleistocene 

sediments which form unconfined and semi-confined aquifers and the Tertiary volcanics 

which form confined aquifers. The aquifers range in depth from 20 to 100 m bgl. Deeper 

aquifers occur at the successive old land surfaces. Groundwater quality in the investigated 

area is expected to be fairly good.  

 

Recommendations for Drilling 

In view of the geophysical results and hydrogeological nature of Osembe area, it is 

recommended that a borehole be drilled at the location of VES 3 to a maximum depth of 80m 

bgl.  

 

All the VES sites were pegged during the field investigations and their coordinates were 

obtained using Global Positioning System (GPS) and were shown to Mr. Benjamin Omiro-

0727816536, Boaz Hongo-0700508042 and James  Rachilo the chief Vicar  
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Monitoring 

Regular monitoring should be instituted and maintained in the boreholes in order to keep track 

of groundwater levels. A monitoring tube should be installed in the borehole to be able to 

monitor the water level in the well.  

 

Borehole Construction 

 Recommendations are given for borehole construction and completion methods. The 

importance of correct and comprehensive techniques in this particular aspect cannot be over-

emphasized. 

 

Drilling Permits 

 A drilling permit must be applied from Lake Victoria South Water Service Board of the Water 

Resources Management Authority of the Ministry of Water and Irrigation.  
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LIST OF ABBREVIATIONS AND GLOSSARY OF TERMS 

 

  

ABBREVIATIONS: (NOTE: SI spellings used throughout). 

 

EC    Electrical Conductivity (in micro-siemens/centimetre) 

km    kilometres 

m    metres 

m amsl    metres above mean sea level 

m bgl    metres below ground level 

PTA                                           Parents Teachers Association 

ppm    parts per million, equivalent to mg/l 

swl    static water level (in m bgl) (the piezometric level or water table, see 

below) 

TDS    Total Dissolved Solids (ppm) 

wsl    water struck level (in m bgl) 

SWASH   Schools Water and Sanitation and Hygiene. 

 

 

GLOSSARY OF TERMS:  

 

Aquifer    A geological formation or structure which transmits water and 

which may supply water to wells, boreholes or springs. 

Confined   Confined aquifers are those in which the piezometric level is higher 

(i.e., at a greater elevation relative to sea level) than the elevation at 

which the aquifer was encountered. 

Intercalated   Interbedded - a lava flow may occur between layers of sediment, or 

vice-versa. 

Recharge   The general term indicating the process of transport of water from 

surface sources (ie, from rivers or rainfall) to groundwater storage. 

Volcanics    Here used as a general term describing geological material of volcanic 

origin.  
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11..  IINNTTRROODDUUCCTTIIOONN  

11..11  BBaacckkggrroouunndd  

 

Earths Scope Geo- Hydro Services, was commissioned by African Devine Church Boyani 

HQ to carry out a hydrogeological at Osembe African Devine Church in their WATSAN 

Program in Osembe area of Kisumu North District, Kisumu County. Fieldwork was carried 

out from 28
h
 September 2012. 

 

The Client requires detailed information on prospects of drilling production boreholes. The 

objective of the present study is to assess the availability of groundwater, to recommend 

borehole drilling sites and comment on aspects of depth to potential aquifers, aquifer 

availability and type, possible yields and water quality. For this purpose all available 

hydrogeological information of the areas have been analyzed, and a geophysical surveys 

done. 

 

The investigations involved hydrogeological, geophysical field investigations and a detailed 

desk study in which the available relevant geological and hydrogeological data were collected, 

analyzed, collated and evaluated within the context of the Client's requirements. The data 

sources consulted were mainly in four categories: 

a)  Published Master Plans. 

b)  Geological and Hydrogeological Reports and Maps. 

c)  Ministry of Water and Irrigation Borehole Completion records. 

d) Technical reports of the area by various organizations.  
 

11..22  SSccooppee  ooff  tthhee  WWoorrkkss  

 

The scope of works includes: 

 

(i) Site visits to familiarize with the project areas. Identify any issues that might hinder 

the implementation of works in any of the areas and report to the Head of 

Groundwater Investigation in the Ministry. 

(ii) To obtain, study and synthesize background information including the geology, 

hydrogeology and existing borehole data, for the purpose of improving the quality 

of assessment and preparing comprehensive hydrogeological reports, 

(iii) To carry out hydrogeological evaluation and geophysical investigations in the 

selected sites in order to determine potential for groundwater and appropriateness of 

drilling boreholes at the sites. 

(iv) To prepare hydrogeological survey reports in conformity with the provisions of the 

rules and procedure outlined by the Water Resources Management Authority, 

including the following: 

 Site Name, Location and GPS readings 

 Geology and hydrogeology  

 Present sources and status of the existing water supply 

 Existing borehole data information. 

 Geophysical data and analysis 
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 Conclusions and recommendations, including the groundwater potential of the 

investigated sites, name and location of the site recommended for drilling, 

recommended maximum  drilling depth in metres and appropriate drilling 

method 
 

11..33  RReeppoorrttiinngg  RReeqquuiirreemmeennttss  

 

The format of writing the Hydrogeological Investigations Report, as described out in the 

Second Schedule of the Water Resources Management Rules, 2007. Such a report must 

consider the following (verbatim): - 

1. Name and details of applicant 

2. Location and description of proposed Activity 

3. Details of climate 

4. Details of geology and hydrogeology 

5. Details of neighbouring boreholes, including location, distance from proposed 

borehole or boreholes, number and construction details, age, current status and use, 

current abstraction and use. 

6. Description and details (including raw and processed data) of prospecting methods 

adopted, e.g. remote sensing, geophysics, geological and or hydrogeological cross 

sections. Hydrogeological characteristics and analysis, to include but not necessarily 

be limited to, the following:  

a. Aquifer transmissivity  

b. Borehole specific capacities  

c. Storage coefficient and or specific yield  

d. Hydraulic conductivity  

e. Groundwater flux  

f. Estimated mean annual recharge, and sensitivity to external factors 

7. Assessment of water quality and potential infringement of National standards 

8. Assessment of availability of groundwater 

9. Analysis of the reserve 

10. Impact of proposed activity on aquifer, water quality, other abstractors, including 

likelihood of coalescing cones of depression and implications for other 

groundwater users in any potentially impacted areas 

11. Recommendations for borehole development, to include but not limited to, the 

following: 

a. Locations of recommended borehole(s) expressed as a coordinate(s) 

and indicated on a sketch map 

b. Recommendations regarding borehole or well density and minimum 

spacing in the project area  

c. Recommended depth and maximum diameter 

d. Recommended construction characteristics, e.g. wire-wound screen, 

grouting depth 

e. Anticipated yield 

12. Any other relevant information (e.g. need to monitor neighbouring boreholes during 

tests). 

 

This report is written so as to cover each of the above, insofar as data limitations allow. The 

report also includes maps, diagrams, tables and appendices as appropriate. 
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Figure 1: General Location Map of the Area 
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22..  BBAACCKKGGRROOUUNNDD  IINNFFOORRMMAATTIIOONN  

22..11  LLooccaattiioonn  

 

The investigated site is located in Osembe area, 500m off the Nyahera daraja mbili road in 

North Gem Location, Kisumu North Division, Kisumu North District.  The study area lies 

approximately at grid references 00
0
 01’ 40.9’’ south and 34

0
 44’ 35.4’’ east. 

22..22  PPhhyyssiiooggrraapphhyy  ,,ddrraaiinnaaggee  aanndd  cclliimmaattee  

 

            The area is characterised by a gently undulating landscape, consisting of broad, flat-topped 

ridges and long and gentle valley slopes. Altitudes range from about 1140m along the lake 

Victoria shores in the south and about 1400m asl in the northern area .in the investigated 

area the altitude is ranging from 1350m to 1462 m asl.  

  

              

The investigated site lies within an area that experiences heavy rainfall over the inland areas 

but the yearly average drops sharply on the edge of Lake Victoria. Overall, the climate is hot 

and oppressive, especially inland, though on the lakeshores fresh fairly strong winds blow 

from the lake.  The annual precipitation in the investigated area varies from 1600 mm to 2000 

mm. There are two rainy seasons; the long rains from March to June and a minor raining 

period in November and December. 

 

22..33  CCuurrrreenntt  WWaatteerr  SSuuppppllyy    

 

Currently the Osembe community gets water from a spring about 3km away at  

22..44  PPooppuullaattiioonn  aanndd  wwaatteerr    wwaatteerr  ddeemmaanndd    

 

The community population is estimated at 500 house holds which translates to 3,500 people. 

Assuming per capita domestic water consumption of 20 liters per day, the water demand of 

the  surrounding community is about 10 m
3
 for domestic purposes . 
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Figure 2: Site and Borehole/Shallow Well location map of the Investigated Area 
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33..  GGEEOOLLOOGGYY  

 

Kisumu North district forms part of the old African Craton, built up out of Precambrian 

rocks. Since the time those rocks were formed and the area emerged above sea level, for a 

long time no major geological activities took place. Until the Miocene, when major tectonic 

activities started to affect the area. The same forces which initiated the formation of the East 

African Rift valley in Kenya had only minor influence in this part of the country. 

  

Rocks in the project area range from early Precambrian to Quaternary. The Precambrian 

rocks which include mainly volcanic series. The main geological feature in the area is the 

Kavirondo Rift. This rift branches from the main north-south orient Kenya Rift Valley 

system, trending east-west and northeast to southwest towards Lake Victoria. 

 

Rocks in Kisumu North District can be divided into three well-defined groups, based on 

their relative age and lithology: 

 

- Recent deposits. 

- Tertiary volcanic rocks 

- Kavirondian system 

- Intrusives  

- Precambrian Nyanzian System rocks. 

33..11  RReeggiioonnaall  GGeeoollooggyy  

 

33..11..11  NNyyaannzziiaann  SSyysstteemm  

 

Rocks of the Nyanzian System are the oldest exposed in the area, covering large areas of 

southern Kisumu North District. The rock of the system mainly consists of volcanics as 

Basalts, andesites and rhyolites.they are folded along northwest –southeast striking axes and 

underwent low-grade metarmorphism. 

 

33..11..22  IInnttrruussiivveess  

 

Two major phases of intrusions have been identified in Kisumu North District: one of the 

post –Nyanzian /pre-Kavirondian age and one of post –Kavirondian pre- Bukoban age. 

Those intrusives are mainly granitic rocks, locally sheared and well jointed. 

 

The intrusives, due to typical granite weathering, now form erosional remnants rising above 

the general ground level (ridges, tors, bare rock surfaces and iserlbergs). At some locations 

doleritic dyke intrusions are found, generally parallel to major fracture trends. 
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33..11..33  KKaavviirroonnddiiaann  SSyysstteemm  

Rocks of this system are sedimentary derivates of the Nyanzian System and post Nyanzian 

intrusives.the rocks consist of conglomerates, grits and mudstones and occur as inliers 

within the rocks of the Nyanzian System. The Kavirondian sedimentary rocks mainly are 

exposed in the northern part of the Kisumu North District covering large areas of Ukwala 

and Yala Divisions. They are believed to be deposited under continental torrential 

conditions, after the Nyanzian deposits had emerged above sea level. 

 

33..11..44  TTeerrttiiaarryy  vvoollccaanniiccss  

 

Rocks of tertiary age have been found only in the southern part of the area on the Uyoma 

peninsular .the rocks consist of nepheline lavas, agglomerates and tuffs, originated from the 

Kisingiri volcano in south Nyanza. 

 

33..11..55  RReecceenntt  

Recent sedimentary deposits occur in the western part of the area and along the main rivers 

Yala and Nzoia.the sediments are rather fine grained alluvial and lake deposits consisting of 

clays and silty sands 

 

33..22  SSttrruuccttuurraall  FFeeaattuurreess  

 

The presence of the major fault signifies the presence of other minor faults with the same 

trend within the investigated area.  

 

The main geological feature in this area is the Kavirondo rift. This rift braches from the main 

north-south orient Kenya Rift Valley system trending east-west and northeast to southwest 

towards Lake Victoria.  

 

33..33  GGeeoollooggyy  ooff  tthhee  IInnvveessttiiggaatteedd  AArreeaa  

 

The investigated area is underlain by the Kavirondian System rocks and Nyanzian system 

rocks.the Nyanzian system rocks compost of rhyolites and andesites while the Kavirondian 

System rocks compost of conglomerates, grits and mud stones which are sedimentary 

derivatives of the Nyanzian system rocks and occur as inliers within the rocks of the Nyanzian 

system. The alluvial sediments and superficial deposits overlie the above rocks.  
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Figure 3: Geological Map of the Study Area by Lake Basin Development Authority (RDWSP) 
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44..  HHYYDDRROOGGEEOOLLOOGGYY  

 

The hydrogeology of an area is normally intimately dependent upon the nature of the parent 

rock, structures, weathering process, recharge mechanism and the form and frequency of 

precipitation. 

 

44..11  RReeggiioonnaall  HHyyddrrooggeeoollooggyy  

 

The entire area can be divided into three distinct hydrogeological zones based on the 

different geology. The hydrogeological properties of these formations are different.  

 

The following are the three hydrogeological classes mapped in the area; 

 

 Precambrian Nyanzian system rocks. 

 Volcanic rocks. 

 Sediments:  - the sub-recent sediments 

                   - Recent alluvial deposits 

 

The largest single drainage in the area is formed by the Yala River, which flows from the 

Nyahera hills. 

 

Drilling in the Nyanzian and Kavirondian system rocks and soft sediments in this area has 

been very successful.  

 

The Nyanzian rocks, owing to their cleavage, easy weathering, and decomposition in general 

should provide fairly good aquifers.  

 

From the observations made on the existing boreholes in the region, it can be concluded that 

major water bearing formations are as follows. 

 

 Sedimentary deposits along the drainage basins  

 Fault zones in all the rock formation. 

 Fractured/weathered volcanic rocks 

 Old Land Surfaces sandwiched between successive lava flows. 

 

44..11..11    VVoollccaanniicc  RRoocckkss  AAqquuiiffeerrss    

 

In the study area, mostly of the underlying rocks are Kavirondian Precambrian sedimentary 

rocks and minor volcanics and intrusives. The mean annual rainfall varies from 1500mm to 

2000mm of the mountain ranges and the group of hills are composed of series of lavas and 

intercalated pyroclastics erupted during a prolonged phase of volcanicity, which followed 

the early Miocene sedimentation, which in the earliest stages was contemporaneous with 

sedimentation.   
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In general groundwater in volcanic rocks is limited to fractures, weathering and erosional 

levels (old land surfaces) within the volcanic succession. Lavas are generally not water 

bearing because of their unfractured and impervious character. 

 

44..22  HHyyddrrooggeeoollooggyy  ooff  tthhee  IInnvveessttiiggaatteedd  AArreeaa  

 

The suitability of the formations in the investigated area, which are basically volcanic and 

volcano sedimentary in origin, as aquifers depend largely on the development of secondary 

structures mainly faults, their subsurface extent and interconnection to other similar 

structure on regional scale. Another major factor is the degree of weathering of these 

volcanic rocks and their porosity. The major aquifers in the area are however confined to 

weathered volcanics and Old Land Surfaces between contemporaneous volcanic 

successions. 

 

The investigated area is located in a hydrogeological zone, which is characterized by 

medium to high groundwater potential. The aquifers in the area occur in the fluvial deposits, 

weathered and fractured volcanic rocks overlying the Basement System rocks at much 

greater depths. A significant groundwater discharge occurs in the faulted, fractured and 

weathered zones of rhyolitic and basaltic lava. Shallow aquifers occur at the contact zone 

between the fluvial- colluvial deposits and the weathered/fractured basalts. 

 

The mean annual rainfall in the area varies from 1500 to 2000mm 

The occurrence of the aquifers can be summarised as follows: 

 

 Weathered layer 

 Fault and fracture zones 

 Sedimentary deposits. 

44..22..11  CCaattcchhmmeenntt  AArreeaa  aanndd  RRaaiinnffaallll  

 

The catchment area is characterized by the Yala river catchment covering an area of over 

887 km
2
 on the northern shores of Lake Victoria and western side of the Nandi hills. For 

purposes of water balance calculations, a conservative catchment area of 88.5 km
2
 is 

assumed (corresponding to 10% of the total catchment). There is insufficient topographical 

information on the effective catchment of the aquifer in the study area, on which basis flood 

routing of subflows can be undertaken. The effective catchment area has been estimated at a 

conservative 88.7 km
2
. The average rainfall is assumed to be 1800 mm for the entire area. The 

available gross volume of precipitation within the water budget zone is therefore 88.7 * 10
6 

* 

1.8 = 1.59 * 10
9
 m

3
 per year.  

 

Due to the complexity of the geology of the area and lack of adequate borehole drilling data, it 

is difficult to estimate the recharge in the project area.  

 

 From these figures it is clear that the proposed abstraction is negligible compared to the other 

components of the aquifer hydrological cycles. 
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44..33  GGrroouunnddwwaatteerr  FFllooww    

 

 Although there is no data to draw piezometric maps, it can be deduced that groundwater flows 

from the volcanic and Basement aquifer to the alluvial aquifer in the Yala basin. During high 

rainfall, water percolates from the surface down to the groundwater aquifer storage. The 

groundwater level rises and the aquifer expands both laterally and vertically. 

 

During periods of moderate rainfall, subsurface outflow from the area occurs through base 

flow along ephemeral drainage channels and groundwater flow from the aquifer into the 

alluvial plains. During low rainfall periods no surface outflow is observed. The aquifer 

discharges water only through slow groundwater flow, and evapotranspiration. During the dry 

season no recharge is experienced and the aquifer maintains its low salinity through 

hydrodynamic balance in such a way that the aquifer shrinks in size laterally and there is 

vertical decline in water levels. 

 

44..33..11  RReecchhaarrggee    

 

Ground water recharge  

When rainfall, runoff soil moisture changes and evapotranspiration data is known, the amount 

of water which is yearly added to the permanent ground can be estimated (recharge). For an 

accurate water balance calculations very precise and extensive hydrological data of the 

concerned area is required, which is rarely available. The present water balance study can only 

be regarded as an estimation 

 

One of the recharge areas for the aquifers is formed from the Nandi hills area. Here water 

percolates directly into the faults and cracks within the Pleistocene Volcanics through which 

deeper and adjacent units are recharged over time.  

 

44..33..22  DDiisscchhaarrggee  

 

Discharge paths in the investigated area are reflected in geology, land use and cover type, 

and fall into one of the following categories: 

 

Interception, transpiration and evaporation of rainfall; this covers all losses from rainwater 

before it leaves the rainfall part of the hydrological cycle and becomes either runoff or 

percolation water. Transpiration losses (vegetal metabolism) in the area have also a great 

effect. 

 

1. Direct losses from open water bodies i.e. rivers and streams. 

2. Direct losses from human and wildlife activities; in the Kisumu North area, these 

losses comprise a relatively significant sub – cycle, especially as direct abstraction 

from shallow wells, Rivers springs and boreholes for irrigation and domestic uses. 

3. Deep percolation; it has long been suspected that there is a very deep outlet from the 

region 
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From the hydrogeological study the total effective discharge from the aquifer via either of 

the above means for this area is not available. However, it should be noted that there is no 

possibility of irrevocable physical damage to the aquifers resulting from abstraction. 

 

44..33..33  GGrroouunnddwwaatteerr  QQuuaalliittyy  

 

Water analyses carried out on a large number of ground water samples by DHV consultants 

(1988) showed that the physical and chemical quality of the water is generally good and can 

be used without any treatment in most parts of the investigated area though with increasing 

human activity, most of the surface and shallow ground water have being contaminated. 

Occasionally the ground water may contain high concentration of iron and manganese, 

which gives a bitter taste to the water, and may cause stains on laundry.  
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55..  GGEEOOPPHHYYSSIICCAALL  IINNVVEESSTTIIGGAATTIIOONN  MMEETTHHOODDSS  

 

A variety of methods are available to assist in the assessment of geological sub-surface 

conditions. The main emphasis of the fieldwork undertaken was to determine the thickness 

and composition of the sub-surface formations and to identify water-bearing zones. 

 

This information was principally obtained in the field using, and vertical electrical soundings 

(VES)  

 

The VES probes the resistivity layering below the site of measurement. This method is 

described below. 

 

55..11  RReessiissttiivviittyy  MMeetthhoodd  

 

Vertical electrical soundings (VES) were carried out to probe the condition of the sub-surface 

and to confirm the existence of deep groundwater. The VES investigates the resistivity 

layering below the site of measurement. This technique is described below. 

 

55..22  BBaassiicc  PPrriinncciipplleess  

 

 The electrical properties of rocks in the upper part of the earth's crust are dependent upon the 

lithology, porosity, the degree of pore space saturation and the salinity of the pore water. 

Saturated rocks have lower resistivities than unsaturated and dry rocks. The higher the porosity 

of the saturated rock, or the higher the salinity of the saturating fluids, the lower the resistivity. 

The presence of clays and conductive minerals also reduces the resistivity of the rock. 

   

 The resistivity of earth materials can be studied by measuring the electrical potential 

distribution produced at the earth's surface by an electric current that is passed through the 

earth. 

   

 The resistance R of a certain material is directly proportional to its length L and cross-sectional 

area A, expressed as: 

   

    R = Rs * L/A     (in Ohm)           

   

 where Rs is known as the specific resistivity, characteristic of the material and independent of 

its shape or size.   

   

  With Ohm's Law, 

   

    R = dV/I     (Ohm)            

 where dV is the potential difference across the resistor and I is the electric current through the 

resistor. The specific resistivity may be determined by: 

   

    Rs = (A/L) * (dV/I)     (in Ohm m)         
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55..33  VVeerrttiiccaall  EElleeccttrriiccaall  SSoouunnddiinngg  ((VVEESS))  

 

 When carrying out a resistivity sounding, current is led into the ground by means of two 

electrodes. With two other electrodes, situated near the centre of the array, the potential field 

generated by the current is measured. 

 

 From the observations of the current strength and the potential difference, and taking into 

account the electrode separations, the ground resistivity can be determined. 

 

 During a resistivity sounding, the separation between the electrodes is step-wise increased (in 

what is known as a Schlumberger Array), thus causing the flow of current to penetrate greater 

depths. When plotting the observed resistivity values against depth on double logarithmic 

paper, a resistivity graph is formed, which depicts the variation of resistivity with depth. This 

graph can be interpreted with the aid of a computer, and the actual resistivity layering of the 

subsoil is obtained. The depths and resistivity values provide the hydrogeologist with 

information on the geological layering and thus the occurrence of groundwater. 
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6.   FFIIEELLDDWWOORRKK  AANNDD  RREESSUULLTTSS 

 

66..11    FFiieellddwwoorrkk    

 

 Fieldwork was carried on 28
th

 September 2012. Three vertical electrical sounding (VES) was 

executed in order to unveil the hydrostratigraphy of the area. The hydrogeological conditions 

of the investigated site in general are considered to be fairly uniform and the results of the 

VES are representative of the prevailing stratigraphy of the investigated site.  

 

          Table 1: GPS Co-ordinates of the VES Location 

VES NO. CO-ORDINATES UTM ALTITUDE 

 Longitudes Latitudes Latitudes Latitudes  

1 E 034
0 
41’32.9” S 00

0
 01’ 48.4” 0688361 9996670  1409m 

2 E 034
0 
41’33.3” S 00

0
 01’ 49.9” 0688371 9996628  1413m 

3 E 034
0 
41’35.4” S 00

0
 01’ 46.9” 0688436 9996716  1416m 

 

66..22    RReessuullttss    

66..22..11  RReessiissttiivviittyy  SSoouunnddiinnggss  

 

Interpreted results of the soundings are shown in the table presented below: 

 

            Table 2: Interpretation Results for Osembe African Devine Church 

 

VES 

LAYER 1 

RE      DE 

LAYER 2 

RE    DE 

LAYER 3 

RE      DE 

LAYER 4 

RE      DE 

LAYER 5 

RE     DE 

1 313      0.5 7041      5 495       19 500 >19  

2 38        0.2 1376     4 139       19 500   >19  

3 146      0.5 287       4 56        25 14        50 500   >50 

 

RE Resistivity (Ohm-m) DE Depth (m) 

 

The VES interpretation results indicate a shallow superficial layer to a depth of less than 5m 

bgl. The resistivity of this layer ranges between 38 and 7041 Ohm-m interpreted to be sandy 

soils and dry clays. This is underlain by a 139 to 495 Ohm-m resistivity layer to a depth of 

19  m bgl, interpreted to be slightly weathered volcanic rocks at VES 1 and VES 2.  At VES 

3 the superficial layer is underlain by a 14 to 56 Ohm-m frm a depth of 25 to 50 m bgl 

interpreted to be weathered volcanics which, which are aquiferous, and water strikes are 

expected in this layer. Below this layer lies a 500 Ohm-m to A depth greater than 50m bgl 

interpreted to be fresh volcanic rocks and no water strikes are expected in this layer. 
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Figure 4: Interpretation Graph for VES 1 

 

 

 
 

 

Figure 5: Interpretation Graph for VES 2 
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Figure 6: Interpretation Graph for VES 3 
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77..  CCOONNCCLLUUSSIIOONNSS  AANNDD  RREECCOOMMMMEENNDDAATTIIOONNSS  

77..11  CCoonncclluussiioonnss  

Based on the available information and the geophysical investigations it is concluded that 

Osembe is located in an area, which is considered to have medium to good groundwater 

potential. Productive aquifers are expected within weathered/fractured phonolites and basaltic 

lavas. Shallow aquifers are expected above 40 m bgl. The water quality is expected to be 

within the re commended WHO  limits.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

 

77..22  RReeccoommmmeennddaattii  oonnss                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

77..22..11  DDrriilllliinngg  

                        In view of the above it is recommended that: 

 

a. In view of the above it is recommended that a borehole be drilled at the location of 

VES 3 to a minimum depth of 60 m and a maximum depth of 80  m bgl . 

b. Alternatively a shallow well be excavated to depth of 30 m bgl                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             

c. A monitoring tube and a master meter should be installed in the borehole in order to 

monitor the water level in the borehole. 

 

 

All the VES sites were pegged during the field investigations and their coordinates were 

obtained using Global Positioning System (GPS) and were shown to Mr. Benjamin Omiro-

0727816536, Boaz Hongo-0700508042 and James Rachilo the chief Vicar  
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APPENDIX 1: DRILLING AND CONSTRUCTION OF BOREHOLES
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Appendix 1: Drilling 

 

 Drilling Technique 

 

 Drilling should be carried out with an appropriate tool - either percussion or rotary machines 

will be suitable, though the latter are considerably faster.  However due to unstable sub ground 

condition mud drilling is the most suitable method. Geological rock samples should be 

collected at 2 metre intervals. Struck and rest water levels and if possible, estimates of the 

yield of individual aquifers encountered, should also be noted. 

 

 Well Design 

 

 The design of the well should ensure that screens are placed against the optimum aquifer 

zones. An experienced hydrogeologist should make the final design. 

 

 

 Casing and Screens 

 

 The well should be cased and screened with good quality material. Owing to the shallow depth 

of the boreholes, it is recommended to use uPVC casings and screens of high open surface 

area. 

 

 We strongly advise against the use of torch-cut steel well-casing as screen. In general, its use 

will reduce well efficiency (which leads to lower yield), increase pumping costs through 

greater drawdown, increase maintenance costs, and eventually reduction of the potential 

effective life of the well. 

 

 

 Gravel Pack 

 

 The use of a gravelpack is recommended within the aquifer zone, because the aquifer could 

contain sands or silts which are finer than the screen slot size. An 8" diameter borehole 

screened at 6" will leave an annular space of approximately 1", which should be sufficient. 

Should the slot size chosen be too large, the well will pump sand, thus damaging the pumping 

plant, and leading to gradual `siltation' of the well. The slot size should be in the order of 1.5 

mm.  The grain size of the gravel pack should be an average 2 - 4 mm. 

 

 Well Construction 

 

 Once the design has been agreed, construction can proceed.  In installing screen and casing, 

centralizers at 6 metre intervals should be used to ensure centrality within the borehole.  This 

is particularly important for correct insertion of artificial gravel pack all around the screen.  

After installation, gravel packed sections should be sealed off top and bottom with clay (2 m). 

 

 The remaining annular space should be backfilled with an inert material, and the top five 

metres grouted with cement to ensure that no surface water at the well head can enter the well 

bore and cause contamination. 
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            Well Development 

 

 Once screen, pack, seals and backfill have been installed, the well should be developed. 

Development aims at repairing the damage done to the aquifer during the course of drilling by 

removing clays and other additives from the borehole walls. Secondly, it alters the physical 

characteristics of the aquifer around the screen and removes fine particles. 

 

 We do not advocate the use of overpumping as a means of development since it only increases 

permeability in zones which are already permeable.  Instead, we would recommend the use of 

air or water jetting, or the use of the mechanical plunger, which physically agitates the gravel 

pack and adjacent aquifer material. This is an extremely efficient method of developing and 

cleaning wells. 

 

 Well development is an expensive element in the completion of a well, but is usually justified 

in longer well-life, greater efficiencies, lower operational and maintenance costs and a more 

constant yield. Within this frame the pump should be installed at least 2 m above the screen, 

certainly not at the same depth as the screen.  

 

 Well Testing 

 

 After development and preliminary tests, a long-duration well test should be carried out. Well 

tests have to be carried out on all newly-completed wells, because apart from giving an 

indication of the quality of drilling, design and development, it also yields information on 

aquifer parameters which are vital to the hydrogeologist. 

 

 A well test consists of pumping a well from a measured start level (Water Rest Level -(WRL) 

at a known or measured yield, and simultaneously recording the discharge rate and the 

resulting drawdowns as a function of time. Once a dynamic water level (DWL) is reached, the 

rate of inflow to the well equals the rate of pumping. Usually the rate of pumping is increased 

step wise during the test. The results of the test will enable a hydrogeologist to calculate the 

optimum pumping rate, the pump installation depth, and the drawdown for a given discharge 

rate. 



BBoorreehhoollee  SSiittee  IInnvveessttiiggaattiioonn                                                                                AAffrriiccaann  DDeevviinnee  CChhuurrcchh  OOsseemmbbeeKKiissuummuu  NNoorrtthh  DDiissttrriicctt  
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 Schematic Design for Borehole Completion  
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