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ABSTRACT
Groundwater is the water present beneath earth’s surface in soil spaces and in the
fractures of the rock formation. Groundwater has a wide range of uses across the world.
For Manga region found in Nyamira County in Kenya, groundwater is the key source of
both domestic and agricultural use for the growing population in this region. The
groundwater flow in the Manga region was found out to be controlled not only by one or
two factors but also by the combined relationship of various factors that control the
balance between recharge and discharge of groundwater that exist in the region. These
factors include the rainfall and relief controls, geological controls and the
geomorphological controls. The study was undertaken to understand the groundwater
formation system and its groundwater quality. Around the world, the use of geophysical
methods that include seismic, gravitational, electrical and electromagnetic has revealed
that the nature of groundwater formation system can be identified when some of these
methods are employed. The study involved the use of electrical resistivity method using
SSR-MP-ATS terrameter. Vertical electrical soundings with schlumberger array was
performed. The geo-electric models which are associated with groundwater modeling
which is a way to represent a system in another form to investigate the response of the
system under certain conditions, or to predict the behavior of the system in the future
were obtained. These geo-electric models revealed the existence of an average of five
subsurface layers with aquifers found in varied layers of the subsurface across the region.
These sub- surface layers characterized by KHKQ, KH, KHK and AKHK type of curves.
The aquifer protection capacity is “moderate protection” at Kiangoso, Kerora and Manga
while being “poor” in Kerongo. The overburden protection capacity is “weak”. The
groundwater quality and quantity data from three springs was obtained and used. The
quality entailed the use of physical, chemical and biological parameters. The results
analysis was statistical and analytical in nature. Statistically, these included obtaining of
parameter mean and standard deviation respectively. However, both statistical and
analytical results revealed that parameters being in acceptable limit by the KEBS and
WHO. Water quality Index (WQI) was calculated with respect to the KEBS and WHO
Standards using fifteen parameters. These are pH, turbidity, nitrate, orthophosphate,
calcium, magnesium, chloride, sulphate, fluoride, iron, total phosphorous, total Hardness,
total Alkalinity, total dissolved solids (TDS) and coliform. It was observed that the rate of
flow at Kiangoso was 1.05032 m3/h, Kerongo was 1.72786 m3/h and Tetema was
7.15179 m3/h. Which translates to a yearly discharge at Tetema spring to be 62649.6804
m3 and at Kerongo to be 15136.1266 m3 of water per year that flows free under gravity
and this amount is available for human use for personal hygiene and food hygiene.
However, the yearly rate of flow of the Kerongo spring could not be obtained since it was
a seasonal spring and depended on recharge conditions. It follows therefore that the
Tetema spring can sustain 8582 persons each year while the Kerongo spring can sustain
2073 persons each year if all the water is used. This will help the government of Kenya
generate collective solution to secure water for the economy, society and environment.
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CHAPTER ONE
INTRODUCTION

1.1Background to the study
Groundwater is the water present beneath earth’s surface in soil spaces and in the
fractures of the rock formation. Since this water is found beneath the earth’s surface, the
invisible fractures of rocks and soil pores form the main structures that groundwater
flows in. However invisible, these structures play an important role in the general
hydrogeology of groundwater and form a basis for any groundwater formation system.
Moreover, much attention has been given to the groundwater due to its wide range of
uses than structures.
In Kenya, most of the studies done mostly seek to understand the groundwater potential
in arid and semi arid lands (ASAL) which are areas that have water shortages. Whereas
this concern in finding water solution in this areas is of great importance, the other areas
perceived to have no problems with the availability of water like the regions that receive
reliable rainfall may be going through the same problem in dry seasons due to seasonal
dry ups of springs or have an awaiting problem of groundwater depletion. With the
climatic changes in focus, it is rather good to consider carrying out research in these areas
to provide information on the groundwater formation to the public.
Around the world, the use of geophysical methods has revealed that the nature of
groundwater formation system can be identified when some of these methods are
employed. Geophysical methods have been used across the world to obtain information
on groundwater formations .These include the determination of aquifer characteristics
1

and parameters, identification of sites for borehole drilling and lately in determination of
aquifer protection capacity as well as aquifer vulnerability. This is because of population
growth and its accompanying challenges like waste management, need for clean and
enough water for both domestic, agricultural and industrial uses. The information on
aquifer protection capacity has in turn been useful in groundwater management and
protection,
Geophysical explorations, investigations and studies have also increased with time due to
computerized software and systems that are very handy in data analysis. In Kenya, due to
the establishment of the Kenya Groundwater Mapping Programme (KGMP) in 2014 with
an aim of improving scientific knowledge on the nation’s groundwater wealth and
priority given to arid and semi arid lands, studies have been done in dry areas like
Turkana and Machakos to determining groundwater potentials using vertical electrical
sounding. However, this may be evidence enough that the knowledge and information on
groundwater is either scarce or unavailable even on areas perceived to have reliable
supply of water in the country but operating in times of uncertainty that include climatic
changes, high population growth rate and unstable economy in Kenya today, Manga area,
the chosen area of study in this research, being one of them. The need for conservation,
protection and management of environmental resources, is the driving force to carrying
out this research. Hence, electrical resistivity is used in modeling of groundwater, which
is the representation of the reality in either material or symbolic form.

2

1.2 Statement of the problem
Manga area in Kitutu Masaba constituency in Nyamira County is not only an agricultural
region but also a source of springs and rivers not only in the county but also in the Kisii
County. These springs are either seasonal or perennial supplying water for use in
Nyamira and Kisii counties. However, the knowledge on its groundwater formation
system as well as the water quality from this formation is scarce if not available. The
study was carried out to understand the groundwater quality and groundwater formation
system that aimed at conservation, management and protection of the environment.

1.3 Justification of the study
Ground water is water found in the cracks and spaces in soil, sand and rocks. The soil,
sand and rock form land that is limited in supply. According to Housing and population
census report 2009 as shown in Table 1, the population of Kitutu Masaba constituency
was 199,136. This population was projected to be 210,385 in the year 2012, 222,358 in
the year 2015 and 230,555 in the year 2017.

3

Table 1: Population distribution and density by constituency in Nyamira County.
(By Kenya Housing and Population census, 2009)
2012,2015 And 2017 (Projections)
Constituency

Population

Population

Population

Population

2009

2012

2015

2017

West Mugirango

159,673

168,683

178,213

184,865

North Mugirango

122,353

129,194

136,417

141,456

117,090

123,775

130,828

135,765

Kitutu Masaba

199,136

210,385

222,258

230,555

Totals/averages

598,252

632,046

667,716

692,641

Borabu

This gives 15.78% increase in population and therefore need for more efficient land use
in terms of settlement and agriculture. Settlement requires a massive cutting down of
trees and removal of land cover, which exposes the land to direct radiation from the sun
hence high rate of evaporation of water and erosion of any kind. Agriculture on the other
hand requires a large amount of groundwater for farming.
This study provides information on the basic groundwater formation system that can be
used to sensitize the public on sustainable conservation, management and protection of
natural water sources in the area.

If this information is not provided, groundwater

depletion is expected to occur that will have noticeable effects on the general public. For
example; the public will be forced to pump water from deeper within the earth, there will
be occurrence of salt water from deeper the earth, will experience problems in food
supply due to water shortage and will have a general negative impact on the ecosystem.
The study is of great importance in that the results obtained forms a basis for future
comparison and sensitization of public on the Manga groundwater formation system.
4

This will help the Government of Kenya generate collective solution to secure water for
the economy, society and environment and therefore realization of vision 2030.

1.4 Objectives of the study

1.4.1 Main objective
The main objective of this study was to model the groundwater formation in the Manga
Geological System and determine the quality of groundwater that flows from this
formation.

1.4.2 Specific objectives
The specific objectives in this research were:
i.

To identify and analyze the quality and quantity of water in perennial and
seasonal springs in the Manga area.

ii.

To model the Manga groundwater formation system.

iii.

To determine the controls in flow of groundwater in the Manga formation system.

iv.

To provide a framework for sustainable use, management and conservation of the
groundwater based on corrosivity and protective capacity.

1.5 Scope of study
The focus of the research is the groundwater quality and formation in the Manga region
in Nyamira county Kenya.

5

CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction
This chapter contains theoretical concepts that guide the study of Manga groundwater
formation system. The confusion and misconceptions can be avoided if the recognition
and identification of these concepts is developed. The chapter entails four subsections
2.2, 2.3, 2.4 and 2.5 that provide important information as per the objectives of the study.
Subsection 2.2 provides an analysis on quality and quantity of water, 2.3 looks at
importance of modeling groundwater and their usage as well as the methods of
groundwater exploration used in various studies. Factors that determine the controls in
flow of water in a formation system are stated in subsection 2.4 while the provision of
framework for sustainable use, management and conservation of the groundwater is dealt
with in subsection 2.5.

2.2 Quality and Quantity of water in Perennial and seasonal springs
Satisfactory water quality and quantity is of essential importance for mankind and nature.
According to Kronvang (2013) there are great differences in quantity of water that is
available for drinking, irrigation and for obtaining a sustainable ecology of surface water
in different regions of Europe. This means that the quality and quantity varies from one
region to another as result of variation in geology.

6

2.2.1 Quality of water
Ground water is the water under the earth’s surface that flows freely through tiny pores,
cracks in rock and soil. According to Muraguri ( 2013), the major cations generally
essential for human health and metabolism include Na+, K+, Ca2+, and Mg2+ are found in
water. Anions such as Cl-, NO3-, NO2- and SO42+ as well as traces of heavy metals such
as Cd2,Hg, Cu, Ni, As, Cr and Pb can also occur in the water and are toxic to human
health. Indianapolis et al. (2015) observes that groundwater has higher mineral content
than surface water in their drinking water report. This is attributed to the longer residence
time that water has in the soils and rocks. Muraguri (2013) notes that if some of these
substances particularly the minor and trace elements exceed certain limits in drinking
water, then they become hazardous to health or affect aesthetic of water that makes it
objectionable to the consumer.
Since groundwater flows freely through tiny pores or cracks in rocks and soil, it is
therefore true that it contains traces of soil and rocks. This is supported by Indianapolis
et al. (2015) where he notes that as water travels over the surface of the land or through
the ground, it dissolves naturally occurring minerals and can pick up substances resulting
from the presence of animals or human activity. This shows that ground water is not
pure. That is why groundwater quality data in Bauch et al. (2004) report on water quality
characteristics and ground water quantity of the Fraser river included field properties and
concentration of dissolved solids, major ions selected trace elements, nutrients, organic
carbon, bacteria, methylene blue active substances (MBAS) and radon -222 for water
from 11 wells which was related to aquifer type, land use and location in the investorstate dispute settlement (ISDS) and non ISDS areas.
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The water quality is determined by measurements of its chemical, physical and biological
conditions. The chemical parameters include pH, dissolved oxygen, nitrates, and
phosphates and dissolved solids. pH measures how acidic or basic the water is. The pH
measure the concentration of the hydrogen ions (H+) in the water. To achieve maximum
environmental and aesthetic benefits WHO report (2008) determined the concentration to
range between 6.5 and 8.5.
Dissolved oxygen (DO) is the amount of oxygen dissolved in the water. DO is one of the
best indicators of water quality and range from 0 to 18 parts per million (ppm). To
support a diverse population, most natural ecosystem requires 5 to 6 ppm (Muraguri
2013).
Nitrates are naturally present in surface and ground water in low concentration usually
less than 1mg/l, but are harmful to humans and livestock and cause aquatic ecosystem
degradation in high concentrations of over 10mg/l.
Muraguri (2013) as an evident case in Southern African has noted this research where he
quotes Super et al 1981, Hesseling et al 1991 and Tredoux et al 2005. Nitrate is
measured in mg/l. Phosphorus in small quantities is essential for plant growth and
metabolic reactions in animals and plants. It is measured in mg/l. Phosphates do not
pose a human or health risk except in very high concentrations. Fadiran et al (2008)
support this in a comparative study of phosphate levels in some surface and groundwater
bodies in Swaziland. He highlighted that extremely high levels of phosphate can cause
digestive problem. Furthermore, excess amount of phosphates in water bodies can lead
to eutrophication.
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Fadiran et al. (2008), also highlights the factors that influence phosphates in water
bodies. Among them is location, population density, degree of agriculture and industrial
activities in the vicinity. The type of rock in the area, topography and the rainfall pattern,
climate nature and frequency of sampling, biological activities in the soil, atmospheric
deposition and chemical weathering of bedrock, flow rate and proximity to groundwater
(for surface water) and top soil water and depth (for ground water bodies) are other
factors looked at.
Total Dissolved Solids (TDS) is a measure of the total ions in solution. TDS comprise of
inorganic salts (primarily calcium, magnesium, potassium, sodium, bicarbonates,
chlorides and sulphates) and small amounts of organic matter that dissolved in water.
Muraguri (2013).TDS in drinking water originates from natural sources, sewage, urban
runoff and industrial wastewater. The acceptable limit of TDS is 1200mg/L according to
WHO report (2008)
Physical characteristics of water include; temperature colour, taste and odour that are
determined by senses of touch, sight, smell and taste. Temperature of water affects some
of the important physical properties and characteristics of water; thermal capacity,
density, specific weight, viscosity, surface tension, specific conductivity, salinity and
solubility of dissolved gases. Muraguri (2013) supports this when he adds that the amount
of oxygen that can dissolve in water depends on temperature. Moreover, Khopkar (2006)
highlights that at 0oC, the solubility of dissolved gases is 14.6mg/l and reduces to 7mg/l
at 35oC at one atmospheric pressure in his study.
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In natural water, colour is due to the presence of humic acids, fulvic acids, metallic ions,
suspended matter, planktons, weeds and industrial effluents.

This is supported by

(Khopkar, 2006) in his study where the presence of minute quantities of metallic ions
peat and humus materials from decomposing vegetation materials and also industrial
wastes determine the colour of water. Drinking water should ideally have no colour. The
taste and colour in water is determined by the presence of the components mentioned
above in the water. Taste and odour is a human perception of water quality.
Turbidity is a measure of the light-transmitting properties of water and is comprised of
suspended and colloidal materials. Scheffer, 1998 where the optical properties (i.e.
reflectance) of water depended on the concentration and character of suspended
sediments, phytoplankton and dissolved organic matter (Lowrie, 2007), demonstrated this
in the study.
Water quality index is a single value is important to any manager who needs precise and
concise information on water quality. This entails the use of various physical, chemical
and biological parameters that are characterized then compared to a standard regulatory
value. The value obtained then is quality rated to get a single quality indicator termed
water quality index as discussed by Chatterji et al.2002 and Asadollahfardi, 2015.

2.2.2 Quantity of water
Groundwater quantity depends on the storativity of an aquifer. It is therefore important to
have various types of aquifers and related terms defined. Figure 1 shows some types of
aquifers.
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Figure 1: Aquifer types (National Groundwater Association 2007)
Groundwater is defined as a resource that occurs in the subsurface within sediments,
rocks, deserted sand, ice and snow. It also fills the void spaces in the saturated zones of
rocks. It can be found at every depth beneath the earth’s surface but it is normally limited
to about 750m deep from the surface (Zoghbi, 2007).This is called water table; Water
table is the depth at which soil pores, spaces or fractures and voids in rocks become
completely saturated with water. This is supported by Obed (2015) who defines water
table as the upper surface of the saturated zone of an unconfined aquifer.
Obed (2015) defined an aquifer as a geologic formation that is permeable enough that it
allows development of groundwater. According to Bowen (1986) aquifers are mostly
found within loose in consolidated rocks.
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Unconfined aquifer is the one in which water table forms the upper surface of the zone
of saturation (Van der Gun et al., 1995). Bowen (1986) highlighted that the unconfined
aquifer rises and falls in accordance with storage change. When an aquifer is sandwiched
between two impermeable layers, it is referred to as a confined aquifer, (Obed, 2015).
Confined aquifers are completely filled with water but they do not have a free water table
and the aquifer will normally be under pressure (Van der Gun et al., 1995). According to
Obed (2015), confined aquifer has an imaginary surface called piezometric or
potentiometric surface that coincides with hydrostatic pressure level of its waters.
An aquitard is a saturated but poorly permeable stratum that does not allow for the free
flow of underground water and does not yield water easily to wells but may allow flow of
water to nearby aquifers ( Obed, 2015). He further notes that an aquifer bound by one or
two aquitards is called a leaky aquifer otherwise referred to as semi confined aquifer
while a perched aquifer as unique type of an unconfined aquifer that is formed by an
impermeable saucer-shaped stratum that can retain and hold some amount of water ,this
type of aquifer occurs where ground water lies above unsaturated rock formations as a
result of a discontinuous impermeable layer (Freeze and Cherry, 1979).

2.2.3 Ground water flow and storage
According to Sophocleous (2000), groundwater storage is the amount of ground water in
an aquifer. This amount depends on the ground water flow as either recharge or
discharge. Recharge is the addition of water to the water table because of infiltration of
rain or snowmelt while discharge on the other hand deals with the movement of ground
water from the subsurface to the surface. Discharge of groundwater may occur naturally
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through oceans, streams, lakes, swamps and springs and artificially by well pumping.
This is as shown in Figure 2.

Figure 2: Groundwater flow (USGS 2015)

2.2.4 Springs
Springs as mentioned earlier are among the points of discharge of groundwater (Herman
et al., 2008) and are principal sources of water in Central America (Stephanie, 2013).
This springs occur naturally at the intersection of groundwater and surface water hence
they are cost effective in providing pure water for cleaning, plant irrigation and human
consumption, Stephanie adds.
There are many types of springs classified in many ways depending on a number of
factors. For instance, a result of topographic undulations, the water table in the flow
system meets the surface at low points causing a discharge zone. In this case, depression
springs are formed. On the other hand, a spring is formed at a contact point of two rocks
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where one rock that is permeable is overlie by another one that is less permeable. This
spring is called a contact spring. Other springs include fault springs and fracture springs
that are springs formed because of faulting in rocks or presence of fractures in rocks
respectively

2.2.5 Measurement of spring discharge
The measuring of either aquifer or spring discharge can be done directly at the surface
where a spring occurs as noted by Dewandel, (2003).This measurement however,
depends on environmental and physical configuration which includes improved and
unimproved springs.(Stephanie,2013).
According to Kormaz, (1990) and Manga,. (2001), the spring discharge is very vital in
understanding the variations in groundwater recharges as well as characteristics of the
aquifers. This includes how an aquifer stores water and how the same aquifer transmits
water, which is specific yield, transmissivity and hydraulic conductivity (Dewandel, 2003
and Malviacini et al., 2005).

2.2.6 Properties associated with groundwater flow and storage

2.2.6.1 Porosity
Porosity is a measure of the relative volume of void space in rock to the total rock
volume.
porosity =

volume of voids
total volume

× 100%

(1)
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Porosity is controlled by: rock type, pore distribution, cementation, diagenetic history and
composition but not grain size, as the volume of between grain spaces is related only to
the method of grain packing

2.2.6.2 Permeability (k)
It is a crucial property in defining the flow capacity of a rock sample. According to Sudo
et al., (2004), the solution to hydrological and hydrogeological problems by methods of
numerical and physical modeling can be obtained when permeability is considered.
Defined by Obed (2015) as the capability of a rock to allow the passage of fluids, its unit
of measurement is the darcy, D= 10-8 cm2 .This is named after Henry Darcy, the French
scientist who discovered the phenomenon in 1856. Permeability is expressed as
𝜂

𝑘 = 𝑘𝑓 𝜌𝑔

(2)

Where kf is the permeability coefficient in (m/s), g is the gravity constant, ⍴ is the rock
density and 𝜼 is the pore fluid viscosity.

2.2.6.3 Specific Yield (Sy)
Related to unconfined aquifer system, specific yield is the ratio of the volume of water
drained from a rock (due to gravity) to the total rock volume. Grain size has an effect on
specific yield in that smaller grains have large area / volume ratio meaning they have
more surface tension. Similarly fine grained will have a lower Sy than course grained
sediment (Obed, 2015).
𝑆𝑦 =

V𝑤
𝑉

× 100%

(3)

15

Where Vw is the volume of water in a unit volume of earth materials (L3, cm3 or m3), V is
the unit volume of earth material, including both voids and solids (L3, cm3 m3).
Specific yield is an important factor in water availability because it tells how much water
is available to be used by man. It converts the saturated thickness (St) to the actual
volume of groundwater available in the expression
Volume = Area × 𝑆𝑡 × 𝑆𝑦

(4)

In addition, according to Bear (1979), specific yield and porosity are related and
expressed as
𝑛 = 𝑆𝑦 + 𝑆𝑟

(5)

Where n is the total porosity (dimensionless), Sy is the specific yield (dimensionless) and
Sr is the specific retention (dimensionless)
Bear (1979) further notes that the specific yield that is sometimes referred to as effective
porosity, is less than the total porosity of unconfined aquifer. This is reported by Heath
(1983).

2.2.6.4 Specific Retention (Sr)
It is the ratio of the volume of water a rock retains (when it is allowed to flow freely) to
the total volume of rock. It tells how much water remains in the rock after it is drained
by gravity. According to Heath (1983)
Sr = n − Sy

(6)
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Where n is the porosity and Sy is the specific yield.
Specific retention can also be obtained from the expression;
Sr =

Vr

(7)

Vt

Where Vr is the volume of water retained in a total volume of Vt, and Vt = the volume of
a soil or rock sample. Specific retention increases with decreasing grain size.

2.3 Modeling the groundwater formation system
Ground water modeling is a way to represent a system in another form to investigate the
response of the system under certain conditions, or to predict the behavior of the system
in the future (Husam, 2015).
This representation has been done worldwide, for example study done on groundwater
modeling by Felix and Johanna (2011) of the Vargarda Aquifer in Sweden.In this
research,a model was designed to investigate the nitrate sources at the Storehagen well by
calculating the capture zones in the well. In Sri Lanka, development of state groundwater
flow model was done in the lower Walawa Basin by Amarasingha (2007).The main
objective was to understand the aquifer system conditions. Different scholars have
modeled the groundwater for different purposes. In Kenya, more studies have been done
on Lake Naivasha by different researchers; Michael (2001), Yihdego (2005), among
others.
In 2013, Groundwater Resources Investigation for Drought Mitigation in Africa
Programme (GRIDMAP) carried out a survey on groundwater resources in Kenya. Being
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a UNESCO body and funded by Japan, identified groundwater resources in 36,000km2
zone in Turkana. These findings identified easy to reach shallow aquifers and five large
deep reserves.
The establishment of the Kenya Groundwater Mapping Programme (KGMP) in 2014
aimed at building a knowledge base of Kenya’s groundwater resource by improving the
scientific knowledge on the nation’s groundwater wealth with priority given to Arid and
Semi Arid Land (ASAL) areas.

2.3.1 Methods of groundwater exploration
Geophysical methods are used in the examining of physical properties of the earth’s crust
(Michael, 2001).These methods include seismic refraction, gravitational, magnetic,
electrical and electromagnetic. However, in groundwater exploration electrical and
electromagnetic methods, which are, methods classified under electrical methods of
geophysical study have been used to map variations in electrical properties (resistivity) of
the subsurface. These has been widely and extensively used in groundwater geophysical
investigations because of the correlation that exist between electrical properties, geologic
formations and their fluid content. According to Wightman et al (2003), all materials,
rocks and soil included, have resistivity that controls the current density and the gradient
of the electrical potential.

2.3.2 Electrical resistivity
Electrical resistivity entail two modelling field procedures. These include electrical
profiling (EP) and vertical electrical sounding (VES).Electrical profiling is used to
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identify the sub surface anisotropies in the lateral direction. On the other hand, the
vertical electrical sounding is used to identify the sub surface anisotropies in the vertical
direction. This include identification of layers of the sub surface and their respective
characteristics.
VES has been used in many water exploration studies. For instance, Ariyo in conjunction
with Banjo used the VES technique to study the groundwater in ten stations of IlaraRemo sedimentary terrain of southwestern Nigeria. In the same country, Fadele et
al.,(2013) used the same method at Zaria Kaduna. Abdullahi et al. (2015), in the study of
Tudun Wada in Kano state uses the VES technique at six stations to explore groundwater.
The study revealed that the Tudun Wada groundwater formation had mostly four layers
and had shallow aquifers that ranged between 2m to about 45m.
In electrical resistivity, electrodes are arranged in either schlumberger array or wenner
array. Schlumberger array entails the arrangement of four electrodes in a straight line;
two outer electrode representing current electrode and the remaining two inner electrode
represents the potential electrodes. Each of this electrode is connected to the resistivity
meter by connecting wires or cables.
Schlumberger array has been used widely in many since it gives a better resolution when
used as explained by Tsepav et al. (2015) in the study that evaluates the aquifer
protection capacity and soil corrosivity level in the Nigerian Basement complex.
According to Abdullahi, et al. (2015) in Schlumberger array a few electrodes are moved
in when a sounding is to be made and the length of the cable connected to the potential
electrode is shorter. It is also noted that the schlumberger array probes greater depth and
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it not time consuming as wenner array. However, it needs longer cables to be connected
to the current electrodes, adds Abdullahi, et al. (2015).
Schlumberger array entails mostly the current electrodes being moved away in each
sounding made. AB denotes the distance between current electrodes and between
potential electrodes is MN. In any sound AB/2 recorded, is the depth through which the
current flows. The potential electrodes being receiver electrodes are placed near the
resistivity meter with very small distance of separation that is less than a fifth of the
separating space AB. These electrodes are moved only when the voltage observed
becomes very small and cannot be measured otherwise they remain at the same point as
noted by Abdullahi et al. (2015).

2.3.3 Theory of electrical resistivity
Electrical resistivity is based on the flow of electric current through the ground and rock
material. The electric current density J of a static charge is given by
𝐼

𝐽=𝐴

(8)

Where I is the current and A is the area around a static charge.
The resultant electric field, E produced is described by Maxwell’s equation,
𝛻𝛸 𝐸 = 0

(9)

This electric field can also be described in terms of electric potential U, as
𝐸 = −𝛻𝑈

(10)
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Rocks have resistance on the flow of current, I when it is induced across them. Using
Ohms law
𝑉 = 𝐼𝑅, 𝑅 =

𝑉

(11)

𝐼

Where V is the voltage, R is the proportionality constant or resistance and I is Current.
For a given material, the distance is proportional to its length and inversely proportional
to the cross sectional area, A of the body so that
𝑅=

𝜌𝐿
𝐴

𝐴

, 𝜎 = 𝜌𝐿

(12)

Where ⍴ is the resistivity of the material, L is the length and A is the cross sectional area
and σ is electric conductivity of the material.
Using (8), (11) and (12), we obtain
1 𝒹𝑉

𝐽=𝜌

(13)

𝒹𝐿

In the 3-dimension, equation 13 becomes
1

𝐽 = − 𝜌 (𝑖̂

𝜕𝑣
𝜕𝑥

+ 𝑗̂

𝜕𝑣

+ 𝑘̂
𝜕𝑦

𝜕𝑣
𝜕𝑧

)

(14)

Using equations 8, 10 and 11 we obtain
𝐸

𝐽=𝜌

(15)

Using equations (14) and (15), we obtain
𝐸

𝐽 = − 𝜌 (𝑖̂

𝜕𝑣
𝜕𝑥

𝜕𝑣

𝜕𝑣

+ 𝑗̂ 𝜕𝑦 + 𝑘̂ 𝜕𝑧 )

(16)
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But in 3D, the equation of continuity which is the Dirac delta function that govern a point
in this space is given as
𝛻. 𝐽(𝑥, 𝑦, 𝑧, 𝑡) =

𝜕𝑞(𝑥,𝑦,𝑧,𝑡)
𝜕𝑡

(𝜕(𝑥)𝜕(𝑦)𝜕(𝑧))

(17)

Therefore on combining (16) and (17), the resultant equation is
𝐸 𝜕𝑞

𝜕𝑣

𝜕𝑣

𝜕𝑣

𝛻. 𝐽(𝑥, 𝑦, 𝑧, 𝑡) = −𝛻. 𝜌 𝜕𝑡 ( 𝑖̂ 𝜕𝑥 + 𝑗̂ 𝜕𝑦 + 𝑘̂ 𝜕𝑧 )

(18)

Hence (18) gives the relationship between the current density J, and electric field E, of a
point charge in a three dimension medium of resistivity 𝜌.
In vertical electrical resistivity, the resistivity is measured by injecting a direct current
into the ground through two electrodes A and B as in Figure 3.

Figure 3: schematic representation of the four-electrode arrangement in the vertical
electrical resistivity. A and B represents the current electrodes while M and N
represents the potential electrodes.
Hence, for the direct current-resistivity method, Maxwell’s equation is given by
1

𝛻. 𝐸 = 𝜀

𝑜

𝑞

(19)
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Where E is the electric field, 𝜀o is the permittivity of free space and q the charge density.
When a single electrode say A or B as in figure 3, is located at a boundary of any semiinfinite and the medium is an electrically homogeneous ground and this electrode carry a
current I, then the area A, and the potential,U in this medium at any point is given by
𝜌𝐿

𝑈 = 2𝜋𝑟

(20)

Where r is the distance from this electrode.
From (20), the electric potential U about r is given as
𝐼𝜌

𝑈(𝑟) = 2𝜋𝑟

(21)

Hence, for a pair of electrodes A and B as in the schlumberger array, the potential U is
therefore
𝐼𝜌

1

1

𝑎

𝑏

𝑈𝐴𝐵 = 2𝜋 [𝑟 − 𝑟 ]

(22)

Where ra and rb are distances MA and MB respectively.
According to Wightman et al (2003), the resistivity of soil or rock is determined by soil
or rock properties that include porosity (void ratio), water content, composition (clay
mineral or metal content), salinity of the pore water and grain size distribution. Water in a
pure state is nonconductive but forms a conductive electrolyte with the presence of
chemical salts in solution and the conductivity (σ) is proportional to the salinity. The
conductivity of a material is defined as the reciprocal of its resistivity;
1

σ=ρ

(23)
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Where σ is the conductivity and ⍴ is the resistivity.
Further, the resistivity of saturated porous material can be expressed as;
𝜌 = 𝐹𝜌𝑊

(24)

Where F is s the formation factor and ⍴w is the resistivity of pore water. The formation
factor is a function only of the properties of the porous medium, which includes porosity
and pore geometry. According to Archie’s law;
F = αϕ-m

(25)

Where α and m are empirical constants that depend on the geometry of the pores and Φ is
the porosity of the material.
Combining 24 and 25, the empirical law of Archie’s becomes
𝜌 = αϕ-m𝜌w

(26)

According to Palacky (1987), the electrical properties of rocks vary and are expressed in
figure 4.
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Figure 4: Resistivity and Conductivity of rocks (adapted from Palacky 1987)

2.3.4 Resistivity meter
A resistivity meter is an instrument used in electrical resistivity measurement. It contains
an automatic display screen on which values of either resistance or resistivity is
automatically read when soundings or profiling in done. Different researchers in their
explorations have used different resistivity meters. For instance, Abdullahi et al.(2015)
used a ABEM tetrameters (SAS 300) that is a modern resistivity meter that displayed by
the resistance on the read out digital screen automatically to carry out his exploration in
Tudun Wada.
On the other hand, Tsepav, et al. (2015) used the G41 resistivity meter to evaluate aquifer
protection capacity and find out the soil corrosive level where data from 15 ves stations
was obtained.
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In Pakistan, Umar Ijaz and Muhammad Yasin (2017) used ABEM Terrameter SAS 4000
to explore groundwater in Rawalakot and the adjacent areas in the sub-Himalayan to
investigate the groundwater potential. Jika and mamah (2014) in the hydrogeological
studies of Vandeikya area in central Nigeria used ABEM Terrameter SAS 300C. In
Cameroon, an ECA 540 AMT, resistivity meter was used in obtaining data that was used
in determination of coefficient of anisotropy in the Ntem complex. (Njingt- Nfor et al,
2017). The fore mentioned, resistivity meter are just but a few model, other models exist
too.

2.3.5 Geophysical data interpretation
The geophysical data recorded from the field study is analysed either qualitatively or
quantitatively. A computer software like GEWIN excel version T.21.2008, WINRESIST,
IPI2N and others does this. According to Akaamaa W.W., Onoja and Nwakonobi (2014),
the computer software produce qualitative modelled curves as well as quantitative
interpreted geo-electric sub surface layers.
Quantitative data on the sub surface layers include the resistivity of each of these layers,
how deep each layer is from the surface of the earth and how thick a layer is (Ayoola and
Yakubu, 2013). From this data, the geo-electric parameters like longitudinal conductance,
transverse resistance and transmissivity can be inferred.

2.4. Determination of the controls in flow of water in a formation system
Groundwater flow in a formation is controlled by the regional geology, structural geology
and pumping regimes.
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2.4.1 Regional Geology
Regional geology refers to the arrangement of rocks over a large area. It refers to the
geology of the whole country and can extend to other countries. An example of a regional
geologic formation is the metamorphic rocks that extend from Ethiopia to Mozambique
and is named the Mozambique Mobile Belt. Groundwater in this context can flow from
Ethiopia to Mozambique along the metamorphic rocks.
The area of study has the oldest rocks in the country with ages over 2,500 million years.
The Kisii District Environmental Assessment report (1981) reveals that Nyamira county
which was an extension on Kisii district by then, consists of the Bukoban, Granitic,
Nyanzian and Kavirondian (Ablum series) types of rocks that forms its geological base
structure. Bukoban system rock predominate this area, and are called Kisii series. The
Kisii series consist of three divisions, which is the lower and upper divisions, and
quartzites that separate them. The Bukoban rocks were formed during the Precambrian
era but as a matter of fact, they are much younger as compared to flanking Nyanzian and
the Kavirondian systems. Because of ejection through the crust in the Precambrian age,
granite rocks are also found in some areas because of either true origin intrusive or as the
product of granitization.
On the other hand, while the Nyanzian system of rocks that are made up of very thick
lava flow and are associated with variable thickness of prodastic rocks, lenses of
conglomerate that include sediments and ironstones, the Kavorondian system of Album
series consists of bands of grit or sandstone and mudstone with huge lenses of waterlain
conglomerates, the report adds.
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The position of rock units relative to each other and the influence of geologic structures
have profound impact on the flow system of a particular region, Shelley (1993).
According to Earl (1986) depositional history, lithology and strata deformation are major
geologic controls of groundwater flow.

2.4.2 Structural geology
Structural geology refers to a system of breaks (known as faults when movement has
occurred along them or fractures when no movement has occurred along them) and bends
(folds) that control the flow of water underground. Manga area consists of both Nyanzian
and Kavirondian system of rocks, which are isoclinally folded about axes, that has an east
– westerly trend.
James et al (1996) indicated that fault zones control the groundwater flow near the
Paducah gaseous diffusion plant in Kentucky, America. Nakhwa (2005) noted that the
major structural features that has an impact on groundwater are fractures and fold
supported this strongly.

2.4.3 Hydrogeology
Hydrogeology is the study of the dynamics that control the flow of water underground.
Understanding the groundwater flow requires the general understanding of attributes and
dynamics of the whole system.

2.5 Management, Conservation and Sustainable use of Groundwater
Groundwater is water that seeps from the surface into porous sand, silts and fractured
rocks. When rain or snow falls on land, some of it evaporates, absorbed by plants, flows
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into streams and rivers and seeps in the soil. The water that seeps in the soil forms
groundwater that serves many important purposes especially in those parts of the country
that do not have or have inadequate surface water sources. The Victorian Auditor (2010)
general report defined groundwater management unit as a geographical area that water
corporations manage on groundwater extraction from aquifers. This includes water
supply protection areas, groundwater management areas and unincorporated areas.
The groundwater management areas are those that have been intensively developed and
have potential to become more highly used. Unfortunately Albert et al. (2011) in a case
study on ground water governance in Kenya found out that there were no policies, laws
and institutions dedicated specifically to the management of these areas including
groundwater resources. They also found out that the management of groundwater was
subsumed under broader policy legal and institutional frameworks dealing with
management of water resources, natural resources and with land use and physical
planning. In addition, the study showed that the country’s groundwater management
team was weak and ineffective because they perceived groundwater as an in exhaustive
resource. This perception was due to lack of knowledge on groundwater resources,
weakness in institutional capacity among other factors.
Sustainable groundwater resource development refers to the efficient management of
existing groundwater resources as source of water supply to meet the needs of the present
on a long term basis in an equitable manner sustaining as quality, without negotiating the
risks associated with damage to aquifer physical characteristics, storage capacity and
recovery ability for future generation needs. (Raghavendra, 2015). Unfortunately, the
study done by Huggin, (2002) showed that groundwater resource is not fully documented
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and the water table is falling in certain areas due to over abstraction from aquifers.
Furthermore, the aquifers are poorly understood as supported by Victorian Auditor
(2010) general report. In the same report, it is noted that the data on location of
groundwater system, current water levels, extraction and recharge rate and connections
between groundwater and surface water are vital for those planning and managing the
sustainable use of groundwater. The availability of the aquifer information, water quality
and quantity will play an important role in the sensitization of the community on
sustainable use to avoid over-use, over-abstraction or overdraft that cause problems to
human users and the environment. In so doing, the principle of sustainable development
is considered. The Dar Zarrouk parameters reveal vital information about the
groundwater resources that is used in groundwater management

2.5.1 Dar Zarrouk parameters
This is obtained from a combination of layer resistivity and layer thickness as proposed
by Maillet in 1947 (Al Yasi, 2013). Dar Zarrouk parameter postulate holds on the concept
fact that if thickness and resistivity of a subsurface layer is known, then these two can be
used to calculate the longitudinal conductance, S of the layer as well as the transverse
resistivity, T of the same layer. Longitudinal conductance is., defined by the formula
ℎ

𝑠=𝜌

(27)

While transverse resistance is identified as
T = hρ

(28)
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Where h is the layer thickness in metres and 𝜌 is the resistivity of the respective layer in
ohm-metres in each case.
The Dar Zarrouk parameters have been used across the world in the evaluation of
hydrologic properties of aquifers and determination of aquifer protection studies.
Hydraulic properties include transmissivity and hydraulic conductivity, (Al Yasi, 2013,
Utom et al.,2012, Srinivasa et al.2012).The studies on aquifer hydrologic properties have
been carried out by Egbai et al (2015),Igboekwe et al. (2012) among others.
The hydraulic conductivity, K of the aquifer layer is expressed mathematically as
𝐾 = 386𝑅𝑎−0.93283

(29)

Where Ra is aquifer layer resistivity.
Transmissibility/ Transmissivity (T), is the volume of water that flows out of a formation
in a unit time. Furthermore, it is a product of hydraulic conductivity, K and the saturated
thickness, b in the direction normal to the base of the aquifer, (Hantush,2004)
T = Kb (Confined aquifer)

(30)

𝑇 = 𝐾ℎ (Unconfined aquifer)

(31)

Where b is the saturated thickness of the aquifer, (b is equal to the depth of a confined
aquifer and it is equal to the average thickness of the saturated zone of an unconfined
aquifer. While K is the hydraulic conductivity.
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Further, Hantush (2004) notes that, transmissivity measures the ability of an aquifer to
transmit ground water throughout its entire saturated thickness. Transmissivity can also
be obtained from the Theim equation for a confined aquifer. This can be expressed as
𝑄

𝑇 = 2𝜋(ℎ

2 −ℎ1

𝑟

𝑙𝑛 𝑟2
)

(32)

1

Where Q is the flow rate
Additionally the coefficient of anisotropy λ, can be calculated using the formula
λ=

√𝑇𝑆

(33)

𝐻

Where H is the aquifer thickness, S is the sum of longitudinal unit conductance and T is
the sum of transverse unit resistance.
Aquifer protection studies that include the protection capacity and aquifer vulnerability
are based on amount of resistivity, thickness of layers, amount of longitudinal
conductance, amount of transmissivity and amount of hydraulic conductivity. Protection
capacity entail the study of the overburden layers of the aquifer and how the aquifer may
in its own capacity protects itself based on longitudinal conductance,(Bello R
(2017),Tsetpav et al.(2015) and Olesegun et al.(2016). According to Olesegun et al.
(2016), when the rating values of aquifer protection capacity based on longitudinal
conductance is greater than 10, the aquifer provides an excellent protection capacity. It
follows therefore that the values between 5 and 10 implies very good and those between
0.2 and 4.9 the aquifer offers a moderate protection capacity. In addition, a weak
protection capacity has values that range from 0.1 and 0.19 while a poor aquifer
protection capacity has values less than 0.1.
32

Aquifer vulnerability is tendency of whether or not an aquifer will be contaminated
because of activities undertaken at the land surface. (Egbai et al., 2015 and Akana et al.,
2016).These activities include agricultural activities, industrial activities as well as
domestic activities.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Introduction
This chapter addresses the research design and methodology that was used in this study.
It outlines the location of area of study, materials that include equipment and samples that
were used to achieve the objectives, method that was used to collect, analyze and present
data.

3.2 Location of the area of study
Manga area is located on the western side of Kenya between latitude 0 029’S to 0045’S
and longitudes 34045’E to 34057’E. Administratively, Manga area is in Kitutu Masaba
constituency, which falls under Nyamira County in Kenya. The springs studied included
Kiangoso; a seasonal spring located at S 000 38’42.5” and E 0340 48’45.0’’ at an
elevation of 1785m.Kerongo and Tetema springs on the other hand are perennial springs.
This springs are located at S 000 39’ 03.7”, E 0340 49’ 08.7” and S 000 39’ 08.4”, E 0340
48’ 55.4” respectively and with elevations of 1844m and 1823m respectively.
Furthermore, the Tetema spring is 435m East from Kerongo spring and 866m North from
Kiangoso spring.
Based on accessibility, the vertical electrical soundings were conducted at Kiangoso
primary school, Kerongo primary school, Kerora primary school and Manga sub county
hospital. Identified as VES 1, was Kiangoso primary school at an elevation of 1863m and
located at S 000 38’ 46.7”,E 034048’ 49.3”. Kerongo primary school at an elevation of
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1795 m and located at S 00039’ 01.5”, E 0340 49’ 03.0” was identified as VES 2. VES 3
was Kerora primary school located at S 000 38’ 58.1” ,E 0340 49’ 23.2” at an elevation of
1928m.Lastly but not least, Manga sub county hospital at an elevation of 1936m and
located at S 000 36’47.3” , E 0340 50’ 09.5” was identified as VES 4.

Figure 5: A map of the area of study from the map of Kenya and as adapted from
topo-sheet of Kisii district showing the VES stations in the study area.

3.2 1 Gini coefficient of the area of study
Gini coefficient is a measure of income inequality distribution as represented by Figure 6.
Manga area has gini coefficient of between 0.24-0.35. This represents a small value of
inequality which indicates that there is more equal wealth distribution among the
residents of this area and the gap between the rich and the poor is very narrow. It also
indicates that the resources available are shared fairly equally.

35

Figure 6: Gini coefficient of Nyamira County (From maphill)

3.2.2 Topography of the study area
The study area has an elongated ridge that extends from Motemomwamu to Manga
market. Parallel valleys and a series of hills also dominate it. These produce an
undulating topography that facilitates much of rainwater to be lost through run off with
little infiltration to recharge the groundwater.

3.2.3 Climate of the study area
The study area has a bimodal pattern of the annual rainfall that is reliable and well
distributed throughout the year. According to the report by first Nyamira County
integrated development plan 2013-2017, the rainfall ranges between 1200 mm to 2100
mm per annum. The report further states that, the long rain season start from December to
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June, but peaks from March to May, while short rain season is experienced between July
to December and typically peaks from October to November. This rain seasons have no
distinct dry spell separating them. However, with the current global climatic changes, it is
difficult to predict the onset of the short rains as well as the long rains which affects the
pattern.

.

The maximum temperature experienced during the day is 28.70C and minimum
temperature at night is 10.10C. This brings the average temperature to be 19.40C. These
temperatures like rainfall are also affected by global climatic changes leading to
prolonged extreme temperature. The extreme high temperatures have led to decline in
water levels in springs that feed most perennial streams and even rivers. Ground water
may not be left out in terms of decline.

3.3 Research Design
The study involved the carrying out a desk study and field study.

3.3.1 Desk study
The desk study entailed the review of geological and environmental information about
the area of study. Geological maps, aerial photographic records and Google maps at this
stage provided vital information on the study area. For instance, geological maps
provided ground conditions that include geology, hydrogeology and physical setting
while photographic records and Google maps provided useful information on changes of
topography.
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3.3.2 Field study
The physical visits made to the area of study were to:
i)

Identify the perennial and seasonal spring.

ii)

Understand the nature and type of spring.

iii)

Collect the water samples from the springs for quality analysis in the
laboratory.

iv)

Obtain the spring discharge and flow rate.

v)

Obtain geological information on the area of study.

vi)

Carry out vertical electrical sounding using schlumberger array.

vii)

Identify the controls of groundwater flow.

3.4 Materials and Equipment
The following materials were essential in the study:
i)

geological and Google maps of the area of study:

ii)

A 20-litre jerry can was used in determining the discharge and flow rate.

iii)

Well labelled 1-litre water bottles

iv)

Four electrodes; two electrodes were used as current electrodes while the
other two as potential electrodes.

v)

Three hammers were used to drive the electrodes into the ground.

vi)

3-12V battery used to provide the potential difference.

vii)

Resistivity meter (SSR-MP-ATS) was used to measure the resistivity of the
subsurface.
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viii)

The GPS meter (Garmin etrex 30-x mode WGS84) was used to identify the
longitudes and latitudes of each station.

3.4.2 Sampling.
Springs sampling was done based on the spring occurrence that included perennial or
seasonal. The VES stations on the other hand, were sampled based on accessibility and
the terrain of the area of study.

3.5 Data collection procedures
The various data collection procedures were used. This was prompted by different
required data for each outlined objective.

3.5.1 Data on springs
Firstly, the stopwatch was switched on simultaneously as the water from the spring was
let to flow into the 20-litre jerry can. The stopwatch was stopped when water filled the
jerry can.The time taken was then recorded. This procedure was done ten times for every
tap at every spring where taps were more than one at a spring.
Secondly, a well-labelled 1-litre water bottle was filled halfway with the free flowing
water from the spring. This water was used to rinse the bottle thoroughly to ensure that
no other particles or water from other sources was present to contaminate the water from
the spring.
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Thirdly, the water from the spring was observed to identify the colour as it was let to fill
the 1-litre bottle, then smelt, touched and drank. The findings recorded as the physical
parameters of the water that included temperature, taste, smell and colour.
Fourthly, the geology of the region and catchment area around the springs was identified
and recorded. The faults and fractures measured and photographs of outstanding
geological features taken.

3.5.2 Data on water quality
The water samples collected in 1.0 litre capacity bottles were taken to the laboratory for
parameter characterization.

3.5.3 Data on electrical resistivity
At every VES station, an electrode arrangement called Schlumberger array was used.
This consisted of four collinear electrodes, of which the two outer electrodes were current
electrodes and the inner two potential (receiver).This was as shown in Figure 7.
The distances AB/2 and MN/2 were recorded and their respective apparent resistivity
and resistances read from the resistivity meter screen were also recorded. The centre
point or point of investigation was kept constant throughout the soundings at every ves
station as the distance between the current electrodes was increased at each succeeding
measurement to a maximum of AB/2 being 250m to 320m at ves station. The distance
between potential electrodes was increased when necessary.
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Figure 7: Schematic representation of four-electrode arrangement in the
Schlumberger array as connected to terrameter. A and B represents the
current electrodes while M and N represents the potential electrodes.

3.6 Quality control
The water bottles were washed and rinsed using the same spring water to get rid of any
other particles or water from other sources. Water from the spring was let to flow into the
20-litre Jerry can and a 1- litre bottle without any physical contact with human body or
any object. This ensured that the time taken was not interfered with in the case of spring
discharge to fill the jerry can. On the other hand, there was no entrance of other particles
into the water to cause physical alteration in water quality parameters.
In resistivity sounding, the clearance of data from the resistivity meter memory and
resetting of the resistivity meter was done before any sounding was made to ensure the
correct data was obtained. The electrodes were hammered deep in the ground to ensure a
good contact between the electrodes and the ground.
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3.7 Data analysis
The water quality parameters analysis was based on the category of the parameter. These
was either physical, chemical or biological. A comparison of physical parameters from
the three springs was done. These included colour, temperature, smell and taste.
Chemical parameters, on the other hand were divided into a number of divisions based on
origin, formation or suitability and analysed .The biological parameters that included
coliforms and free carbon dioxide formed another category in this analysis.
The analysis was also on statistical and analytical basis. Statistically, these included
obtaining of parameter mean and standard deviation respectively.
Using the WHO and KEBS standard values, a comparison was made with the values
obtained from water from the springs.
Water quality index was calculated using fifteen parameters. These are pH, turbidity,
nitrate, orthophosphate, calcium, magnesium, chloride, sulphates, fluoride, iron, total
phosphorous, total Hardness, total Alkalinity, total dissolved solids (TDS) and coliform.
Each parameter was assigned a unit weight (Wu) in the scale of 1 to 5, which represented
least to adverse health effects respectively a parameter would cause when present in
drinking water. This unit weight was then used to calculate a relative weight (Wr) of the
parameter as given in equation 34.
𝑊u

𝑊𝑟 = ∑ 𝑊𝑢

(34)

The quality rating (Qr) of each parameter was calculated using equation 35
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𝑉𝑛−𝑉𝑖

𝑄𝑟 = 100[ 𝑉𝑠−𝑉𝑖 ]

(35)

Where Vn is the observed value
Vs is the WHO/KEBS limit
Vi is the ideal value (zero for these parameters used except pH that was 7.0)
The relative weight and the quality rating of each parameter was then multiplied to give a
parameter sub index value, (PIs) as in equation 36 below.
𝑃𝐼𝑠 = 𝑊𝑟𝑄𝑟

(36)

The water quality index (WQI) was obtained as the sum of parameter sub index value
using equation 37.
𝑊𝑄𝐼 = ∑ 𝑃𝐼𝑠

(37)

The type of spring and likely aquifer that the spring originates from was identified based
on geological information and conditions studied. The calculation of spring discharge
was done per hour, day and year from the average flow rates.
Geometric factor, k of the formation was calculated. The value

K=ᴨ

(

𝐴𝐵 𝐴𝐵
𝑀𝑁 𝑀𝑁
)( )−( )(
)
2
2
2
2

(38)

𝑀𝑁

Gewin version 1.04 software was used to model the formation from which the number of
sub surface layers for every VES station was identified. In addition, the respective
thickness h, depth and resistivity of these layers was obtained.
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Longitudinal conductance, S and the transverse resistance, T were then calculated as
S=

ℎ

(27)

𝜌

T = ℎ𝜌

(28)

Where h is the layer thickness and 𝜌 is the resistivity of the respective layer.
The coefficient of anisotropy λ, was calculated using the formula
λ=

√𝑇𝑆

(33)

𝐻

Where H is the aquifer thickness, S is the sum of longitudinal unit conductance and T is
the sum of transverse unit resistance
The longitudinal conductance of the overburden layer was used to calculate the
overburden protection capacity while the value of longitudinal conductance of the layer
that is aquiferous was used to determine the aquifer protection capacity. The first layer
resistivity values were used to determine the topsoil corrosivity.
Three layered sequence and the layer lithology was used to identify the probable aquifer
layers. The hydraulic conductivity, K, from Heigold et al (1979) and transmissivity, T of
the identified aquifer layers was calculated. Where
K = 386.40Ra-0.93283

(29)

Where Ra is aquifer layer resistivity
T = Kh

(31)

Where K is the hydraulic conductivity and h the aquifer thickness
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 INTRODUCTION
This chapter focusses on the research findings obtained using the methodology and
research design discussed in the previous chapter. This findings obtained on various
specific objectives are presented and discussed. The tabulation and graphical
presentations at times were used.
4.2 QUALITY OF WATER IN SPRINGS
The quality of water entailed the physical, chemical and biological parameters of water.

4.2.1 Physical parameters
The physical properties obtained through senses such as sight, smell, taste and touch, are
shown in table 2.
Table 2: Analysis of the physical parameters of water from the selected springs in
Manga region
parameter

Location
Kiangoso

Kerongo

Tetema

colour

colourless

colourless

colourless

smell

odourless

odourless

odourless

taste

tasteless

tasteless

tasteless

Cold below R.T.P

Cold below R.T.P

temperature Cold below R.T.P

From table 2, it was found that the senses gave similar results in all the springs. However
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from the sample analysis, the colour was different as well as the turbidity which was
shown in table 3.
Table 3: Analysis of colour and turbidity of water from the selected springs from
Manga region
site
parameter unit

Statistical analysis

Kiangoso Kerongo Tetema Mean

S.D

Range

Colour

mgPt/l 5

3

5

4.33

1.154

3 to 5

Turbidity

N.T.U

0.84

1.05

0.93

0.108

0.84

0.9

to

1.05

6

Colour and Turbidity

colour,(mgPt/l)
turbidity,(N.T.U)

5

4

KIANGOSO

3

KERONGO

2

TETEMA

1

0
COLOUR

TURBIDITY

Figure 8: Colour and Turbidity of the spring water:
The colour at Kiangoso and Tetema was five mgPt/l, which was more than that at
Kerongo that was three mgPt/l. The region has a colour range of between three mgPt/l
and five mgPt/l and an average of 4.33 mgPt/l.
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The water turbidity at Kerongo was 0.84 N.T.U. This value was lower as compared to
Kiangoso and Tetema that had 0.9 and 1.05 N.T.U respectively. On average, the turbidity
is 0.93 N.T.U.
The comparison between colour and turbidity showed that, Kerongo spring had the least
values of the two parameters; 3 mgPt/l in colour and 0.84 N.T.U of turbidity while
Tetema spring had the highest values of 5mgPt/l in colour and 1.05N.T.U of turbidity.

4.2.2 Chemical parameters
The chemical conditions of the springs obtained were as shown in table 4.
Table 4: Obtained values of chemical parameters of water quality from selected
springs from Manga region
parameter
pH

unit
pH scale

Kiangoso
5.7

Kerongo
5.1

Tetema
5.4

Nitrate

mgNO3/l

0.68

0.88

1.2

Nitrite
Orthophosphate
Calcium
Magnessium
Chloride
Flouride
Sulphates
Iron
Total
phosphorous
Total Hardness
Total Alkalinity
TDS
Conductivity
(25oC)

mgNO2/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

0
0.14
8
1.2
3
0
4
0
0.28

0
0.24
6
0.9
2
0
2
0
0.36

0.01
0.08
9
0.67
1
0
2
0
0.16

mgCaCO3/l
mgCaCO3/l
mg/l
µS/cm

10
20
25
50

8
17
22
43

10
20
23
45
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From table 4 above, fluoride and iron were not present in the groundwater samples from
the selected springs in the Manga region hence a significance of zero. Similarly, the
nitrite level was very low and insignificant in the results obtained. The conductivity at
250C of the water samples ranged between 43 µS/cm and 50 µS/cm. However, other
hydrochemical parameters are analyzed in table 5.
Table 5: Descriptive statistics of Manga groundwater hydrochemical
parameters
Item

pH

TH

TA

TDS

Ca2+

Mg 2+

Cl-

SO42-

PO43-

P3-

Min

5.1

8

17

22

6

0.67

1

2

0.08

0.16 0.68

Max

5.7

10

20

25

9

1.2

3

4

0.24

0.36 1.2

Mean

5.4

9.33

19

23.33 7.67

0.92

2

2.67

0.15

0.27 0.92

SD

0.3

1.15

1.73

1.53

0.27

1

1.15

0.08

0.10 0.26

1.53

NO3-

From table 5, the pH of water from the springs ranges between 5.1 and 5.7 and the mean
value is 5.4, which is an indication of slight acidity. The standard deviation of the pH is
0.3.
The values of the total hardness (TH) ranged between 8 mgCaCO3/l and 10 mgCaCO3/l
with a mean value of 9.3 mgCaCO3/l and a standard deviation of 1.154.According to
Sawyer et al (2003), the water from this springs is associated with a category of soft
water since its level is less than 75 mgCaCO3/l.
The minimum level of total alkalinity is 17 mgCaCO3/l while its maximum level is 20
mgCaCO3/l. The region has a mean alkalinity level of 19 mgCaCO3/l with a standard
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deviation of 1.73. The total hardness and total alkalinity were presented in figure 9 and
found out that the total alkalinity was twice the total hardness.

TH,(mgCaCO3/l
TA,(mgCaCO3/l)

Comparison of total hardness and total alkalinity
25
20
15
10
5
0
Kiangoso

Kerongo
T.hardness

Tetema

T.Alkalinity

Figure 9: Comparison of total hardness and total alkalinity
Total Dissolved Solids (TDS) ranges between 22 mg/l and 25 mg/l with a mean value of
23.33 mg/l and a standard deviation 1.53 mg/l. The water having such TDS values stated
is categorized by Freeze and Cherry as fresh water since the TDS values are less than 100
mg/l. In addition, these TDS values fall in the category of excellent palatability of
drinking water as per WHO, because this value is less than 300mg/l.
The Ca2+ and Mg2+ form the major cations essential for human health and metabolism in
the water from the three springs. However, the level of Ca2+ is more than the level of
Mg2+.
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The total hardness of water measured by the calcium and magnesium parameters is

Comparison of total hardness,calcium
and magnesium

TH,(mgCaCO3/l
calcium,(mg/l
magnesium,(mg/l)

12
10

10

8

8

10
9
8

Total hardness
6

6

calcium
magnesium

4
2
1.2

0.9

0.67

Kiangoso

Kerongo

Tetema

0

Figure 10: comparison of magnesium, calcium and total hardness
shown in figure 10. The sum of the values of calcium and magnesium obtained at every
spring did not give the value of the total hardness of the springs.
Salinity, which is the determination of salt content in water, was determined by two

TDS,(mg/l)
Conductivity,(𝝁S/cm)

methods; amount of TDS and conductivity
Comparison of TDS and Conductivity
60
50
40
30
20
10
0

TDS

Kiangoso

Kerongo

Spring

50

Conductivity

Tetema

Figure 11: Comparison of TDS and Conductivity
However, the relationship between TDS and conductivity presented by figure 11 showed
that the correlation factor between TDS and conductivity of water from the springs in this
region is 0.5.
51
50
49
48
47
46
45
44
43
42
21.5

22

22.5

23

23.5

24

24.5

25

25.5

Figure 12: Relationship between TDS and conductivity

TA,(mgCaCO3/l
Conductivity,( 𝝁S/cm)
pH,(pH scale)

Further, the total hardness, conductivity and pH were presented in figure 13 below

Comparison of total hardness,EC and pH
60
total hardness

conductivity

40
20
0
Kiangoso

Kerongo

Tetema

Spring

Figure 13: Total hardness, Electrical conductivity and pH
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PH

Comparison done between PH and conductivity as shown in figure 13, showed that the
two parameters had a direct relationship

Comparison between pH and EC
51
50
49
48
47
46
45
44
43
42
5

5.1

5.2

5.3

5.4

5.5

5.6

5.7

5.8

Figure 14: Comparison between pH and EC
The anions present in the water include Cl-, SO42-, PO43-, P3- and NO3-.These anions are
associated with discharge from agricultural fertilizers, waste materials like manure or
effluents from septic decomposition. In order of greatest mean level to least mean level,
these anions can be arranged as follows; SO42- , Cl-, NO3-, P3- and PO43-. However, the
various levels of the anions in the springs are presented in figure 15.
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Chloride

Nitrate

Sulphates

Orthophosphate

Total phosphate

chloride,sulphate,
orthophosphate,
total phosphate,(mg/l)
Nitrate,(mgNO2/l)

4.5
4
3.5
3
2.5
2
1.5
1
0.5
0
Kiangoso

Kerongo

Tetema

Spring

Figure 15: Chemical parameters
The concentration level of nitrate from the highest value to the lowest value is 1.2, 0.88
and 0.6 for Tetema, Kerongo and Kiangoso respectively. According to Audrey (2002), as
shown in table 5, the level of concentration of nitrate from the three springs falls in the
category of 0-4 mgNO2/l. This is interpreted as being safe for both human beings and
livestock.
Table 6: Interpretation of Nitrate concentration levels by Audrey,2002
Nitrate level (mgNO2/l) Interpretation
0 to 4

Normal, safe for people and livestock

5 to 10

Contains pollutants

11 to 20

Unsafe for infants who are less than 5 years of age

21 to 40

Not to be used by human beings

41 to 100

Can only be used by livestock and not human beings

Above 100

Cannot be used by human beings or livestock
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4.2.3 Biological parameters
The free carbon dioxide in water affects the aquatic life while the presence of bacteria in
water is determined by presence of coliforms. This was presented in table 7.
Table 7: Analysis of the biological parameters of water quality from the selected springs
in Manga region
Parameter
unit
Kiangoso
Coliforms
Colonies/100ml 0
Free carbon mg/l
3
dioxide

Kerongo
0
4

Tetema
0
3

Mean S.D
0
0
3.3333 0.58

There were no coliforms in the water samples from the springs hence bacteriologically
safe. However, the amount of free carbon dioxide at Kiangoso and Tetema was each 3
mg/l. This was less than that at Kerongo by 1mg/l. This implies that the water from the
three springs is free from the disease causing pathogens, which are the coliforms and can
support aquatic plants growth as seen by the presence of free carbon dioxide.

4.2.4 Comparison of obtained quality with WHO and KEBS standards
According to the WHO and the Kenya Bureau of Standards, which are bodies mandated
to regulate the quality of products for human consumption, it was then wise that values
obtained of various parameters were compared with the WHO standards as well as the
KEBS (KS 459-1:2007) standards as shown in table 8.
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Table 8: A comparison of obtained results of water quality parameters from selected
springs in Manga region with WHO and KEBS standards
parameter

unit

Kiangoso

Kerongo

Tetema

5.4

WHO
standard
s
6.5-8.5

KEBS
standard
s
6.5-8.5

pH

pH scale

5.7

5.1

Colour

mgPt/l

5

3

5

Max 15

Max 15

Turbidity

N.T.U

0.9

0.84

1.05

Max 5

Max 5

Nitrate

mgNO3/l

0.68

0.88

1.2

Max 10

Max 10

Nitrite
Orthophospha
te
Calcium
Magnessium
Chloride
Flouride
Sulphates
Iron
Free Carbon
dioxide
Total
phosphorous
Total
Hardness
Total
Alkalinity
TDS

mgNO2/l
mg/l

0
0.14

0
0.24

0.01
0.08

Max 0.1
Max 2

Max 0.03
Max 400

mg/l
mg/l
mg/l
mg/l
mg/l
mg/l
mg/l

8
1.2
3
0
4
0
3

6
0.9
2
0
2
0
4

9
0.67
1
0
2
0
3

Max 100
Max 100
Max 250
Max 1.5
Max 450
Max 0.3
_

Max 150
Max 100
Max 250
Max 1.5
Max 400
Max 0.3
_

mg/l

0.28

0.36

0.16

Max 2

mgCaCO3
/l
mgCaCO3
/l
mg/l

10

8

10

Max 500

Max 300

20

17

20

Max 500

_

25

22

23

Conductivity
(25oC)
Coliforms

µS/cm

50

43

45

Max
1000
_

Colonies/
100ml

0

0

0

Max
1500
Max
2500
0

_

0

A comparison of obtained values of quality of water from the three springs, the WHO
values and the KEBS values, as shown in table 7, reveals that the pH values of water
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from the three springs lie below the set values by WHO and KEBS. This is an indicator
of acidity of the water and cannot affect human consumption. The results of other
chemical and biological parameters were within the acceptable limits according to WHO
and KEBS standards.
4.2.5 Water quality index
The water quality index, WQI, which is the sum of parameter sub index, determines the
safety of water usage that includes drinking or any use on either agricultural or industrial
activity. Table 9, shows fifteen parameters used to obtain water quality index. Using
these parameters, the water quality index was 21.32 for Kiangoso, 29.66 for Kerongo and
25.64 for Tetema.
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Table 9: Unit weight, Relative weight, and quality rate and sub-index values of used
parameter
Parameter

WEIGHT

KIANGOSO

KERONGO

TETEMA

Wu

Wr

Qr

Qr

Qr

pH

4

0.06897 260

17.9322 380

26.2086 320

22.0704

Turbidity

3

0.05172 18

0.93096 16.8

0.8689

21

1.08612

Nitrate

5

0.08621 6.8

0.58623 8.8

0.7586

12

1.03452

Orthophosphate 3

0.05172 0.035

0.00181 0.06

0.00310 0.02

0.001034

Calcium

3

0.05172 5.3

0.27411 4

0.20688 6

0.31032

Magnesium

3

0.05172 1.2

0.06206 0.9

0.04655 0.67

0.034652

Chloride

5

0.08621 1.2

0.10345 0.8

0.06897 0.4

0.034484

Flouride

5

0.08621 0

0

0

0

Sulphates

5

0.08621 1

0.08621 0.5

0.04310 0.5

0.04310

Iron

3

0.05172 0

0

0

0

T.Phosphorous

3

0.05172 14

0.72408 18

0.93096 8

0.41376

TH

3

0.05172 3.33

0.17222 2.67

0.13809 3.33

0.17222

TA

4

0.06897 4

0.27588 3.4

0.23449 4

0.27588

TDS

4

0.06897 2.5

0.17242 2.2

0.15173 2.3

0.15863

Coliforms

5

0.08621 0

0

0

0

∑

PIs

21.32

0

0

0

PIs

29.66

0

0

0

PIs

25.64

The water quality status associated with the water quality index as originally categorized
by Brown et al., 1972 and withheld by Chatterji et al., 2002 and Asadollahfardi, 2015.
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According to the trio, Kiangoso spring has an excellent water quality status while
Kerongo and Tetema the water quality status is good.
In addition, the water quality index of the Manga groundwater represented by the three
springs therefore is less than 30, hence safe for drinking, irrigation as well as industrial
purpose. Hence as summarized in table 10.
Table 10: The water quality index, water quality status and the possible water uses
of water from the Manga Springs
Spring

WQI

WQS

Possible use

Kiangoso

21.32

Excellent

Drinking, irrigation, industrial

Kerongo

29.66

Good

Drinking, irrigation, industrial

Tetema

25.64

Good

Drinking, irrigation, industrial

4.3 Quantity
The quantity of water in terms of space and time was identified by type of spring and
direct groundwater discharge from the springs.

4.3.1 Type of spring and aquifer
The type of spring and likely type of aquifer were identified and presented in table 11.
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Table 11: Classification of springs and probable type of aquifer of origin
spring
Kiangoso

Kerongo

Tetema

Type of spring
Seasonal
Fracture
contact
Perennial
Fracture
contact
Perennial
Contact
depression

Type of aquifer
unconfined

confined

confined

4.3.2 Discharge
The time taken in seconds for water to fill a 20 litres jerrycan was recorded in table 12 as
follows at the springs.
Table 12 : Time taken (in seconds) for the spring to discharge 20 litres of water
Kiangoso
1
2
3
4
5
6
7
8
9
10
AV

68.46
68.88
68.74
68.45
68.79
68.04
68.49
68.94
68.14
68.57
68.55

Kerongo
41.15
42.13
41.99
41.46
42.08
41.33
41.88
42.18
41.47
41.03
41.67

Tap 1
19.60
18.85
19.24
19.65
18.80
19.13
19.47
19.85
19.37
19.79
19.38

Tetema
Tap 2
25.54
25.47
25.78
25.13
25.35
25.56
25.76
25.95
25.26
25.99
25.58

Tap 3
115.65
116.14
115.98
116.00
115.35
115.98
116.03
115.54
115.78
115.26
115.77

The rate of flow of the springs was then calculated and tabulated as presented in table 13.
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Table 13: Rate of per spring and the number of persons the springs can sustain per
year
SPRING

Kiangoso
Kerongo
Tetema

RATE OF FLOW ( m3 / h, day, year)
Per hour
1.05032
1.72786
7.15179

Per day
25.20768
41.46884
171.64296

Per year
_
15136.1266
62649.6804

No of persons
sustained
Per year
2073
8582

It was observed that the rate of flow at Kiangoso was the lower of 1.05032 m3/h,
followed by Kerongo at 1.72786 m3/h while the Tetema had the highest rate of flow of
7.15179 m3/h.
Given that Kerongo and Tetema springs were perennial, had a constant discharge and
originated from confined aquifers, the yearly rates of flow was obtained. This was
represented in table 13. The Tetema spring had 62649.6804 m3 of water that flows free
under gravity and this amount is available for human use while Kerongo had 15136.1266
m3 for the same purpose.
According to the World Health Organisation (WHO) report on Africa’s quantity of water
requirement for domestic consumption, 20 litres of water should take care of the basic
water needs of a person. This includes personal hygiene and food hygiene. It follows
therefore that the Tetema spring can sustain 8582 persons each year while the Kerongo
spring can sustain 2073 persons each year if all the water is used.
However, the yearly rate of flow of the Kerongo spring could not be obtained since it was
a seasonal spring and depended on recharge conditions.
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4.4 Modelling
Using vertical electrical sounding (VES) and the schlumberger electrode array, the data
was obtained at various locations and presented in tables 11, 14, 17 and 19.

VERTICAL ELECTRICAL SOUNDING (VES 1)
Location

: Kiangoso primary

Coordinates : S 000 38 ҆46.7҆ ҆ E 034048҆ 49.3҆ ҆
Elevation

: 1863m
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Table 14: Values of apparent resistivity (ohm-m), resistance (ohms), geometric factor,
half distance between current electrodes, AB/2 (in metres) and half
distance between potential electrodes, MN/2 (in metres) at Kiangoso primary
school.

S/N

MN/2 (m)

AB/2 (m)

𝛥𝑉

R=

𝐼

(ohms)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1.6
2.0
2.5
3.2
4.0
5.0
6.3
8.0
10.0
13.0
16.0
16.0
20.0
25.0
32.0
40.0
50.0
63.0
80.0
80.0
100.0
130.0
160.0
200.0
250.0
320.0

79.29
44.29
27.03
16.96
9.80
6.19
3.53
2.02
1.09
1.04
0.21
2.41
1.08
0.57
0.33
0.20
0.17
0.15
0.11
0.59
0.46
0.38
0.25
0.14
0.12
0.11
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Geometric
factor (k)
7.26
11.78
18.85
31.39
49.49
77.76
123.92
200.30
313.41
530.21
803.57
72.58
117.83
188.5
313.9
494.9
777.6
1238.2
2003.0
362.9
589.13
1022.72
1569.43
2474.33
3888.23

Apparent
resistivity
(Ohm-m)
575.64
522.06
509.69
532.50
485.30
481.29
437.54
406.66
342.87
555.78
171.06
174.98
127.63
107.87
102.24
99.28
134.92
182.07
229.40
214.10
273.77
393.41
393.28
356.95
471.65
716.14

Table 14 shows the VES data obtained at Kiangoso primary school. The least apparent
resistivity at Kiangoso was 99.28 ohm-metres recorded at a depth of 40.0 metres while
the highest recorded was 716.14 ohm-metres recorded at a depth of 320.0 metres
From the data in table14, a bi-log curve of apparent resistivity (ohm-metres) against
depth which is electrode spacing, AB/2 in metres was plotted .This is as shown in figures
16.

Figure 16: A bi-log curve of apparent resistivity (ohm-metres) against depth (AB/2 in
metres) for Kiangoso primary
The apparent resistivity decreases from the surface to 2.5 metres deep. Between 2.5
metres and 3.2 metres, the resistivity increases then decreases steadily from 532.5 ohmmetres to 342.87 ohm-metres at 10.0 metres. The resistivity between 16.0 metres and
63.0 metres is less than 200-ohm-metres and greater than 200 ohm-metres and less than
750 ohm-metres beyond 63.0 metres. The lowest resistivity value is 99.28 ohm-metres
recorded at a depth of 40.0 metres.
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4.4.1 Geoelectric model and parameters of Kiangoso primary school

Figure 17: The representation of number of layers and variations of depth and resistivity
of the subsurface at Kiangoso primary school
Figure 17 shows a six-layer subsurface geo-electric model for Kiangoso location, which
forms a KHKQ type of aquifer curve on a three-layered sequence analysis. The first
layer, which extends from the earth surface to 2.48 metres deep, has an apparent
resistivity of 524 ohm-metres. A 2.91 metres thick layer that extends to 5.39 metres deep
underlies this layer. The apparent resistivity in this second layer is 676 ohm-metres. The
third, fourth and fifth layers have thickness of 24.36 metres, 35.42 metres and 8.38
metres respectively as summarized in table 15.From the layer thickness and resistivity,
the longitudinal conductance and transverse resistance for every layer was obtained and
presented in table 16.
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Table 15: Apparent resistivity (ohm-m) and thickness (m) of the subsurface layers
at Kiangoso primary school
Layer

Apparent
metres)
524
676
69
14669
3

1
2
3
4
5
6

resistivity(ohm- Thickness
(metres)
2.48
2.91
24.36
35.42
8.38

Depth(metres)
0 - 2.48
2.48 - 5.39
5.39 - 29.75
29.75 - 65.17
65.17 - 73.55
73.55 -

Table 16: Longitudinal conductance and transverse resistance of layers at Kiangoso
primary school
Layer
1
2
3
4
5

Longitudinal conductance, S
(Siemens)
0.004733
0.004305
0.3530
0.002415
2.7933

Transverse resistance,T
1299.52
1967.16
1680.84
519575.98
25.14

The lowest longitudinal conductance is 0.002415 Siemens in the fourth layer and the
highest longitudinal conductance is 2.7933 Siemens in the fifth layer. The transverse
resistance on the other hand is 1299.52, 1967.16, 1680.84, 519575.98 and 25.14 from the
first layer to the fifth layer respectively.
VERTICAL ELECTRICAL SOUNDING (VES 2)
Location
: Kerongo primary
Coordinates : S 000 39҆ 01.5҆ ҆ E 0340 49 ҆03.0 ҆ ҆
Elevation
: 1795 metres
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Table 17: Values of apparent resistivity (ohm-metres), resistance (ohms), geometric
factor, half distance between current electrodes, AB/2 (in metres) and
half distance between potential electrodes, MN/2 (in metres) at Kerongo
primary school.
S/N

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

𝛥𝑉

MN/2
(metres)

AB/2
(metres)

R=

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
25.0
25.0
25.0
25.0
25.0
25.0
25.0

1.6
2.0
2.5
3.2
4.0
5.0
6.3
8.0
10.0
13.0
16.0
16.0
20.0
25.0
32.0
40.0
50.0
63.0
80.0
80.0
100.0
130.0
160.0
200.0
250.0
320.0

95.57
39.62
25.88
18.98
14.84
11.99
9.15
7.00
5.47
4.17
3.28
25.18
19.47
13.39
9.68
6.43
5.06
3.75
2.60
17.12
9.13
4.97
2.85
1.28
0.70
0.67

𝐼

(ohms)
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Geometric
factor (k)
7.26
11.78
18.85
31.39
49.49
77.76
123.92
200.30
313.41
530.21
803.57
72.58
117.83
188.5
313.9
494.9
777.6
1239.2
2003.0
362.9
589.13
1022.72
1569.43
2474.33
3888.23

Apparent
resistivity
(Ohm-metres)
693.84
467.01
488.07
596.07
734.74
932.75
1134.75
1402.49
1714.02
2213.39
2633.34
1827.83
2295.24
2525.79
3037.66
3181.37
3935.42
4651.92
5203.29
6215.85
5378.34
5079.57
4471.94
3175.20
2703.18
4308.36

Table 17 shows the VES data obtained at Kerongo primary school. The lowest apparent
resistivity was 467.01 ohm-metres recorded at a depth of 2.0 metres while the highest
recorded was 6215.85 ohm-metres recorded at a depth of 80.0 metres. From the data in
table 17, the curve of apparent resistivity against depth was plotted .This is as shown in
figures 18.

Figure 18: A bi-log curve of apparent resistivity (ohm-metres) against depth (AB/2
in metres) for Kerongo primary
The apparent resistivity decreases from the surface to 2.5 metres deep. Between 2.5
metres and 80.0 metres, the resistivity increases then decreases steadily 200 metres.
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4.4.2 Geoelectric model and parameters of Kerongo primary school

Figure 19: The representation of number of layers and variations of depth and
resistivity of the subsurface at Kerongo primary school
The geoelectrical model presented in figure 19 shows VES 2 having six sub surface
layers. The first layer starts from the earth’s surface and extends to 2.80 metres deep.
This layer has a resistivity of 513 ohm-metres. The second layer underlies it with a
resistivity of 16661 ohm-metres and 31.61 metres thick. The third layer extends from
34.41 metres deep to 87.91 metres deep. This layer is therefore 53.50 metres thick and
has a resistivity of 924 ohm-metres. The fourth and fifth layers are 1344.04 metres and
29.29 metres thick respectively. From the descriptions of layers above, it is evident that
the fourth layer is thicker while the first layer is thinner as compared to the other layers in
VES 2.On a three-layer sequence analysis, VES 2 forms a KH type of curve. This is as
shown in table 18.
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Table 18: Apparent resistivity (ohm-metres), thickness (metres) and apparent
resistivity of the subsurface layers at Kerongo primary school
Layer

Apparent
resistivity(ohm-metres)

Thickness
(metres)

Depth(metres)

1

513

2.80

0 - 2.80

2

16661

31.61

2.80 - 34.41

3

924

53.50

34.41- 87.91

4

10902

134.44

87.91-222.35

5

8037

29.29

222.35-251.64

6

251.64-

From the layer thickness and resistivity, the longitudinal conductance and transverse
resistance for every layer was obtained .This is as presented in table 19 below.
Table 19: Longitudinal conductance and transverse resistance of layers at Kerongo
primary school
Layer

Longitudinal conductance,S

Transverse resistance,T

(Siemens)

(ohm-m2)

1

0.005458

1436.4

2

0.001897

526654.21

3

0.05790

49434

4

0.1233

14652724.08

5

0.003644

235403.73
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The longitudinal conductance from the first layer to the fifth layer is 0.005458, 0.001897,
0.05790, 0.1233 and0.003644 Siemens respectively. All the five values of longitudinal
conductance are less than one. The transverse resistance column shows that this
resistance is greatest in the fourth layer and least in the first layer. Other transverse
resistances include; 526654.21,49434 and 235403.73 ohm- square metres, in the second,
third and fifth layers respectively.
VERTICAL ELECTRICAL SOUNDING (VES 3)
Location

: Kerora primary

Coordinates

: S 000 38҆ 58.1҆ ҆

Elevation

: 1928 metres

E 0340 49҆ 23.2 ҆ ҆
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Table 20: Values of apparent resistivity (ohm-m), resistance (ohms), geometric
factor, half distance between current electrodes, AB/2 (in metres) and
half distance between potential electrodes, MN/2 (in metres) at Kerora
primary school.
S/N

MN/2
(metres)

AB/2
(metres)

1
0.5
1.6
2
0.5
2.0
3
0.5
2.5
4
0.5
3.2
5
0.5
4.0
6
0.5
5.0
7
0.5
6.3
8
0.5
8.0
9
0.5
10.0
10
0.5
13.0
11
0.5
16.0
12
5.0
16.0
13
5.0
20.0
14
5.0
25.0
15
5.0
32.0
16
5.0
40.0
17
5.0
50.0
18
5.0
63.0
19
5.0
80.0
20
25.0
80.0
21
25.0
100.0
22
25.0
130.0
23
25.0
160.0
24
25.0
200.0
25
25.0
250.0
Table 20 shows the VES data

𝛥𝑉

Apparent
resistivity
(ohms)
(Ohm-metres)
20.70
7.26
150.27
13.11
11.78
154.62
9.15
18.85
172.47
6.74
31.39
211.67
4.86
49.49
240.32
3.52
77.76
273.72
2.58
123.92
320.07
1.62
200.30
325.00
0.94
313.41
293.65
0.50
530.21
270.18
0.33
803.57
268.52
3.21
72.58
233.29
1.96
117.83
231.29
1.05
188.5
198.83
0.60
313.9
189.00
0.38
494.9
186.67
0.22
777.6
173.20
0.14
1239.2
173.03
0.09
2003.0
184.17
0.57
362.9
206.16
0.48
589.13
280.52
0.37
1022.72
382.88
0.31
1569.43
494.33
0.22
2474.33
542.46
0.15
3888.23
565.25
obtained at Kerora primary school. The lowest apparent
R=

𝐼

Geometric
factor (k)

resistivity was 150.27 ohm-metres recorded at a depth of 1.60 metres while the highest
apparent resistivity recorded was 565.25 ohm-metres recorded at a depth of 250.0 metres
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.From the data in table 20, the curve of apparent resistivity against depth was plotted
.This is as shown in figure 20.

Figure 20 : A bi-log curve of apparent resistivity (ohm-metres) against depth (AB/2
in metres) for Kerora primary
The apparent resistivity increases from the surface to 8.0 metres deep. Between 8.0
metres and 63.0 metres, the resistivity decreases steadily from 325.0-ohm-metres to 173
ohm-metres. The resistivity then increases beyond the 63.0 metres depth.
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4.4.3 Geoelectric model and parameters of Kerora primary school

Figure 21: The representation of number of layers and variations of depth and
resistivity of the subsurface at Kerora primary school.
The geo electrical model shown in Figure 21 shows the distribution of sub surface layers
in in VES 3.It consists of five layers. The fourth layer is 64.50 metres thick, followed by
the third layer with a thickness of 51.61 metres. The second and first layers are 2.81
metres and 1.87 metres respectively. The fifth layer starts at 120.79 metres deep. On a
three-layer sequence analysis, VES 3 forms a KHK type of curve.
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Table 21 : Apparent resistivity (ohm-m), thickness (m) and apparent resistivity of
the subsurface layers at Kerora primary school
Layer

Apparent
resistivity(ohmmetres)

Thickness (metres)

1

143

1.87

2

608

2.81

1.87 - 4.68

3

147

51.61

4.68

4

10734

64.50

Depth(metres)

0

- 1.87

- 56.29

56.29 - 120.79

5

120.79-

From the layer thickness and resistivity, the longitudinal conductance and transverse
resistance for every layer was obtained .This is as presented in table 22.
Table 22: Longitudinal conductance and transverse resistance of layers at Kerongo
primary school
Layer

Longitudinal conductance, Transverse resistance,
S(Siemens)
T(ohm-square metres|)

1

0.01308

267.41

2

0.004622

1708.48

3

0.3511

7586.67

4

0.006009

692343
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VERTICAL ELECTRICAL SOUNDING (VES 4)
Location

: Manga sub county hospital

Coordinates

: S 000 36 ҆47.3 ҆ ҆

Elevation

: 1936 metres

E 0340 50҆ 89.5 ҆ ҆

Table 23: Values of apparent resistivity (ohm-m), resistance (ohms), geometric
factor, half distance between current electrodes, AB/2 (in metres) and
half distance between potential electrodes, MN/2 (in metres) at Manga sub
county hospital
𝛥𝑉

S/N

MN/2
(metres)

AB/2
(metres)

R= 𝐼
(ohms)

Geometric
factor (k)

Apparent
resistivity
(Ohm-metre)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
25.0
25.0
25.0
25.0
25.0
25.0

1.6
2.0
2.5
3.2
4.0
5.0
6.3
8.0
10.0
13.0
16.0
16.0
20.0
25.0
32.0
40.0
50.0
63.0
80.0
80.0
100.0
130.0
160.0
200.0
250.0

28.29
28.45
15.26
12.34
10.33
7.85
4.29
2.64
1.63
0.99
0.74
9.04
6.00
3.54
2.37
2.17
2.43
1.50
1.54
1.10
0.68
0.46
0.30
0.57
0.38

7.26
11.78
18.85
31.39
49.49
77.76
123.92
200.30
313.41
530.21
803.57
72.58
117.83
188.5
313.9
494.9
777.6
1239.2
2003.0
362.9
589.13
1022.72
1569.43
2474.33
3888.23

205.36
241.01
283.95
363.74
511.20
550.65
531.61
529.47
509.33
524.64
592.17
659.22
706.57
667.10
744.08
1076.41
1894.05
1854.07
3077.81
400.75
403.61
467.76
465.81
1407.04
1479.61
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Table 23 shows the VES data obtained at Manga sub county hospital. The lowest
apparent resistivity was 205.36 ohm-metres recorded at a depth of 1.60 metres while the
highest apparent resistivity recorded was 3077.81 ohm-metres recorded at a depth of 80.0
metres From the data in table 23, the curve of apparent resistivity against depth was
plotted .This is as shown in figure 22.

Figure 22 : A bi-log curve of apparent resistivity (ohm-metres) against depth (AB/2
in metres) for Manga sub county hospital
The apparent resistivity increases from the surface to 20.0 metres deep. Between 20.0
metres and 25.0 metres, the resistivity decreases. It then increases steadily to 80.0 metres.
This followed by a drastic decrease.

76

4.4.4 Geoelectric model and parameters of Manga sub county hospital

Figure 23: The representation of number of layers and variations of depth and
resistivity of the subsurface at Manga sub county hospital
Figure 23 shows a six-layer subsurface geo-electric model for Manga sub county hospital
location, which forms a AKHK type of aquifer curve on a three layered sequence
analysis. The first layer, which extends from the earth surface to 1.14 metres deep, has an
apparent resistivity of 191 ohm-metres. A 10.58 metres thick layer that extends to 11.72
metres deep underlies this layer. The apparent resistivity in this second layer is 697 ohmmetres. The third, fourth and fifth layers have thickness of 6.86 metres, 41.63 metres and
82.00 metres respectively. The sixth layer at 142.21 metres deep.
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Table 24: Apparent resistivity (ohm-metres), thickness (metres) and apparent
resistivity of the subsurface layers at Manga sub county hospital
Layer

Apparent

resistivity(ohm- Thickness

Depth(metres)

metres)

(metres)

1

191

1.14

0 - 1.14

2

697

10.58

1.14- 11.72

3

3331

6.86

11.72 - 18.58

4

180

41.63

18.58 - 60.21

5

46581

82.00

60.21- 142.21

6

142.21 -

From the layer thickness and resistivity, the longitudinal conductance and transverse
resistance for every layer was obtained .This is as presented in table 25.It is evident that
the values of longitudinal conductance in all the layers at this VES station is less than one
Siemens.
Table 25 : Longitudinal conductance and transverse resistance of subsurface layers
at Manga sub county hospital
Layer

Longitudinal

Transverse resistance, T

conductance,S(Siemens)

(ohm-square metre)

1

0.005969

217.74

2

0.01518

7374.26

3

0.002059

22850.66

4

0.2313

7493.4

5

0.001760

3819642
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4.4.5 Layers Summary analysis
The summary of the number of layers obtained from the geo-electrical models are as
shown in table 26.
Table 26: Layer analysis
Geo-electrical model figure

identity

Number of layers

17

Kiangoso primary

6

19

Kerongo primary

4

21

Kerora primary

5

23

Manga hospital

6

4.4.6 Probable Aquifers
Using the lithology of layers at various VES locations and curve types, the likely
resistivity, depth and thickness of aquifers were identified. In VES 1, a shallow
unconfined aquifer at a depth of 5.39 metres that is 24.36 metres thick was identified. The
second aquifer was also revealed at a depth of 65.17 metres. In VES 2, the aquifer is
53.50 metres thick and exists at a depth of 34.41 metres. Two aquifers are revealed in
VES 3, a shallow one at 4.68 metres that extends to 56.29 metres and deeper aquifer at
120.79 metres deep. In VES 4, two aquifers are also revealed, one being shallow at 18.58
metres deep with a thickness of 41.63 metres while a second deeper aquifer at 142.21
metres below the earth’s surface. This is as summarized in table 27.

79

Table 27: Probable depths, thickness, resistivity, hydraulic conductivity and
transmissivity of aquifers
location

Resistivity Depth(metres)

Thickness

Hydraulic

(ohm-

(metres)

conductivity

transmissivity

metres)
VES 1

69

5.39 - 29.75

24.36

7.442

181.28

3

65.17 - 73.55

8.38

138.6641

1162.00

VES 2

924

34.41- 87.91

53.50

0.6615

35.39

VES 3

147

4.68 - 56.29

51.61

3.6753

189.68

41.63

3.0426

126.66

120.79VES 4

180

18.58-60.21
142.21-

The aquifers are layers of low resistivity in the subsurface. However, the resistivity vary
from VES to VES. For instance, VES 1 has the lowest resistivity in its aquifers that is 69ohm-metres and 3 ohm-metres. While VES 2 has the highest resistivity of 924 ohmmetres, VES 3 and VES 4 have resistivity of 147-ohm-metres and 180 ohm-metres
respectively.
The transmissivity of the aquifers was calculated and presented in table 27, shows the
first shallow aquifer transmissivity at VES 1 is 181.28m2/day while the deep aquifer
transmits at 1162m2/day. The aquifers at VES 2, 3 and 4 transmits at 35.39m2/day,
189.68m2/day and 125.66m2/day respectively. In this case, VES 2 has the lowest
transmissivity. Since an aquifer yield is directly proportional to the transmissivity and
this yield varies from place to place within an area or region, it follows that, while the
transmissivity of the deeper aquifers in VES 3 and VES 4 could not be determined, it is
evident that the deeper aquifer in VES1 yields greatest of all identified aquifers. It is then
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followed by the shallow aquifers in VES 3, VES 1, VES 4 and finally VES 2 in that order
of decreasing yield of the aquifer.
On the other hand, hydraulic conductivity of the aquifer range from as low as 0.6615 to
as higher as 138.6641. VES 1 has a higher hydraulic conductivity when compared to the
other VES stations.
Coefficient of anisotropy, λ
Table 28 shows the values of the coefficient of anisotropy obtained.
Table 28: Coefficient of anisotropy
location

St

Tt

H

λ

VES 1

3.157753

524548.64

32.74

39.31

VES2

0.188555

15230248.69

53.50

31.68

VES 3

0.374811

701905.56

51.61

9.94

VES 4

0.256268

3850878.06

41.63

23.86

4.5 Groundwater flow controls
The groundwater flow is controlled not only by one or two factors but also by the
combined relationship of various factors that control the balance between recharge and
discharge of groundwater that exist in the region. These factors include the rainfall and
relief controls, geological controls and the geomorphological controls.

4.5.1 Rainfall and relief control
Rainfall being part of hydrological cycle, play a vital role of recharge and replenish of
groundwater system. The amount and frequency of rainfall the catchment area receives is
81

directly proportional to the rate of flow of groundwater from the seasonal springs. For
instance, the rainfall received from October 2018 to November 2018 at the Kiangoso
spring. This is also true that from January 2019 to March 2019, no rainfall was received
and therefore this spring had no water was discharged.

4.5.2 Geological controls
The geological controls that entail lithology, geological structures as well as stratigraphy
of the rocks within an area play an important role in the groundwater flow control in that
they may act as pathways or conduits, barriers or hindrances and or direction changers to
the flow of water from the surface to the subsurface or within the rocks.
Lithology
The Manga area is lithologically variant. The catchment area of Kiangoso spring is highly
rocky and composed of metarmophic quartzite rocks that are massive, fine grained and
slightly fractured as shown in figure 24.

Figure 24: Fractured rocks at Kiangoso
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This spring is found twelve meters from a fault; this indicates that it lies in fault zone.
Furthermore, the rocks in this fault zone showed the colour changing from green to
brown which depicts Iron staining because of weathering and erosion. This is a chemical
change from unstable Iron (II) Oxide to stable Iron III as in figure 25, in the weathering
process that result to the increase in porosity in rocks that water settles in.

Figure 25: Evidence of Iron staining
The catchment area of Kerongo spring on the other hand, is also found in a less rocky
quartzite, deep soil layer that is highly weathered. This indicates that the area is recharged
more and allows high infiltration of water to the ground.
The Tetema spring lies in the basalt zone, the catchment area is of deep weathered soil
layer. This makes the spring to have a reliable more recharge zone, more infiltration of
water to the ground and hence perennial spring.

83

Geological structures
Fractures and faults are some of the geological structures found in the Manga region that
control the groundwater flow. They act as conduits and pathways of water from the
surface to the subsurface. The fractures, which are discontinuity, formed on brittle
metamorphic quartzite rocks of the manga area because of deformation caused by strain
on these rocks. These fractures vary in size from very thin narrow cracks that could not
be measured to some wide measurable cracks that ranged from 0.4cm to 2cm as in table
29. It is evident that most fractures are less than 1 cm in size and form variable shapes
between them as in figure 26.
Table 29 : Size of fracture as obtained in the study
Sn No
Size

1
of 0.4

2

3

4

5

6

7

8

9

10

11

12

0.5

1.0

0.7

1.2

0.5

1.2

0.4

2.0

0.5

1.6

0.6

crack(cm)
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Figure 26: Variable fracture shapes
4.5.3 Geomorphological controls
Terrain and landforms are major geomorphological controls of groundwater flow in the
area of study. The distribution of parallel hills and a series of valleys that dominate in the
area form an undulating terrain in this case. The hilltops are slightly flat high altitude
areas that allow more infiltration of surface water to the subsurface hence form areas of
groundwater recharge.
The valleys on the other hand, are positions of lineaments. By virtue of their position, all
the runoff from the hills collect at these places. They are slightly flat in nature. This
reduces velocity of runoff from the hills allowing more infiltration to takes place hence
makes them places of maximum recharge.
The topography also controls the artesian pressure in aquifer in this area making the
water discharge points to be at lower points than the recharge points. The presence of
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bowed shaped landform in the Kiangoso catchment area, acts as a recharge zone for the
spring. It allows more infiltration of water to subsurface.

4.6 Framework for sustainable use, management and conservation of groundwater
The basis of the framework was laid upon the significance of water quality, the
subsurface layer analysis from the geo electrical models and the controls of groundwater
in the region.

4.6.1. Groundwater corrosivity
Corrosivity being a measure of aggression by which water corrodes pipes and fixtures,
may be exhibited by groundwater. This corrosivity may occur because levels of chloride
dissolved and suspended solid concentrations as well as pH may be elevated or alkalinity
levels in the groundwater may be low. The corrosivity index obtained from the analysis
of the spring water at 25oC using the Langelier Saturation Index is as presented in table
30.
Table 30 : Langelier Saturation Index
Spring

Kiangoso

Kerongo

Tetema

pH

5.7

5.1

5.4

Total Alkalinity

20

17

20

TDS

25

22

23

Calcium

8

6

9

LSI

-3.31

-4.09

-3.55
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From the above, the Langelier Index values of the water from Kiangoso, Kerongo and
Tetema springs are all less than one thus negative. This shows that the water is corrosive.
However, while LSI values for Kiangoso and Tetema lie in the category of moderate
corrosion, the Kerongo LSI value lies in severe corrosion category.
The management of the region’s spring water may entail getting water directly from the
sources. However, when piping or building reservoirs, the corrossivity may be controlled
if piping is done using the CPVC pipes instead of metal ones, tank filters be neutralized
as a pretreatment measure and non-conductive unions be used in the installation of this
tanks.

4.6.2 Topsoil corrossivity
The topsoil, which essentially forms the first layer of the subsurface at every VES station,
is important in that it is where all the water pipe networks are distributed and subsurface
structures are constructed for either agricultural or environmental purposes (Ekwe et al,
2018). Corrosivity of the topsoil means the tendency of the topsoil to react with metal
pipes or metallic structures when in contact. Prior knowledge of topsoil corrosivity is
important in both selection and protection of metal pipes used in the distribution
networks for groundwater and prevents financial wastage on unrequired materials and
maintenance of collapsed structures,(Ekwe, 2018 and Tsepav, 2015). According to
Telford (2004) and Tsepav (2015), the resistivity values of the first layer of the
subsurface determine the corrosivity level of the topsoil, high resistivity values are
associated with areas that have dry soil with no moisture content and therefore are noncorrosive area. On the other hand, the low resistivity values are associated soil with
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moisture content hence areas that are corrosive. VES 1 and VES 2 have resistivity of 524
ohm-m and 513 ohm-m respectively hence rated as areas that are unlikely to be corrosive
while resistivity of 143 and 191 ohm-m for VES 3 and VES 4 respectively causes mild
corrosion as supported by Tsepav (2015) and presented in table 31 below.
Table 31: First layer resistivity analysis and corrosion implication
VES station

Resistivity (ohm-m) Layer thickness (m) Corrosion

Kiangoso primary

524

2.48

unlikely

Kerongo primary

513

2.80

unlikely

Kerora primary

143

1.87

mild

Manga sub county hospital

191

1.14

mild

4.6.3 Overburden protection capacity
Overburden layers are layers that overlain the aquifers. In VES 1, VES 2 and VES 3, the
first two layers forms the overburden layers while in VES 4 the first three layers forms
the overburden layers. This layers form part of the earth with an ability to filter and slow
down the movement of pollutants into the aquifers (Olurufemi et al., 1999) and so is
termed as the overburden protection capacity. According to Henriet (1975), the
overburden protection capacity is proportional to the overburden layer thickness and
inverse to this layers hydraulic conductivity. In addition, it also has a direct relationship
with longitudinal conductance (Tsepav, 2015).Therefore, the longitudinal conductance of
the layers before the aquifer was calculated and presented in table 32.
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Table 32 : Longitudinal conductance of overburden layers
Layer 1
h

𝜌

Layer 2
S(Siemens) h

Layer 3
𝜌

S

676

0.004305

h

VES 1 2.48 524 0.004733

2.91

VES 2 2.80 513 0.005458

31.61 16661 0.001897

VES 3 1.87 143 0.01308

2.81

VES 4 1.14 191 0.005969

10.58 697

608

𝜌

S

0.004622
0.01518

6.86 3331 0.002059

An analysis of the layers thickness and their respective resistivity shows that, the values
of the thickness at all the VES station is smaller than the respective resistivity. It follows
therefore, that at every VES station; the longitudinal conductance of all layers is less than
one as observed in table 29. Further, an overburden layer with a longitudinal conductance
value of less than one as of these VES stations shows that these overlying strata will
allow more contaminants to infiltrate into the aquifer.

4.6.4 Aquifer protection capacity
The thickness and resistivity of the aquifers’ layers used to calculate the longitudinal
conductance of the aquifers is as presented in table 33.
Table 33: Implication of longitudinal conductance on aquifer protection capacity
station

H(m)

𝜌(ohm-m)

S(Siemen)

Remark

VES 1

24.36

69

0.3530

Moderate

VES 2

53.50

924

0.05790

Poor

VES 3

51.61

147

0.3511

Moderate

VES 4

41.63

180

0.2313

Moderate
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However, it was noted that, the longitudinal conductance values of VES 1 and VES 3
were 0.3530 Siemens and 0.3511 Siemens respectively. In VES 2 and VES 4, the
longitudinal conductance was 0.05791 Siemens and 0.2313 Siemens respectively.
According to Olesegun et al. (2016), VES 1, VES 3 and VES 4 were rated as having a
moderate aquifer protection capacity since this rating is found in a category of values of
aquifer protection of between 0.2 to 4.9.On the other hand; VES 2 has a poor aquifer
protection capacity since its rating is less than one.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION
5.1 Introduction
The main objective of this study was to model the groundwater formation in the Manga
Geological System and determine the quality of groundwater that flows from this
formation.

5.2 Conclusions
From the conducted research, the selected perennial and seasonal springs discharge were
soft and fresh water sources. The results of obtained chemical and biological parameters
values compared with the WHO standards as well as the KEBS (KS 459-1:2007)
standards shows that the water quality in this region is within the acceptable limits
according to WHO and KEBS standards. The water quality index was 21.32 at Kiangoso,
29.66 at Kerongo and 25.64 at Tetema. Kiangoso spring has an excellent water quality
status while Kerongo and Tetema the water quality status is good and therefore safe for
human consumption, irrigation and industrial purposes.
The quantity of water discharged from Tetema and Kerongo springs can sustain a total on
10655 persons per year.
The Manga region has an average of 5 to 6 sub- surface layers characterized by KHKQ,
KH, KHK and AKHK type of curves. The topsoil that forms the first layer ranges from
1.41m thick to 2.80m thick while the resistivity in this layer ranges between 191-ohm-m
and 524 ohm-m. The area also has shallow aquifers and deep aquifers that are found in
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highly fractured zones as revealed by aquifer transmissivity. This layer can cause a mild
corrosion to metal and metallic structures buried in this layer at Kerora and Manga
hospital and safe for metal use at Kiangoso and Tetema since is unlikely to be corrosive.
The overburden protection capacity offered by overlain layers of the aquifers is weak.
The aquifer protection capacity is identified as having moderate protection in Kiangoso,
Kerora and Manga sub county hospital and is poor in Kerongo.
The groundwater flow is seasonal springs and perennial springs as well as in the whole
region, is controlled by the combined relationship of the amount of rainfall, presence of
fractures and the undulating terrain. A combination of hills and valleys control the
recharge. The valleys form linearments that are points of maximum recharge while the
hilltop are points for recharge.

5.3 Recommendations
i.

Use the CPVC pipes instead of metal ones when piping or building reservoirs.

ii.

Tank filters be neutralized as a pretreatment measure and non-conductive unions
be used in installation.

iii.

The land use and land cover systems should be favorable to the groundwater
recharge areas to allow more water to infiltrate and percolate into the surface.

92

REFERENCES
Abdullahi MG, Toriman ME, Gasim MB (2015). The Application of vertical electrical
sounding (VES) for groundwater exploration in Tudun Wada Kano state,
Nigeria.J, Geol Geosci 4:186
Akana T.S.,George G.C.,Oki O.A.,Aquifer Vulnerability Assessment in Some Towns of
Yenagoa,South-South Nigeria, Science and Techology,Vol. 6 No 1, 2016, pp. 1523. doi:10.5923/j.scit.20160601.03.
Al-Yasi A.,Nawal A and Wadhah M.(2013).The Exploitation of Dar Zarrouk Parameters
to Differentiate Between Fresh and Saline Groundwater Aquifers of Sinjar Plain
Area. Iraq journal of Science.54(2) 358-367.
Amarasingha, A.A. (2007). Development of Steady State Groundwater Flow Model in
lower walawa basin-Sri lanka. ITC Enschede, The Netherlands.
Ankidawa, B., Ishaku,J., Hasan,A.(2018).Estimation of Aquifer Transmissivity Using
Dar Zarrouk Parameters Derived from Resistivity Soundings on the Floodplain of
River Dadin Kowa, Gombe State, Northeastern Nigeria. Computational
Engineering and Physical Modeling, 1(14), 37-53.
doi:10.22115/cepm.2018.129584.1024
Ariyo SO, Banjo AA. (2008). Application of Electrical Resistivity Method for
Groundwater Exploration in a Sedimentary Terrain. A case study of Ilara-Remo
Southwestern Nigeria

93

Asadollahfardi, G. 2015.Water Quality Management Assessment and Interpretation (1st
Ed.). Springer-Verlag Berlin Heidelberg.DOI:10.1007/978-3-662-44725-3
Audrey E. (2002).Nitrate in Drinking water, http://
extension.usu.Edu/files/publications/factsheet/NR-2005-23.pdf
Ayoola W.Fagbenro and Timothy Yakubu Woma. (2013).Quantitative use of Surface
Resistivity Data for Aquifer Hydraulic Parameter Estimation. A review.
International Journal of Engineering Research and Technology (IJERT), Vol.2
Issue 11, November-2013.
Bear, J. (1979). Hydraulics of Groundwater, McGraw-Hill, New York.
Bello R. (2017).Investigation of Groundwater Potential and Aquifer Protection Capacity
of Part of Effurun,Delta State,Nigeria.International Journal Geology and Mining
3(3):141-150.
Bowen, R. (1986). Groundwater. Springer.
Brown R.M., McClelland N.J., Deininger R.A., O’Connor M.F.1972.Awater quality
index- crashing the psychological barrier. International Conference on Water
Pollution Research, Jerusalem, Israel. Vol.6 p.787-797.
Chatterji C., Raziuddin M. 2002. Determination of water quality index of a degraded
river in Asanol Industrial area, Raniganj, Burdwan, West Bengal. Nature,
Environment and Pollution Technology. Vol. 1(2) p.181-189.

94

Dewandel, B.,Lachassagne, P.,Bakalowicz,M.,Weng, P and Al-Malki,
A.(2003).Evaluation of aquifer thickness by analyzing recession hydrographs.
Application to the Oman Ophiolite hard-rock aquifer .Journal of Hydrology,
274(1), 248-269.
Egbai J.C.,Efeya P. and Iserhien-Emekeme R.E. (2015).Geoelectric Evaluation of
Aquifer Vulnerability in Igbanke,Orhionmwon Local Government Area of Edo
State,Nigeria.International Journal of Science, Environment and Technology,4(3):
701-715.
Ekwe,A.,Opara, A. and Onwuka,O.(2018).Geoelectrical study of corrosivity and
competence of soils within Uburu and Okposi areas of Ebonyi State, Southeastern
Nigeria, Anti-Corrosion Methods and Materials,Vol.65 No. 6,pp 637-645.
Fadele SI, Sule PO, Dew BBM. (2013). The use of Vertical Electrical Sounding (VES)
for Groundwater Exploration around Nigeria College of Aviation Technology
(NCAT), Zaria Kaduna State Nigeria. Pacific Journal of Science and Technology
14: 549-555.
Fadiran, A.O., Dlamini, S.C. and Mavuno, A. (2008). A Comparative study of the
Phosphate levels in some surface and Groundwater bodies of Swaziland.
Chemical Society of Ethiopia. Bull.chem.soc.Ethiopia.2008.22 (2). 197-206.
Freeze, R. A and

Cherry, J. A (1979). Groundwater. Prentice Hall, Englewood cliff,

New Jersey.

95

Government of Kenya (GoK), 2010.

Population and Housing. Central Bureau of

Statistics.
Hantush, M.M. (2003). Aquifer transmissivity. Chapter A, B.A, Stewart T.A.Howell(ed),
Encyclopedia

of water science. Marcel Dekker Incorporated, New York, NY,

26-29.
Heath, R.C. (1983). Basic Groundwater Hydrology, U.S. Geological survey water supply
paper 2220.
Henriet, J.P. (1975).Direct applications of the Dar Zarrouk parameters in groundwater
surveys. Geophysical Prospecting, 24(3):44-353.
Herman, E.K., Toran, L and White, W.B. (2008).Threshold events in spring
discharge: Evidence from sediment and continuous water level measurement.
Journal of Hydrology, 351(1), 98-106.
Hesseling, P.B, Toens, P.D and Visser, H. (1991). An epideomological survey to assess
the quality of well water nitrates on infant health at Rietfontein in the Northern
Cape Province, South African Journal of science, 87; 300-304.
Igboekwe MU, Akankpo AO. (2012).Estimation of hydrogeological parameters for
Michael Okpara University of Agriculture, Umudike, Southeastern Nigeria. Pac J
Sci Technol 2:217-223
Jika,H.T, and Mamah,L.I.(2014).Application of electromagnetic method and Electrical
Resistivity Sounding in Hydrogeological Studies ; A case study of Vandeikya
96

Area, central Nigeria. International Journal of Scientific and technology
Research.Vol 3, Issue 2, February 2014.
Kormaz, N. (1990).The estimation of groundwater recharge from spring hydrographs.
Hydrological sciences journal, 35(2), 209-217.
Kronvang, B., Bogestrand, J., Windolf, J., Ovesen, N., and Troldborg, L.: Background
phosphorus concentrations in Danish groundwater and surface water bodies,
EGU General Assembly Conference Abstracts,15,2249,2013.
Khopkar, S.M. (2006). Environmental pollution, monitoring and control, New Age
International

Publishers (P) Ltd, New Delhi.

Lowrie, W. (2007). Fundamental of geophysics. Cambridge University Press,
Switzerland.
Malvicini,C.F.,Steenhuis,T.S.,Walter, M.T.,Parlange,J and Walter,M.F.(2005).Evaluation
of spring flow in the uplands of Matalom,Lyete,Phillipines.Advances in water
resources,28(10),1083-1090.
Manga, M. (2001).Using springs to study groundwater flow and active geologic
processes. Annual Review of Earth and Planetary Sciences, 29(1), 201-228.
Morris, D. A and Johnson A.I. (1967). Summary of Hydrologic and Physical Properties
of rocks and soil materials as analyzed by the Hydrologic Laboratory of the U. S
Geological Survey, U.S. Geological Survey water-supply paper 1839-D.
Njingt- Nfor, Louise, O.A.M., Malquaire, K.P.R., Dieudonne, B and Achille, L.T.J.
(2017).Application

of

coefficient
97

of

Anisotropy

to

the

Geophysical

Prospecting of Campo-maan Area of the Ntem Complex in Cameroon. Open
Journal of Geology, 7, 1801-1818.
Obed, S. (2015). Determination of water table depths using ground penetration radar-A
case study of Knust campus. College of science. Ghana.
Olesegun O.Alabi, Adeolu Olabanji Ojo and Dolapo F.Akinpelu. (2016). Geophysical
Investigation for Groundwater Potential and Aquifer Protection Capacity around
Osun State University (UNIOSUN) College of Health Sciences. American Journal
of Water Resources.4 (6);137-143.doi:10.12691/ajwr-4-6-3.
Olorufemi, M.O., Ojo, J.S. and Akintunde, O.M. (1999).Hydro-geophysical evaluation
of the groundwater potential of the Akure metropolis, Southwestern Nigeria.
Journal of mining and geology. Vol.35 (2) 1999, pp.207-228.
Palacky, G.V. (1987). Resistivity characteristics of geological targets, In Electromagnetic
Methods in Applied Geophysics, Vol 1, Theory, 1351.
Sawyer,N. ,McCarty, P.L., & Parkin, G.F. 2003. Chemistry for Environmental
Engineering and Science (5thEd.).Boston: McGraw-Hill Education
Srinivasa Y, Hudson D, Stanley A and Muthurajb D. (2012).Estimation of conductance
anomalies in subsurface through Dar Zarrouk parameters by resistivity inversion
method. Intl J Phys Math Sci 3:140-151
Stephanie, C. Tubman. (2013).Spring discharge monitoring in low-resource settings: A
case study of Concepcion Chiquirichapa, Guatemala. Michigan Technological
University, MSc report.
98

Sudo, H., Tanaka,T.,Kobayashi,T.,Kondo,T.,Takahashi,T ,Miyamoto,M and Amagai,M.
(2004).Permeability Imaging in Granite rocks based on surface resistivity
profiling. Exploration Geophysics 35, 56-61.
Sophocleous, M. (2000). From safe yield to sustainable development of water resourcesthe Kansas experience. Journal of hydrology 235: 27-43.
Super, M, Heese, HeV, Mackenzie, D, Dempster, W.S, Du Plessis,J and Ferreira,
J.J.(1981).An epidemiological study of well water nitrates in a group of Namibian
infants. Water resources, 15: 1265-1270.
Tsepav M.T, Adamu, Y. and Umar, M.A. (2015).Evaluation of Aquifer Protection
Capacity and Soil Corrosivity Using Geoelectrical Method. International Journal
of Physical and Mathematical Sciences Vol: 9, No: 11, 2015
Umar Ijaz and Muhammad Yasin.(2017).Determination of Groundwater Potential by
electrical resistivity method in Rawalaket and adjoining areas of the subHimalayan fold and thrust Belt of Pakistan. Institute of Geology, university
of Azad Jammu and Kashmir, Muzaffarabad. (PJG) 1(1) (2017) 01-04.
Utom AU, Odoh BI, Okoro AU.(2012).Estimation of aquifer transmissivity using Dar
Zarrouk parameters derived from surface resistivity measurements: a case history
from parts of Enugu Town (Nigeria).J Water Resour Prot 4:993-1000
Telford.W, Geldart, L and Sheriff, R. (2004) .Applied geophysics. Cambridge University
Press.

99

Tsepav M.T, Adamu, Y. and Umar, M.A. (2015).Evaluation of Aquifer Protection
Capacity and Soil Corrosivity Using Geoelectrical Method. International Journal
of Physical and Mathematical Sciences Vol: 9, No: 11, 2015
Tredoux, G, Engelbrecht, J.F.P and Talma, A.S. (2005). Ground water nitrates in arid and
semi-arid parts of southern Africa. In; Vogel, H and Chilume, C.(Eds)
Environmental Geology in semi-arid Environment, DGS, Lobaste, Botswana,121133.
Van der Gun, J. (1995). Groundwater and Global Change; Trends, Opportunities and
challenges. Published 2012 by the United Nations Educational, Scientific and
Cultural Organization 7, Place de Fontenoy, 75352, France.
WHO (2008). World health organization. Guidelines to drinking-water quality. Geneva
1(3): 306-492.
Wightman, W.E., Jalinoos, F., Siries, P., and Hanna, K. (2003). Application of
Geophysical Methods to Highway Related Problems. Federal Highway
Administration, Central Federal Lands Highway Division, Lakewood, CO,
Publication No. FHWA-IF-04-021, September 2003.
Yihdego, Y. (2005). A three dimensional groundwater model of the aquifer around Lake
Naivasha area, Kenya. ITC, Enschede, The Netherlands.
Zoghbi, C.A. (2007). Rural water supply for volcanoes National Park Region Rwanda.
Massachusetts Institute of Technology.

100

APPENDICES
Appendix 1

Figure 27: Fractures
Appendix 2: Selected springs

Figure 28: Selected spring from Manga region

101

Appendix 3: Field work

Figure 29: Taking readings from terrameter and electrode hammering
Appendix 4: Terrameter

Figure 30 : Terrameter

102

Appendix 5: water quality analysis for Kiangoso

103

104

Appendix 6: Water quality analysis for Kerongo

105

106

Appendix 7: Water Quality Analysis for Tetema

107

108

Appendix 8: Recommendation Letter

109

Appendix 9 Research permit

110

Appendix 10: Plagiarism Report

111

