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ABSTRACT

Groundwater accounts for the largest fresh water resources in the world. However, there
has been limited exploitation of this vital resource in many areas. Where groundwater
resources have been exploited, there has been over-exploitation, pollution, wastage and
mismanagement. About a third of Kenya’s population has no access to potable water. In
Ruiru location,rising population and industrial development has led to a high water
demand and increased water scarcity. Groundwater from boreholes is a major source of
water supply contributing about 70% of the water requirements. Analysis on water
supply in the location done by RuiruJuja Water and Sewerage Company (RUJWASCO),
shows that even after completion of Jacaranda dam, water demand cannot be met in the
location. In addition, declining borehole water levels and drying up of wells during the
dry season has become a major concern. The study aimed at determining variability of
ground water levels in Ruiru location. A combination of convenience and random
sampling were used to sample 384 respondents using a structured questionnaire. A GPS
was used to locate sampling points while a dipper measured groundwater levels.
Historical monthly rainfall data (1984-2014) for three stations and Monthly rainfall data
(2012-2014) for one station was used for analysis. Monthly groundwater levels data for
a monitoring borehole in Murera (2012-2014) was obtained from the Water Resources
Management Authority (WRMA) Kiambu office. Data was analysed using Microsoft
office Excel, trend software, WINKS SDA 7 and wavelet analysis using matlab.
Statistical analysis was done using linear regression and Mann-Kendall. Groundwater
recharge was estimated using the water-table fluctuation (WTF) method. There was an
insignificant increase in trend in the three stations while high power spectrum was
observed within the band of 2-5 years. Rainfall variability showed an impact on
groundwater levels as groundwater levels were low 37.2m from the ground level during
the dry season when rainfall was 20.7mm and high27.3m from the ground level during
the wet season when rainfall was 644.4mm. Estimated recharge for 2012-2014 period
ranged from an overdraw of 22mm to 9mm. Rainfall variability showed an impact on

water supply systems as 75% of respondents experienced low water supply during

X1V



drought and relatively higher supply during the wet season.75% of the respondents felt
that rainfall affected groundwater quantity and supply. It is recommended that more
boreholes be monitored to provide sufficient data for proper assessment and

management of groundwater resources.
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CHAPTER ONE
INTRODUCTION

This chapter contains the background of the research problem which is water scarcity as
affected by variability in groundwater level globally, in Africa, Kenya, Nairobi and
Ruiru location. The chapter presents the statement of the problem, objectives, research

questions, justification, scope of study and limitations.
1.1 Background

Groundwater forms a large portion of fresh water in the world. In semi-arid regions of
Asia and the Middle East, which include some of the major breadbaskets of the world,
ground water table is falling at an alarming rate. There is an urgent need to focus the
attention of professionals and policy makers on the problems of ground water depletion,
which poses a major threat to food security in the coming century (Seckler, 2010). Water
use has been growing at more than twice the rate of population increase in the last

century and an increasing number of regions are chronically short of water.

According to the Kenya National Bureau of Statistics 2010, there are about 40 million
people living in Kenya (KNBS, 2010). About 17 million of the 40 million people living
in Kenya do not have access to clean water (Dobsevagee? al., 2006). For decades, water
scarcity has been a major issue in Kenya, caused mainly by years of recurrent droughts,
poor management of water supply, contamination of the available water resources, and a
sharp increase in water demand resulting from a high population growth rate and

industrial development(Marshall, 2011).

In many areas of Kenya, shortage of water has been amplified by government’s lack of
investment in water, especially in rural areas. Lack of sufficient rainfall affects ability to
acquire food and has led to eruptions of violence in Kenya. Most of the urban poor in
Kenya also only have access to polluted water, which causes cholera epidemics and

multiple other diseases that affect health and livelihoods. Despite this critical shortage of

1



clean water in Kenya’s urban slums, there is also a large rural to urban discrepancy of

30% and 70% in access to clean water which is declining in Kenya (Marshall, 2011).

Slightly less than half of the rural population has access to water, as opposed to urban
population where 85 percent have access to safe water including a small portion of the
urban poor in slums. Due to continued population growth, it has been estimated that by
the year 2025, Kenya’s per capita water availability will be 235 cubic meters per year,
about two thirds less than the current 650 cubic meters per year (World Bank, 2010).
Groundwater plays a major role in Kenya’s development as it contributes water for

irrigation, domestic and industrial use and thus helping in offsetting water supply deficit.

In Ruiru location, groundwatercontribution to total supply is about 70%, Ruiru-Juja
Water and Sanitation Company 14%, the remaining percentage being contributed by
rainfall, nearby rivers such as Ruiru river and Kamiti river and Nairobi Water and
Sewerage Company (Antao, et al., 2007).There is thus pressure to manage available water
resources including groundwater which is a major contributor of water supply in Ruiru
location. If the state of groundwater in the location is ignored, then there is a high
possibility that the location may plunge into a serious water crisis. Groundwater levels
variability study plays a big role in assessing sustainability of groundwater resources

which is a major source of water supply in the location.
1.2 Statement of the Problem

Water scarcity is a critical problem that causes a challenge to socio-economic
development in the world today. Ruiru location is one such area affected by water
scarcity due to its high population density as a significant number of people working in
Nairobi and Thika towns reside in the location. Recent studies have confirmed that
Ruiru location has rapid population growth of about 7.3% without a corresponding

increase in water sources (KNBS, 2010).



According to Ruiru-Juja Water and Sewerage Company (RUJWASCO), demand for
water in Ruiru location is 33,161 m’ per day while the company can only supply 7000m’
per day after completion of Jacaranda dam which will be about 21% of the demand as
compared to 14% before the completion of Jacaranda dam.The remaining 79% is
obtained from other sources such as Community Based Organization's mains, boreholes,
dug wells, Nairobi Water and Sewerage Company (NWSC) mains, rain water harvesting

from rooftops and directly from nearby rivers such as River Ruiru and Kamiti.

In addition, there has been a rapid increase in the number of boreholes sunk in the area,
drying up of wells and decline in borehole water levels during the dry season has
become a major issue in recent times(Dobsevageet al., 2006). Because borehole water is
a major contributor to water supply in Ruiru location, there is need to assess its status to
facilitate proper conservation and management. Rainfall is a major contributor of
groundwater recharge, but due to climate change there have been prolonged droughts
which have greatly impacted recharge. The study looked at variability of groundwater

levels within the location and their relationship with rainfall amount and distribution.
1.3 Study Objectives
To determine variability of groundwater levels in Ruiru location.
1.3.2 Specific Objectives
1. To determine rainfall trends and periodicity in Ruiru location.
2. To estimate groundwater recharge in Ruiru location.

3. To determine the impact of rainfall variability on water supply systems in the

location.



1.4 Research Questions

1. What are the rainfall trends and periodicity in Ruiru location?

2. What is the level of groundwater recharge in Ruiru location?

3. What is the impact of rainfall variability on water supply systems in the location?
1.5 Justification of the Study

Impacts of climate change have led to extreme conditions in the world such as prolonged
drought and flood (Hsu ef al., 2007). These changes cause variability in rainfall, a major
contributor to groundwater resources. Ruiru location depends on groundwater as a major
source of its water supply and any shortcoming in groundwater levels due to prolonged
drought is likely to affect water supply in the location. It is, therefore, necessary to
assess variability of groundwater levels and the impact of rainfall on groundwater levels
for better planning and management of groundwater resources in the location. Provision
of safe and clean water to all citizens is one of the objectives of the social pillar of
Vision 2030. This study contributes to this objective by providing information on the
sustainability of groundwater resources. With the country’s new constitution and
establishment of devolved governments, many activities have been localized and this is
likely to increase dependence on groundwater especially in areas without sufficient
surface water sources. This study provides information and data on groundwater
resources in the location which is necessary for planning, development and management

of ground water resources.
1.6 Scope of the Study

The focus of the study was to determine current groundwater levels of identified
abstraction points within Ruiru location. The yield, use of water, economic activities of
the surrounding area and spatial distribution of boreholes were determined. The study

mapped existing boreholes, determined rainfall trends and periodicity using 31 years of



historical data and correlated rainfall with groundwater levels in both wet and dry
seasons. Impact of rainfall variability on water supply systems in the location was also

assessed.
1.7 Limitations of the Study

It was not possible to access all boreholes desired due to restrictions from owners,
protection and lack of enough space to introduce dippers. Although the number of
boreholes studied was limited, it was sufficient to provide a good representation of
groundwater resources in the location. The study focused on boreholes only and
excluded shallow wells since water levels in shallow wells can be influenced by other
factors other than rainfall such as surface runoff as they are not well covered. Moreover

financial resources and time limitations could not allow coverage of both.



CHAPTER TWO
LITERATURE REVIEW

This chapter looks at the various studies which have been carried out by other people
globally which are relevant to groundwater levels variability. It presents the occurrence
of groundwater; its movement; reviews literature on rainfall trends and periodicity;
estimates groundwater recharge and impact of rainfall variability on water supply
systems. It also identifies and gives research gaps and critics of the existing relevant

literature.
2.1 Occurrence of ground water

When precipitation falls, it may be evaporated, flow as surface runoff or infiltrate
through soil pores into the ground. Once the voids are saturated the water descends
under gravity until it is stopped by an impervious layer to form groundwater in an
aquifer which is a ground-water reservoir. Occurrence of groundwater may be in the
zone of aeration which consists of interstices occupied partially by water and partially by
air or saturation zone where all interstices are filled with water, under hydrostatic

pressure (Croley, 2003).

The saturated zone extends from the upper surface of saturation down to underlying
impermeable rock. In the absence of overlying impermeable strata, the water table, or
phreatic surface, forms the upper surface of the zone of saturation. This is defined as the
surface of atmospheric pressure and appears as the level at which water stands in a well
penetrating the aquifer. Aquifers can be broadly classified into either confined or
unconfined. An unconfined aquifer is one in which a water table varies in undulating
form and in slope, depending on areas of recharge and discharge, pumpage from wells,
and permeability. Rises and falls in the water table correspond to changes in the volume

of water in storage within an aquifer. Confined aquifers, also known as artesian or



pressure aquifers, occur where groundwater is confined under pressure greater than

atmospheric by overlying relatively impermeable strata (Crosbie et al., 2010).
2.2 Ground water movement

When a boundary of an aquifer is pervious, groundwater may enter it. The flow of
groundwater is governed by the gradient of the water-table along the boundary (Bear,
2007). It moves from areas of higher elevation or higher pressure/hydraulic head
(recharge areas) to areas of lower elevation or pressure. This is where groundwater is
released into streams, lakes, wetlands, or springs (discharge areas). Groundwater
movement is also influenced by geology of the area. Base flow of streams and rivers,

which is the sustained flow between storm events, is provided by groundwater (Bear,

2007).
2.3 Rainfall Trends and Periodicity

Rainfall trend exists if there is a long-term change of rainfall amounts and can increase
or decrease. If the rainfall amounts are neither increasing nor decreasing over a long
period of time, then there is no trend. Rainfall periodicity is the period of recurrence of a
rainfall phenomenon. Rainfall periodicities are used to predict the occurrence of a

phenomenon thus helping people to plan well.

Periodic analysis approaches have been based on wavelet analysis (Daubechies,
1992).Wavelet analysis is a tool for analysing non-stationary variance at many different
frequencies (Daubechies, 1992) within a geophysical time series (Torrence and Compo,
1998; Smith, er al, 1998; Labat, 2005). Wavelets are a set of limited duration waves,
also called daughter wavelets, they are used to localise a function on space and scaling
thus compressing image data. They are formed by dilations and translations of a single

prototype wavelet functiony (t), where ¢ is real valued, called the basic or mother

wavelet. The mother wavelet designed to oscillate like a wave, is required to span an



area that sums to zero and die out rapidly to zero as ¢ tends to infinity to satisfy the so-

called admissibility condition i.e.

[w () =0 (2.1)

In this study to compute the wavelet power, the Morlet wavelet (k = 6), was used

because its structure resembles that of a rainfall time series, given by

\P(t) =T —1/4e6ite—t2/2 (22)

Examples of other wavelet functions include the Paul, Mexican hat and derivative of

Gaussian (DOG), details are given in Torrence and Compo (1998).

The continuous wavelet transform W, of a discrete sequence of observations x, is

defined as the convolution of x, with a scaled and translated wavelety () that depends

on a non-dimensional time parameter 1

Wn(s)=NZ {(n _")St} (2.3)

n'=0

Where n is the localized time index, sis the wavelet scale, Ofis the sampling period,

N is the number of points in the time series and the asterisk indicates the complex

conjugate. Since complex wavelets lead to complex continuous wavelet transform, the

wavelet power spectrum, defined as, |Wn (s)|2 is a convenient description of the



fluctuation of the variance at different frequencies. Further, when normalized by o

(where o * is the variance) it gives a measure of the power relative to white noise, since

-2

the expectation value for a white noise processis ¢ - atall » ands .

To determine significance levels for wavelet spectrum an appropriate background
spectrum ischoosen. The many geophysical phenomena, an appropriate background
spectrum is either white noise (with a flat Fourier spectrum) or red noise (increasing
power with decreasing frequency) (Torrence& Compo, 1998). It has been shown on
average that the local wavelet power spectrum is identical to the Fourier power spectrum
given by

1_ 2
P, = = (2.4)

l+a’ —2a cos(znkJ
N

Where k£ =0........... ]% is the frequency index. By choosing an appropriate lag-1
autocorrelation equation (2.4) can be used to model a red-noise spectrum. If oo =0 in
equation (2.4) then it models a white noise spectrum.

If x, is a normally distributed random variable, then both the real and imaginary parts
of %, are normally distributed (Chatfield, 1989). Hence |fck|2 is chi-square distributed

with two degrees of freedom, denoted by X . In order to determine the 95% confidence
level, the background spectrum in equation (2.4) is multiplied by the 95™ percentile
value of X (Murumkar & Arya, 2013).The confidence interval at each scale can be

used to construct confidence contours.

A study on trend and periodicity in India using Seasonal and annual rainfall data of the

stations: Akluj, Baramati, Bhor and Malsiras located in Nira Basin, Central India,



wasanalyzed using Mann-Kendall (MK), Modified Mann- Kendall (MMK) and Theil
and Sen’s slope estimator tests. The study described a rising trend at all the stations. The
study showed that the trend was statistically significant at Akluj and Bhor stations at
10% significance level. Bhor station showed maximum increase in percentage change
i.e. 0.28% in annual rainfall. Monsoon and post-monsoon seasonal rainfall showed a
rising trend while summer and winter seasonal rainfall showed a falling trend. Wavelet
analysis showed prominent annual rainfall periods ranging from 2 to 8 years at all the
stations after 1960s resulting in describing more changes in the rainfall patterns after

1960s. (Murumkar&Arya, 2013).

A study of Trends and periodicities of annual rainfall for 29 sub-divisions of India was
done using rainfall series for a period of 124 years (1871-1994). The trends were
evaluated using a linear regression technique. To identify climatic changes, the rainfall
series were subjected to 11-year moving averages. It was found that in some sub-
divisions the trend was in one direction and after some years, the direction was
reversed.The significance of the trend values were tested. The periodicity was attributed
to the quasi-biennial oscillation. Rainfall series of the most of the sub- divisions and all
India indicate a triennial cycle. Significant periods in the range from 3.0 to 8.0 years and

8.0 to 12.0 years were also identified (Naidu ef al., 1999).

A study to analyze rainfall time series over a wide time interval was done in Campania
region, southern Italy. 211 gauged stations, mainly located within the Campania region,
southern Italy, were analyzed for the period 1918-1999. An accurate database was set up
through a data quality and time series homogeneity process. Statistical analysis of the
database highlighted that the trend appeared predominantly negative, both at the annual
and seasonal scale, except for the summer period when it appeared to be positive. The
study also showed that over the whole reference period, positive and negative trends
were significant respectively for 9% and 27% of total stations and over the last 30
years,a negative trend was significant for 97% of the total stations (Longobardi &

Villani, 2009).
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Rainfall and temperature trends study at Namulonge parish, in Wakiso district of
Uganda used temperature and rainfall records aggregated into monthly means over a
period of more than 55 years. These records were analyzed in an effort to identify
seasonal trends and shifts in climate. This was achieved by using non-parametric (Mann-
Kendall) and parametric (linear regression) techniques. The analysis showed that total
rainfall during the March-May season decreased, while maximum temperatures
increased during the months between April and September, with both trends statistically
significant at 5% confidence level. The Mann-Kendall test revealed that the number of
wet days reduced significantly. Temperatures were found to be warmer and rainfall
higher in the first climate normal compared to the recent 30 years. Results revealed that
April was the only month with a statistically significant rainfall trend (Nsubuga, et al.,

2011).
2.4 Estimation of groundwater recharge

Ground water recharge is the process whereby the amount of water present in or flowing
through the interstices of the sub-soil increases by natural or artificial means. The
amount of water that may be extracted from an aquifer without causing depletion is
primarily dependent upon ground water recharge. Rainfall is the principal source for
replenishment of moisture in the soil water system and recharge of ground water. Other
sources include recharge from rivers, streams, irrigation water etc. Moisture movement
in the unsaturated zone is controlled by suction pressure, moisture content and hydraulic
conductivity relationships. The amount of moisture that eventually reaches the water
table is defined as natural ground water recharge, which depends on the rate and
duration of rainfall, subsequent conditions at the upper boundary, antecedent soil

moisture conditions, water table depth and soil type (Raghavendra, 2013).

Healy and Cook (2002), present a review of the theory and application of water table
fluctuation method for estimating groundwater recharge. It had a limitation of

difficulties of estimating specific yield which they overcame through an improved
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evaluation of specific yield. The new method was presented in a time series framework

and can be applied to long-term records of precipitation and water table elevation.

A study on comparing groundwater recharge and base flow in Bukmoongol showed that
about 15-31 per cent of annual rainfall might contribute to base flow. The watershed
groundwater recharge proportions were computed to be about 10-21 per cent during the
wet period and 23-32 per cent for the remainder of the periods (Combalicer et al.,
2008).(Scanlon et al. 2002),found out that determination of groundwater recharge rates
is an inherently difficult task because of uncertainties and assumptions associated with
different methods of analysis and because various quantifying methods differ with the
type of recharge and the space and time scales represented. Because different methods of
quantifying recharge have different limitations, prudent investigators use multiple
techniques to constrain recharge estimates and refine their conceptual understanding of

recharge.

Multiple methods of estimating recharge have been used in previous studies, including
use of environmental tracers and soil physics; use of numerical modeling and soil
physics and use of unsaturated-zone monitoring and water-table fluctuations (Jrykama,
et al., 2005). In addition, three or more techniques have been used in recent studies

(Delinet al. 2000; Risseret al. 2005).

Rainfall variability in three irrigation areas i.e. Murrumbidgee, Coleambally andMurray
irrigation areas were quantified using quartile, decile and the Standard Precipitation
Index (SPI) methods. The shallow piezometric level fluctuations in the Murrumbidgee
Irrigation Area (MIA) showed a very strong correlation with winter rainfall variation.
The shallow piezometric levels in the Coleambally Irrigation Area (CIA) showed a
lesser degree of correlation with the SPI due to local and regional groundwater dynamics
and changes in rice water use. The piezometric levels in the Murray Valley showed least

correlation with the SPI, which was attributed to lower impacts of management practices
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and the complex nature of groundwater recharge and discharge zones in this area (Khan

& Lisa, 2001).

The SPI method provides an excellent opportunity for year to year reporting of seasonal
and yearly climatic variability. Its correlation with piezometric levels can be adopted for
environmental reporting and used as a method of distinguishing between climatic and
management impacts on water tables. Differences in piezometric response in years with
similar winter and yearly SPI values may be caused by changes in management practices

(Khan & Lisa, 2001).

(Shaliniet al., 2012) studied groundwater level variability analysis and its relationship
with rainfall for the drought affected Palamu District of Jharkhand State. The sum of
least squares method was adopted to analyze the relationship of groundwater level
variability with the rainfall trends. The analysis revealed that this region during the post-
monsoon season exhibited shallow depth of water level (2-3m) which declines up to 8-
10m during pre-monsoon in the month of May. The declining trend of water level was
more conspicuous at those places located at relatively lower elevation. Although the
south-eastern region exhibited an increase in the rainfall over the years, the average
water level was very deep indicating large water losses due to runoff. On the contrary,
the southern region showed an increase in the amount of rainfall over the years with
concomitant increase in water level indicating a positive relationship between rainfall
and depth of water level. The spatial-temporal rainfall trend analysis performed using
interpolation in GIS provided conceptual understanding for developing large water
harvesting structures in those regions which exhibited an increase in rainfall and the
need for developing a number of small water harvesting structures to recharge

groundwater in rainfall declining zones.
2. 5 Impact of rainfall variability on water supply systems

A study done on the effect of rainfall variability on water supply in Ikeduru L.G.A., Imo

State, showed that there is a strong relationship between rural water supply in the study

13



area and rainfall. Reduction in rainfall amount as revealed by trends and variability
patterns, adversely affects rural water supply(Onyenechere et al., 2011).The indicated
linkagestrong relationship implies that the aquifer; the source of borehole water in the
area and source of the various rivers (Mbaa, Oramiriukwa and Okatankwo) found in

Ikeduru L.G.A. mainly depend on rainfall for recharge(Onyenechere et al., 2011).

(Ma et al., 2005) studied ground-water resources and their changes caused by the impact
of human activity in Shiyang River Basin, the arid area of Northwest China. The aquifer
was mainly recharged by surface water originating in mountain regions, and there was
extensive transfer between rainfall, surface water and ground-water. The deep ground-
water was old and was recharged in a colder and wetter climate environment. The
shallower water was mainly palaco water mixed with limited modern recharge. The
sources of salinity were from weathering of rock in mountain areas and from higher
evaporation leading to higher salinity along the line of ground-water flow. Human
activity, in particular large-scale water resources development associated with dramatic
population growth in the last 50 years, led to tremendous changes in the ground-water

regime.

They found out that recharge has been reduced by 50% and ground-water abstraction
exceeded recharge by 0.41x10°m’yr'. Consequently, the ground-water level had fallen
widely by between 3 and 5 m, with a maximum fall of 35 m in several towns. These
hydrological changes resulted in a serious degradation of the ecosystem. It was
suggested that modernized irrigation technology and new regulation to cover water
resources management and allocation within the river basin were urgently needed to

achieve sustainable development (Ma et al., 2005).

A study on the effect of irrigation methods on recharge in China showed that
groundwater recharge intensity became weaker in water-saving irrigation than in flood

irrigation. Groundwater discharge was greater for water-saving irrigation than for flood-
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irrigation, making the reduction in depth more obvious. Furthermore, the reduction in

depth of the groundwater level increased with site elevation (Liu et al., 2012).

(Gill, et al., 2014) found out that the current average annual groundwater use in
Australia was approximately 3,500gigalitre. Groundwater was used across many
industries of the Australian economy. Water used for agricultural irrigation was the
largest single user group, comprising on average approximately 60% of Australia’s
annual groundwater use. Other user groups included mining (12%), manufacturing and
other industries (17%), and household water supply (5%), and as an input into potable
water supply networks (9%).

Groundwater was also used as drinking water for livestock; however there was no data
available showing the quantity used for this purpose. Groundwater supports different
environmental values and, by extension, industries that depend upon those
environmental values such as tourism and forestry. Another important value of
groundwater relates to the use in the future, or its ‘insurance’ value, which can underpin
investment decisions in agriculture and mining and provides value even when the

groundwater is not used (Gill, ez al., 2014.)

A study on the impact of abstraction on groundwater levels in Bangladesh showed that
the mean annual ground- water recharge was higher (300-600mm) in areas where
rainfall and potential recharge are greater. Net recharge in many parts increased
substantially (5— 15mm/year between 1985 and 2007) in response to increased
groundwater abstraction for irrigation and urban water supplies. In contrast, net recharge
slightly decreased (—0.5 to —1mm/year) in areas where ground- water-fed irrigation was

low (<30% of total irrigation) and where abstraction either decreased or remained

unchanged over the period of 1985-2007(Shamsudduha et al., 2011).

Study on the impact of land use and land cover on recharge showed that there is no
recharge in natural rangeland ecosystems, moderate-to-high recharge in irrigated

agricultural ecosystems and moderate recharge in non-irrigated (dryland) agricultural
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ecosystems. The study also showed that replacement of rangeland with agriculture
changed flow directions from upward (discharge) to downward (recharge). Sustainable

land use requires quantitative knowledge of the linkages between ecosystem change,

recharge, and groundwater quality (Scanlon et al., 2005).

2.6 Summary, Critique and Research Gaps

Table 2.1: summary of literature review, critique and research gaps

Objective Related studies Gap/ critique
Rainfall trends | Murumkar and Arya (2013) did | Recommended further investigation on
and periodicity | rainfall trends and periodicity using | the impact of climate change on rainfall
wavelet analysis patterns which is partly handled in this
research. The same method was adopted
in this research
Naidu et al.(1999) did a study of | The same technique was adopted for this
trends and periodicities in India using | research
linear regression technique
Longobardi and Villani(2009) did | Compare their annual and seasonal trend
study on time series in Italy. gap
Nsubuga, ef al.(2011) studied rainfall | Used linear regression technique
trends in Uganda
Relationship Healy and Cook (2002) used the | The same method was used in this

between rainfall
and

water table fluctuation method to
estimate groundwater recharge

research because it is simple and does not
require a lot of data which is not

groundwater available.

levels Combalicer et al.( 2008) did a | Rainfall which is a major contributor to
research on groundwater recharge | recharge was not considered in
and base flow Combalicer’s research but is considered in

this research.

Scanlon et al. (2002) estimated | Water table fluctuation method was found
recharge rates using different | to be easier than and so was adopted for
methods this research

Impact of | Khan and Lisa (2001) conducted a | The research only considered irrigation

rainfall research on rainfall variability in | areas and no other areas like Peri-urban

variability  on | irrigation areas. areas. This research considered Peri-urban

water  supply areas.

systems Ma et al(2005) studied human | The methodology used in his research was

activities and groundwater recharges

adopted in this research.

Onyenechere et al(2011) studied the
impact of rainfall variability on water
supply in Nigeria.

Considered only rural areas and not a
Peri-urban area and recommended further
research and development of groundwater
resources which is addressed in this
research.

Shamsudduha (2011) studied impact
ofirrigation on groundwater levels.

He did not consider industrialization
population increase and domestic use
which are considered in this research.
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CHAPTER THREE
METHODOLOGY

The chapter gives a detailed description of the study area. It also explains the research
design; target population; sample size and sampling technique; instruments for the

research; data collection procedure, processing and analysis.
3.1 Study Area
3.1.1 Geographical Location

Ruiru location is located in Kiambu County at an altitude of 1564m above mean sea
level, latitude of between 1.08° Sand 1.15°S and longitude of between 36.96°E and
37.16°E. Construction of Thika Super Highway and the Northern Bypass has put Ruiru
at a strategic location as it now takes less than 30 minutes to reach Nairobi the capital
city and about 15 minutes to reach Thika Town. Ruiru location borders Juja location to
the north, Machakos County to the East, Githunguri to the West and Nairobi to the South
and covers approximately 179.90 square kilometers. Administratively it lies within
Ruiru sub-county and is divided into seven administrative wards namelyMwiki,

Mwihoko, Kiu, KahawaWendani, Gatongora, Biashara and KahawaSukari.
3.1.2 Climate

The climate of Ruiru location is humid highland sub-tropical in character with seasonal
dry and wet periods. Ruiru location receives 1065 mm of rainfall annually which is bi-
modal with long rains between March and May and short rains between October and
December. A monthly average temperature of 18.9°C, maximum temperature of 24.9°C
and a minimum temperature of 13.0°C. Temperatures are highest in the months of
January to mid-March before the long rainy season and lowest in the months of July and

August.
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Figure 3.1: Map of Ruiru Location where the study was conducted

Figure 3.1 shows the study area, the boreholes sampled,rainfall stations where the
historical rainfall data was obtained from, rivers and roads passing through the study

area.
3.1.3 Soils and Geology

Soils in the location are sandy or clay that can support drought resistant crops such as
soya beans and sunflower as well as ranching. Most parts of the location are covered by
soils from volcanic footbridges that are well drained with moderate fertility. They are
red to dark brown friable clays, which are suited for cash crops like coffee, tea and
pyrethrum. However, some parts are covered by shallow soils, which are poorly drained,
and these areas are characterized by low rainfall, which severely limits agricultural
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