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SUMMARY 

The present report describes the results for hydrogeological/geophysical survey for KABOSON 

IRRIGATION WATER USERS ASSOCIATION parcel of land within Kapoiywet Village, 

Kaboson Sub-location, Kaboson Location, Chebunyo Ward in Chepalungu Sub County of Bomet 

County. The study is required for identifying a suitable site for drilling one production borehole. 

The borehole will be used as the sole water source for maintaining high hygienic standards at the 

grading shades. The water demand is estimated to be about 30m3/day. 

Currently there are NO boreholes located close to the site that can be used to estimate the expected 

yield of the current site. The yield of a borehole drilled at the recommended location is expected 

to be good from the geophysical data obtained at the site but careful construction and development 

will lead to maximum borehole productivity, efficiency and long life. Groundwater occurs within 

highly weathered/ fractured basement rocks. Recharge of the aquifers is by direct and indirect 

replenishment. A suitable site has been located by means of geophysical field measurements to tap 

water from the main water bearing aquifers within highly weathered/ fractured basement rocks 

that generally get their recharge from the higher grounds.  

The Project area is situated in a zone with low to medium groundwater potential. The borehole is 

recommended to be drilled at Profile I, Station 15/VES - I site to a maximum depth of about 280 

meters bgl or until enough water has been struck. 

The existing borehole within the same location is located about 9 kilometers south of the present 

site at Chelemei and another at about 15 kilometers west at Cheboiyo, drilled to about 250 

meters.  

Water quality is expected to be good with exception of moderate mineralization which may be high 

but not more than the maximum permissible WHO limits for human consumption. The water 

quality is expected to be suitable for domestic use. 

It is thus recommended that: 

1. The borehole should be drilled at Profile I, Station 15/VES - I positions to maximum 

depth of about 280m or until enough water has been struck according to the client 

demands. 

2. The borehole be installed with mild steel casings and Plasma cut – slotted screens. 

3. The borehole hydraulical properties and aquifer characteristics should be determined 

during a 24-hour constant discharge test.  

4. Samples taken during test pumping must be submitted to a recognized laboratory for full 

physical, chemical and bacteriological analyses. 

5. A monitoring tube and master meter should be installed in the borehole to be able to 

monitor the water level and water consumption respectively. 
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With careful implementation of the project by adhering to the study’s findings and 

recommendations and by following the Water Resources Authority’s (WRA) Guidelines (found in 

the Authorization letter to Drill the Borehole), the project will safely meet the client’s objectives 

successfully without any impact to groundwater abstraction trends in the area and surrounding 

boreholes. 

Construction summary 

GPS Coordinates Recommended 

Depth 

Construction 

Requirements 

Expected Yield (m3/h) 

36M 

0750582 E, 9889850 N: 1739m 

280 203/153mm No estimate 

 

Project Contact Persons: 

1. Kosgei (Chairperson KIWUA)  - 0724 868 566 

2. Sammy Rotich (Town Chairperson)  - 0720 363 947 
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agl  above ground level 

amsl  above mean sea level 
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E  East 

EC  electrical conductivity (S/cm) 

hr  hour 

m  meter 

N  North 

PWL  pumped water level 

Q  discharge (m3/hr) 
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S  South 
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S/cm  micro-Siemens per centimeter: Unit for electrical conductivity 

°C  degrees Celsius: Unit for temperature 

"  Inch 

 
 
 

GLOSSARY OF TERMS 

Alluvium General Term for detrital material deposited by flowing water. 
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Aquifer A geological formation or structure, which stores and transmits water and which is 

able to supply water to wells, boreholes or springs. 

Colluvium General Term for detrital material deposited by hill slope gravitational processes, 

with or without water as an agent. Usually of mixed texture. 

Confined aquifer: A formation in which the groundwater is isolated from the atmosphere by 

impermeable geologic formations. Confined water is generally at greater pressure 

than atmospheric, and will therefore rise above the struck level in a borehole. 

Development  In borehole engineering, this is the general term for procedures applied to repair 

the damage done to the formation during drilling. Often the borehole walls are 

partially clogged by an impermeable “wall cake”, consisting of fine debris crushed 

during drilling, and clays from the penetrated formations. Well development 

removes these clayey cakes, and increases the porosity and permeability of the 

materials around the intake portion of the well. As a result, a higher sustainable 

yield can be achieved. 

Fault   A larger fracture surface along which appreciable displacement has taken place. 

Gradient  The rate of change in total head per unit of distance, which causes flow in the 

direction of the lowest >head. 

Grit Coarse sandstone of angular grain 

Hydraulic head  Energy contained in a water mass, produced by elevation, pressure or 

velocity. 

Hydrogeological Those factors that deal with subsurface waters and related geological aspects of 

surface waters. 

Infiltration  Process of water entering the soil through the ground surface. 

Joint   Fractures along which no significant displacement has taken place. 

Lava sheet Lava flow, in parts very thick, covering a large area. 

Percolation Process of water seeping through the unsaturated zone, generally from a surface 

source to the saturated zone. 

Permeability  The capacity of a porous medium for transmitting fluid. 

Phenocrysts Large, conspicuous crystals in porphyritic rocks (i.e. rocks with visible mineral 

crystals in a generally fine groundmass). 
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Phonolite  Compact and fine textured volcanic rock, belonging to the trachyte-group (together 

with trachyte ss. and latite). Defined by a high portion of feldspar (40-90%) and 

feldspatoidic minerals (10-60%: analcite, nepheline, leucite, etc.), and very low to 

negligible quartz content (0-2%). Incorporated dark coloured minerals (0-40%) 

most commonly include hornblende, olivine, melanite and acmite. The structure is 

porphyritic with common phenocrysts of sanidine (orthoclase, or Potassium-

feldspar) and nepheline.  

Piezometric level An imaginary water table, representing the total head in a confined aquifer: 

it is defined by the level to which water would rise in a well. 

Pyroclastic rocks Group of rocks consisting of volcanic dust, ashes, lapilli and coarse lumps of 

lava, explosively thrown up in molten condition, and deposited by gravity. Hardened 

masses of dust, ashes and lapilli are known as tuff, while coarse, consolidated 

pyroclastic debris is referred to as agglomerate. 

Porosity  The portion of bulk volume in a rock or sediment that is occupied by openings, 

whether isolated or connected. 

Pumping test  A test that is conducted to determine aquifer and/or well characteristics. 

Recharge General term applied to the passage of water from surface or subsurface sources 

(e.g. rivers, rainfall, lateral groundwater flow) to the aquifer zones. 

Static water level The level of water in a well that is not being affected by pumping (a.k.a. "rest 

water level") 

Transmissivity  A measure for the capacity of an aquifer to conduct water through its saturated 

thickness (m2/day). 

Tuff Hardened volcanic ash. 

Unconfined  Referring to an aquifer situation whereby the water table is exposed to the 

atmosphere through openings in the overlying materials (as opposed to >confined 

conditions). 

Yield Volume of water discharged from a well. 
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1 NAME AND DETAILS OF APPLICANT 

KABOSON IRRIGATION WATER USERS ASSOCIATION herein referred to as the client 

and the proprietor of the land through the Ministry of Agriculture, Livestock and Fisheries 

commissioned the consultants to carry out a hydrogeological and geophysical survey within their 

parcel of land located in Kapoiywet Village in of Chepalungu Sub-County within Bomet 

County. 

The hydrogeological survey was envisaged to determine the best location for drilling the proposed 

borehole to supply water for higher hygienic standards within the grading shades around the farm 

after harvesting.  

The Client’s contact details are as follows: 

 

KABOSON IRRIGATION WATER USERS 

ASSOCIATION, 

KABOSON. 

 

The objective of the survey was to establish the optimum location of a borehole planned to provide 

water to our Client to observe critical hygienic conditions during grading and packaging. This 

has a ripple effect in improving the crop production and marketing. The water demand is 

estimated to be about 30m3/day. 

The project area is not connected to any public water supply system and the client relies on water 

from the Mara River which is not consistent and at a far distance from the domicile and/or water 

vendors which are expensive. Chronic water shortages have driven the client to think of drilling a 

borehole to act as the main water supply for this community. 

It is against this background that a detailed hydrogeological survey was envisaged to determine 

groundwater potential within the plot and the possibility of sinking the proposed borehole. The 

hydrogeological assessment report gives the details of drilling depth, water quality and estimated 

yields. It also assists in registration of the borehole with the Water Resources Authority (WRA) 

of the Ministry of Water and Irrigation. 

Based on the recommendations of the report, the contractor can project cost estimates for the 

drilling and construction works. 
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2 BACKGROUND INFORMATION 

2.1 Location 

The site is situated within Kapoiywet Village, Kaboson Sub-location, Kaboson Location, 

Chebunyo Ward in Chepalungu Sub County of Bomet County. It lies within the Survey of 

Kenya topographic sheets for Mara Bridge (No. 145/1). Its defining coordinates in UTM are 

zone 36M, 0750582 E and 9889850 N. The general location of the project area is as shown in 

figure 2.1 below. 

The proposed borehole site is specifically located approximately 60 meters from Kaboson 

Market and about 500meters from the east lying Mara River as shown in the scaled figure 2.1 

below. 

 

 

Figure 2.1: Proposed Borehole general location (Adapted from Google Earth) 

2.2 Physiography 

The physiography of the area is strongly controlled by the geology with areas underlain by 

rocks resistant to erosion such as granitoids and quartzites being generally higher than those 

underlain by easily erodible rocks such as gneisses and schists. The farm lies at an altitude of 

about 1739m amsl, and it is characterized by a slightly gentle terrain though highly rugged 

uphill.  

 

 

Proposed BH site 
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2.3 Climate 

2.3.1 Precipitation 

The area is within the semi-arid zone of southern Kenya. The rainfall pattern is bi-modal with 

two distinct rainy seasons; long rains mainly in the months of Februrary-May and the short 

rains between October and December, with intervening periods of dry seasons. Rainfall is 

generally less than 700mm per year, while evaporation exceeds 1,800mm per year.   

 

Figure 2.2: Study area annual precipitation and temperature data (Adapted from 

climatedata.org) 

2.3.2 Temperature 

The temperatures are fairly constant throughout the year with maximum temperatures having 

a range of 30-34º C and a minimum range of 9-12ºC.  (Sombroek et al., 1982).   

There are numerous seasonal rivers that apparently have high flow during the rainy seasons, 

but dry out during the intervening dry seasons. The local Physiography has a strong influence 

on the drainage pattern both locally and regionally.  

2.4 Water Demand  

Water from the proposed borehole will be used to observe critical hygienic conditions during 

grading and packaging. This has a ripple effect in improving the crop production and marketing 

for the ongoing farming activities. The water demand is estimated at 30m³/day. 
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Figure 2.3: Map Extract of Mara Bridge Topo Sheet (145/1) showing the study area and its 

environs, Scale 1:50,000 

 

Figure 2.4: Satellite extract showing the exact location of the proposed site 

 

Proposed BH site 

Proposed BH site 
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Figure 2.5: Kaboson proposed site general appearance 
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3 TERMS OF REFERENCE 

Under the specific Terms of reference, the client KABOSON WATER USERS 

ASSOCIATION through the Ministry of Agriculture, Livestock and Fisheries 

commissioned the project consultant to undertake Hydro-geological assessments/ Borehole site 

investigations aimed at developing one productive borehole at their piece of land in Kaboson 

area, Chepalungu Sub County of Bomet County. 

The Consultants were thus commissioned by the client to carry out the subject survey of the 

project site and subsequently present a hydro-geological report under the following Terms of 

Reference: 

i) Carry out a reconnaissance survey at the project site and generate a datum reference 

for the borehole site investigations; to conform to the WRA requirements. 

ii) Integrate reconnaissance survey data with Geophysical borehole data obtained in 

the conduct of the surveys to define the recharge/discharge boundaries for the 

project site. I.e. calibrate the exploration data against known geological settings. 

iii) Undertake comprehensive assessments of the existing borehole facilities located in 

the neighboring areas with a view to quantify their inherent potential; and in 

addition use such data to define the operational aquifer parameters. 

iv)  Compile all the additional available hydro-geological, geological, geophysical, 

hydrological data for the project area. 

v) Compute the hydraulic parameters of the aquifers in the general Kaboson area, the 

general Aquifer Transmissivities and the specific capacity of the operational aquifer 

data.  

vi) Analyze the above data in order to fully quantify the groundwater potential; and 

subsequently provide a comprehensive report on the groundwater exploration 

program. 

vii) Optimize the drilling depth, and in addition re-evaluate the likely aquifer 

performance in the proposed water supply borehole. 

To achieve the specified Terms of Reference, the Consultant aimed at establishing and 

optimizing the base line conditions of the groundwater flow patterns, using the following 

conceptual approach. 

3.1 Concept on the Anticipated Approach 

The approach to this study is expected to apply the standard methods applied in the 

determination of aquifer parameters in order to establish the baseline conditions in aquifers 

underlying the project area. 

Once these baseline conditions are established, the effects of both abstraction to adjacent 

boreholes and the general impact on the regional and the localized effects on the aquifer system 

can be evaluated. 
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3.2 Concept: - Anticipated Methodology 

A review on the existing data and collating it with the field data will be encompassed in this 

study. 

The recommendations of the drilling procedure will lay emphasis on the construction 

methodologies that will allow for the development and design of a highly efficient system to 

meet the client’s requirements. 

To achieve these objectives, the Consultant proposes to undertake a detailed desk study of the 

database inventory for boreholes located in the immediate vicinity of the project site, for the 

purposes of statistical evaluation of the down-hole borehole data, and also to define the general 

aquifer parameters and characteristics.     

The results of the project findings need to be consolidated in this survey report in total 

conformity to the WRA requirements.  

The current study lays emphasis on the client’s specific water requirements and is geared 

towards development of a high capacity borehole system with an estimated design flow 

according to the productivity of the aquifer.  
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4 GEOLOGICAL DETAILS 

4.1 Regional Geology 

The area is largely underlain by rocks of the Basement Complex. These are mainly 

metamorphosed as well as granitized rocks of sedimentary origin and include migmatites, 

granitoid gneisses and paragneisses. These occur in fairly regular belts which are common in 

the vicinity of this area. 

The sediments were predominantly argillaceous with numerous intercalated arenaceous layers. 

Conglomeratic sediments do not appear to have been deposited and limestone are rare as only a 

few thin beds of impure marble have been found.  

The superficial deposits mainly include gravels, cross-bedded sands and soils. The gavel beds, 

seldom over twenty feet thick, are ill composed of ill-sorted sub-rounded to angular fragments in 

a sandy or calcareous matrix. The soils of the region, with the exception of the black soils are the 

products of semi-arid weathering conditions and are of an immature type. Laterization are 

extensive over the flat lying part of the area.  

4.2 Summary of the Geological History 

The oldest rocks in the area consist of metamorphic banded semi pelitic and pelitic mica-

amphibole-quartz-feldspar schists and gneisses with interbanded psammitic types of the Basement 

System, which are overlain by younger sedimentary rocks or unconsolidated material of Permian 

to Recent age. 

During Precambrian times, vast successions of sediments accumulated in a geo-synclinal structure 

covering most of the present eastern Africa.  Towards the end of this era, a period of regional 

folding and metamorphism of sediments occurred. The rocks were subjected to high temperatures 

and pressures during mountain building processes, resulting in (partial) melting and subsequent 

re-crystallization and growth of new minerals. Depending on the parent material and the prevailing 

pressures and temperatures, various types of gneisses and schists were formed. The 

metamorphosed sediments were intensely folded and tilted.  In addition, granitization processes 

acted upon the Basement rocks, resulting in granulites and migmatites. 

The Precambrian was followed by a period of more than 300 million years during which the 

Basement rocks were lowered by erosional processes. As a result, a plain-like terrain was formed, 

with a smooth easterly gradient towards the coast. Regional down-warping and fluctuations in the 

sea level gave rise to vast successions of sediments in the coastal belt. The age of the sedimentary 

succession decreases towards the Coast. 

During Tertiary and Pleistocene times, extensive faulting and vertical displacements of large 

blocks of rock took place. It is likely that many of the structures date from the final phases of 

Pleistocene rift valley faulting. As a result of this block-faulting, many of the formation boundaries 

are fault bounded. 
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In Recent times soils developed, covering most of the rocks in the area. The soils also reflect to a 

certain extent the nature of the underlying formations.  

4.3 Geology of the study area 

The surveyed site lies largely on undifferentiated gneisses and granulite rocks of Archaen age. 

4.3.1 The Basement System (BS) 

The Mozambican belt comprises of metamorphosed sediments of the original sedimentary rocks. 

Intense compression with rising temperatures resulted in the rocks being transformed into highly 

folded metamorphic rocks which vary in grain size and composition. Metamorphism reached 

varying grades resulting in impression of foliation which is parallel to the planes of the original 

composition and bedding. Regional metamorphism resulted in a wide range of rocks which are 

represented in Kaboson area by Quartzo-felspathic gneisses, Augen gneisses, biotite gneisses, 

crystalline limestone and quartzites of Archean age. 

4.3.2 Recent Deposits 

Superficial deposits in the area comprise black cotton soils and light brown loamy soils.  

The formations likely to be encountered during drilling are:   

1. Recent soils (both alluvial and weathered products: in situ). 

2. Weathered regolith  

3. Fractured/weathered Basement. 

4. Massive/compact Basement (Quartzites). 
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5 HYDROGEOLOGICAL DETAILS 

5.1 Background 

The hydrogeology of an area is determined by the nature of the parent rock, structural features, 

weathering processes and precipitation patterns. Within volcanic rocks, groundwater primarily 

occurs within fissure zones, fractures, sedimentary beds, lithological contacts and Old Land 

Surfaces (OLS) which characterize periods of erosion between volcanic eruptions and 

subsequent lava flows are potential aquifers. These OLS's comprise soils, weathered rocks and 

water-lain erosional material of volcanic origin. Lava flows rarely possess significant pore 

space; instead, their porosity is largely determined by secondary features, such as cracks. 

However, pyroclastic deposits and especially sediments do have a primary porosity: the cavities 

between the mineral grains or clasts are usually open and interconnected. Consequently, they 

can contain and transmit water.  

5.2 Hydrogeology of the Project Area 

Within the Area, numerous distinct lava flows are encountered some of them strictly localized 

and/or very similar in appearance. In addition, there have been significant displacements along 

faults, which are in part masked by younger volcanic sheets. Consequently, both the geology 

and hydrogeology are relatively complicated. 

With a mean rainfall figure close to 800 mm, and a geology marked by alternating lava flows, 

pyroclastics, tuffs and sediments, the general potential for groundwater development can be 

termed as good. In addition, the rugged eastern flank of the Rift Valley is an important recharge 

zone, due to intensive regional block-faulting. 

5.3 Existing boreholes and recharge 

Currently there are NO boreholes located close to the site that can be used to estimate the 

expected yield of the current site. The yield of a borehole drilled at the recommended location 

is expected to be good from the geophysical data obtained at the site but careful construction 

and development will lead to maximum borehole productivity, efficiency and long life. 

Groundwater occurs within highly weathered/ fractured basement rocks. Recharge of the 

aquifers is by direct and indirect replenishment. A suitable site has been located by means of 

geophysical field measurements to tap water from the main water bearing aquifers within 

highly weathered/ fractured basement rocks that generally get their recharge from the higher 

groundsBorehole Properties. 

5.3.1 Borehole Specific Capacities 

Borehole specific capacities are calculated using the formula S=Q/s (Driscoll, 1986) where 

Q is the yield during pump test and s is the drawdown that is represented by pumping water 

level less static water level (PWL - SWL). 

5.3.2 Transmissivity, Specific Yields and Storage Coefficients 

Transmissivity is calculated using the formula T=0.183Q/s. This formula has a limitation 

because borehole completion data from Ministry of Water and Irrigation gives the summary 
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of pump test. It is ideal if the test pump data is in log scale. Logan’s formula T=1.22 Q/s is 

the best for estimating transmissivity. The area does not have aquifer tests and it is difficult 

to ascertain specific yields, storage coefficients of existing boreholes in the project area.  

From Driscoll 1986 the following summary of Specific Yield ranges for earth materials. 

 

Table 5.1: Specific Yield Ranges of Different Materials 

Earth Material Specific Yield % 

Limestone & Shale 0.5 - 5% 

Sandstone 5 - 15% 

Clay 1 - 10% 

Sand and Gravel 15 - 25% 

Gravel 15 - 30% 

Sand 10 - 30% 

 

5.3.3 Hydraulic Conductivity and Groundwater Flux 

Hydraulic conductivity and groundwater flux can only be determined accurately by use of 

locations laboratory investigations and Isotope methods that are very expensive methods. 

The results are confined to few locations, and they depend on the scale of the investigation 

method. Rock sample measurements in laboratory vary from well test results. Ministry of 

Water and Irrigation data is also not very reliable. 

 

The Hydraulic Conductivity (K) is estimated as follows: 

                                            K = T/Aquifer Thickness     

5.3.4 Groundwater Flux 

The Groundwater Flux (F) is estimated based on borehole which more or less share the same 

aquifers. 

F = K.i.h.w    Where K- Hydraulic Conductivity  

   i – Slope  

   h- Aquifer Thickness 

   w- Arbitrary distance, 
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Table 5.2: Hydraulic conductivities of typical geologic material (Bear, 1972, Freeze and 

Cherry, 1979) 

K(m/day) 1

0
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103 102 10 1 10-
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10-
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10-3 10-4 10-5 10-6 10-8 10-10 
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0
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5.4 Recharge/ Discharge Considerations 

With suitable storage media existing in the underlying rocks mechanisms by which water 

must reach it also affect aquifer potential. 

Both Basement Rocks and volcanic systems suffer the same limitations so far as recharge 

is  concerned: if rainfall is low the volume of water which may eventually percolate to a 

suitable  aquifer  is  likely  to  be  relatively  small,  and  possibly  mineralised  due  to  high 

evaporation rate. 

Percolation is dependent on soil structure, vegetable coverage and the erosion state of the 

parent rock. Rocks which weather to clayey soils will naturally inhibit percolation (such as 

black cotton soils); conversely, the sandy soils resulting from the erosion of some Basement 

rocks are eminently suited to deep, swift percolation. 

Recharge is the term applied to the whole mechanism, and includes all the aspects of 

parent geology, effective rainfall and percolation.  
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5.5 Assessment of Availability of Groundwater 

Aquifers in this area are within the weathered, fractured and decomposed basement rocks.  

5.6 Analysis of Reserve and Groundwater Evolution 

It is difficult to accurately determine the storage of groundwater in the underlying aquifer. To 

determine this it requires a very intensive exercise and accurate data that will show the 

boundaries and it extends both horizontal and vertical. So many techniques are also involved. 

5.7 Impacts of the Proposed Activity to Water Quality, Wetlands or Protected Areas 

The Proposed drill site and related works are expected to pose no impact on water quality, 

either Surface or groundwater resources. There is no any surface water body near the drill site 

that can be contaminated by waste waters generated during drilling. The entire drilling, 

borehole construction, pump tests, and completion works will be done under supervision to 

professional standards. Entry of any foreign material until completion will be avoided to avoid 

any entry of foreign material into the borehole and only inert materials will be used in 

construction. The borehole will be properly developed to open up the aquifers and clean the 

borehole water. Monitoring of ec during drilling will be done to detect and seal any aquifer 

with elevated mineralization. 

The site is not located within a wetland or protected land and has no negative impacts on 

biodiversity. 
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6 GEOPHYSICAL INVESTIGATION METHODS 

A great variety of geophysical methods are available to assist in the assessment of geological 

subsurface conditions. In the present survey resistivity (also known as the geo-electrical method) 

has been used. 

6.1 Resistivity Method 

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. 

6.2 Basic Principles 

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 satu-

rated rock the lower its resistivity, and 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             (Ohm)    (1) 

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)   (2) 

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)     (Ohm.m)   (3) 

6.3 Vertical Electrical Soundings (VES)  

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.  

While carrying out the 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 
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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. 

 

Figure 6.1: Examples of Schlumberger and Wenner Configurations for Resistivity 

Measurements, where: AB = current electrodes; MN = potential electrodes 

A series of measurements made with an expanding array of current electrodes (Schlumberger 

Array) allows the flow of current to penetrate progressively greater depths. The apparent 

resistivity as  a  function  of  the  electrode  separation  AB  provides  information  on  the  vertical  

variation  in resistivity. The depth of penetration varies according to the electrode array, but is also 

affected by the nature of the material beneath the array.  

The point at which a change in earth layering is observed depends on the resistivity contrast, but 

is generally of the order of a quarter of the current electrode spacing AB (Milsom 1989).  By 

contrast, in a homogeneous medium the depth penetration is of the order 0.12 AB (Roy & Apparao 

1971).  

The calculated apparent resistivity is plotted against current electrode half separation on a bi-

logarithmic graph paper to constitute the so-called sounding curve. The curve depicts a layered 

earth model composed of individual layers of specific thickness and resistivity.  

Interpretation of field data can be done with hand-fitted curves, but this method is time consuming, 

and practically limited to 3-layer solutions. Modern interpretation is computer-aided, using a curve 

fitting procedure based on a mathematical convolution method developed by Ghosh (1971). While  

the  resistivity  method  is  a  useful  tool  in  groundwater  investigations  and  borehole  site 

surveys, its applicability and reliability should not be overestimated. The modelling of field data 

is often attended by problems of equivalence and suppression. Each curve has an infinite number 

of possible  solutions  with  different  layer  resistivity’s  and  depths  (this  is  known  as  

equivalence).  
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Mathematical convolution can easily lead to a well-fitting solution, which nonetheless does not 

correspond to reality. In general, the number of possible solutions is reduced by mutual correlation 

of several sounding curves, knowledge of the local geology and drilling data. When deposits with 

similar resistivities border each other, it is usually not possible to make a differentiation. 

Intermediate layers, occurring between deposits of contrasting conductivity, may go undetected, 

as they tend to be obscured within the rising or falling limb of the sounding graph (suppression). 

Additional data, in the form of borehole records, air photography and geological field 

observations, are required to produce a realistic interpretation.   

It should be noted that the layered earth model is very much a simplification of the many different 

layers, which may be present. The various equivalent solutions, which can be generated by a 

computer programme, should therefore be carefully analyzed.  In general, resistivity soundings 

should never be interpreted in isolation as this may lead to erroneous results.  

6.4 Resistivity Profiles  

Resistivity profiles are usually carried in Wenner configuration, i.e.  An electrode set-up with a 

uniform distance between potential and current electrodes (see Fig. 6.1). The entire array is moved 

across the area of interest. By doing so, lateral changes in apparent resistivity are measured, which 

reflect  variations  in  the  lithology,  the  depth  of  weathering  or  the  water  content.  So-called 

"anomalies" may indicate the intersection of a fault (usually a negative anomaly), quartzite band 

(positive  anomaly)  or  buried  riverbed  (anomaly  depends  on  nature  of  surrounding  deposits).  

Usually such lineaments, which may also be observed on aerial photographs, are linked to the 

occurrence of groundwater. It must be noted that resistivity differences in a single profile array 

may largely reflect variations at the surface rather than underground. For this reason, it is usually 

not sufficient to carry out single-spaced profiles. The depth of penetration increases at greater 

electrode separations. A series of profiles at variable electrode separations will provide an 

indication of vertical resistivity trends. Moreover, by repeating the same profile at a different 

configuration, it will become clear if the observed resistivity patterns are caused by surface 

phenomena or underground features.  

 

Figure 6.2: Depth Resolution with multiple frequencies 
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6.4.1 Multi-frequency: EM 

EM waves at different frequencies penetrate different depths of the earth because of the skin 

effect figure 6.2 above. Depth resolution is gained by using multiple loop sources operating at 

multiple frequencies to obtain a 2D or 3D ground imagery.  

6.5 Geo-electrical Layer Response  

Vertical electrical soundings (VES) provide quantitative information on electrical resistivity as a 

function of depth. The computer-interpretation of the sounding data produces a layered model of 

the underground. The derived resistivity layers are used to infer the presence of water-bearing 

strata, their texture and salinity. 

Water-bearing and/or weathered rocks have lower resistivities than unsaturated (dry) and/or fresh 

rocks. The higher the porosity of the saturated rock, the lower its resistivity, and the higher the 

salinity  (or  electrical  conductivity  EC)  of  the  saturating  fluids,  the  lower  the  resistivity.  In 

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

relation between the formation resistivity (ρ) and the salinity is given by the “Formation Factor” 

(F):  ρ = F x ρ w = F x 10,000 / EC (μ S/cm), where:  ρ w = resistivity of water In  sediments  or  

unconsolidated  layers  produced  by  weathering,  the  formation  factor  varies between 1 (for 

sandy clays) and 7 (for coarse sands).   

Example: If a certain aquifer is considered with an average formation factor of 3, then an EC of 

300 μ S/cm will give a formation resistivity of 100 μ m. The same material, when containing water 

with an EC of 1,500 μ S/cm, will have a resistivity of only 20 ρ m. Brackish water is marked by 

an EC of 2,000 to 10,000 μ S/cm, and a ρ w  of 5 to 1. Deposits containing brackish water will 

therefore in most cases adopt a low formation resistivity (usually less than 10 μ m). Saline water 

with an EC of about 30,000 μ S/cm will reduce the resistivity of a formation to about 2 Ohms.  

Clayey formations with fresh water will respond similarly to deposits with brackish or saline 

water: the fact that the same resistivity can be obtained for completely different hydrogeological 

units is known as the “equivalence-problem”. Fresh and dry Basement rocks are marked by very 

high resistivities, with a common range from 1,000 to 10,000 Ohms. Moderately to slightly 

weathered but dry layers are less resistive, and usually show values between 100 and 500 Ohms, 

depending on the portion of clays, the degree of weathering and the water content. The resistivity 

further decreases if the deposits are water-bearing, to 20 to 200 μ m.  The resistivity  of  

impermeable  clay  layers (alluvial,  or produced  by intensive  weathering  of  clay-forming  

minerals)  usually  varies  between  2  and  10Ohmm,  while similar figures are recorded for 

aquifers with brackish to saline water.  

The greatest difficulty in the interpretation of resistivity measurements in Basement rocks is 

formed by:  

a) Equivalence:  the similar geophysical properties of layers with contrasting 

Hydrogeological characteristics (e.g. clay layers and layers with brackish water).   
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b) Absence of distinct layer boundaries: the decreasing degree of weathering with depth is 

usually not well-defined, but gradual. This will result in a gradual increase in resistivity, 

and not in a distinct set of geophysical layers.  

c) Suppression #1:  Potential aquifer layers of moderate thickness  may  fail  to  show  a 

significant  response  in  the  recorded  resistivity  data  (especially  where  these  are  deep).  

Thin aquifers  embedded  within  a  very  thick  deposit  can  easily  remain  undetected  

by  surface geophysics. They will however show up in down-hole geophysical logs. 

d) Suppression #2: The resistivity contrast between the (clayey) weathered zone and the fresh 

bedrock may be so high, that an intermediate saprock aquifer cannot be distinguished in 

the Graphic plot of the sounding.  

Despite the problems of suppression attributed to the large resistivity contrast between fresh and 

weathered basement (point d), this is also a favorable attribute. Because of the large difference, 

the depth of weathering can be measured quite accurately. Considering that aquifers often occur 

towards the boundary of the weathered zone and the bedrock, the drilling depth can be determined, 

even if the actual aquifer does not show up as distinct geophysical layer. 

 

Figure 6.3: Hydrogeologists and some of the community members at the site during the 

survey. 
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7 FIELDWORK AND RESULTS 

Field work was carried out on 01st of June, 2020. One single line of a profile was executed and an 

extensive VES carried out. The aim of the profile and VES was to determine the prevailing 

hydrostratigraphy, weathered zones, Fracture zones and any fault line at the selected area.  

7.1 Results 

7.1.1 Line Profile 

 

Figure 7.1: Site line processed profile showing a 2D view of the surveyed area 

 

Figure 7.2: Site line processed curves showing a 2D view of the surveyed area 

 

Proposed site 
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7.1.2 Recommended point VES data 

 

Figure 7.3: VES 1 Sounding curve, Geo-electric layers and interpretations 

Table 7.1: VES 1 Sounding curve data 

 

Main 

Aquifers 
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The line profile above indicates deep weathering/fracturing considered optimal for 

groundwater development. The profile indicates the occurrence of the highly weathered 

/fractured basement rocks up to depths of about 300meters as indicated with the red box thus 

isolating the location as the most reliable prospect for the proposed development of a borehole 

facility. Further below 300m is fresh basement which is Aquiferous at the top and weathers 

deeper from close to 400 meters.  

The VES curve above indicates deep weathering/fracturing considered optimal for groundwater 

development. The VES indicates the occurrence of the highly weathered /fractured Basement 

rocks at 50meters and below 250meters thus isolating the location as the most reliable prospect 

for the proposed development of a borehole facility. Further below 250m is the weathered to 

fresh basement which is Aquiferous on the top zones.  

Drilling is recommended at Profile I, station 15/VES I (Marked on the profile) to an 

approximate depth of about 280m or until enough water has been struck.  

7.2 Site Identification 

The study thus recommends that the borehole be drilled at VES I/Profile I, station 15 (Marked 

on the profile) to an approximate depth of about 280meters or until enough water has been 

struck according to the client demands. The site is marked and is well known to the client 

and their representatives together with the few client representatives who were on site. 
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8 GROUNDWATER QUALITY 

The quality of groundwater throughout the project area is generally good, except for 

high mineralization that might be high but not more than the W.H.O. upper limit. Water 

sample from the proposed borehole should be analyzed before consumption.  

Table 8.1: Groundwater suitability based on dissolved solids content by UNICEF 

TDS* (mg/l) Category SUITABILITY 

0 - 1,500 Fresh water Suitable for all normal purposes 

1,500 - 3,000 
 

 

Brackish 

water 

Suitable for livestock, marginal for human consumption 

3,000 - 5,000 Suitable for livestock, unsuitable for human consumption 

5,000 - 7,000 Suitable for camels, marginal for other livestock 

7,000 - 10,000 Suitable for all camels, marginal for goats and sheep, 

unsuitable for cattle 

10,000 - 15,000 
 

Saline 

Marginal for camels, only in emergencies for goats and sheep 

> 15,000 Unsuitable for any domesticated animal life 

 

*: Total Dissolved Solids (in parts per million = mg per liter) 

Consumption by humans of waters with concentrations somewhat above the standards 

limits is not necessarily harmful. Still, the best possible quality should be targeted, and the 

identified  sources  should  have  chemical  properties  within  and/  or  to  the  WHO  norms. 

Appropriate technological solutions must be considered in areas where adverse types of water 

are likely to have hazardous effects on man and livestock. However, for toxic substances, 

a maximum permissible concentration limit has been established. The constituents for 

which these standards have been set (e.g. heavy metals, pesticides, bacteria) all have a 

significant health hazard potential at concentrations above the specified limits. Hence, the 

specified limits should not be exceeded in public water supplies. 
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Table 8.2: Maximum dissolved constituent limits as per WHO/EU standard 

Parameter WHO/ EU Guideline 

Cations (mg/l) 

Iron 0.2 

Manganese 0.5 

Calcium No Guideline 

Magnesium No Guideline 

Sodium 200 

Potassium No Guideline  

Anions (mg/l) 

Chloride 250 

Fluoride 1.5 

Nitrate 50 

Nitrite 0.50 

Sulphate 250 

Total Hardness (mgCaCO3/l) Desirable: 150-500 

Total Alkalinity (mgCaCO3/l) No Guideline 

Physical Parameters 

PH Desirable: 6.5-8.5 

Colour (mgPt/l) Desirable: 15 

Turbidity (NTU) Desirable:< 5 

Permanganate Value (mgO2/l No Guideline 

Conductivity (  S/cm) 250 microS/cm 

Total Dissolved Solids (mg/l) No Guideline 

Free Carbon Dioxide (mg/l) No Guideline 
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The main factors that determine the degree of mineralization of groundwater are as follows:- 

8.1     Evaporation and Transpiration 

Direct evaporation by the heat of the sun and preferential uptake of certain mineral ions by 

plants can, in certain environments, lead to hardness of water and salinisation. 

8.2     Dissolution of Evaporites 

The process of evapotranspiration may, in arid conditions, lead to the precipitation of salts in 

the unsaturated zone. These salts may then be carried down to the groundwater store during 

periods of rain, thus leading to high ion concentrations in space and time. 

8.3     Dissolution of Host Rock 

Given relatively long residence times and fairly high ambient temperatures in groundwater 

systems, progressive salinity or mineralization of groundwater can be expected via the solution 

of various constituents of the host rock.  This will vary according to local structures (which may 

speed the passage of water through an aquifer by means of faults, etc and so limit retention 

time), local climate and so on. 

Considering the above factors the quality of water in our project area is expected to vary from 

one borehole to the other but generally the water has a high fluoride content exceeding the 

WHO limit. 

8.4 Water Bearing Zones 

Groundwater occurrence as discussed is dependent upon geology, rainfall, erosion, and 

recharge.  The best aquifers are found when a conjunction occurs of optimum recharge 

(rainfall, soil permeability), storage (porous rocks), and transmissivity (the ease with which 

water can travel, both vertically and horizontally, within an aquifer).The main type of aquifer 

encountered in the area is composed of meteoric water that penetrates the  rock th rough  

sub-surface infil trat ion .  The quality of meteoric  water  i s  influenced by the 

composition of the conduit rock formation. Longer residence of meteoric water in a 

formation will generally result in increased mineral concentrations. Although the 

groundwater quality in the area is expected to be broadly satisfactory, the water will be 

slightly mineralized.  The exact concentration will however be determined upon chemical 

analysis of the water after drilling. 

In the project area water bearing zones are:- 

8.5 Fractured/weathered zones 

These occur within different lava flows above the Basement Rocks. When properly developed 

it forms excellent aquifers.    

8.6 Impacts of the Proposed Project on Aquifer 

Over  abstraction  of  groundwater  from  the  proposed  borehole  may  lead  to  depletion  of 

groundwater levels. The project area has NO existing borehole within 800 metres from the 

proposed borehole site. The proposed borehole should be drilled to a depth of 280 metres 
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below ground level. All conditions given by Water Resources Management Authority should 

be adhered to and they include pumping 60% of the tested yield and pump for a period of 10 

hours a day.  
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9 CONCLUSION AND RECOMMENDATIONS 

On the basis of all the information gathered in the field, geological, geophysical and 

hydrogeological evidence, the borehole is recommended to be drilled at the site of VES – I/Profile 

I, station15 to a maximum depths of about 280m or until enough water has been struck. This 

will ensure that the deeper aquifer will be fully penetrated. 

Currently there are NO boreholes located close to the site that can be used to estimate the 

expected yield of the current site. The yield of a borehole drilled at the recommended location 

is expected to be good from the geophysical data obtained at the site but careful construction 

and development will lead to maximum borehole productivity, efficiency and long life. 

Groundwater occurs within highly weathered/ fractured basement rocks. Recharge of the 

aquifers is by direct and indirect replenishment. A suitable site has been located by means of 

geophysical field measurements to tap water from the main water bearing aquifers within 

highly weathered/ fractured basement rocks that generally get their recharge from the higher 

grounds.  

Water quality is expected to be good with exception of various mineral concentrations which may 

be higher than the maximum permissible WHO limits for human consumption.  

It is thus recommended that: 

1. The borehole should be drilled at VES 1/Profile 01, station 15 position 

at a minimum of 8-inch diameter and to a depth of about 280m.This will 

ensure that the deeper aquifers will be fully penetrated. 

2. To install the borehole with mild steel casings and plasma cut – slotted 

screens.  

3. The borehole hydraulic properties and aquifer characteristics should be 

determined during a 24-hour constant discharge test.  

4. Samples taken during test pumping must be submitted to a recognized 

laboratory for full physical, chemical and bacteriological analyses. 

5. A monitoring tube and master meter should be installed in the borehole 

to be able to monitor the water level and water consumption 

respectively. 

With careful implementation of the project by adhering to the study’s findings and 

recommendations and by following the Water Resources Authority’s (WRA) Guidelines 

(found in the Authorization letter to Drill the Borehole), the project will safely meet the client’s 

objectives successfully without any impact to groundwater abstraction trends in the area and 

surrounding boreholes. 
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Table 9.1: Construction summary 

GPS Coordinates Recommended 

Depth 

Construction 

Requirements 

Expected Yield 

(m3/h) 

36M 

0750582 E, 9889850 N: 1739m 

280 203/153mm No estimate 
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APPENDIX I: DRILLING AND DEVELOPMENT PROCEDURES 

1. Drilling 

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

will be suitable, though the latter are considerably faster and higher overheads.  Geological rock 

samples should be collected at 2 meter intervals.  Struck and rest water levels and if possible, 

estimates of the yield of individual aquifers encountered, should also be noted. 

2.  Well Designs 

The design of the well should ensure that screens are placed opposite the optimum aquifer zones. 

The final design should be left in the hands of an experienced driller or hydro-geologist. 

3. Casing and Screens 

The well should be cased and screened with appropriate steel casings and screens as per the 

design given above.  In comparatively shallow wells, uPVC casing and screens of 5" or 6" 

diameter may be adequate.  Slots should be 1 mm in size. 

4. Gravel Pack 

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

contain sands or silts that 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 pumping plant, and leading to 

gradual `siltation' of the well.  The grain size of the gravel pack should be an average 2 - 4 mm. 

5. Well Construction  

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

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

particularly important if an artificial gravel pack is to be installed as it ensures an approximately 

even annular space. If installed, gravel packed sections should be sealed off top and bottom with 

clay.  It is normal practice nowadays to gravel pack nearly the total length of the borehole but 

seal off the weathered/topsoil zone at the top. 

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

grouted with cement to ensure that no surface water at the wellhead can enter the well bore. 

6. Well Developments 

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

Development has two broad aims: 

a) It repairs the damage done to the aquifer during the course of drilling by removing 

clays and other additives from the borehole walls, and 
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b) It alters the physical characteristics of the aquifer around the screen and removes 

fine particles. 

We would not advocate the use of over pumping 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, 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 it is usually justified in longer well life, greater 

efficiencies, lower operational and maintenance costs and a more constant yield. 

7. 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 not only does this give an 

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

aquifer parameters, which are vital to hydrogeologists. 

A well test consists of pumping a well from a measured start level (SWL) at a known or measured 

yield, and recording the rate and pattern by which the water level within the well changes.  Once 

a dynamic water level is reached the rate of inflow to the well equals to the rate of pumping.  

Towards the end of the test a water sample of at least two liters should be collected for chemical 

analysis. 

The duration of the test should be 24 hours, with a further 24 hours for a recovery test (during 

which the rate of recovery to SWL is recorded).  The results of the test will enable a hydrogeologist 

to calculate the best pumping rate, the pump installation depth, and the drawdown for a given 

discharge rate. 

8. Well Maintenance 

Once the well has been commissioned and a pump installed at the correct depth, the maintenance 

schedule should be established.  Checks on discharge (m3/day), pumping water level (meters 

below a leveled and immovable bench mark), and static water level (if for any reason the well is 

not used for a 24-hour period) should be taken as part of a regular, routing process.  This will 

enable the evaluation of all known conditions should reduction in the yield or other problems 

occur in the future, and recommend the most appropriate action. 
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APPENDIX II: SKETCH MAP 

 

Project area scaled sketch map from showing the proposed area at Kaboson area (Adapted 

from Google Maps) 

 

 

 

 

 

 

 

Proposed BH site 


