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ABSTRACT

The Nabuyonga River in the northern division of Mbale City has been facing an alarming
increase in flood frequency, with significant events occurring in 2019 and 2022. Heavy
rainfall, rapid urbanization, poor agricultural practices, and climate change are the main
contributors to these floods. The impacts have been severe causing tremendous effects such
as displacement of residents, destruction of homes and property, and loss of lives. Public
health hazards, such as cholera, dysentery, diarrhea, and typhoid, have also emerged as
significant concerns due to flooding. Although measures, like planting bamboo trees along
riverbanks, have been implemented, they are not sustainable long-term solutions due to

deforestation and other man’s related activities.

There is a critical need for long-term structural measures that prioritize sustainability to
mitigate future floods. Flooding along the Nabuyonga River has caused not only property
damage but also economic losses and increased exposure to water borne diseases.Without
any intervention, the situation may severely impact the political, economic, and social aspects
of Mbale City. Stakeholders are urged to devise effective solutions to mitigate the disastrous
effects of flooding. The implementation of this research could profoundly impact Sustainable

Development Goals 6, 11, and 13.

The main objective of the study is to evaluate the potential effectiveness of structural flood
mitigation measures and suggest the most effective measure. The study will focus on the
geographical area of the Nabuyonga River in Mbale City within the Namatala watershed.The
research will be conducted over a four-month period and will not account for climate change
impacts.The study seeks to reduce flood risk and vulnerability along the Nabuyonga River’s
floodplain throught the integration of hydrological models using software such as HEC-HMS
and hydraulic models using HEC-RAS.Levee,channel straightening,detention basin or
floodwall design will be done using the HEC-RAS.

Keywords:Hydrological modelling,hydraulic modelling,statistical analysis,floodwalls



DECLARATION
| Emurwon Marvin Jeremiah declare that this proposal report is my own research and has

neither been used nor submitted in any institution or university for any academic award.




APPROVAL

This final year research project proposal has been submitted to the Department of Water
Resources Engineering under the supervision of

Mr. OLOGE HECTOR DANIEL

SIGNATURE @WX/Q ..........

/’

DATE “P/f/?—SLA



DEDICATION
| dedicate this research to my dear parents, Mr. Obeele Edward and Mrs. Bisanga Daisy

Neddy, in honor of their unwavering love, support and encouragement throughout my

academic journey. Their sacrifices and guidance have been the foundation of my success.

A special dedication goes to my university supervisor, Mr. Ologe Hector Daniel for the
invaluable mentorship, expert guidance and constant encouragement throughout the course of

this research.



ACKNOWLEDGEMENT
I sincerely thank the Almighty God for granting me the strength, wisdom and perseverance
needed to complete this research. His guidance has been a constant source of support and

inspiration throughout this journey.

I extend my deepest gratitude to my parents and supervisor for their constant support,

encouragement and understanding throughout the difficult moments of this academic journey.

Their encouragement has been my foundation driving me forward in the pursuit of knowledge.



LIST OF ACRONYMS

1DCNN One-Dimensional Convolutional Neural Network

ArcGIS ArcGIS Geographical Information System

DEM Digital Elevation Model

DWRM Directorate of Water Resources Management

HEC-RAS Hydrologic Engineering Center - River Analysis System
HEC-HMS Hydrologic Engineering Center — Hydrologic Modelling System
HEC-SSP Hydrologic Engineering Center — Software Statistical Package
\MWE Ministry Of Water And Environment

SLR Sea Level Rise

STAAD Pro Structural Analysis And Design Program

List Of Figures

Figure 3-2 Frequency ANalySiS. .. ...o.ouuiuiitititi i 24
Figure 3-3 Hydrological modelling..............oooiii e, 26
Figure 3-4 Hydraulic modelling....... ..o 27
Figure 3-5 Levee modelling...... ..o 29
Figure 3-6 River Improvement modelling...............ooiiiiiiiiiiiiiee, 30
Figure 3-7 Diversion channel modelling.............c.oooiiiiii i, 30
Figure 3-8 Detention basin modelling. ..o 31
Figure 3-9 Floodwall modelling............ooiuiiiiiiii e, 32
Figure 3-7 HEC-RAS River alignment modelling...............coooiiiiiiiiiiiiiiiiiieie e, 29

Vi



Figure 3-5 HEC-RAS Levee modelling..........c.ooouiiiiiiiiii e 28

Figure 4-1 IDF CUIVE. ... uuittit ittt e e 39
Figure 4-2 Map showing SUbDaSINS. ........ouuiitiiiii e, 41
Figure 4-3 Calibration and validation graphs for 2 year return period........................... 43
Figure 4-4 Calibration and validation graphs for 10 year return period.......................... 44
Figure 4-5 Calibration and Validation graphs for 25 year return period......................... 44
Figure 4-6 Calibration and validation for 50 year return period................cooovviiiiinninnn. 45
Figure 4-7 Calibration and validation graphs for 100year return period......................... 45
Figure 4-8 100yr flood depth map........coovvniiiiiiiii e e, 43
Figure 4-9 100yt flood VeloCItY Map.....ouuiuiii e, 43
Figure 4-10 100yr Water Surface Elevation...............cooiiiiiiiiiiiiiiiin e 44
Figure 4-11 100yr Inundation Boundary...............oooiiiiiiiii e, 44
Figure 4-12 100yr flood velocity for levee...........ooeiiiiiiii e, 45
Figure 4-13 100yr flood depth for levee.............oooiii i 46
Figure 4-14 100yr flood velocity for aligned channel....................oci . 46
Figure 4-15 100yr flood depth for aligned river..............oooiiiiiiiiiiii e, 47
Figure 4-16 100yr flood velocity for detention basin..............c..coooiiiiiiiiiiii 47
Figure 4-17 100yr flood depth for detention basin.................cooiiiiiiiiiiiiiiiiiinn 48
Figure 4-18 100yr flood velocity with floodwalls..............coo 48
Figure 4-19 100yr flood depth with floodwalls. ... 49
Figure 4-20 Levee terrain modification. ............ooiiiiiiiiii e, 53
Figure 4-21 Flood velocity With levee............coiiiiiii i 54

vii



List of Tables

Table 3-1 Saaty table ........c.oiiii i, 32
Table 4-1 Precipitation TeSULLS. ........ouiitit ittt e e 39
Table 4-2 F100d DiSChar@e. .......c.ouuiniiitit i et ens 41
Table 4-4 SImulation TUN. ..o 46
Table 4-5 Calibration TUN. ..ottt e 47
Table 4-6 Results of Structural mitigation measures in HEC-RAS..................coooeeinnnl. 49
Table 4-7 Pairwise CoOmMPariSON MALIIX. ... ...euueueerteritent et areetene et ereataeeneanearaneenean. 51
Table 4-8 Normalised pairwise COmMpPariSOn MatriX..........ceeueerenreneeneerineeneaneananeannnn. 51
Table 4-9 Criteria Weights. ..o e, 52
Contents
ABSTRACT ..t b bbb bbbt b et b bbbt b ettt p et i
DECLARATION ...ttt ettt ettt e bbb e b i
APPROWVAL ...tttk bbbt bbbt b e i
LIST OF ACRONYMS ...ttt ettt b e iv
TS A O B T U] (=PSSOSR vi
LASE OF TADIES ... viii
LO CHAPTER ONE ...ttt ettt st b e nee et e 12
1.1 BACKGROUND..... .ottt ettt ettt a e sbe e nbeesbeeebe e 12
1.2 PROBLEM STATEMENT ..ottt 13
L3 JUSTIFICATION ...ttt sttt sttt et et e et et e b e nbeenneeeneee e 13
LA OBJIECTIVES ...ttt ettt st e bt nbe e beenreeente e 13
1.4. 1 MAIN ODJECTIVE ...ttt bttt 13
1.4.2 SPECITIC ODJECHIVE.......viiiie it 14
L5 SIGNIFICANCE ...ttt 14



1.6 RESEARCH QUESTIONS ..ot s 14

1.7 SCOPE OF STUDY ...ttt 14
1.7.1 GeographiCal SCOPE........ciieieieeie e see sttt ste et te et nte e snaesra e nnes 14
1.7.2 CONCEPLUAI SCOPE ...ttt sttt et nbe e esre e nnes 14
1.7.3 THIME SCOPE. ...ttt ettt b ettt b bbbttt se bbbt se e 14

2.0 CHAPTER TWO;LITERATURE REVIEW .......ooiiiiiii e 15

2.1 INEFOUUCTION ..ttt n bbbt 15
2.1 1 TYPES OF FlOOUS ...t 15
2. 1.2 FIUVIAL TIOOTS .......eoieeieiieee e 15
2. 1.3 PIUVIAL FIOOUS ... 15
2.1.4 COASEAl FlOOUS ..o e 15

2.2 Objective 1: To establish design discharges for the flood plain ............cccccoevviieiienen, 15

2.3 Objective 2 :To identify and assess the potential effectiveness of existing flood

MILIGALION MEASUIES.......ccveeve ettt te e e e e et e e et e st e e te e e ste e e e ereesbeentesneesreennennes 18
2.3.1 Hydraulic MOUEIHING .....ceeiiiee et 18

2.4 Objective 3:To evaluate the performance of different structural flood mitigation

IMIBASUIES ...ttt ettt e et e e e e et et e e e e e s e e et e R e e st e me e e e e n e e e an e e nne e e e e nneennr e 19
2.4.1 Hydraulic MOAEHING ......coveiiiiiiiiiieee e 19
2.5 Objective 4;To determine the most effective structural flood mitigation measure........ 19
2.5.1 DEeNtion BaSINS........ccuiuiiiiiiiiieieesieie e 19
2.5.2 Channel Straightening .........cc.ooeeiiiiie it 20
2.5.3 DIVErSioN ChaNNEIS. .........ooviiiiieiee e 21
2,54 LLBVEES ...ttt 21
2.5.5 FIOOUAWALIS ... 22
3.0 CHAPTER THREE;METHODS AND MATERIALS ..., 23
3.1 Objective One; To establish design discharges for the floodplain.............c..cccccevenene 23
3.1.1 Data COHBCTION ...ttt bbbt 23
3.1.2 Watershed deliNBatiON ..........cccooiiiiiiiiiiiee e 23



3.1.3 Data cleaning and VErifiCatioN ..........cccccevvueiieieiiese e 24

3.1.5 Statistical ANAIYSIS ......cccviiieieee e 25
3.1.6 Hydrological MOdeHiNg ........ccceoueiiiiiii e 27
3.1.6.1 HEC-HMS MOEHING......ccviiiiiieiiiieieice et 27

3.2 Objective Two;To assess the potential effectiveness of existing flood mitigation

IMIBASUIES ...ttt ettt e e b sa e e R e bt e R e s st e b e e e an e e nr e e nn e 28
3.2.1 Hydraulic Modelling in HEC-RAS ..o 28
3.2.1 RIVEI GEOIMELIY ..ottt bbbkttt b e bbbt 29
3.2.2 Hydraulic modelling in HEC-RAS..........co oo 29

3.3 Objective Three;To evaluate the performance of different structural flood mitigation

IMBASUIES ...ttt b bbb bbb b e b e s b e b e etk e e b e b r s 29
3.3.1 LeVEE MOUEBHTING ...cvveieeie et ene e 30
3.3.2 RIVEI @ligNMENT ...ttt re e reeere e 30
3.3.3 DEtention DASINS ......ccuiiiiiiieee s 31
3L.BLA FIOOUWAL ... 33

3.4 Objective Four:To determine the most effective structural flood mitigation measure ..33

4.0 CHAPTER FOUR:RESULTS AND DISCUSSION ......coooiiiiiiiieiie e 36
4.1 Probability FITHING .....ooveiiiiieicee e 36
4.2 Hydrological MOdelling........cccuoiiiiieiiie s 37
4.2.1 Model Validation and Calibration.............ccoieiiiiiieiece e 38
4.3 Hydraulic MOGEHING........ooieieiie ittt ae e 42
4.3 Modeling structural mitigation MEASUIES...........ceciveiieieerieiiesie et 45

4.3.1 LeVEE MOUEIING .....cuiiiiieie ittt re e 45
4.3.2 RIVEIr @ligNMENT ... 46
4.3.3 Detention basin Modelling.........c.cooviiiiiiiic e 47
4.3.4 Floodwall MOdelling.......ccoooiiiiiiie e 48
4.4 ANalYtiC HIBrACNY PrOCESS ......ccuiiiiiiiieiti sttt 53
4.4.1 PAIrWISE COMPAIISONS ....cuveuvirreiiitesiisieetieseeie et sttt sbeste st ee s e sbe bbb sbesseeneenees 53



4.4.2 Normalized pairwise COmMPariSON MALriX........cccvereerueiieereereeseeseereseeseeseeseeseens 54

o TV =TT | o | USSR 55
5.0 CHAPTER FIVE: CONCLUSION,CHALLENGES AND RECOMMENDATIONS.....57
0.1 CONGCLUSION ...ttt r e ann e ne e 57
5.1.1 Hydrological MOGEING ........coiiiiiiiiii e 57
5.1.2 Hydraulic MOUEITING ....ccvviiieieiieieee st 58
5.1.3 FIOOT MITIGATION ..evviiieiiieiieee ettt e ae e 58

5.2 CHALLENGES..... ..ttt ettt s b e an e b e 58
5.3 RECOMMENDATIONS ...ttt ettt st nea e 59
REFERENGCES ... ..ottt ettt b et e b et e e sbe e et e e beeentee e 60

Xi



Figure 3:Flood velocity under levee

4.Conclusion

Hydrologic and hydraulic modeling of structural flood mitigation measures for River
Nabuyonga indicates that levees are the most effective structural intervention. They offer
balanced performance across all critical flood parameters. Their implementation can
significantly reduce flood risk in Mbale City along River Nabuyonga, supporting

sustainable urban resilience and disaster management.

5.Recommendations

The models are developed specifically for river Nabuyonga in Mbale.However the
methodology can be adapted to provide similar results on other rivers provided the
required datasets for that location are available.Access to high quality datasets.Use of Al
and ML to reduce human error in data inputs.The levee height can act as a starting point
for structural design and analysis.More flood parameters should be used to increase

accuracy of the model
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