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ABSTRACT

The need for clean drinking water in the sub-Saharan Africa is on a rapid increase due to the fact
that the existing surface water bodies are facing a problem of pollution resulting from both urban

and industrial developments which are on a rise in most African countries.

Water treatment plants have been adapted to avail the people with water that is clean and safe for
drinking and other related uses, but as a result of increasing pollution of surface water sources,
these plants are facing challenges related to operation. This project, therefore, was inclined towards
optimizing the operation of surface water treatment plants through the use of a real time hydro
informatics system to effectively monitor the parameters right from the surface water source to the
final treatment unit. Deep learning and Arima models were developed for the forecasting of
available water and raw water parameters, for which the deep learning models had better
performance based on their high coefficient of determination values and were adopted. Also, three
tools were used in developing the prediction models of the effluent water unit parameter outputs.
These included multilinear regression, deep learning and support vector machines. The deep
learning modals had better prediction accuracy based on their slightly higher values of coefficient
of determination and hence were adopted during the optimization. The optimization was carried
out using the genetic algorithm tool of MATLAB and the results indicated better parameter control
when compared with a real-world system. An Arduino based IoT system was also developed
which was used for system monitoring and control, and this proved to be an easier and better way

of treatment system monitoring and parameter control.

Key terms: Surface water treatment plant, Hydro-informatics, models, genetic algorithms,

optimization, [oT
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CHAPTER ONE: INTRODUCTION

This chapter includes the background of the study, the problem statement, the purpose of the study,
the scope which includes conceptual scope, geographical scope and time scope of the study, and

finally the justification.
1.1 Background

Water is the most abundant resource on earth, however, only about 3% of the total available water
is fresh water, out of which nearly 69% is captured in glaciers, 30% is hosted in karst and porous
aquifers, and the rest is in surface water reservoirs such as lakes, rivers, streams, and marshes.
Fresh water is the basic substance of life on earth and is increasingly in short supply (Katsanou &
Karapanagioti, 2017). As the world’s population continues to grow, coupled with its effects like
urbanization and industrialization, the water quality of these limited surface water sources

continues to dwindle due to pollution (Khanyi et al, 2022).

Water treatment plants have been adapted to treat this water for human consumption. They follow
a train of processes ranging from determination of abstraction points, raw surface water parameter
determination, screening, aeration, coagulation, flocculation, sedimentation, filtration, and finally
disinfection before supplying it to the consumers(Kaleeswari et al., 2018). Due to the high rate of
increasing pollution plant operators are facing challenges related to operation, which include;
errors in carrying out calculations, neglecting timely parameter testing, under-dosing, and over-
dosing among others which also consume a lot of time and hence leading to drudgery during plant
operation. These practices are also mainly based on the operator ‘s expertise and intuition
depending on the quality of the incoming raw water. These operation practices also lead to high
expenses in terms of chemicals needed for dosing, and power usage and also may pose a risk to

the lives of the consumers.(Nshemereirwe et al., 2022)

This challenge is more pronounced in Africa’s developing countries which are constrained by low
levels of technology. In Uganda, over 7 million people lack access to safe water and 28 million
do not have access to improved sanitation facilities. Further, due to disparities in water access in
Uganda, urban people living in poverty pay as much as 22 percent of their income to access water
from water vendors (Uganda’s Water Crisis - Water in Uganda 2022 | Water.Org, n.d.). National
Water and Sewerage Cooperation, (NWSC), a Public Utility Company, completely owned by the
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