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ABSTRACT

Flooding of urban areas is a worldwide problem as cities grow and the amount of impermeable
surfaces increase generating more surface runoff. In Kampala, the capital city of Uganda, flooding
occurs in some parts of the city especially in Namasuba suburb along Entebbe road, which has
been flooding every rainy season consecutively for a number of years now. The project aimed to
mitigate floods, in addition to minimizing the adverse effects of the floods to people and the natural
environment. The main objective of the study was to assess the effectiveness of Best management
practices as flood mitigation measure. The procedure comprised of field study, data collection,
modelling and analysis. The modelling and analysis were done with the help of Storm Water
Management Model (SWMM). It was concluded that the major cause of the floods were the soil
properties, high percentage of imperviousness, drains blockages resulting from garbage being
thrown into the system and silt build-up that accumulates overtime. Additionally, implementing
design LIDs scenario 3 which assumes that 50% of the roof runoff enters the Rain Barrels via
vegetative swales, 50% of the roof runoff and 50% of the pavement runoff runs into the Rain
Gardens, 50% of the pavement runoff flows through the Permeable Pavement, and all eventually
enter the urban rainwater system would improve the drainage systems’ rainfall events’ handling
capacity to more than 10yrs return period without flooding through reducing and delaying the

peak flow downstream.

Keywords: LIDs, SWMM, drainage system, floods, and GIS.



DECLARATION
| BASEKE LYDIA CAROLINE BU/UP/2016/540 hereby declare that this final year project

report is my own research work and has not been previously submitted to any institution of

higher learning for any kind of award to achieved.

Signature: ...............

Date: ...... [oooi.. [oviiiiin.



APPROVAL

This is to certify that this final project report has been written under the guidance of my supervisor
and is to be handed in to the department of Mining and Water Resources Engineering Busitema

University.
SUPERVISOR: NAME: MR. OKETCHO YORONIMO.

SIGNATURE: .......c.ccceneneene.

CO-SUPERVISOR MR. KAJUBI ENOCK

SIGNATURE: ....cccceviiiiiiiiiiniinnnnnn.



Contents

AB ST RA CT .ttt b bt bRt h b e R bR b e AR Rt R R bbbt e Rt Rt Rt bbbt e ii
DECLARATION ...t bbbtttk bbbt s bt b bt e bbbt ne e s e ne e iii
N o (@ LY I USRS iv
X0 @ N 1V USRS iX
CHAPTER ONE; INTRODUCTION .....oiuiitiiiiieieisisicsie sttt sttt sbe e nn e X
IR =T Tt o [0 o RSP X
1.2 ProBIEmM STAEEMIENL......ccui ittt sttt te et et neeene et ne e Xi
1.3 RESEAICN QUESLIONS ... .c.viivieiie ettt ettt sttt be e e be e e sb e e te et e sbeese e besae e tesbeebesbeesaebenneenee e Xi
1.3 ODjeCtives OF tNE PrOJECE ......iciiiiie et r e be e s be et besre e e Xi
1.3.1 M@IN ODJECTIVE ...ttt bbbttt bt e Xi
1.3.2 SPECITIC ODJECTIVES ... et Xii

YT T 1 ToF: g Lol PSSP Xii
LI LU TS 4 oF LA o] o PSR Xii
1.6 SCOPE OF TNE STUAY ...ttt ettt b Xii
1.6.1 CONCEPLUAL SCOPE . viveeiieiieeteete sttt ettt ettt e st et s e e e e beaae e s besbeesbesbeereeabesaeeseestaeseesbeatsenrenreas Xii
T I T T o] oL SO PSUSUSRRSRI Xii
1.6.3 GEOGraphiCal SCOPE ......cveieieeiieiirit ettt Xii

B O e =T 13 1] o] L SRS Xiii
2 [T o (SOOI Xiii
2.2 DIAINAGE SYSTEIMIS ...ttt sttt bbbttt bbbt b et b b e bbb b b e e et b Xiii
2.3 Geographic Information Systems and Remote Sensing.................... Error! Bookmark not defined.
2.4 MOUBIS USEO ...ttt sttt et e e st et e e b e e bestenbete e eneenenreas Xiv
2.5 Storm Water Management Model Structure and ThEOIY .........ccovcvviiiiiiie i XV
2.5.1 Storm Water Management MOdel SETUPD..........cviiiiiiiiiicee e XV
2.5.2 Model calibration and Validation ...........ccccoeieiiiiis i XV
2.5.3 Hydrologic properties in Storm Water Management Model ..........c.ccccooeviiicic i, XVi
2.5.4 Storm Water Management Model HydrauliCs ............cccooiiiiiiiinincneceeece e XVii
2.5.5 Hydraulic modelling structures in Storm Water Management Model.............cccccooevvinennene. XiX

2.6 Hydrological Modelling tool in Arc GIS .......ccoocvieiiieie e Error! Bookmark not defined.
2.7 Introduction to low impact development PractiCeS..........cooveieiiiieieiecie e XiX
2.7.1 LID Sites SEIECLION CHITEIIA . ...ccuviiiiecice ettt sreene XX

PN B VY=Y o g1 (=T 01V o Y PS XXi
2.10 Analytical Hierarchy ProCess (AHP) .......ociiiiiieeie ettt ettt XXii

0. PIBAMIDIE e ettt te e e e e e ————tteeete e e —————taeeraaa———————— XXV



3.1 DescCription Of the STUAY @rEa .........eieeiiiiee ettt sttt st e b sre e e nee e XXV

UL L GNEIAL ...ttt ettt bbb XXV
TN A oo L1 [ ] TSRS P SR PR PPN XXV
3.2 Materials and Methods. ...........ccocveerieeiiiiie e Error! Bookmark not defined.
3.2.1 Materials and to0IS........ccevvieeie i Error! Bookmark not defined.
3.2.2 DALA SOUICES .....veveeteeiesiiste sttt sttt bt b et b ekt s bbbt s e bt e b e bt e b e st b et et e e e e ebeens XXVi
3.3 Developing the hydrological model for Namasuba watershed using the rainfall-runoff simulation
............................................................................................................................................................ XXVil
3.3.1 Catchment deliNEALION. .........ceiie ettt e e sreeneenee e XXVii
3.3.2 Determination of peak Runoff (Runoff QUantity) ........c.ccccoceviieii i XXiX
3.3.3 Critical rainfall INTENSITY ......coiiviiiiice et sre st b sre s XXX
3.3.4 The runoff COBTTICIENT ......c.eii et srenre s XXX
BTG B 1Y, oo (= IRT=1 (1] o SRS PSROSRN XXX
3.3.5.1 SUD-CAtCNMENT JALA.........eiviiiiieieiee e et XXX
3.4 Developing the hydraulic model for Namasuba watershed. ... XXXI
R R D - 12 L 1 TSP PP PR XXXi
4.3.2 SWMM Procedure and SEI-UD .......cciviiieiiieeie e eeese ettt sre e sre st besre e be e e sresteenneseas XXXi
3.4.3 MOTEl @PPHCALION ...ttt XXXii
3.5 Carrying out site suitability analysis and assessing the impact of LIDs on storm water runoff ... xxxii
3.5.1 Data FEQUITEIMENT......eiiiii ittt et st e st e et e sbeere e besae e stesteenbesbeeteesbesreeneenreens XXXii
3.5.2 MOdelliNg @PPrOACK ......c.eciiiiieccc et re e e e be e reera et XXXiii
3.5.3 SENSILIVILY @NAIYSIS.....oiviitiieiitiieee e XXXViii
3.5.4 Validation OF FESUILS ........eciiiiiie ettt XXXViii
3.5.6 Assessing the impact of LIDs storm water runoff ............cccccoveiviiiiii e XXXViii
3.5.6 .1 Decentralized and Central LID PlaCemMEeNt..........ccccveivrieriireiesiesiesie e XXXViii
CHAPTER FOUR; ANALYSIS AND DISCUSSION (RESULTS AND DISCUSSION)......c.ccccevevenee. xlii
4.1 Developing the hydrological model for Namasuba watershed ............ccccoceeeieiiieiiiicicce e, xliii
4.1.1 Watershed deliNEALION..........cciiiiiieeee ettt sn e xliii
4.1.2 GENEratioN OF IDF CUINVES.......ccieieiieeiesie e ettt sttt sttt ste s e tesseesaesteeneesaneneensenneas xliii
5.1.3 RUNOTT QUANTITY RESUITS. ... cviiiiiiiieieesie e xlvi
5.1.4 TimMe OF CONCENTIATION ... .eveiiiiei ettt e e e n e besneeeesreeneennas xlvii
5.1.5 Critical rainfall INTENSITY ........oiviiiiiiii b xlvii
5.1.6 hydrological MOUEl SELUP .......coviiiiiiceiit e xlvii
5.2.3 SUD CatChmMENt FUNOTT ... ..ot xlviii

5.2 Developing the Hydraulic model for Namasuba watershed..............ccooooviieiiiieni e I



5.2.1 IMOUBH SBIUP ...ttt b e n s I

oI 1] o1 A [ TSSOSO li
LI N\ oo (=13 i [oTo T [T a o TSRS lii

5. 2.4 PrOfIlE PIOT ... s liii
5.4.4 Calibration and validation FESUILS ...........coiiiioiirece e e Iv
5.4.5 MOUEI BVAIUALION ......oouiiiiiiiiieieee e ettt bbb Ivi

5.3 Carrying out site suitability analysis and assessing the impact of LIDs on storm water runoff ......Ivii
5.3.1 SUItADIITY @NAIYSIS ... e Ivii
5.3.2 Assessment of the impact of LIDS on runoff ... Iviii
CHAPTER FIVE; CONCLUSION AND RECOMMENDATION.....ccocotiiiieieiseniseniee s Ix
T8 A o o] 3 o oSS S Ix
oI = Tol] T =T a0 F= Ui o o ISP Ix
5.3 ChallENQESs TACEA .....ecuieieciece et sttt e te et e s beeae e beeaeebesteeeesbeetaenrenres IXi
REFERENCES ... .ottt sttt se bt et e et e b e e e et e s e s e e st et e e b e e be st et et e s eneeneeneann Ixii
APPENDIX A .ottt ettt h ettt ettt R et R et R et et et R et e R et e ettt e e be st ne et re e Ixiii

List of figures

Figure 1 showing Typical LIDS (USEPA, 2015) .......c.cciiiiiiiiiiieieieieeeise s XX
Figure 2 showing the satellite image for StUAY area..........ccocveiviiiii i e XXV
Figure 3 showing the process of watershed delineation.............cceceiieiieiiinieie s XXViii
Figure 4 showing Basic Workflow of Methodology..........cccceieiiiiiiicicicce e XXXiii
Figure 5 showing Criteria and Sub criteria 0f the SSM ...t XXXiV
Figure 6 showing Flowchart for determining the suitable sites for LIDS ..........cccoceoviiiiiniinincnenens XXXVii
Figure 7 showing scenariol designing of combined LIDS..........cccooiiiiiiiiiiiiceee e xI
Figure 8showing scenario 2 designing of combined LIDS...........cccooiiiiiiiiiineeieeeesese e xli
Figure 9 showing scenarios 3 designing of cOmbined LIDS ...........cccoiiiiiiiine i xli
Figure 10 scenario 4 designing of combinNed LIDS .........cccoviiiiiiiic it xli
Figure 11 showing delingated SUD WAErSNEAS ...........ccvciiiiiiic i xliii
Figure 12 Showing a Graph of Max. Daily Rain against Return Period............c.cccccvvviviiiiiicncineie e xliv
Figure 13 showing A plot of IDF curves generated against their corresponding return period................ xlvi
Figure 14 showing the outlook of the study area within the SWMM ...........ccociiiiiiiniiie xlviii
Figure 15 showing the peak runoff from each of the sub catchments ... xlviii
Figure 16 showing the table which is an output of SWMM showing the peak discharges for sub

(071 (0 0T 3RS xlix
Figure 17 showing a graph of infiltration against time ...........ccooeeiiiie i xlix
Figure 18 showing the infiltration graphs for Sub CatChMENtS...........cooiiiiiiiiiie e I
Figure 19 Layout of the catchment in SWIMM ..o I
Figure 20 SHOWING SLALUS FEPOIT ......oiveieeeie ettt sttt esee et e e sreeneenneeneenaeseeeneeneas lii
Figure 21 showing Time series generated iN SWIMM ... e lii

Figure 22 showing the nodes flooding within the StUdy area............ccovvriiiiiniieneee s liii



Figure 23 showing the flow calibration of SWIMM ... Iv

Figure 24 showing the first validation using return period fiVE..........cccoiiiiiiiieicicce s Ivi
Figure 25 showing the second validation performed using return period teN..........cccoveveierivninenerennenn Ivi
Figure 26: Map showing potential SiteS fOr the LIDS .........ccccoiiiiiiiiiiice et Ivii
Figure 27 showing the LIDs control editor in SWMM ..o Iviii
Figure 28 showing the depression less DEM Figure 29 showing the
FIOW TIFECTION TOO0L......ciiiiitieie et bbb bbbttt n e Ixiii
Figure 30 showing flow accumulation t00L..............ccuiiiiiiiiiiieee e Ixiii
Figure 31 showing watershed with sub catchments..............cc.ccocoiinenennnn. Error! Bookmark not defined.
Figure 32 showing Land use map Of the StUAY Area...........coceriiereieiieienise e Ixiii
Figure 33 showing Soil map of the StUdY @rea............ccoiiiiiiiieieeee e IXiv
Figure 34 Slope Map Of the STUAY rea.........cccieeieiiiiccce e sre e IXiv
Figure 35 showing stagnant water in the channel due to blockage...........cccooveveiiivciiicc e, IXv
Figure 36 showing blockage of the CUIVEIT...........cei i IXv
Figure 37 showing Garbage DUITAUP ........coviieii it sre st e IXv
Figure 38 showing the LIDS PErfOIMANCE .........ccueiiiiiiriirieiieiiesieeee st Ixv
List of tables

Table 1 showing the various hydrologic and hydraulic models.............c.cooeieiiiiiiiiee Xiv
Table 2 Showing Weighting SyStem FOr AHP ..o XXiii
Table 3 Showing Relative SCOreS iNAHP ..o sre et XXIV
Table 4 Showing DataSets WEIE USEA .........cviieiiiiiiiieiie it ste et ste e sbe e sreste e e sresta e besre e e e resneesreans XXVii
Table 5 showing the various sub-catchment parameters and methods used to obtain them............... Error!
Bookmark not defined.

Table 6 Attribute table showing different areas of sub catchments.........c..ccovvvieve i XXXii
Table 7 showing Land Cover Classification and Rank of Importance ............cccccoovvviinineneneicinnne, XXXV
Table 8 showing Slope Gradient ClasSifiCatIONS ...........ccoeiviiiiiiiiie s XXXV
Table 9 showing the Ranking of Primary Criteria .........ccooiireieiiriiiiiise e XXXV
Table 10 SNOWING AHP SCAIE ......ccocieiieiice e st sbe et te e sreens XXXV
Table 11 showing Weightage CalCUIAtioNn. ...........ccccoi e XXXVi
Table 12 showing Pair Wise COMPAriSON MALIIX ......ceeviiiiiieiiieeie e eeesre e e e e e e aesre e e sre e e XXXVi
Table 13 showing Normalized matriX 0f PCM ........ccooiiiiiiiiiece et XXXVi
Table 14 RelatiVe INAEX VAIUE..........cvoiiiiieie sttt ste st et sre s e nbesneeneenre e XXXVii
Table 15 showing Sub catchment 1dentifiCation............cccooiiiiiiiiie s XXXIiX
Table 16 showing the site characteristics of each sub catchment including slope, area and the area of the
LID BIMPS USEU. ...t ieeeeieiiieieite sttt st sa et sbe et et este e s e besme e s eesteentenaeaneenaeseeaneentenneenee e xlii
Table 17 Maximum daily rainfall of Namasuba from 1995-2014 .........c..ccccoeiiiiiiieieece e xliii
Table 18 Maximum daily rainfall for return period...........cccoceoveiiie i xliv
Table 19 ShoWING ValUES OF @7 .......oviiiiiiiiicicccccc et xlv
Table 20 Rainfall Intensities for Various Return PEriodsS ..........c.cceoiiirieieiiee e xlv
Table 21 showing Land use areas in WaterSNE ..ot xlvi
Table 22 showing Tabulation of peak discharge for the sub catchments...........cccccevvviviieieiisccircienns xlvii
Table 23 showing the performance 0f SWIMM..........cooiiiiiii e Ivii
Table 24 showing the percentage reduction in flood VOIUME ...........ccooiiiiiiiiii e Iviii
Table 25 showing the percentage reduction in flood VOIUME ...........cocceeiiiiiiii i lix

Table 26 showing the percentage reduction in flood VOIUME ..o lix



Table 27 showing the percentage reduction in flood VOIUME ...........ccceeiiiiiiiii e
Table 28 showing node dimensions from the field ...
Table 29 showing open channel diMENSIONS..........ccoiiiiiiii e

ACRONYMS
DEM-Digital Elevation Model

DWRM- Directorate of Water Resources Management
GIS- Geographical Information Systems

KCCA- Kampala City Council Authority

LID- Low Impact Development

MWE- Ministry of Water and Environment
NEMA-National Environmental Management Authority
NGO- Non-Government Organization

AHP-Analytical hierarchy process

MCDA-Multicriteria decision analysis

BMPs- best management practices

SWMM- Storm water management model



