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Abstract

This Final Year Project report contains all the details of a study on the design and construction
of a Flood Warning System (FWS) for River Nyamwamba of Kasese district —a river that has been
prone to floods of a greater magnitude than other rivers in the Tropical region of Africa. The idea
was developed on a principle that floods are a meteorological event that develops over time, and

thus a need for sufficient time for people to evacuate, and to protect their lives and property.

However, the range of existing FWSs have a tangle of conflicting requirements in terms of cost
and reliability, and have challenges from factors as diverse as technological and social. The
complexity of these systems and need for autonomy while remaining maintainable and accessible
by nontechnical personnel is a bottle-neck that is often unsolved in developing countries. Built on
Computer Embedded Systems, this study is about a cheaper and reliable FWS for a country like
Uganda.

The study began with modelling the flow of River Nyamwamba with different datasets (i.e. DEM,
Topography sheets, river map, imageries, flow data, stage data, land use maps and rainfall data) that
were collected from field work and various offices. The datasets were conditioned and processed in a
GIS environment using the ArcGIS software. The result was further exported to the HEC-RAS
program to perform a steady flow simulation of the river. The RAS mapper export from HEC-RAS
was then re-imported back into ArcMap to delineate a flood plain that was overlaid to a Google Earth
image to visualize and determine the high risk areas along the river. The high risk areas provided
reliable river flow parameters that were used as input values for the design of the FWS.

The FWS was built on a technology of Computer Embedded Systems that employs Arduino-
programmed microcontrollers to control all input and output values regarding the modelled river. An
ultrasonic sensor was used to monitor water levels at three threshold points (i.e. Level 1 for normal
flow, Level 2 for an intermediate flow, and Level 3 for a peak flood level). From this, the river stage
was displayed onto an LCD screen at all times, an electronic SMS was sent to operators at intermediate

flow, while an Alarm was sounded at Flood level.

Key Words: Geographical Information Systems, Flood Frequency Analysis, Flood Mapping,
Modelling, Flood Warning Systems, Embedded Systems, Simulation, Design, and Construction.
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1.0 INTRODUCTION

1.1 Preamble
This chapter gives a background knowledge of floods, considering a case study of River
Nyamwamba of Kasese District. The Problem statement, justification, objectives of the research

and the scope of the study are also discussed here.

1.2 Background

Uganda’s water resources exhibit both seasonal and spatial variability — implying that some
areas have too much water, while others are water stressed (Okello, 2016). Additionally, this is
worsened by climate change patterns that lead to extreme weather conditions of floods and
drought. According to (UMD, 2014), floods are a leading weather-related disaster in the country,
with cases like the February 2010 floods and mudslides that affected 300,000 people in Bugisu
and Teso sub-regions. Additionally, in May 2013, River Nyamwamba in Kasese burst its banks to
a heavy flood that led to death of 8 people, displacement of 9,663 others and a destruction of 700
acres of food crops — contributing to people’s vulnerability in terms of food insecurity (URCS,
2014).

The flooding of River Nyamwamba is attributed to heavy rains in the months of April, May,
September and October. A study by (DWRM, 2015) explains that these rains in the 72.4 km?
Nyamwamba catchment area lead to a high deposition rate in the river and an additional sediment
transport capacity in terms of boulders, cobbles and silt of over 1,000,000 tons per year. These
depositions have affected the river’s hydrological carriage capacity to high volumes of flow during
heavy rains and rapid snowmelts from the Rwenzori Mountains.

Currently, the floods are also escaladed by the rapid population growth with marginal land for
developmental use in Kasese district leading to encroachment of the river through poor
environmental and agricultural practices. According to (Rwakakamba, 2009), these practices have
exposed people to geological and seismic related hazards through infrastructural development in
gazetted river banks and flood areas. They create river bank failures that are easily washed away
when the river swells with increase in its hydraulic flow.

The Ministry of Water and Environment of the Government of Uganda proposed an action plan

for river Nyamwamba floods, with clear immediate and long term management strategies
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