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ABSTRACT

Flooding is one of the most common, wigaching and destructive natural perils,
affecting, on aveige, approximately 250 million peopdeound the world each year. It is
also common in Ethiopia durirte rainy season between Juaed SeptembeMost of

the flood disasters in Oromia associateavith rivers that overflow and burst their banks
succeedig heavy rains and inundated lowlands. Flooding of the upper kasin
tributariesof Awash River affected 14 peasantos
and Ejere woredas of southwest Shewa zone. The flood was reported to have affected a
total of 14,790 people out of which,@52 people were displaced and inundate along the
river banks in lowland plas The objective of the study to quantify and estimate the
damageof flooding onthe economy inthe Illlu Woreda Teji Areausingthe HEC-FDA
model Adopting HEGGeoHMS Arc-GIS extension physical characteristics of a
catchment iobtainedfrom the study aredigital elevation modelUsing the study area
rainfall/meteorological dataHEC-HMS model compute peakflow for different return
periods neartheoutlet oftheriver catchment. Flood plain mappingarthe Teji River was
generated depend on the peak flow of the river for different return pdxyotie HEC

RAS model, AreGIS tothe special data processing as well as HE€bRASto link Arc-

GIS with HEC-RAS. Depending otthe HEC-RAS result hydraulic modegpplyingthe
HEC-FDA model, numerically flood damageseestimatedThe flood plain area across
Teji Rivergeneratd for 2, 5, 10, 25, 50, 100, 2@s well a®00 return periods were 308,
422,459,507,535,574,598 as well as 622 ha consecutively.the endflood damage
cosswere estimated bheHEC-FDA model.From the studythe main output is expected
annual damage (EAD). That is EAD is estimated t@962,832.59%(Two Million Nine
Hundred $ty-Two Thousand Eight Hundred TtyrTwo Point Five Nine Dollar).
Additionally using HECFDA model by assigning a levee the economic damage is reduced

to 403.43%, and levee is proposed for flood plain management.

Keywords: Flood DamageTeji River, HEGHMS HEC-RAS, HEGGEORAS, HEG
FDA and EAD

P
C



ACKNOWLEDGMENTS

Firstly, I would like to thanks the Almighty God for giving me life, patience, wisdord

who made it possible, to begin and finish this work successfully.

Foremost, my heartfelt appration and gatitude go to Dr. Daeal Fekersillassidor his
willingness to support advice and give me constructive consaiat suggestions from
the beginning of this work. | sinceretilankthe Ethiopian Road\uthority (ERA) for
giving me the chance to attend thesfgmaduate program and Addis Ababa University

Institute of Technology for having admission to accomgl&MSC Program.

| am glad to acknowledge all offices who have given me data for my thesissdéudh as
the Ministry of Water Irrigation andnergy(MOWIE), National Meteorologicahgency
(NMA), lllu Woreda Flood Risk Management and Preparedness Gdinck|llu Woreda
Agricultural and Rural Development Office for delivering me data free of any charge.

| am forever grateful to my beloved family ananiity memberdor their persistent love,

financial and physiological support and also for their assistance and encouragement.

Finally, yet importantly, | would like to express my gratitude to my frierids
encouragement, academic support, and knowledgye $b bring this thesis to end.

Vi



TABLE OF CONTENTS

CERTIFICATION e eee e eee e e e e e n e eeeee e v
AB S T R A T et er e ettt e e e ettt e e an e e e e e e aaa e \Y
ACKNOWLEDGMENTS ... ereme et eee e e e e e e e e eaaanas VI
TABLE OF CONTENTS ..o eeeeee e eeenin e eeeeenn Y
LIST OF TABLES ... e e XII
LIST OF FIGURES ...ttt e et e e e e e e XIV
ABBREVIATION et eer et e et e e eaneee s XVI
CHAPTER 1 INTRODUCTION ... eeeer e e e 1
1.1 BaACKGrOUNG......cooiiiiiiiiiee et ieei ettt ee e e e e emmme e 1
1.2 Statement of the Problem...........occuiiiiiiiiiccn e 2
1.3 Research QUESHIONS......cccouiiiiieieiiiiiiieeeess e e eeeeeeeeeeeicevenne e e e e e eeeeeeesenneennnn 2R
1.4 ODBJECHVE.....oeiiiiieeieeee e 4
1.4.1  General ODJECHVE. .......oovviiiiiiie et ereere e e 4
1.4.2  SpPeCific ODJECHIVE.......cceeeieiiii et errere e e e 4
1.4 Significance of the StUdY.............oouiiiiiiiiii e 4
CHAPTER 2 LITERATURE REVIEW ... 5
2.1 FlOOM. i 5
2.2 Flood Prone Areas in Ethiopia...........ccccuuuiiiiiimeeniiiiiiieeee e 5
2.3  Flood Damage ASSESSMENL.......uuiiiiieeeeeeeeeceeeiieieseee e e e e e e e e e e e e e ieene e e eeaaeaass ) 6
2.4  Flood Frequency ANAlYSIS........couuiiiiiiiiiiiiieeiii et eeenaes 7
2.5 The Selected SOMWALE............uuuiiiiiiiiiiieeeiiiiii e 7
2.5.1 HECi GeoHMS (Geographic Hydrologic Modelling Extension)......... 7
2.5.2 HECi HMS Model (Hydrologic Modelling System)............cccceeeeiiiiee 9
2.5.3 HEC RAS (River Analysis SYStem)..........cccccurumvmimiimmeniiiiiiiiiiineeeeee 10
2.5.4 Flood Mapping and Damage Assesst in Ethiopia.........cccccoeeeeeeene. 11
255 HECGI GEORAS . ... ettt 14
2.5.6 HECi FDA (Flood Damage ANalysSiS).........ccoueieiriirimmmimmmneeeeeeeiineennnnns 14
2.6 Previous Studies on lllu Woreda.................uuuiiiiimemiiiiiiiieeeeeee e 15

Vii



CHAPTER3  MATERIAL AND METHODO LOGY ...cccciiiiiiiiiiiiiiiiiiieeenn 17

3.1 Description of StUAY Ar€a..........uuuiiiiiiiii e eeeerer e 17
3.2 Location Of StUAY 8rEa.........ccccuuuiiiiiiiiieeeiiieer e eeere e e e e e as 17
3.2.1 Topography, Climate type, and Rainfall Distribution in the Woreda 17
3.2.2 Land and Terrain Type in the Woreda................cuuvvirieeeiiiiiiiiiiieeeenn. 18
3.2.3 Land Use in the WOreda.............ueeeiiiiiiiiieeeieiiiieieeeeeeeee e 18
3.2.4 Land Cover and Cultivation in theoreda..............ccccveeeeiiiicenricninenen. 19
3.25 Soil Typeinthe Woreda...........cccoeeeiiiiiiiieeei e 20
3.2.6 Demographic Characteristics of the Study Area...............ccoovvvveeen... 22
3.2.7 SocioEconomic Characteristics in the Study Atea................cccoeeeee. 23
3.2.8 Element at Risk in llu Woreda..............oooiiiiiiiieeceiie e 23
3.3 Materiab USEd..........ooiiiiiiiiiiiiii et 24
3.4 SOMWAre USEd.......cooiiiiiiiieeeee e e 25
3.5 Methodology ProCEAUIES..........uuuiiiiiiiiiiii et 25
3.5.1 Waterdied Delineation............ccccooiiiiiiiieeeiiee e 25
3.5.2  Data CollECHON.........uuiieieeeiiiiie e eenr e 25
3.5.3  Filling of MiSSING Data...........ccuuvuriuiiiiiiieeeeeee e eeeee s 26
3.5.4 Estimating of Missing Flow Data.................ccooovviimemeeeeiiiiiiieeiis 26
3.5.5 Regression Method............ooooiiiiiiiiiieee e 26
3.5.6  Linear Regression ANAlYSIS.........coooviiiiiiiiiiieee e 26
3.5.7 Estimating Missing Rainfall Data.................coooiiiemne i 27
3.5.8 Data Quality CheCKiNg.........cccccoeeiiiiiiiiic e 27
3.5.9  OULIEI TOST..cii i er et e e e e e e e e e an 27
3.5.10 CONSISIENCY TESL....uuuiiiiiiiiiiiiiiiie ettt e e rmmme e 27
3.5.11 Statistical Tests of Hydrological Data..............cc.euvveiiieeeeiiiiiiiiiieeeeee. 28
3.5.12 Test of Independence and StatioNariLy.............ccevvvviiiieeeieeeeiieeeneeenn 28
3.5.13 Areal Rainfall Determination...............ooooiiiiiimmmn e 28
3.5.14 Changing Point Rainfall to Areal Rainfall...............cccoooiiiieeeiiiiinnnnnn. 28

viii



3.5.15 Peak FIOW ESUMALION.........ccuvriiiieiiiiieeeiieee e eee s 29
3.5.16 Flood Frequency ANalySIS............couuiiiiiiviiimmmee et eeenees 29
3.517 Selection of Parent DiStriDULIQN...........cooiiiiiiiiiieaee e 31
3.5.18 The goodness Of Fit TESt......cccooieiieeiiiieiiieeee e 31
3.5.19 Water Surface Profile and Flood Plain Generation........................... 31
3.5.20 Flood Damage Analysis.............ccceviiiiiiimmiiiiiiecee e 32
3.6 Data ProCeSSING........cceuiiiiiiiiiiiiiieiii e 32
3.6.1  FIOW DAta......ccooiiiiiiiiiiee e e 32
3.6.2  Testing Of OULIEIS........oovvviiiiiiiie e errer e 32
3.6.3 Test of Independence and Stationarity............cccceeeevvvieeeiiieeeeeeeeeee, 33
3.6.4 The goodness Of Fit TESt......cccovviiieiiiiiiiiieeei e 34
3.6.5 Peak FIOW ESUMALION.........cccuuriiiieiiiiieeeieee e mee s 34
3.6.6  FIOW DUration CUIVE.........cciiiiiiiiiiiiie et 34
3.6.7 Meteorological Rainfall Statian................coovviiieeee e 34
3.6.8 Testing Outliers for rainfall Data...............cccceeeiiiiiecciiiccee e 35
3.6.9 Checking the Condiency of the Selected Rainfall Stations............... 36
3.6.10 Areal Rainfall Determination..............ooooiiiiiiimmmn e 36
3.7 MOAEI SEIUP.....oeieeeee e eeea et e e e 37
3.7.1 Hydrological Modelling.............oooiiiiiiiiee e 37
3.7.2 HEC-GeoHMS and HEGHMS. ... e 37
3.7.3 RainfaltRunoff Modelling...........cooiiiiiiiiiiiceeic e A2
3.7.4  Precipitation LOSS........ccuuuiiiieiiiiiiii i e e et e e e 42
3.7.5 DireCt RUNOFE........oooiiiiii e A2
3.7.6  Flood ROULING........uoiiiiiiiiiiiiie s ieeee e seeee e eeennnn A2
3.7.7 Watershed Physical Parameters..........cccceeeiiiiiieeee i 42
3.8 Calibration and Validation of the Model Parameters....................cccee..... 43
3.8.1 Model Performance Evaluation Criteria...........cccccoovuvvimemineeeeeennnnne, 44
3.9 Frequency Storm Method............coooeeiiiivieeeei e 4D

iX



3.10 River Flow Profile Computation...........cccoeeeiiiiiiiieeei e 46

3.10.1 Flood Plain Area Map.........ccceeeeeiiiiiiiiiieees e e e e mmme e eeeeaaan 46
3.10.2 Hydraulic FIow SImulation.........ccccceveeeeeiiiiieeeiieieeeeeeeeeeeeeeeeeeeviieenn AT
3.10.3 HEC-RAS (River Analysis System) Model Descriptian....................: 48
3.10.4 Importing GIS Data and Editing Geometric Data.................ccceeveceee. 50
3.10.5 GEOMELNC DAtA.......cceeeeeiiiiiiiieeee e 50
3106 Manni ngos ..Coelf.fl.Ccil.ento . 51
3.10.7 Boundary Condition in HEQRAS ..........cuiiiiiiiiiiiiiiiiieeeeeee e 53
3.10.8 Steady Flow Computation..............cceevvvivuiimmmeeieeeeeeieeiiie e enenens 54
3.10.9 PostRAS Processing of Geometric Data.............ccooevvvvvieeeeiieeeeeen, 54
3.11 HEC-FDA (Flood Damage ANalYSIS)...........uuuuiiiieiiiiceeeniiiiiiiianaeeeeeeeaans 55
3.12 HEC- FDA MOdel INPUL.......ccooiiiiiiiiiieeee s 55
3.12.1 Study Configuration Data.............cccccuumiiiiimmmriiiiiiere e 55
3.12.2  SHIBAIMS. ...ttt et e 56
3.12.3 Damage REACNES.........iiiiiiiiiiii e 56
S.12.4  PlANS. ...ttt 56
3.12.5 ANAIYSIS YRAIS.....uutiiiiiiiiiiiiiiiee ettt 56
3.12.6 Flood Damage ECONOMICS...........cooviiiiiiiiiiemmee et 56
3.12.7 Damage CategoOriES........ccceeiiiiiiiiiiiiieeneeeeeeeeeeeeeeeaetra s mmmr e eeesesranane 56
3.12.8 Structural OCCRANCY TYPE....uiiiiiiiiiiie e eeeeitt et e e e avmmmeees 57
3.12.9 Structural INVENTONY.......uui e eee e 57
3.12.10 Structural Damage COSL.........coieiiiiiiiiiiiiceeee e e 57
3.12.11 Content CoSt Damage........oveviuuiieiiiieeieemreie e ee et e e e e eeeans 58
3.12.12  OtNEI COSh.uiiiiiiiiiiiiiiii et 58
3.12.13 Expected and Equivalent Annual Damage Analysis..................... 59
3.12.13  Project PerformanCe........cccoeiiiiiieieiiiieeeecie e eeeeeeeeene e 59
3.13 Flood Plain ManagemeNnt.........cceeeeiiieeeeeeiieeeiieee e e e e e e e e e eeeeeeeeevienneeeeeeeaeeeee) 60
3.13.1 Methods of FIOOd CONbDI .........oovviiiiiiiiiiiiii e 60



3.13.2 Flood Control by LEVEE.........coovvieiieiiiieeme e 61

3.13.3 Levee Design General..........ccooiviiiiiiiiieeee e 61
3.13.4 Levee Heignt. ...t 61
3.13.5 Levee Freeboard...........ccooviiiiiiiiieeeiiecc et 61
3.13.6  LEVEE SIOPE... ..ttt ettt ettt e e 62
3.137 Levee Crest Width..........eeeeeiiiiiiiiieee e 62
CHAPTER 4 RESULTS AND DISCUSSION........oiiiiiiiiiiii e 63
4.1 Calibration and Validation..............cooooiiiiicccee e 63
4.2  Frequency Storm and Flood Frequency AnalysiS...........cccceevvvvieeeeeeeennn. 67
4.3 HEC-GEORAS OUIPUL. ...ttt et mmmri s ai e eennns 68
4.3.1 Stream CenterliNe.........coooi i 68
4.3.2 RIVEIr BanK LINES.......cooviiiiiiiiiiii e 69
4.3.3 Flow Path Center LINeS........coooiiiiiiiiiieeee e e 70
4.3.4  CrossSection CUTNES........cccuiiiiiiiiieiieeei e 71
4.4  HEC-RAS OUIPUL.....coeiiiiiiiiiiiiiie e eeeee et eeene e eeeenn e e eeenenn s L 2
4.5  Flood Plain Mapping.....ccccceeeieeeeiiiiiiiieeee e eeeeeetteeme e 74
4.5.1 Water SUr@ice TIN Generation............ccuuvereeeriiiiemmniiieieee e esiieeeeee e amee 74
4.5.2 Floodplain Delineation Using RaSter..............coovvvviiiieeeeeeiceeeeeeeiiiiiae 75
4.6 Flood Damage ANAlYSIS..........ucieeiiiiieieeceeeiiiiiiis e e e e e eeeeeeeeesevieenseeeeeaeaeeennn L O
4.6.1  Structural Damage ANalySiS...........oooiiiiiiiiiiimmnn e 77
4.6.2 Estimation of Structural Damage CQsSt..........ccccuvvvriiiiimmmiiiiiiiiiiennee 78
4.6.3 Estimation of Content Bmage COSt............uuuuiiiiiiiiiiieeriiiiieieeeeeeeeeens 78
4.6.4 Estimation of Other Damage Cast............oooeecviiiemnreeieseiiiiiveeeenn B
4.7  Flood Plain Management...........ccuuuuuuiriiiieeeiiiiiiiiieeeeeeeeeeeeeseseseeeeeeeeeeeeens 79
A.7.1  LeVee ASSIGNING. . ...t iiiieiiiiie e eieetmmmeeie e e e e e et s e e e e e esmmme e s e e e e e eannanas 79
4.7.2 Levee Height........cooooiiiiiiiii e D
4.7.3 Characteristics of Levee Failure...............cooooiimmne e 80
4.7.4 Levee Water SEAgEe......ccuuui it e e et e e e e et e e e eeeennns 80

Xi



CHAPTERS CONCLUSIONS AND RECOMMENDATIONS .........ocoeeeiinnee. 82

5.1 CONCIUSION ..ottt r et e e e e e e imenn e 82

5.2  RECOMMENUALION. .....cuiiiiiiiiiiiiei e 83
REFERENGCES ... . et eree ettt e e et e e eeeeees 84
AP P EN DD X A e e et a e a e e e e e e aee 87
APPENDIX B et e 38
APPENDIX C et e e nnr e 94
APPENDIX D .ttt e e e n e eene 95
APPENDIX E oo 100
APPENDIX F et 101

Xii



LIST OF TABLES

Table 3.1: Total number of people in WO&e...............oooeiiiiiiiicc e 23
Table 3.2: Population and agricultural land under flood risk in Illu Woreda......... 24
Table 3.3: Ouitlier test deviatesNKat a 10% ignificance level..........ccccccovvvvivnnneeee. 33
Table 3.4: Spatial overview of meteorological stations and rainfall data recording period
............................................................................................................................. 35
Table 3.5: Teji rive catchment subasin parameter obtained from HEB&2oHMS.....41
Table 3.6: 24hr Rainfall depth versus frequency...........cccccevvvveeeeeeiveveeeviinnnnnnn.. . 45
Table 3.7: Manning roumess estimation for the river (channel)........................... 52
Table 3.8: Manning roughness for flood plain SOULCE............ccvvvviiiieemeeeiiieeeeeiinns 53
Table 3.9: Minimum freeboard needid [eVee............cccccciviiiiiiiccc 62
Table 3.10: Recommended crest width for levee.........cccccoviiiiiccc | 62
Table 4.1: Comparison flow data of frequency analysis and HEG@S..................... 68
Table 4.2: FIood inUNAatioN @I a.........ccoiiieeeeeeeiiieeeieiee e e e e e ee e eeeeeeeeiinnne e e e e e e eeeeeeeens 76
Table 4.3: Structural occupancy ground level estimatian.................ccoovceevvvvnnnnnns 77
Table 4.4: External and internal water levels in the suggested.levee.................. 80

Xiii



LIST OF FIGURES

Figure 1.1: Floodncidents in the Teji area and affected areas and likely to be affected by

the floods IN EtNIOPIA. .......oooiiiiiie e 3
Figure 2.1: Floogprone area map in Ethiopia...........vviiiiiiiieeneee 6
Figure 3.1: StUAY ar€a MaP.........eeuuuuuuuniiiiiceeeeereeriierea s s e e e e e e s amansnas s s s s e eaeeaaaseeeeens 17
Figure 3.2: Study area map and river profile from google eatrth........................... 18
Figure 3.3: Land use/larabver in the study area river catchment......................... 20
Figure 3.4: Soil type in the study area river catchment..............c.evvvieeecivvvvinnnnne. 22
Figure 3.5: Time series of anmdumaximum discharge.............ccccccovviiiieeennn e, 32
Figure 3.6: Outlier tests of Teji river flow data...........ccccoeeeiiiiiiiceeiiiii e, 33
Figure 3.7: Flow duration curve of Teji river streamflow................eeveiiiieenciivinnnnen. 34

Figure 3.8: Mean monthly rainfall for selected stations averaged over the period 1996

72 0 RO 35
Figure 3.9: Teji station rainfallada outlier teSt...........cccoeeeiiiiiiiiiiceeiicc e, 36
Figure 3.10: Double mass curve test for rainfall stations.............cccccovvemnicnnnnn.n 36
Figure 3.11: Thiessen polygon created using@I8 ftware............ccceevviiiiiieenn. 37
Figure 3.12: Flow chart of the HEBMS model...............ccoooiiiiiiiiieee e, 38
Figure 3.13: Study area DEM, river network, and gauging stations..................... 39
Figure 3.14: Study river catchment project SetUp.............evvveeeeeeeenvvvvveeeeeeeeeeenee... 40
Figure 3.15: Terrain processing of Teji river catchment..............oooooiiienii 40
Figure 3.16: Flood area river network and preparing file to HH8€S export............. 41
Figure 3.17: Hydrological element of Teji river catchment...................coooeeeeen.. 41
Figure 3.18: Schematic of the calibration procedure.............cccooiviccceeeeee, 43
Figure 3.19: HEGHMS SchematiC VIEW............uuviiiiiiiiiiiiieeeiieieieeeieeeeee e ssameee . AB

Figure 3.20:

Flood plain map generation and flood damage analysis flow..chart.47

Figure 3.21: Overview of the TIN of study area..........ccccceeeeevvviveeeeeiiiiieeceeeennnnn.. .48
Figure3.22: HEGRAS Main window of Teji river model...............ooooiiiiieenneenenns 48
Figure 3.23: Energy equation parameter for gradually varied.flaw...................... 49
Figure 3.24: HECRAS Stream CroSSECHON .......uuuiiieie e eeeeeeeceeeie e eeeeeeeeeaaiees 50
Figure 3.25: Geometric data model Setup..........ccoooviiiiiicceiiii e, 51
Figure 3.26: Boundary condition of the steady flaw...............cccoovvvieeeee i, 54
Figure 3.27: Steady flow computation.............ccoevviiiiieeeee e 54
Figure 3.28: Flood Plain Area bounding Map...........cooaeinneeeececiiiieeee e 55

Xiv



Figure 3.29: Building damage during a flood event..............ccooovvvieeeeeiiiiiiieveeininns 57
Figure 3.30: Content damage in houses during a flood event..................c.eeee.... 58
Figure 3.31: Agcultural damage caused by floods overflowing..............cccvvvvvienn. 58
Figure 4.1: Flow optimized and initial value during calibration......................c...... 63

Figure 4.2: Averge monthly simulated and observed flow comparison from HERS

during parameter Calibration...............oovviviiiiieeee e 64
Figure 4.3: Daily flows hydrograph comparison...............ccccoimmmrniiiniiiiiiie 64
Figure 4.4: Description computed versus observed findings...............ooovvvceeeeennn. 65
Figure 4.5: Comparison of observed and simulated flow with a scatter diagram.65
Figure 4.6: Flow Comparison at w100 Shdsin during calibration......................... 65
Figure 4.7: Average monthly observed and simulated comparison during valida@én
Figure 4.8: Daily flow hydrograph comparison during validation.......................... 66
Figure 4.9: Comparison of observed and simulated flow by scatter diagram......! 67
Figure 4.10: Flow comparison at shhsin W100 during validation......................... 67
Figure 4.11: Frequency storm of 100 Years at the outlet................cevvvieeeiiivnnnnne. 67
Figure 4.12: Scatter graph comparison of Teji river flow data................ooooeee 68
Figure 4.13: Teji river CENLEIIINE..........cooiiiiiieeeeee e s 69
Figure 4.14: Teji river bank lines schematic VIEW...............cooovviiieeeeeceiiiieecceeeii, 70
Figure 4.15: Flow path SChematiCc VIEW............oovviiiiiiiieeniieee e 71
Figure 4.16: Teji river crossectional Cut lINES............uuuviiiiiiiiiiiceeiiiieeeeeee e 12
Figure 4.17: Section of Teji river reach HERRAS model.................ovvviiiieeeeiinnn, 73
Figure 4.18: Profile of Teji river HERAS model............cooooviiiiiiiiiee e, 73
Figure 4.19: Water surface generated for t100 Year with Study area averlay......74
Figure 4.20: A portion of the inundated plain area of fiegir for the 100year flood event
Figure 4.21: HEEFDA model water surface profile plot...........ccccoeeeiiiiiieeee e, 77
Figure 4.22: Contour interval used ttiemate structural ground level...................... 78
Figure 4.23: HEGFDA model output equivalent annual damage...........cccccoeeeennee 79
Figure 4.24: Assignment of the levieethe river in the HEE-DA model................... 81
Figure 4.25: HEEFDA model schematic view reduction of economic loss by the 8vee

XV



ABBREVIATION

AMSL: Above mean sea level

DEM: Digital elevation model

DPPA: Disaster prevention and preparedness agency

DTM: Digital terrain model

EAD: Expected annual damage

E.C: Ethiopian Calendar

GIS: Geographical information system

GPS: Global Positioning System

HEC-FDA: Hydraulic Engineerig Center for Flood Damage Analysis
HEC-GeoHMS:Geographic Hydrologic Modelling Extension
HEC-HMS: Hydrologic model

HEC-RAS: Hydraulic Engineering center for river analysis system
HEC-SAM: Spatial Analysis Methodology

LPIIl: Log Pearson Type lli

MOWIE: Ministry of Water Irrigation and Electricity

M-W: Mannwitney

NMA: National Meteorological Agency

NSE: NashkSutcliffe coefficient of Efficient

OECD: Organization for economic-@peration and development
USACE: Us army crops Engineer

USGS: United States @kogical Survey

TIN: Triangular Irregular Network

RR: Rainfall Region

XVi



Flood Damage Analysis, For Teji Area /lllu Woreda/

Chapter I INTRODUCTION

1.1 Background

Inundatingis one of thegreatestommon, widereachinganddamagingnhaturalhazards
disturbing averagely nearly 250 million people around the world éagear (OECD,
2016). Practical considerations such as access to water supplies, fertile soil, waterborne
transport and the attractiveness of living near rivers and coasts have historically led to
significant development in areas prot@ inundating hazard. In many countries,
substantial portions of the population now live in areas promeutwaton: for example,

49% of thepeopleof Japanarelocated in Former River and coastal floodplaarsd twoe

thirds of thepeopleof the Netherlands live in floegrone areasSeveralmegacities in

Asia, including Ho Chi Minh City, Jakartand manila have been repeatedly affected by
flooding in recent yearsn theUnited States, floods accounted for almost-tivods of all
Presidential disaster declarations dgrihe period 1952010 and have been responsible
for the largest number of lives lost and tireatestdamage over the last century when
compared witHormernatural disasters. In Canada, floods have accounted for 40% of all
recorded natural disaster evestncel90QOECD, 2016)

West, along with Central Africa, has practiced significant flooding during the rainy season
of 2017, affecting massive, substantiahd human victimsA grouping of swollen
streamsas well as great effect everitas lechearthedamagef structureand agricultural
resources people dislocation and problemsfor admissionand relief help. Rainfall
predictionsconcludedDecembershownearbyto above the seasonal average in extreme
eastern congo and west of democratic republicooyo,to very likely aboveaverage in

thegreateastern soutkeast of Central African Republic. (Report from UN Office, 2017).

Ethiopia has a large amouot rugged and mountainous topography with altitudes that
range 4650m abovthe sea level to 420mdbow the sea level. The wide variation in
elevation means that various climatic conditions exist in Ethiopia. The raasfailell
differsfrom place to place it reachasaverageof 2400mm/year in the southwest and not
greater than 150mm/year the northern part Although otherportionsof a country have
suffered from limited rainfall, other part$ the countly havesuffered from heavy floods
as long ashe hidh rain in high land parts of @untry. Flooding is common in Ethiopia

duringtherainy periodamongJuneas well asSeptember and thmaintypes of flooding
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which Ethiopia is experiencing are flash flood and river floods (floods and health in
Gambella region, 2008).

Flash floods remain those produced on or after additional rainfall occurringamsof
watersheds as well as gushing downstream with massive concentration, intensity, and
power . Theyodore al ways unex plosst&edamageaon d t h e
Gambella region, 2013)Consequently such floodsfrequently consequencein a
significant toll; and the damagdevelopsespeciallymarkedand devastating when they
passthroughor alongsidehuman settlements and infrastructaneditation The current
eventthat the Dire Dawa Citpracticedis a typical expressiorof a flash flood.Instead
abundantof flood disasters in Ethiopia are attributed to rivers that overflow or burst their
banks and inundate downstream plain lands. The flood that has recently asbeulted
southern Omo zone and upper Awash -8abin (mainly Illu,Sebeta Awasand Ejee
woreda) is a typical manifestation of river floods. River floods pdkeuwghtfulhazardo

millions of peoplealive in river basins worldwide. At theountrywidelevel, greatfloods

may bringreargrowthby nearlyyears and threaten national food séguat the household

level; a flood may leave people witholbusing limit possibilities to get involved in
economic activitiesand may increase the burden of diseases. (Loss & damage of Gambella
region, 2013)So, dueto its topographic and altitudin&atures flooding, as a natural
occurrenceis notnovelto Ethiopia. They have bedrmappeningat dissimilarplaces and

times withfluctuatinglevels (Loss & damage of Gambella region, 2013)

1.2 Statement of the Problem

Flood is one of the main natural dsters that have struck a variety of countries or states
in the world year after yeafdditionally, it is singleof thebasicnaturalperilsin Ethiopia
which affectmajordamages to lives and livelihoods in parts of the country. Flooding in
Ethiopia ismostlylinked withdenseaainfall and thegeographyf the highland mountains
and lowland plains with natural drainagehemegormed by the principal river basins.
(Revised flood alert, 2018).

In Oromiaregional statesflood frequentlyconsequencesom heavy rainsbring about
overflow on the surfacé&bundantof the flood disasters in Oromia dirékedto rivers that
overflow andrushtheir banksucceedindpeaw rains and inundated lowlands. Taking into

consideration the forecast for the 2018 kiremseaait is estimated that 707,556 people

MSc Thesis by Bedilu Dejene Page2



Flood Damage Analysis, For Teji Area /lllu Woreda/

will expect to be affecteqJoint GovernmeiiHumanitarian Partners National Flood

Contingency plan, 2018 kiremt).

Flooding of the upper basin of Awash Rivend tributariesaf f ect ed 14 pea

associations (Pas) lllu, Sebeta Awasand Ejere woredas of southwest Shewa zone. The
flood was reported to have affected a total of 14,790 people out of which 2052 people were
displaced and indatedbesidethe river banks in lowland plains (Joint Government and
humanitaian partners, 2006)n most casedloods occur inllu woreda as aonsequence

of prolonged heavy rainfall causing rivers to overflow and inundate areas along the river

banks in lowland plains.

Flood affected areas
Flood risk areas

TIGRAY
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| . AMHARA
¢ BENESHANGUL
'\ Gumuz
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ADDIS ABABA ¢’ :
t A HARERI

T SOMAU

a) Part of Teji area ahe 2011 E.C floodwent b)inundation of impacted areas in Ethiopia
Figure 1.1 Flood incidents in the Teji area and affecteéreasand likely to be affectedby the

floods in Ethiopia
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1.3 Research Questions

What is the magnitude of flood frequency for different return pe?iod
Whatis the expected annual damagerionetary value?

What are flood Plaiareas?

1.4 Objective

1.4.1 General Objective
The main objective of the research is to analyze floosbdge and to map flood plasmea

to adopt proper flood management in the lllu worga@eticularly the Teji area.

1.4.2 Specific Objective
U To predictPeak flow in a rivefflood dischargesfor different return periods.
U To identify flood plain areas.
U To estimateeconomicdamageby flood.
a

To adopt proper flood management

1.4 Significance of the Study

The study will assist the decision and policymakers, administrators, plaandra/ater
resources professionals, who are responsiblé¢htomanagement of water resources, in
planning and design of water resource projects and floodpiagementjepemnling on

the frequency and magnitude of peak discharges.
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Chapter 2 LITERATURE REVIEW

2.1 Flood

A flood remainsaremarkablygreatstage in astreamtypically the level at which the river
runoffs its banksas well asfloods the adjacentarea. The damages caused by foad
terms of loss of lifegoodsand economic losas a result ofnterruption of economic
activity are all too welrecognized Thousands of crores of rupees aomsumecevery
year in flood control and floo@stimating The hydrograph ofreatfloods am stages
equivalentto flood peaks provide valuable data for purposethehydrologic project
Additional, of the varioudeaturesof the flood hydrograph, probably tigeeateskey and
commonlyused parameter is the flood pe@ln a given location in avatercoursgeflood
peaks vary from year to year and their magnitude constitutes a hydrologicthaties
enables one to assign a frequencyd@iven floodpeak value. In the design bésically
all hydraulic structureshe peak flow that can i&ely with an assignedccurrencgabout

1 in 100 years) is ofmain importance tosufficiently fraction the structure tgrovide
accommodationgs influence The projectof bridges, culvert waterwayand spillways
for dams and estimation of scour at a hydracdinstructionare some examples wherein

flood-peak values are required (K. Subramanya, 2008).

2.2 Flood Prone Areas in Ethiopia

In Ethiopia,overflowingtypically taking placeatthe ultimateof the kiremtrainingperiod
(July and August) isupremelood-prone areas (DPPA, 2018). In Gambaeilaerflowing
frequentlyhappensluring August and September.the Somdi region, heavy rains in the
adjoininghighland areas of Oromtgpically cause floodinghroughouthe kiremt season.
Unseasondiurthermoreto overheadstandardainfall from October taJanuary could also
cause flooding ipartsalongsidehe wabeSHhaelle and Genale RiversiheSomali region
and Omo River in SNNPRn the same wayheavyrain in the adjoining highlands of
Ambhara, Tigrayand Oromafrequentlyeffectsin the overflow of the Awash River and its
tributaries in Afar. FloodingearbylLake Tana (Fogera and Dambiaipk) isbroughtby
thebackflow of Lake Tanas well agheoverflow of its major tributaries at times of heavy
rainfall. It is furthermorelikely that heavy belg/gannaeriodicrain (Between March and

June) induce flooding in belgrofiting areas.
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Flood Prone Areas
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Source of data and date: DRMFSS and July, 2013

Figure 2.1: Flood-prone area map in Ethiopia

2.3 Flood Damage Assessment

Flood damagealuationis anidenticalessentiabreathatis reflectedin waterengineering
science. Floodlestructionvaluationhas awidespreadiomain and depending @everal
factors can expect different resulst the macromanaginglevel, theprimary step in
describingthe water engineeringlansis an ecanomic investigationof plans As a
consequencave carconsiderand evaluate the feasibility phase of flood damages, and this
can be the basis for planning for the study aféaughin severalengineeringlansit is
sufficed to floodareawith particularreturn periodsioweverby undertakinghese types of
training the costprofit ratio of the different project is studied well and this causes the
applicationof theplanswhich floodmechanisnwill be its outcome (S.A. Mohammadi et
al, 2014).

The rumerial valuationof flood destructioris accomplishedh differentmethods One of
these methods @softwaredemonstratin of flood destructionanalysis HEGFDA. This
model wasestablishedoy the U.S. Army corpsEngineers and isdequatefor global

resourcesDependnthehydraulic and hydrologic data of the stuthne;we can calculate
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theestimatedhnnual losses EAIN this way. Afactthatwould bewell-knownis that this
model canapproximatethe economiaquantity of flood damage anthe flood damage

valuationkeyis flood deepnes§S.A. Mohammadi et al, 2014).

2.4 Flood Frequency Analysis

The first phase in flood risk management is the assessment of the flood danger for the
region, which can be achieved on the basis of an analysis of the triggerimg tactsing

the flood and/or a survey of the spatial scale of the historical events for the region, the
flood frequency and the magnitude relationship assess(@@wthazards, 2009)The
probabilistic approach method is commonly used to evaluate and gukoad frequency

and flow variance within a given regi¢Robson, 1999)T he g o al of Gumbel ¢
value distribution is to create a relationship between the probabilities of the occurrence of
a given event, its return timand its magnitudéEl-Nagaand Zeid, 1993)Robson (1999
provides different approaches to flood frequency statistical analysis for extreme events.
The first method is focused on the calculation of peak flow and event flow, and the second
methodology was focused on simulation tegoes using parameter modeling in data in
weak regiongCorreig 2009) The statistics of Pearson can be described as a significant
tool for the analysis of the data fithess and various observations for the same combination
of data explanatory variables @fyiven occurrence, its return tinaad its magnitud€El-

Naga and Zeid, 1993)Y he bestsuited probability function allocation can be analyzed
using statistical replication for use in peak fl@®myth, 2003)

2.5 The Selected Software

2.5.1 HEC 1 GeoHMS (Geogaphic Hydrologic Modelling Extension)

In Hydrologic Engi neer i ng Ce nt eimpoyvemenththE @epgraphic r r e n t
Information System (GIS) tools for hydrologis well adwydraulic modelingonsequence

from severalyears ofattentionin geospatial data uga. Theinitial work wasinitiatedin

the mid1970s vinen HEC developed software depemnl theideasestablishedn the
Harvard University?o0steddre,Honey Hillprbjecl. Bhandial c ape A
work concludedwith theimprovementof a SpatialAnalysis Methodology (HEESAM)

which containeda gridcell data bank and analysis softwargendedfor hydrologc and

flood damage estimatioMhatinitial work had the samigleasas those of today, but the

limits in the computer hardware, GIS softwarad alata availability madeell-known
engineering applicatiorchallenginglUSACE, 2000).
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The recentimprovementbuilds on thosenitial practicesand takes the technology to
numerousapplied engineering productsontaining HEC-GeoHMS. HECrevived its
previous efforts byrevising recentGIS experiencesn a link through Professor David
Maidment from the UWiversity of Texas. HEC anMlaidmen{Dr) expressedVatershed
data arrangementisat wouldconneciGIS as well asydrologic modelsSincethatperiod
thedescriptionand content of the GIS and hydrologic dateangementdevelopednto a
hydrologic GIS processor, ppro, taking advantages of the wealth of terrain and
geographic data readily available over the internet and from government agenepes, pre
delineates streams and watersheds and builds the hydrologican@aglemenvn behalf

of HECi HMS. Prepro wasa successoto HEGGeoHMS

Theimprovemenbf prepro by the University of Texas wagsartly supported by HEC via
the Crops6 Ci wram. ThirugglealsoRekdvedonsiderablgrovision
from other national and international agencies. ffeamprovementat themidpoint for
Research iWater Resources at the Universitylaxas has been directed by Dr. Francisco
Olivera. GeoHMS has leaestablishedy HEC and ESRI agnelementof a cooperative
research and Developmer@ontract between those organizations. Dr. Maidment,
Dr.olivera, and others at the center of Research in water resourcekeheseedValuable
assistance for themprovementof GeoHMJUSACE,2000) Other GIS products that have
been released or are under developmemiBE include HEGGeoRAS, a GIS utility for
use with the HEERAS river hydraulics program, aride HEC-GeoFDA flood damage

analysis package.

For several yearHEC has developeseveralGIS modules for specific tasks, such as
processing terrain for drainage path, generatinglggiged rainfall, etc. Those modules
required users knowledgeable of UNIX, Arcinfo, hydrology, aaderalmiscellaneous
subprogramsHEC-GeoHMS combines the functionality of those Arcinfo programs into
a package that is easy to waéh a specialized interface. With this Arc Vieempetence

as well asa graphical usdme, the useadmissiongustomized menus, tools, and buttons
as a rplacement fothe commanéline interface in Arcinfo. With GeoHMS, users who

are new to GIS have access to powerful GIS operations.

HEC-GeoHMS usesreely accessiblaligital geospatial informatioon the way tanake
hydrologic modelsfurther convenientlythan usingphysical approachesFurthermore

improvementsn elementary watershed information determination th&l engineers in
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approximatinghydrologic parameters. After gainiragcceptableexperience with using
GIS-general parameters, users can take diepsreamline theechniqueof hydrologic

parameteapproximation

HEC-GeoHMS ought to establishthrough the geospatial hydrology tool kitised for
engineers and hydrologigtiroughpartial GIS understandingThe progranpermitsusers
to envisionspatialinformation,file watershedeaturesaccomplishspatialinvestigation
as well asdelineate sulbasinsas well asstreamsfunctioningthroughHEC-GeoHMS
completeits interfaces, menus, tools, buttpasd contexsensitive onlinesupport in a
windows erironment,permitsthe user taonvenientlycreate hydrologic inputs that can
be usd directly with the Hydrologic Mdding System, HEEHMS (USACE 2013.

2.5.2 HEC T HMS Model (Hydrologic Modelling System)

The hydrologic model system (HECHMS) remainsa resut of a US Army corps of
Engineer so Research and devel @apHydeotogic pr ogr
Engi n@EQ).sTde program simulates precipitatiomnoff and routing processes,

both natural and controlled program isa successor to and replacerhéor the Flood
Hydrograph package HEC (USACE, 1998 and various specialized versions of HEC
1(USACE) The progranadvancesipon the capabilities of HECin addition todelivers

additional capabilities for distributed modeling addition to continuoussimulation

(USACE, 2000)

HEC-HMS remainsa numerical model (computer program) thanhtainsa greatset of
approachego simulate watershed, channel, and watartrol structure behavior, thus
estimatingflow, stageas well agiming. The HEGHMS simulaton methods are:

U Watershed precipitation, evaporation. It defines the spatialin addition toa
temporalscatteringof rainfall onin addition toevaporation from a watershed.

U Runoff volume. It locatesquestios aroundthe volume of precipitation that fall
on the watershed: How much infiltrates fonrmersurfaces? How much run off of
the impervious surfaces? When does it run off?

U Direct runoff, containingoverland flowin addition tointerflow. Thesdechniques
describe whatoccursas water that has notfilrated or been stored on the
watershedravelsover or justunderneathhe water surface.

U Baseflow It simulatesthe slow subsurface drainage of water from a hydrologic

system into the watershedds channel s.
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U Channel flow. These saalled routing methodsimulate onalimensional open
channel flow, thus predicting time series of downstream flow, stage, or velocity,

given upstream hydrographs.

2.5.3 HEC RAS (River Analysis System)

River Andysis System (HEQ RAS) is softwarewhich agreesyou accomplishone

dimensional steadgs well asunsteadystreamflowhydraulicsapproximation sediment

transporti mobile bed modeling, and water temperature analysis. The HRAS

software replacesthe HEG2 river hydraulics package, whicremaineda onei

dimensional, stedy flow water surface profilegrogram(USACE, 2010) The HEGRAS

software is a significant advancement overdan terms of both hydraulic engineering

and computescience. This software is a product of thigpcs 6 c i v i | wor ks sy
Water ResourceResearch program (SWWRP).

The primaryversion of HECRAS (version 1.0) was released in July of 1995. Since that
time there have been several major releases of this software package, including versions:
1.1,1.2;2.0; 2.1; 2.2; 3.0, 34,0;and in Janugr2010, 4.1 and know 5.0.7.

HEC-RAS software wasstablishedy the Hydrologic Enginae s(BEC), which is a
separatiorof the Institutedesigned for Water Resources, the Army of Cd&pgineers.
The software wamtendedoy Mr. Gray W. Brunnedeadof theHECI RAS improvement
team (USACE, 2010) The user interface and graphics wereodingby Mr. Steven
S.piper. The sediment transport computatiom®dule was encodedby Mr. Stanford
Gibson. Mr. Tony Thomas (Author of HE&hd HEG6T) improvethe sediment trasport
routines used in HE®RAS. The water quality computational modules were desigised
well asestablishedoy Dr. Cindy Lowney and Mr. Mark R. Jensen. The interface for
channelplanadjustmentsvas programmed by Dr. Robert L. Barkauu#or of UNET
and HEC-UNET). A stable channeplan functions wereautomatedoy Mr. Chirs R.
Goodell. The routines for modelirgpnow cover andwide-rangingriver ice jams were
establishedoy Mr. Steven F. Daly of th&€old Regions Research ancdhdineering
Laboratory (CRRELJ{USACE, 2010)

Khattak et al, (2016 studied the application of the HERAS model, in combination with
Arc-GIS, to simulate watesurface profiles and to establish flood plain maps or inundation

areas under different return periods for the Kabul River ikisRa. Maximum
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instantaneous discharge available at the Warsak Dam and Nowshera Bridge was used to
estimatepeak discharges falifferent return times using frequency analysis to estimate the
water surface profiles and the magnitude of the flood aMter surface data were
collected from HEGRAS via HEGGeoRASand then integrated into the floodplain map

via GIS, using thevater surface data and the DEWbduced for the basin, the flooded
areas under 10, 50, 100, 200, 5&80d 1000 years are 252, 266.280.09, 271.86, 275.26

and 279.02 krhrespectively

2.5.4 Flood Mapping and DamageAssessmenin Ethiopia

Negese Roba, (20173tudied Flood Hazard Mapping and Damage Analysis for Meki
River Using, HEGCRAS, and HEGFDA modelsthe study establishes flood hazandps

and damagenalysis along the Meki RiveiThe automated elevation model of the
catchment using the HEGeoHMS hydrological model was used to produce flow
hydrographdor 2, 5, 10, 25, 50and 100 years at the outlet of the catchment area using
rainfall design. Flood inundation and hazard maps along the Meki River have been
established on the basis of flow hydrographs for 2, 5, 10, 25r8D100 year return
periods using the HE®RAS model simulating water surface profiles and defining flood
plain orflood plain areas under 2, 5, 10, 25, 50 and 100 year return pésiatie Meki
River in Meki townto Lake Ziway Water surface data were collected from HEBSvia
HEC-Georas and then integratiedio the floodplain map via GIS, using the water surface
data and the EM generatedor the basin, the flooded areas under 2, 5, 10, 25arkd

100 years are returned at 11.52, 12.50, 12.95, 13.57, 14.089 aad 15.52 ki
respectively.Finally, the cost of flood damage was measured uslEg-FDA, and
mitigation measuresere suggested to mitigate the damage caused by flooding in the study
area.The total amountof the estimated annual damage was 707,193,87 1lier; the
study, it was suggested to increage width of the river canal aronstruct of leveéo

mitigate the economic damage caused by flooding in the lower Miki river.

Zelalem Abera, (2011) Flood Mapping and Modeling on Fogera Fldein: A case
study of Ribb RiverThe analysis explains the frequencyl atepth of floods in the area
for the2, 10, 50 and 100Yearsflow conditions derived from higrical data on th&ibb
River. The hydrological model is calibrated using HEMS for hourly time seriedata
for return periods of 2, 10, 58nd 100 yearsThe value obtaied from the hourly data of
the HEC-HMS is contrasted with the differemhethods of frequency analysi®ne
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dimensional hydraulic model HERAS with HEGGeoras interfacen conjunction with
Arc-GIS was used for researchhe Triangulate Irregular Network (TIN) was prepared
from the fam file created from th#8oodplain spot elevations via field survey data and the
DEM of the ArcGIS study areaRequired data sets such as stream centerline, banks, flo
paths and crosssections havéherefore been prepared in HE&&oras, creating an irog

file and imported into HEERAS. The boundary condition folownsteam was specified

in HEC-RAS. In the same way, flood discharges ¥@rious return times have albeen
entered and steady flow analyzes havenbearried out for the effectfthe HECHMS
hydrological model result indicates a flow value of 91.8, 202.4,12@8d 308.4m3 / s for
the 2, 10, 50and 100 return cycles, respectivele resulwas compared to the frequency
analysis using #1Ribb River event flow values.ccording tothe foa map, the 2, 10, 50
and100 yeasflooded area is 12.63km2, 18.63km2,2km2 and 22.5km2 respectively.
The flood depth classdation showed that most of tifleod areahad a depth of less than
1.5 m.On the other hand, 88 percesftagricultural land11.6 pecent of agrepastoral

land and 1.36 percent of the river are flooded.

Webeshet Hailu, (2019)Flood Damage Analysis Using HERDA Software (In case of
Upper Awash SebataAwas Woreda)The report outlines the technical approach to flood
risk research, with the goal of thorough study of the environmentally feasible flood
control strategy anthe management of flood damageequency of the flads for various
return times, byhoosing the required probability distriian establishedn the fitress
test. Statistical analysis, i.e. outlier, isolated, istaary, and filling missing datdor the
flow observed at the Awash Belo Gauge Stati@ontour of 1 m interdgDigital Elevation
Model) DEM12.5n prepared for the detern@tion of depth damage dtire. Flood
inundation mapping in ArcMap arfetld survey conduetd to estimate property losses.
Triangulate Irregular Network (TIN) prepared fronetbontour of ArcMap with Georas
extension to set the layoutrfboth the canal and the shore. Howevergctiosssection has
been entered from field info. Manning number and boundamglitions estimated in the
field. Water surface elevation calculatesging the HEERAS model. The data being
observed arendependent and have no outli€lood frequency measuteby Gumbel
(Extreme ) system 42.36, 49.01, 53.41, 5868%.10,67.20, 72.59 and 76.66%ms for 2,

5, 10, 25, 50, 100, 250 and 500 years respectidélgse floods are used foalculding
the water surface profild?lannedand equal, the annual amowitdamage reduced for

various oerrun probabilities calculatedotal e@nomic loss $69423.77 estimat@ohual
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damage without a projeddy having a channgthe loss will reducéo $5572.80 per year
and reduce the ton of sediment. Canal losses are erpér householdnland flood
contwol and dyke integrated into th@anal nullifies ($0Xhe predicted damage per year.
Equivalent annual damage report indicates no scheme, eaadahcorporation of dyke
and inlandflood control canals ere $69423.77, $672.8Q and $0 respectively ovex
project life of 50 yeary providingacanal we can reduce loss to 5572.80 $ s peuran
and reducea ton of sedimentCanal loss which very low per household. Inland flood
protection and dyke integrated @anal nullifes (0 $) expected damage per annum.
Equivdent annual damage report showishout a project, Canal and Integration of Canal
with dyke and Inland flood protection a®9423.77 $, 5572.80, &ind 0 $ respectively
through projectife 50 years.Planned anndalamage and corresponding annual damage
to the HECFDA model statics indicate that a flood management plan is needed.

Wondwosen Dejenne, (2011)%lood Modelling Using 2D Hydrodynamic Model in the
Fogera Flood Plairlhe research was rducted to perform ioodplainanalysis and risk
assessment &-ogera and surrounding aredbis researcimvolves the application dhe
2D HydrodynamicModeling Method with Geographitmformation Systems (GIS) to
establish a regional floodplain identditon and represéstion model.The analysis
explains thalegreeof the velocity, thenundation depth in the regidar the various flow
conditions derived from the historichbw data of the Gumera RiveFlood frequency
analysis is used to estimate peak flow for regtilae series data and Gumbeldanog
Pearson type Il are used a@dmbel Distribution is used with R 0.994) and peak flow
of the River for return periods @& 5, 10, 25, 50 and 100 yeaf$ie boundary condition
for upstreamand dwnstream has beentaklished.Similarly, flood discharges faz, 5,
10, 25, 50 and 100 return times were also entered iatet boundary and steady flow
analyzes were carried out for the d&aimbel Distribution results indicate a flow value
of 233,281, 312, 352, 38and411 nv/s for return periods of 2, 5, 10, 250, and 100
years respectivelyetailed topographic maps obtainednfrearious utility organizations
and 2dimensional computational hydrodynamicaets were used for simulatioriddodel
outcomes were tested feix different scenarios ranging frogy 5, 10,25, 50 and 100

years of return. In the endflaod map was made.
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2.5.5 HECi GedRAS

Geometric Data wilimport to HEGRAS from HECGeoRAS. HEGGedRAS is ArcGIS
extension toolspeciallydesigned tgrogressiorspatal data for useéhroughthe HEG
RAS. The user creates stream centerline, flow path centerline, main channelaoanks
crosssectional cut lines referretd asthe RAS team. RAS team also imports land use,

levee Alignmentunsuccessfulow areas, and stage areas (USACE, 2010).

2.5.6 HECIiFDA (Flood Damage Analysis)

The daesign and development of the Hydrologic Engineering Center HRerdage

Reduction Analysis (HEEDA) computer program has been a teeffort over several

years. Several past and present memdietise Water Resource Systems Division played
significant roles. Harry Dotson primarily designed and tested the hydrologic engineering
portions of theprogram (USACE, 2008)Penni Baker was responsible for much the
technical coordination of debugging theode, testing the program, instrumental in the
overall design, and oversaw the creation o
& Hydraulics Technology Division, developed the complex algorithms and code for the

Monte Carlo Simulation, the primacpmputations required for rigkased analysis.

Numerougpeople outside of HEC contributed to the progmaprovementDavid Moser,
from the cr ops Resburcastontributedcensifiemalblyto WWa ecaomics
portion of HEC-FDA (USACE, 2008. Wayne Haythorna private consultantintended
and coded the databasaturesof HEC FDAas well aprovided general consultations on
the overall program design. Richard Rachiele and John DeGeorge of Resources
Management Associatestablishedhe graphicaluser interfacas well asupportedvith
debuggingas well aghe overall desigrMichael Deering, chief, Water Resources Systems
Division, provided general direction in the program dioeat the programmprovement
(past Division chiefs, have been Mad# Burnham & Christopher Dunn), HEC software
is under the guidance of Christopher N. Dunn, Director, Hydrologic Engine€anter
(USACE, 2008)

HECFDA i s Hydrol ogi c Engi n Amalyss;Ghe @agnamh e r F
provides state of the art analy$ms expressingas well asestimatingflood destruction
reductionstrategiesisingperil-based analysiapproachedt remainsone of HE@ s i Ne x t
Gener at i on ochydioNgcegmaenngsiwell asvater resourcedevelopment

software. The NexGen pext encompases rainfaltrunoff analysis (HEEHM), river
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hydraulics (HECRAS), reservoir system analy$i8ECT ResSm), flood damage analysis

(HEC i FDA), and reaitime river forecasting for reservoir operations. The NexGen
software has a windows stylser interface and operates WWhindows XP and Windows

NT. The HECTi FDA program repl aces HECDestruglionevi ous
Analysis packagecomprising packagesFDA2PO, SIDED, SiDas well asExpected

Annual damag&AD (April 1994). The new HEG FDA programcomprisesmproved

versions ofaltogethertheir featuresn addition toperil-based analysisechniqus for
expressings well agestimatingflood destructiorreductionmeasure$USACE, 2008).

S.A. Mohammadi, M, Nazariha, N, Mehrdadi, (2013), Flood Damage Estimate
(Quantity), Using HEEG-DA Model, case study the Neka rivdn the model, the
assessment of flood damage in the metropolitan area of the Neka River, existing structures
in the direction of flow is considered. The target amaadivided into six intervals, and

for each interval wsconsider residential, commercial, manufacturing, public, parkland
and agricultural use. The hydraulic and hydrological flow data shall be entered for the
return periods of 2, 5, 10, 20, 25, 50, 100, 200 yddrss, the HEERAS model output is
stored in the FDA format and the HERDA model is used as input. In other words, flood
depth values are considered for different sections. This shall be done with all the
considered intervalsChe thirty years of histodal data for various intervailsere used
Finally, a quantitativeraluationof thedamage to the Neka river in tbeban area of Neka

is made onhte basis of the given intervdlaking into account the data set described above
by running the flood risk ahgsis model with HE-FDA, the expected annual damage
(EAD) over the entire study period istenated at 3,076,105,000 railwhich is the

expected annual damage over six periods.

2.6 Previous Studies on lllu Woreda

Still, lllu Woreda is described as high flozatl area, and theegefew studies. This days
flood problem and few studies the area shows the importance of the study in depth.
Research Analysis conducted by Dawit Sisay Dec (20dth) the itle of, Flood Risk
Analysis in Illu Flood Plain, Upper Awash River Basin Ethiopia, The flood risk
analysis for Illlu Woreda is focused on the flood frequency anadgsigell ashe Awash
River flow forecast. Th@urposeof the study was to quantify and estimate the risk of
flooding to crop production in the studggion. The basic assumptions in the statistical

flood frequency analysis are the independence and stationary existence of the data series
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besidesthat the data deridefrom the same distribution. Homogeneity and stationarity
tests at different levels ofghificance were performed using Waldolfowitz and Mann
Whitney tests for homogeneity and stationarity tests at different levels of significance.
Using the system of moments of parameter estimation methodology, the time series of
flow data was calibratett the extreme value of form one (EV I). The flood threat mapping
was done by HE@GeoRAS and HEGRAS tools.Finally, by comparing the amount of

crop yield previously produced from a hectare of land and the predicted crop yield from
the flooded area, floodamage could be calculated. This implies that the improved Awash
Bello streamflow gauge station calculates flow data correctly for the entire duration, i.e. it
properly records flow data without any disruptions from 1960 to 2010. The flow data for
the Awa# Bello station were found to be independent, homogeneous, statiandnyot
anoutlier at a 5 % significance stage. Quardiigroximation®f the 2, 5, 50, 100and 500

year return duration for the siteasalso found to be 39.30, 50.38, 73.86, 808 96.46

m°/s, respectively. These floods have flooded croplands of 1,959.50, 2,107.38, 2,299.16,
2,318.84, 2,354.06 hectares, respectivélyese corrgponded to losses of 44,088.66,
47,415.96, 51,731.03, 52,173.84, 52,266crop quintals, respectivelyhis study found

that the uppemost portion of the cultivatecgion is more inundated th#me middle and

lower portions.The areas affected by the flooae situatednearerto the Awash River

The affected areas must therefore be free from any agraubativity, infrastructure
growth, investmentand people's residence to avoid the risk of flooding in the area

especially close to the Awash River.

But Illu woreda is flooded by two rivertheAwash River and for my Study Teji River.
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Chapter 3 MATERIAL AND MET HODOLOGY

3.1 Description of Study Area

3.2 Location of Study area

lllu is amongthe Ethiopia Woredas in Oromia Regicsind part of South Westshoa Zone
/Debub Mirab Shewa Zone/. lllu undedon the Norh by Sebeta Hawas Woreda, on
theEast by Dawas well aBechoWoreda,ontheWest by Ejeree Woredas well aon
South by Tolee Woreda. The woreda h& Rural Keble and @r'eji and Agjori) Town. A

town of the woreda which is called Teji is found 55km South West of the Capital Addis
Ababa. ThaVoreda total areis 37,294haand the Geographical locati@sfoundbetween
Latitude 8426 ONdi 8°526 3 Bl and Longitude 3830 3 E1038°2 DGE.

Eth_Basin

38°13"30"E

L]
ILLU_WOREDA

= =z
o =3
“ | I
o o
wn in
° °

-] -]

Legend

= Awash river and tributarie =
s L Flood Plain > 5 a 15
Q[ BN v worepa ‘ g
=) . %

38°13"30"E 38°24'0"E

Figure 3.1: Study area map

3.2.1 Topography, Climate type and Rainfall Distribution in the Woreda
The rainfall distributionn Illu Woreda is diffeedby place and time but the average annual
rainfall is estimated to be from 7001400 mm, the rainy season in the woreda is from
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June to Septembeand there is high rainfalin the rainy seasoriThe altitude ranges
between 2060 2100m above sea level and the Temperature Varies fron25%. The
climate Zone in the woreda is 100#oina Dega/Subtropical zone/.

GoogleEarth

X

Figure 3.2 Study area map and river gofile from google arth

3.2.2 Land and Terrain Type in the Woreda
Theworedaland feature is only flaterrainGeographic and the Weather condition varies,

according to the woreda agricultural development aftioe total areds 37,294ha

3.2.3 Land Use in the Woreda

Land use significantly affects the parameter of a runoff event. Lanchddrianan activity

within most watersheds vawyith time. E.g.a rural watershed can be developed into a
commercial area in a short period. Factors subject to change with general variations in land
use include the following:

Permeable and impermeable areas;
Vegetation

Minor topographic features; and

c: c: c: c:

Drainage systems
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All of the factors usually affect the rate and volume of runoff that may be expected from
a watershed. Therefore, it @éssentiato consider current land uses well asa future

potential landuse change in the development of the parameters of any runoff hydrograph.

Accordingly fromatotal area of 37,294ha in the woreda
0 Agricul tur al Land € ¢é ¢ ététééé é2d08kha/eds7%/
U Forest and Shrubs Land.............cccccciiiiiiiiiiiiiiiiii e 400ha /1.07%/
0 Grass Land éeééeéeéééeéeééeéeé.1000hal/2.68%/
U Land cover by construction andromunityr e c r e &téi.éo3nlé3. 4 ha/ 8. 4 %/
U Land CoveredbyBureamind uncul ¢éeeaééed3ed9ha/ 9. 81 %/

3.2.4 Land Cover and Cultivation in the woreda
Major cultivated Crop types in the Woreda
a Teff
Chickpea
Wheat
Grass pea

1
1
U
U Lentil
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Figure 3.3: Land use/land @ver in the study areariver catchment

3.2.5 Soil Type in the Woreda
Soil type can have consideraltgluence on the discharge ratesaafunoff hydrograph;
the soil type directly affects the permeability of the soil and thus the rate of rainfall
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infiltration. The Natural Resources Conservation (NRCS) is a good repository for
information about soils.
In the study aredahe major soil gropsare group B, C, and D.

U Group B: loam, orsilt loam. Soils having a moderately low runoff potential due
to moderate infiltration rate€k.g. Orthic Solonchaks/ertic Cambisols, Calcic
Xerosols, Chromic Cambisols, Eutric Fluvisols, Eurtic nitisols, ©itkivosols

U Group C: Sandy clay loam. Soils having a moderately high runoff potential due to
slow infiltration rateskE.g. Luvic Phaeozems

U Group D: silty clay, sandy clay silty loam, clalpam, or clay. Soils having a high
runoff potential due to very @l infiltration rates.E.g. Leptosols, Chromic

Vertisols,Pellic Vertisols.
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Figure 3.4: Soil type in the study areariver catchment

3.2.6 Demographic Characteristics of the Study Area
lllu woreda had5 rural Keble and 2 towns the towars Aggori and Teji.On thelocation
map theworedaof the study areas seen The population of the woreda was also similar

to the geographical coverage. Tumdanandrural populations werésted below.
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Table 3.1 Total number of people in Woreda

Rural population Urban Population
No. | M F Total M F Total
1| 28,282| 28,304| 56,586| 8,357| 12,330| 20,687
Total Population in the woreda
M F Total
2 36,639 40,634 77,273
Source: lllu Woreda Flood Risk Management and Preparedness ZifficteE.C Report

3.2.7 SocioEconomic Characteistics in the Study Area

According tothe 2011E.C lllu Woreda Agricultural and Rural Development Office
Report, from the total population in the woreda above 84.5% liva iaral area.
Accordingly more than half of the soeifconomic in the woreda depermeh Mixed
Farming, Crop Cultivatiorand Animal production. According to this the benefits that are

gain from farming become the sources of food, incand raw material for industries.

3.2.8 Element atRisk in Illu Woreda

Theissueof any flood vulnerabilig analysis is theollection of componentghatare at

risk of beingdamagedy flood events. Element-aisk indicators specify thquantityof
economic,social or ecological systems which are at risk of being affected regarding all
kinds ofperilsin a particularzone e.g.householdpersonsfirms, economic production,
private as well aspublic infrastructurespublic buildings, cultural assets, ecological

species and landscapes locatedtiisky area.

In 1llu WoredaseveralPopulation and Agricultutdand are under floodsk tabulated in

thetable below.
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Table 3.2 Population and agricultural land under flood risk in lllu Woreda.

River The Number of Population/household/ that ar Agric
which under Flood Risk in lllu Woreda ultural
Worl keble | Cause Total | land
eda Flood Household House Hold Family Ihal
M F Sum | M F Sum
lu Asgori Teji 2739| 2213| 4952| 13695| 11065| 24760| 29712| -
Teji 2310| 2120| 4430| 11550| 10600| 22150| 26580| -
Total 5049 | 4333| 9382| 25245| 21665| 46910| 56292
Jigduu
Midaa Teji & 184 40| 224 770 200 970| 1194 275
Tulluu Awash
Manguraa 96 22| 118 480 110 590 708 250
Duwa
Bisee 83 24| 107 440 124 564 671 151
Amdoo Awash
Quncoo 237 85| 322 1185 425| 1610| 1932 254
Bilii Teji 112 68| 180 560 340 900| 1080 102
lllu | Alangoo | Teji &
Tulluu Awash 118 36| 154 590 180 770 924 96
Wasarbi
Basii 87 42| 129 435 210 645 774 126
Buti Teji
Talgoo 520| 193] 713 2600 965| 3565| 4278 348
Muloo
Sattay 451 73| 524 2255 365| 2620 3144 603
Wareerso | Awash
Qalinaa 513 92| 605 2565 460| 3025| 3630 789
Total 2401| 675| 3076| 11880| 3379| 15259| 18335| 2994

Source: Illu Woreda Flood Risk Management and Preparedness Office 2011 E.C Report.

3.3 Materials Used

The materials used fohe study are:Hydrological data that is streamflow data which is
was gain from MOWIE and used for calibration and validation of the model and also for
the estimation frequency analysideteorological data specifically rainfall data that were
gain from Naonal Meteorological Agency and used folE&HMS rainfallrunoff
modeling,Physical data namely land use/ land cover gain from MOWIE used for HEC
HMS configuration and also to knowetltharacteristics ahe study areaRiver networks
thatareriver shapdile gain from MOWIE used for river simulaticand configuration of

the modelCrop data which are average yield/ha and percentage of crop culiivaked
woreda gain from woreda agricultural rural development office used to esticoaten@c
damage iHEC-HMS model,Scio-economic data that is flood damage depth gain from
woreda flood risk management and preparedness office with field observation for damage

cost estimationOptical level and tape to measure river cresstion and tape isad also
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to measure flood depth and al&PS to determine the average elevatiothefandscape

above mean sea level.

3.4 Software Used

The software used for this study ar&rc-GIS 10.4 to prepare all secondary data needed
in the study, HEEGGeoHMS it is AreGIS extensin used for basin simulation, HEC
GeoRAS is also AKGIS extension used to prepare Rager and flood plan generation,
HEC-HMS used for rainfatrunoff modeling, HEERAS used for river analysis
computation, HEEFDA used for flood damage analysis, Easyve fit for selection of
goodness fit /best/ fit for frequency analysis, Google earth to site thestney area and
also Microsoft-Excel to prepare datnd to analyze HEEIMS output.

All HEC-Groups are downloaded free freaneHEC website (www.hec.Usa.army.mill).
Arc-GIS buy the license frorthe market and Easgurve fit free download from (Easy

curvefit.en.sftonic.com) andComputer embedded in Microsoft office 2013.

3.5 Methodology Procedures

3.5.1 Watershed Delneation

Watershed delineation is the creatiof a boundary that represents a contributing region

for a particular control point or outlet. Used to establish bofideusdaries / of the study

area and/or to divide the study area into-atdms / sulbasins/. Delineated watersheds are
required for HEE-HMS modeling and sulvatershed characterization reports. For this
analysis, the delineation approach used was DEM based / automatic delineation / that is,
the boundary is generated automatically by the device ofGABCArc-GIS was used to
define the bandary of the study river, river networking, catchment configuratoial
location of the gauge and meteorological station.

3.5.2 Data Collection

Daily Meteorological datéRainfall datafrom (1996 2012) for five r&n gauging stations
namely Teji, Tulubolo, Dela, Bantu libena n d IBcatédi within andaround Becho
Sub-catchment, wasollected fromthe National Meteoological Agency (NMA).For the
successful completion of this objectiexerydaystreamflowdata of Teji near Asgori river
gauging station wasollected from the EthiopiaMlinistry of Water, Irrigationand Energy
(MOWIE) with additionalflow data from two river gauging stations that waneearby
outlet.Spatial data like Digital Elevation Model (DEM), Land use land cauedl soil data

were colected from different sourceBor instance, higiesolution DEM (i.e. 12.5 m X
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125 m) was downloaded fromthe ALASKA Satellite Facility website
(https://vertex.dac.asf.alska.§@dnd DEM (30m X 30m) was @dmloaded fronthe United
States Geological Survey (USGRiIp://earthexplorer.usgs.goahd additionally DEM
(30m X 30m) was collecteddm (MOWIE) and analyzed in ArkGIS for the extraction of

watershed hydrogical elements and physical parameters. This digital model shows
elevation ranges from low elevationtimgh elevation, (e.g. 1848381 m above mean sea
level). Land use landovers as well as soil data welected frontheEthiopian Ministry

of Wate, Irrigation, and Energy (MOVIE).

The socieeconomic data such as flood damage data is collectedtfremoreda flood

risk management and Preparedness office, field obseryatoa interview/
Questi onar iAddadop datalsusinas Averagelgiper hectare and percent of
the crop to be cultivated were collected frothe woreda Agricultural and rural

development officéabulatedn appendix AAnd alsotheriver crosssection is surveyed.

3.5.3 Filling of Missing Data

Before the utilization of Hydrd Metrological data analysis, it is advisable to undertake

data preparation and Assessment of missing data values. These days many methods are
available for missing data value estimation. From identified methods, Multiple Regression
methods were used esimate missing rainfaltlata filling. Whereashelinear regression

method was used for estimating streamflow data fill. Data consistency was computed using

adouble mass curve and data oufliare tested using Légearson type Il test method.

3.5.4 Estimating of Missing Flow Data
Streamflow data is used to calculate the peak flow of a year thtbagiver, so before
using we should check the data. The migdata is filledusingLinear Regression Method.

3.5.5 Regression Method

For many rivers, downstream or ugstm data are missing. In this cabe flow data from

the nearby rivers can be used to estimate the missing flows. The regression analysis is the
method frequently used to solve this problem. The dependent variables are the flows of

the nearby stationsalwing drainage basins with similar hydrological characteristics.

3.5.6 Linear Regression Analysis
If X, as well as Yjs two related variables, then linear regression analysis helps us to
calculateY valuefor aknown X valueor vice versa, expresséarough

//////////////////////////

Y = b ééé¢ééeé¢éécééeeceééeééeééeééeééesd. 5.1
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Where b and U -mtereeptrebpectively ope and vy
In my caseAwash atBelo gauging station is used @adependentariable to estimate the

miss ofthe Teji river near Asgori gaugingstation

3.5.7 Estimating Missing Rainfall Data

Often, due to the absence of some observer or instrumental malfunction, the rainfall sum

for a certain day(s) at a certain gauging station may be missing. In such situations, the
missing amount of rainfall would need be approximated by approximating the value

from nearby gauge station information (Santos Kumar Garg, Aug 2005).

Multiple regressions were used in this study. This helps to estimate the Y values for given
values of X1, X2, X3, ééééXk worth.

Established valueXk. Expressed hereunder

Y = b1X1 + b2&X&é. bMB XBXkeé+ U ééééeéééeéeéeés. !
Where: Dbl, b2, b3, and b k -idercept. par amet er s

Meteorological Rainfall sttions used for the study are:

3.5.8 Data Quality Checking
3.5.9 Ouitlier Test
Data points that depart significantly from the trend of the remaining data are called outliers
(A.R.Rao and K.H.Hamed, 2000Jydrologic data are often assumed to have come from
a lognormal or Log Pearson Il scattering. For this study LL&garson Il isused.
YH = YM + KNSy ééé. . ééééeéeéecéeéeééeeééée 3.5.3
YL=YMTKNSY éééééééecéecéecéecéecécée..... 3.54
Where: YH and YL are the log of higher and lower outlier liswespectively.
YM- is the mean of the log of the sample flows,
SY- is the standard deviation of the logs of the sample flows, and

KN- is the critical deviate taken from the table

3.5.10 Consistency Test

Sometimes a significant change may occur in and around a particular gauging station. Such
change occurring in a particular year will start affecting the gauging data, being reported
from that particular station. After several years, it may be felt that the data of that station
is not giving consistent rainfall values. To detect any such incensigtand to correct

and adjust the reported rainfall values, a technique, dhléatbuble mass curve method,

is generally adopted ( Santos Kumar Garg, Aug 2005).
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3.5.11 Statistical Tests of Hydrological Data

The statistical test is a technique leading todgjuent about a specific hypothesis. The
basic assumptions in statistical flood frequency analysis are the independence and
stationarity of the data series along with that the data arise from the same distribution
homogeneity and outlier, it is better toechk the flow data at different significance levels

to reach an accurate estimate.

3.5.12 Test of Independence and Stationarity

The basic assumption the statisticalanalysis offlood frequency is independent besides
stationarity of thatlata series. Forgivenza N, the WaldWolfowitz method used to test
for independeceof thedata set and test fthre existence oitrend in it. Forgiven data set
X1, X2, X3€é  then determinant factor R estimated below

R=B O@op wphlééééeécééecéeecéeéeée 6é63.5.5

When the elements of the sample ardependent, R follows a normal

distribution with mean and variance given below equation.

R= CEEEeééeeéeed. € & ¢é 3551
Var(R)= ——-'Y + 666666663552
Where: Sr is i moment about the origin.

'Y isthemean determinant R
Var (R) isthevariance of determinant R.

The stéicst =

is approximately normally distributed with mean zero and variance

unity and is used to test the hypothesis of
the statics t with the standard normal varigtg& corresponding tathe probability of

exceedancgf

3.5.13 Areal Rainfall Determination

Several methods are commonly used for estimating average rainfall over a watershed. The
choice of the method requires judgment in consideration of the quality and natuee of th
data, and the importance, use, and required precision of the result ((Yilema Seleshi (Dr.),
April 2005).

3.5.14 Changing Point Rainfall to Areal Rainfall
When the area of a basin exceeds about 25, Kamfall observations at a single station
even if it is atthe center of the catchment, will usually be inadequate for the design of

drainage works. Rainfall records within the catchment and its immediate surroundings thus
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must be analyzed to take proper account of the spatial and temporal variation of rainfall
over the basin (Yilema Seleshi (Dr.), April 2005). Thiessen polygon areal rainfall
determination method was selected due to its sound theoretical basis and availability of
computational tools. The assumption in the method is that at any point in the wa@tershe
the rainfall is the same as that at the nearest gage so depth recorded at a given gage is
applied out to a distance halfway to the next station in any direction. The relative weights
of each gage are determined from the corresponding application atie@&sant hiessen

polygon network, the boundaries of the polygons being created by the perpendicular

bisectors of the line connecting adjacent gages.

0=B —éééééééécéééééééécééécéeéééééé. 86
Where0 is the average precipitati@ver the catchment
PP¢é Pare the rainfall Magnitude record

A1, A2 ¢ ¢ An Thiessen polygons areas
N is the number of stations

3.5.15 Peak Flow Estimation

For this study peak flow is estimdtdy two methods that are HEBIMS and flood
frequency analysis. After calibration and validation using frequency storm peak dsw w
estimated by HEGIMS. And also we can estimate using flood frequency analysis using
thedistribution method.

3.5.16 Flood Frequency Analysis

Strong steps also influence hydrological processes (Chow, 1951), Such as heavy
hurricanes, droughts, and floods. The degree of an extreme occasion is inversely
proportionate to its incidence frequency, with extremely serious occurrencesrartzss

often than more mild occurrences. The goal of the hydrological data frequency study is to
equate the degree of extreme events with their frequency Rate of occurrence by using
distributions of chance. The hydrological data analyzed are beliebedrdependent and
distributed identically, and the hydrological mechanism that generates them (e.g. a
mechanism of storm rainfall) is called stochastic, spadependent, and timme
independent. This is also accomplished in practice by choosing the dinmualf the
variable to be evaluated (e.g., the annual maximum discharge, which is the largest
instance).with the expectation that successive observations of this variable from year to
year will be independent. The results of flood flow frequency arsabyean be used for
many engineering purposes: for the design of bridges, culverts, dams, and flood control
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structures; to determine the economic value of flood control projects; and to delineate flood

plains and determine the effect of encroachments oot plain.

The frequency of flood that can be predicted to occur is the equivalent likelihood or chance
of the flood being equaled or surpassed in a known year. If a flood has a 20 percent
accidental of being equal or surpassed annually, the flood veeuddjual to or surpassed

on an average once every five years for a long period. Ayéee flood is not one which

is necessarily equal to or exceeded every five years. There is a 20 percent probability that
every year the flood would be equivalent oreeded; thus, in many consecutive years,

the 5year flood could likely occur. The same holds for flooding and other return times
(ERA, 2013). The 2, 5, 10, 25, 50, 198ar flood frequency is also used to define the
likelihood of flood occurrence. For exafapa 100year flood is sometimes referred to as

a 1% flood. Some of the frequency distribution functions widely used for the estimation

of extreme flood values are:

U Gumbel Method: - The general characteristics of the Gumbel extiemlee
distributionis; the mean flow occurs at the return time of T=2.33 years and it has
a positive skew (i.e. it is biased towards the large flows or extreme values).
XT=W+KnS16 6 é6ééééééééééececéééeeceeééeée 3.5.7
Where: X is Maximum flood peak discharge
@ The Average valueof discharge.

S1 Standard deviation of sample size

K= n {0.5772 + In [In )]} wherever:- Tr is return Period

For each damagw area, the stagigequency curve function at the corresponding index
point was developed and incorporated into the HEB& as input based on flood events
with AEPs of 10, 4, 2, 1, 0.5, and 0.Z2@at (10, 25, 50, 100, 250-, and 508year retirn
period) (USACE, 2008).
U Log-Pearson Il Distribution: - If the vector log (x) assumed distribution of
Pearson lll, then the distribution of variable x is the distribution ofRegrson.
This distribution is widely used by the USA for the US governrsponsored
project. If x is a variation of random hydrologic series, the Z variation series is
defined below.
Y=log(x) ééeééeéecééecécéeeéeéeéeéecéeéeéeld. 5. 8

Kn=Z+ (Z21) K+-(Z3-62) K-(Z>-1) K3+ ZK*+-K¢ ¢ ¢ 6 6 6 ¢ éé. . 31 5. 8
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K=—¢éééeeeéceeceeeeeeeeeeeeeeeeeeeeee. 3.5, 8

8 8 Y Y Y Y Yy Yy

Z =W- 3 3 3 ceéeéeeeceeeeeceeeeee. . 335. 8

W=[In)]"6 éeééecééecééecééeéeéeéeéeéeéeéeeé. 3.45.8
Z=Q0O+ sKnéééééééééééééééeéééeéeéééeéeéé. . . B8.5.
Xt=antiLog Z) éeééeééeéeéeéeéecéeéeéceeéeeée.B. 5.
Where; X% Maximum Flood Discharge
P is— (reciprocal of return period)

Sc is Skewness
K1 is the frequency factor
Z and w - are constant; they are a function of the return period
U Lognormal Distribution : - If the accidental variable Y = log X is normally

scattered, then X is assumed to berogmally scattered.

3.5.17 Selection of Parent Distribution
The choice of distributions to be used in the study of flood frequency determines the
precision of the expected gle flow. The goodness of fit test, Kolmogor8wmirnov test,
and L-moment ratio diagram is the most common parent selection methods (A. R. Rao and
K. H.Hamed, 2000).

3.5.18 The goodness of Fit Test

Fitness test goodness is a very effective method for choosimgsbsuited distribution.
Among the most common fit testing goodnesses areSghare, Anderson Darling, and
Kolmogorov+Smirnov Test. All three kinds of goodness fit test determined by the easy fit
program and ready for a selection of the parent distobufhe goodness match parent

selection test method involves comparing the theoretical and actual events (A. R. Rao and

K. H.Hamed, 2000). In this study, ebguare is chosen and the values are shown below.
X3 =B ——¢éécé¢éceéceéeeéeeéeéeééesd. 5.9
Where: Qis observed events in the class interval j,

E; is the number of events thateexpected fronthetheoretical distribution.
X2 = distribution with v degrees of freeio

3.5.19 Water Surface Profile and Flood Plain Generation
Using HEGRAS and HEGGeoRAS water surface and flood plain shdwdione
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3.5.20 Flood Damage Analysis
Importing water surface profile from HERAS and using economic data HEEDA can

estimate flood damage.

3.6 Data Processing

3.6.1 Flow Data

Teji River Daily Discharge data is collected from the Ministry of Wétegation and
Energy. The daily discharge data has full data composition for the considered stations to
represent the study area. The dischgayegds locaed near Asgori where the downstream

end is considered Floodprone area. For ih Research Seventeen (17) yeafslaily
discharge is used. The Flow data is used to calculate the magnitude of the floothand in
undulation area map for the flood. Gerlgrait is required toestimatethe flood forthe
different return periosl Teji River is located in the upper awaslbp-basinand tributaries

of AwashRiver. The River originates from ago higher mountains of Becho Catchment

“Year:

Figure 3.5: Time series ofannual maximum discharge

3.6.2 Testing of Outliers
As mention in the previous section outlier test were done ub#lgg-Pearson tye Ill

test using equation 3.5.3 and 3.5
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Table 3.3: Outlier test ceviates (Ky) at a 10% significance kevel

Outlier Test Deviates (K, ) at 10% Significance Level

Sample K. Sample Ko Sample Ko Sample K.

Size Value Size Value Size Value Size Value
10 2036 45 27227 =50 2930 115 2 O64
|8 ] 2. 088 46 2736 =1 2945 116 2 067
12 21322 <7 2742 82 2 939 17 2070
13 2.175 48 2753 83 2.953 118 2073
1= 2.213 <9 2. 760 =3 2.957 119 3. 07S
iIs 2.247 SO 2768 8s 2961 120 3078
16 2.279 51 2.77S B 2966 121 3. 081
7 2. 300 52 2783 87 2.970 122 3 083
s 2.335 53 2.790 8% 2973 123 3 OR6
19 2.361 sS4 2798 B8O 2977 124 2089
20 2.385 55 2 80= 0 2981 125 3002
21 2.408 S6 2811 o1 2983 126 3095
22 2. 229 57 2. 818 o2 2. 989 127 3097
23 2. 3238 S8 2 822 o3 2993 128 3 100
23 2 467 59 2831 o3 2,996 1290 2102
25 2 286 o0 2 837 s 3000 130 30
26 2.502 &1 2842 O 3.003 131 3107
27 2519 62 2.849 o7 3006 132 3109
28 2.532s3 o3 2 852 OR 01 133 3112
29 2.549 &4 2860 99 3013 134 3114
0 2. 563 6S 2 866 100 3017 135 3116
21 2577 66 2871 101 3021 136 3119
32 2.591 &7 2877 102 3.02a 137 3122
a3 2 60s 68 2 883 102 3.027 138 124
23 2616 L 2. 888 103 3 030 139 3126
as 2628 70 2. 893 105 3.033 140 2129
26 2 69 71 2 897 106 3037 14 3 13
37 2.650 T2 2903 107 3.040 142 3133
38 2661 73 2. 908 108 3023 143 3135
39 2671 74 2912 109 3046 1435 2138
40 2.682 7S5 2917 110 3.049 145 2130
<1 2.692 76 2.922 1 3052 146 3132
42 2.700 77 2927 112 3.05S5 147 2144
43 2710 TR 2931 113 3058 148 3 1as
Eand 2719 79 2 Q35 1= 3061 139 2 138

Source: U.S WateResources Council981

Figure 3.6 Outlier testsof Teji river flow d ata.
It shows that therareno data poird that areutlier.

3.6.3 Test of Independence and Stationarity
By using the equation from 3.5.5 to 3.5,5tRe test value t = 0.77 is smalkkan the
critical value at the 5 percent significance level, t0.025 = 1.96. We can therefore accept
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the assumption of independence and stability of the Teji River flow data at a 5 %

significance level.

3.6.4 The goodnessof Fit Test

In this studyusinganeasyfit-curve modelchi-square is chosen and the values are shown
below.By using equation 3.5.9 the result become,

X%, 0.95= 12.6 > 6.047 this shows that the distribution is acceieown in Appendix F.

3.6.5 Peak Flow Estimation
Usingthe easyfit curve metlod the system or the mode seldbisExtreme value Type |
(Gumbel) method using the Gumbel equation the parameter of distribiasestimated

with annual maximum flow data to different return periods and tabulated in Appendix F.

3.6.6 Flow Duration Curve

Duration curve (FDC) isa plot of flow againstthe percentagesf time a particulaflow
couldbe anticipatedor exceededrlow duration curve merely reordeftows in order of
magnitude instead of the true time ordering of flows inflow versus timeRitat.duration
curve, plotted using the average monthly values of the flow. The total perioebhdered
method is used for this study. The total period method /oad&red method: considers a
total time series of flows that represemjual increments of tiemfor each measurement

value of monthly flows and ranks the flows according to magnitude.

Figure 3.7: Flow duration curve of Teji river streamflow

3.6.7 Meteorological Rainfall Station
This study uses rainfall data from five meteorological statiegsalarlyfor the time scale
19962012 obtained from the National Metrological Agency of Ethiopia (NMA). The

precise locations and the rainfall cycle data record of the weather stations are listed below.
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Table 3.4: Spatial overview of meteorologicalstations andrainfall data recording period

Station Name Longitude Latitude Period of Recorded Used
Teji 38.367 8.8

Tulubolo 38.217 8.583

Dilela 38.05 8.617 1996- 2012

Bantu Liben 38.267 8.617

Buodi 38.55 8.35

The mean monthly rainfall of each statiis shown in the figure below. The selection of

stations was made on the basis of quality, {cangge data.

Figure 3.8: Mean monthly rainfall for selected stations averaged over the perioi9962012.

Thereremainthree (3) seasons of fou(4) months ach, categorized according to the
meteorologicameans ofainfall and temperaturi@ Ethiopia Theseasons amecognized
locally asKiremt (SeptemberAugust July, and Jung Belg (May April, March, and

February, andBega (JanuaryDecemberNovembeyandOctobe).

3.6.8 Testing Outliers for rainfall Data
As stated earlier outlier testingagwdone using logPearson tge 11l with the formula of
3.5.3 to 3.5.4nd the resuis shown inthefigure below.
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Teji Station Rainfall Outlier Test

2
= -
\_-/1:4 - & L 2K 2 & Teji Station
S 1.2 = Higher Outlier
5 ! L outli
§ o0 2 4 6 8 10 12 14 16 18 owerutlier

Year

Figure 3.9: Teji station rainfall data outlier test

Figure 3.9mplies that there is no data point thaamoutlier for Teji stationAnd the other

staions are showm Appendix E

3.6.9 Checking the Consistency of the Selected Rainfall Stations

A Double Mass Curve measures the proportionality with which cumelaginfall/
hydrological data are plotted against all neighboring stations' mean values. For this study
all selected stations are based on a demi@escurve analysisonsistenceA double mass

curve consistency test for the selecttions is indicedbelow.

Figure 3.10: Double mass arve tegd for rainfall s tations

3.6.10 Areal Rainfall Determination

Arc-GIS and HECGeoHMS software is used to Create Thiessen polygon arethéor
determination ofweightedareal rainfall. The polygon is created as wel the aerial
rainfall ratio is calculated for each. When the calculation is computed for Awash
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Melkakunture station become insignificant and allseost zero for that reason the station
is ignored.But for the restother statios were calculated manuallgnd entered fothe
HEC-HMS model.

Areal Rainfall N[

Legend

Thissen_Pol \\
I:] <all other values> S

Name =
S Awash Melakuntre I

I:] Bantu Liben
I su

I piela
] e

I:] Tulubolo (o} 225 4.5 S 13.5 18KM

4

Figure 3.11: Thiessen polygon created using AreGIS software.

3.7 Model Setup

3.7.1 Hydrological Modelling

3.7.2 HEC-GeoHMS and HEGHMS

HEC-HMS inputdata is preprocessed using HB@oHMS whit is the extension in the

Arci GIS framework. In this study, HEGe o HMS i s used to drive t
network, delineate suba s i ns , and extract the physical
subbasins and subasins area, and river length and other catchment characteristics fr

the digital elevation model.
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Study Area
|
DEM Rain Gauge Location Meteorological data
1 Rainfall
1 Observed Runoff
Created Basin Mdel - Created Meteorological Mode Control Model

| | |
| |

Component Simulated Model

Initial and \L

Constant Rate
Run Model

|

Results: Runoff

Figure 3.12: Flow chart ofthe HEC-HMS model
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Study Area DEM . N

Legendﬁ

¢ gauging stations

Awash river & Tributaries
Study Area_DEM

Value
- High - 3388

Low : 1565 0 5 10 20 30 40
[ - mm aaaaaasaas

Figure 3.13: Study area DEM, river network and gauging sations
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Figure 3.14: Study river catchment project setup

HECI GeoHMS is to visualize the spatial information of the catchment, document
catchment characteristics, perform spatial analysis, delineateasirs and streams and
also construct inputs file to hydrological neglby integrating with ArtGIS. It creates
background map fileg lumped basin modganda meteorologickmodel, which is used
by HEQ HMS to simulateherainfall-runoff process of the catchment.
The major procedures to start a project in GeoHMS toldp\aehydrological model using
DEM. are;
U Terrain preprocessing includes filie sink, flow direction determination, flow
accumulation, stream definition, Stream segmentations, catchment delineation,
development of catchment polygon, and drainage linegsging and catchment

aggregation stepwise.

Flow Direction of Teji River Catchement

Tefi River Network

Legend

River3s9

Figure 3.15 Terrain processing of Teji river catchment
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U Project setup

U Catchment characteristics

U Hydrological parameter estimation and HEBAS preparation file to export.

Figure 3.16 Flood area river network and preparing file to HEC-HMS export

Table 3.5: Teji river catchment sib-basin parameter obtained from HEC-GeoHMS

Subbasin Name| Subbasin Area in Krh | AreaHMS
W100 124.808229 124.808229
W110 91.081408 91.081408
W120 53.170434 53.170434
W130 97031383 97.031383
W140 10.573655 10.573655
W150 19.747593 19.747593
W160 78.723042 78.723042
W170 80.239481 80.239481
W180 103.763582 103.763582

Hydrological Elerment of Teji River Cacherrment

Legermnnd

RiverSssSs
| sSubpbasinsse

1 o.s o

o =2

P e e

Figure 3.17 Hydrological element of Teji river catchment
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3.7.3 Rainfall-Runoff Modelling

The Hydremeteordogical data analyzed and the generated curve nurebeinedused

in the US Army of crops Engineers Hydrological Engineering Centersrahygic
Modelling System (HECHMS) to extract rainfalrunoff modeling. A hydre
meteorological data of 17 years (199012) was used both for model Calibrataswell
asValidation. HEG HMS consists of different methods for precipitation loss modeling,
direct runoff modelingand flood routing. For this study, Soil Conservation Services
Curve Number method, Soil Seres Unit Hydrograph method, Muskingum methodawv
preferred for precipitation loss modeling, direct runoff modeling, and flood routing

respectively.

3.7.4 Precipitation Loss
Precipitation loss occurs due to different factors such as evaporation, interception,
infiltration, etc. The Soil Conservation Service Curve Number was used to estimate excess

precpitation. Calculatedelow.

,,,,,,,,,,,,,,,,,,,,,,,,

la=02*Sé ééeéééééeéeéeéeéecécéecécéeeéeeéeée. 3.6.1
la = Initial abstraction and it represents precipitation loss before the commencement of

surface runoff.

3.7.5 Direct Runoff
SCS unit hydrograph wsused to convert precipiian to direct runoff. The SQ®Jnit
hydrograp requires basin lag time in minutes, Curve number in emmd was exported

from HEQ GeoHMS for every subasin watershed.

3.7.6 Flood Routing

HECIHMS mode$s have different methods of flood routing that require various
parameters. Fronthe methods provided in thelECi HMS for flood routing, the
Muskingum method was selected. The calibrated and validated flood wave travel time (K
= 0-150) andheWeighted discharge coefficient (X = .5) wereused.

3.7.7 Watershed Physical Parameters
While different physical parameteof the watershed affect the amount of surface runoff,

this study focused on curve number, initial abstractim basin lag time, as HEHAMS
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mainly uses these parameteffie airve number reflects the effect on the watershed
response to hydrological @aneters of land use, land cover variatiand soil typeThe
curve number for this study waseated in collaboration withr&-GIS andHEC-GeoHMS
using land use/land cover and soil ddtae Curve Number valuanged from 30 to 100.

3.8 Calibration and Vali dation of the Model Parameters

Calibration : - is a systematic method atljustingthe parameter values of the model until

the effects of the simulated model match the data obsecosghtably The quantitative
measure of fitness between the model's siradlaésult and observed flow is callgu
objective function. It tests a degree of difference between the hydrograph being simulated
and the observed.he goalof this analysiss to change the delicapmrametersAmong

the various parameters used in HEOMS for this analysis, the most sensitive parameters

werefound to floal wave travel time (MuskinguinK) and weighted discharge coefficient
(Muskingum X).

Collect rainfall/runoff Select Starting

data Estimate

Improve Simulate
_\
Estimate runoff
No
Compare
> &
Yes Observed

Figure 3.18: Schematic ofthe calibration procedure

Validation is a comparison of the model outputs with an independent data set without
making further adjustents. The process continuegntii the model errors between

observed and simulated become minimized (USACE, 2016).
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3.8.1 Model Performance Evaluation Criteria

The importansidesof the calibratioras well aghe validation of hydrologicahs well as

water qually models are a prerequisite for model performance assessment. Performance
measurement allows for visual comparison of data from simulated and measured output
responses, helps to identify model bias, identify variations in peak timing and magnitude

(e.g. pak flows)and recession curve shapé;. (Moriasi, 2015).

The performance assessment criteria recommended for the model were chosen based on

the following factors:

U Robustness in terms of applicability to different materials, mopdeld weather
conditions.
U Widely used, approve@nd recommaded in literature published as well as
U Found strengths in model assessment
The performancef the HEG HMS model here in the analysis was evaluated on two very
significant performance assessment parameters. TheseNaste Sutcliff Efficiency

(NSE), determination coefficient R and correlation coefficient(r) for Pearson.

Pearsonds cor r e laadCoefficientofdetérrhinaion @t P(era)r s o n 6 s
correlation coefficient (r) and coefficient of determinati@®?) describe the degree of
collinearity between simulated and measured ddta.correlation coefficient (r), which
ranges froml to 1, is an index of the degreetbélinear relationship between observed
and simulated data. If r=0, no linear relatioipsexists. If =1 or-1, a perfect positive or
negative linear relationship exis&imilarly, R? describes the proportion of the variance
in measured data explained by the modélrdhges from 0 to 1, with higher values
indicating less error variancgnd typically values greater than 0.5 are considered
acceptable (Santhi et al, 2001, Van Liew et al, 2003). Although r AhdvR been widely
used formodel evaluation,these stasitics are oversensitive to high extreme values
(outliers) and insensitivéo additive and proportional differences between model
predictions and measured data (Legates and McCabe,. 1999)

TheR?is expressed by equation (3.7

B . . . s s s s s s sr s s s s s s s &
RZ:B eééeeééeéeééeeceéeeeéeececéees’s. 7
Where Oi is observed flow dt period,

Si is simulated flow at thd'iperiod and
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O themean of the observed flow

“Y¥mean of simulated flow ahetime i
NashSutcliffe Efficiency (NSE): NashSutcliffe Efficiency (NSE) s a standardized
statistic thatspecifies the relative magnitude of the residual variaalzedto the data
variance measured (Nasimd Sutcliffe, 1970). NSE shows how well théopobserved
versus simulated datsuits in line 1:1. NSE sbserved versus simulated ddtatfits the
1:1 line. NSE is computed as shown in equation 3.8.

I - T
NSE:1|B—eeeeeeeeeeeeeeeeeeeeeee 3.8

Where Oi is observed flow 4t period,
Si is simulated flow at thd'iperiod and
O themean of the akerved flow

S eamof simulated flow dhetime i
NSE ranges betweeld and 1.0 (1 inclusive), wi t h NS
Valuesbetween 0.0 and 1.0 are generally viewed as acceptable levels of performance,
whereas viaes < 0.0 indicates that the mean observed value is a better predictor than the

simulated value, which indicates unacceptable performance.

3.9 Frequency Storm Method

The Frequency Storm method is constructed from statistical precipitation data to generate
a synthetic storm. HEEIMS measureshe frequency storm witha predicted depth of
precipitation for a storm witla particular duration and likelihood with exceeding. The
source of 2, 510, 25,50,100 200 and 500year return cycle Precipitation depthiffall
intensity) is from the Ethiopian Roads Authority Drainage Ma(ERIA, 2013).

Table 36: 24hr Rainfall depth versusfrequency

24hr Rainfall Depth (mm) Vs Frequency (years)

Return Period Year| 2 5 10 25 50 100 200 500

RR-Al 50.30 | 66.02 | 76.28 | 89.13 | 98.63 | 108.06| 117.48| 130.0
RR-A2 51.92 | 65.52 | 74.45 | 85.70 |94.07 | 102.45| 110.91| 122.27
RR-A3 47.54159.61 | 67.66|77.92 |85.62 |93.34 |101.13|111.58
RR-A4 50.39 | 63.83 | 72.28 | 82.55 |89.97 | 97.20 | 104.32| 113.63
RR-B3 58.87 | 71.26 | 79.29 | 89.35 |96.84 | 104.37| 112.02| 122.41
RR-B2 55.26 | 69.95 | 79.68 | 92.03 | 101.29| 110.61| 120.07| 132.87
RR-C 56.52 | 71.04 | 80.54 | 92.52 |101.48| 110.50| 119.66| 132.06
RR-D 56.23 | 76.84 | 90.37 | 107.46| 120.23| 133.05| 146 163.44

SourceEthiopian Roads Authority Drainage Manu2a013
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For drainage areas intibpia, therainfall intensity can be determined at any appropriate
time using the 2our rainfall depth, knowas the rainfall intensity duratidnfrequency
(IDF) ratio.

Rri=— éeééeéeceéeceéeeceéeecéeecéeeee. . 3.9

Where: R = Rainfall depth ratio Rt: R24

Rt = Rainfall depth in a given duratior
R24 = 24hr rainfall depth
b as well as n = coefficients b=0.3vasll as n10.781.09

Figure 3.19:HEC-HMS Schematic vew

3.10 River Flow Profile Computation

FortheHEC-FDA model executéheinstruction (run) river flow profile is required. River
flow is usually computed bythe HEC-RAS model. Oncehe river profile impoted
exceedance probability, function with uncertainty and sthgeharge function with

uncertainty derived frortheriver flow profile bythe HEC-FDA model.

3.10.1 Flood Plain Area Map

For this studythe floodplain mapping was done using A3tS, HEGCGeoRAS, ad HEG

RAS. The preprocessing stage consisted mainly of the preparation of model input data and
was done in Args1S using the HEEG5eoRAS extension wittheediting of filed data. The
processing stage was performed entirely inside &S using the geometif the river
prepared in the previous stage. The final stage is an interpretation of the finodingke
HEC-RAS model within ArcMapHEC-GeoRAS assists in generating ttheta required

for the HECRAS.
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Terrain Processing (TIN)
1 GIS

River Geometrical Data Model

1 HEC-GeoRAS

HEC-RAS Model Run (SDF RAS File Output)

Flood Map Generation SDF RAS file output Converted to
1 HEC-GeoRAS GIS read XML file

Flood Damage Analysis
1 HEC-FDA

Figure 3.2Q Flood plain map generation andflood damage analysislow chart

3.10.2 Hydraulic Flow Simulation

First in GIS software, usinthe digital elevation model (DEM) 126, we get the TIN
model of the study are#n this study a 12.5m interval DEM is used to represent area
terrain. Compared to HERAS, a DEM offers lower accuracy when describingtream
channel geometry. Therefore, an integrated digital terrain model in the form of a TIN,
containing both HEEGRAS in-stream data and DEM over bati&ta, was developetdhen
considering the flow of the river, cressctions, the axis of the river, theanband, and

the edge of the river and flow path will be drawn.
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TIN of Study Area

P

Teji River '

I 2350.333 - 2522.111
B 2178.556 - 2350.333
2006.778 - 2178.556 1 0.5 0 1 2 3 4

1835 - 2006.778 ™ s ™ e— e m——

Figure 3.21 Overview of the TIN of study area

3.10.3 HEC-RAS (River Analysis SystemModel Description

HEC-RAS is an integrated hydraulic analysis program, in which the user interacts with the
device using a graphical user interface (GUI). The device can perform steady flow water
suface profile calculations, one and tdonensional unsteadylow calculations,
sediment transporimiovable boundarycalculations, water quality analysiand many
hydraulic desigrcomputations (USACE, 2016).

HEC-RAS 5.0.7 — by
File Edit Run View Options GISTools Help
=& | X v | || Fm| |5 dln =l ® | #[ A Fw| | B[ Fiall,
Project: [Teji River Model \C:Wsers'\Hydro_Hope'Documents\HEC RASIuli4 TejiRiverModel. prj @
Plan: iSteady Flow Plan IC:Wsers\Hydro_Hope'Documents\HEC RASIul 14 TejiRiverModel.p0 i
Geometry: [Teji River Cross Section \C:Wsers'\Hydro_Hope'Documents\HEC RASIul 14 TejiRiverModel. g0 1
Steady Flow: Steady Flow Model \C:\Wsers'\Hydro_Hope'Documents\HEC RASIul 14 TejiRiverModel. fo1
Unsteady Flow: [ [
Description : | J |SI Units

Figure 3.22 HEC-RAS Main window of Teji river m odel
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The system is capable of modeling subcritical, supercritical, crittcal mixed flow
regimes for streams consigiof a full network of channel adendite systemor single
river reach. For HEQRAS data required areGeometric data, Flow datand Plan data.
The geometric data consistsaddescription of size, shapand connectivity stream cress
sectiong(G.J.E.D.T, 201p Similarly, flow data contaia discharges rateand plan data
containsinformation relevant toun specification of the model, such as a description of
flow regimes HEC-RAS's primary method for calculating water surface profiles takes on
a smooth, increasingly varied flow scenaifiibe basic computational method is based on

an iterative energy equation solution (3.9) demonsti@atler & Davies, 2011).

Figure 3.23: Energy equation parameter for gradually varied flow

Based on these parameters, the water surface elevation isrtloé gand Z.
H=Z+—+—¢ééééeééeéeééeéecéecéeéeéeeéeed. 10
Where H = Total Energy Head (m)

Z = Potential head (m)

— = Pressure head (m)

P = Pressure (N/fh

g = Unit weight (N/nd)

V = Velocity of flow (m/s)

g = Acceleration due to gravity (m)s
HEC-RAS uses multiple input parameteto hydraulically analyze th&tructure of the
streamchannel and the flow of water. Set a sequenaasssections along the stream.
The cosssection isdivided irto segments ahe left flood path,main channel, and right

flood path as shown ithe below figure.
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\ Narmal Water Surfacd\ Floodwater Surface

\ Floodway : \ : Floodway -
I [

Right Bank Station

Left Bank Station

Figure 3.24 HEC-RAS stream crosssection

HEC-RAS undertakes that energycisnstant at each cressctionaxis, as well as that the

vectorof velocity is perpendicular.

3.10.4 Importing GIS Data and Editing Geometric Data

3.10.5 Geometric Data

The geometric dateonsists oadescription 6size, shapeand connectivity tseam cross
sections. Irthis studygeometric data weranalyzed from DEM and googEarth in Arc
GIS software. Finally, Geoetric data imported fromthe HEC-GedRAS Arc-GIS
extension to HEERAS. Accordingly, the geometric data processed may lo@tproper
with the actual data, due to this it is required to imprineegeometric data with HE
RAS software.

In the geometric editor, Tools, Graphical Crssstion Edit. Bank elevations were
adjusted accordingly by comparing with field survey cresstional elevations. The entire
bank stations were adjusted by multiplying them with suitablerfatd decrease the width

of the crosssection (from survey data) with the width imported from-&iS.
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Figure 3.25 Geometric data model setup

3106 Manningbds Coefficient

Manning coefficient n is a coefficient thaignifiesthe roughness or friction appliéalthe

flow in thewaterway(IJERT, 2015). Theoughness of a surface affects the characteristics

of runoff, whether the water is on the surface of the watershed or in the chaonel.
overland flow, increased roughness delays the runoff and insrdas@otential for
infiltration. Reduced velocities associated with increased roughness should also decrease
the quantity of erosion. The manning roughness for manmade channel or caasl
reviewed from literature (USACE, 2016). The general effects on flow ¢hannel are
similar to those overland flows. There are varimethodsavailable forthe estimation of

manni ngbébs number in channel and flood pl ai

Field Observation
Photo of calibrated stream
Published documents

Formulas

c: c: c: c: c:

Calibrated to observed profile

Calibrated toobservewater surface profile ithe best method if there i@ known water
surface profile (rating curvelror this study field observation or commonly known Cowan
method is used to estimatiee manning roughess coefficien{G.W. Brunner, 2008)
Cowan establigtsa technique accountirfgr two factors thainfluence the determination

of manningds n coefficient
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U Thesizeandtypeof thebank andthannel bednaterials and

U The shape afhechannel

The approacltontainsbreaking the roghness estimate into six categoyiesich could
be determined by visual observation and does not require a specific measufenent.
stated by Cowan ma n minaddyapplying Eqoagoh 3.10cTihee n t
ma n n i cogjfidient table and filed survey of Teji Rivare shown in appendiB.
Equivalent manning soughness aafunction of channel and flood plain condition.
nN=(b+m+mnp+tm+tnuymééééeécéecéeéeéeéeeeée. 3.11
Where: n ighe Equivalent manning number

Npis manning roughness number bare soll

niis channebs well adlood plain irregularities correction

nz2is channebs well adlood plain crosssectioncorrection

nzis channebs well adlood plain irregilarities correction

nsis Vegetation cover correction

m is Meandering effect correction

Table 3.7: Manning roughnessestimation for the river (channel)

Manning roughness Channel Recommended | Estimated (n

(n) Condition Ano for Chamel

Manning of natural bare soil | Natural bare soil 0.025 0.025

)

Degree of Irregularity (1 Moderate 0.0060.010 0.008

Variationin Channel Cross Alternative 0.01-0.015 0.0125

Sectiorfn,) Frequently

Effect of Obstruction(s) Negligible 0.0000.004 0.002

Amount of vegetatiol(ns) Small 0.0020.01 0.012
Medium 0.0100.025 0.035
Large 0.0250.050 0.0375

Average = 0.028
Degree of Meandering (m) Sever 1.30 1.3
Equivalent (n) =0.098
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Table 3.8: Manning roughness forflood plain source

Manning roughness Flood Plain| Recommended | Estimated (n) for

(n) Condition ino Flood Plain

Manning of natural bar¢ Natural bare soil | 0.025 0.025

s0il (ny)

Degree of Sever 0.0110.02 0.016

Irregularity(n)

Variation d Floodplain | Not 0.000 0.00

Cross Sectiof(iny) Applicable

Effective ofObstruction| Minor 0.0050.019 0.024

(n3)

Amount of Vegetation | Small 0.0010.010 0.006

(na) Medium 0.0110.025 0.036
Large 0.0250.05 0.038
Very large 0.050.10 0.075
Extreme 0.1-0.2 0.15

Average = 0.305

Degree of 1.0 1

Meander (m)

Equivalent (n) =0.37

3.10.7 Boundary Condition in HEC-RAS

A boundary condition specifies the starting water level at theoéilde river which is

required to begin the calculation of the program. HEAS lets the boundary condition

be defined in one of the following options:

Established Water Surface: This is the established profile water surface. This alternative
refers to caes where a given discharge was measuréueatater level. Critical depth:
this method measures tlsee c t cribcal @epth and uses it as a limit condition. This
option applies to cases where there is a control structure which controls wewoy daips
U Known Water Surface: This is the estblished profile water surfacehis
alternative refers to cases where a given discharge was measuegaer level
U Critical Depth:t hi s
limit condtion. This option applies to cases where there is a control strubatre
controlstheweir, gate or drogs.
U Rating Curve: In this choice the water level from the defined rating curve is

interpolated. Usually this case refers ta control station whereconstant

met hod

measurement of water levels and discharge is made.

0 Normal Depth: In this option the program uses the energy slope to calculate the
wi t And fortmsrstudy goonsl deptpasaséeédi o n .

nor mal d

epth
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Naturaldepth(Normal depth)s the moswidely usedboundary state. Although the normal
depth is uncertain, it is generally approximated either by using the slope of the channel or
the slope of the surface of the water near the limit station. Standard depth is utilized for
this analysis.

The average normal depth for the study riascendhg and downstream end profilEhe

channel bottom slope as shoimrthefigure below was 0.008 and 0.006.

31 Steady Flow Boundarny Conditions

i* set boundary for all profiles i Set boundary for one profile at a time

I River
3 Teji River
b

E Steadw Flowe Rreach-Storage Area Optimizakion ... I

J Enter to accept data changes.
Jje in water surface bebween cross sechon set

Figure 3.26: Boundary condition of the steady fow

3.10.8 Steady Flow Computation
Computing the radel, with the type of flovand flow regimeo be calculateghould be
identified. For this studya steady flow type and mixed flow regime is selectednixed

flow regime is selected because profilemputation begins (starts) and proce&ds

upstreanfor subcritical to downstream for supercriticiaw.

Figure 3.27: Steady flow mmputation

3.10.9 PostRAS Processing of Geometric Data
Following the successful computation, of HEBAS the results export to AGIS to

generataflood plain map. In the endlood damage should be estimated.
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Figure 3.28: Flood Plain Area bounding map

3.11 HEC-FDA (Flood Damage Analysis)

The flood damage analysis results, namely Expected Annual Damage. Equivalent Annual
Damage and Project Performance are computeddiyEC-FDA Pragram. The program
compute three functions fronthe imported water surface profile and manually arranged
depth damage estimation (USACE, 2016). The functions are discharge exceedance

function, depth exceedance functiand aggregate depth damage function

3.12 HEC- FDA Model Input

HEC-FDA needs a large amount of external data, and the criteria for input data vary
depending on the size of a sample (USACE, 2008). A brief overview of the individual data
sets needed by HEEDA is given below.

3.12.1 Study Configuration Data
Research Configuration Data is the basic data identified for a study area; the positions of
physical streams (streams, dameggeches)and the specific plans (years of review, plans).
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3.12.2 Streams

Streams include various water bodies such as rivers,nstreditches, canals, bayous,
lakes, pondsetc. streams are defined for the study area and common for all plans and
analysis year (USACE, 20168pne or more streams may be included in the analysis.

this analgis, only one streais identified as the TeRiver.

3.12.3 Damage Reaches

Damage reaches are specific flood susceptible geographical areas within a flood plain
(USACE, 2016. They are used to define consistent data for plan evaluations and to
aggregate structure and other potential flood inundation damfogenation by stage of
flooding. In the studyrom flood map and HERAS 3D perspective viewthe damage

reaches stretch from 97.36896 river station to 9951.438 river stations

3.12.4 Plans
A plan may represent with or without project conditigdSACE, 2016. For this study
without the projectthe condition is consideredror this study with and withouwat project

is considered.

3.12.5 Analysis Years
Analysis Years define damage and project performance information for specific periods
during the project life, such aise base year and most likely future year (USACE, 2016)

for this study analysis year is (202050) or 30 years is considered.

3.12.6 Flood Damage Economics
Flood damage economics is where we perform data entry and computations to produce

stagedamage functions #h uncertainty for flood damage reductidaSACE, 2016.

3.12.7 Damage Categories

The damage categories are used to consolidate large numbers of structures into specific
categories with similar characteristics for analysis r@pdrts (USACE, 2016) Typically

damage categories include; residentiatoeercial, industrialand public facilities. In this

study, according to woreda flood risk management and preparedness office report and field
observationthe damage typearecategorized asesidential andgricultural tabulated in

appendix A.
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3.12.8 Structural Occupancy Type

The gructural occupancy type describes a class of structures. Data entered for a structure
occupancy type is applied to all the structures assigned to that stroctiupancy type.

In this studyfour Keble is consideredhestructuregroundlevelis approximated from the
google earth, field survey with GP&nd finally, counter generated from DEMhe
structural occupancy depth damage is estimated &beild survey measuring the flood

depth danage with tape and diving by the total structural current market value cost.

3.12.9 Structural Inventory

Structural inventories are performed to develop a record of the attributes of unique or
groups of structures relevant to flood damage analysis. The infomisitised to compute

an aggregated staglamage function by damage category at the damage reach index

location station.

3.12.10Structural Damage Cost

Severalhouses in the study area are built from wood, grassesmud walls, which are
easily damaged by flals. Accordingly, the cost of structa damage is the maintenance
cost of poorly damagemud walls, andnud disposaldeposited in the home due to flood

is estimated by randomly samplihgmesin the USA dollar.

Figure 3.29: Building damage during a flmd event
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3.12.11Content CostDamage
Contentcost includesthe cost of damaged household food, animal meatsl home

substance lost due to flood. And it is randomly estimated from random sampling during

field survey using intervievg and questionnaiszand show in Appendix C

Figure 3.30: Content damage in houses during flood event

3.12.120ther Cost

The other factor is the risk of damageheagricultural areaThe most recorded damage
per year is farm damage. The lasdhundated from the water surface pi®in hectares
by Arc-GIS.

Figure 3.31: Agricultural damage caused by floods overflowing
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The land inundated from the water surface profile in hectares by ArcGIS.

Where:Cr ($) is thedamage cost of cultivated landaagiven elevation
AT is land inundated due tberise of water irtheriver (ha)
Zis yield in kuntal or 100kg/ha

Wis ( A) cost of on&untal (100 cultivated land yield) dollars or birr

% cultivated ighe percent of differentropssown.

3.12.13Expected and Equivalent Annual Damage Analysis
Expected and equivalent annual damiaglee model output. The model gddonte Carlo
simulation to derive the expected annual damage (EAD) corresponding to a particular plan
or analysis year for a damage reach. EAD is the mean damage obtained by integrating the
damage exceedance probability curve for the damage reach. The inclusionrtintyce
for these variables requires a numerical integration approach &pged (USACE,
2016)
EAD=, OO QODB Owéeééecééecééecé. e&é. 13.
Where: EAD is Expected Annual Damage

o ps the probability of damage

Df is damage exceedance probability

D is annual damage

N isthenumber of intervals
Equivalent annal damage is flood damages associated with atpktniscalculated in
average annual equivalent terms. The procedures discount the expected annual damage
stream to the beginning of the period of analysis or the base year.

3.12.13Project Performance
Plan and dmage each project performance anabyare based on target standards defined
for withoutproject conditions for the study. There are three different cases to determine
thetarget USACE, 2016).
U For reaches without levedbg target is based on appraimation of the stage at
which significant damagedgins for the without condition,
U For reaches with a levee thatsh@ geotechnical failure, the target is the top of

levee stage, and
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U For reaches with a levee thaslegeotechnical failure, the targstlbased on both
the annual exceedance probability of failure.
Experience at HEC has shown that a 5 percent residual damage associated with the 0.01
exceedance probability event is normally a good target stage and was adopted as the FDA

default target stagy

3.13 Flood Plain Management

3.13.1 Methods of Flood Control

The flood is aninfrequenthigh stage o# river breaching its b&s and flooding marginal
lands.Design The magnitude of the floods is needed for the dekgpillways, reservoirs,
bridge openings, driaage of cities and airports, and the construction of floodwalls and

levees.

Damage due to devatiteg floods may be minimized bthe following flood control
measures, either alone or in combination.

U By restricting the flow between high bankisy creatinglevees, dykesor
floodwalls.

U By improving the channel, by cutting, straighteniray deepening, and by
following river training.

U By diversion of a portion ahe flood bypasses or floodsis a low section of the
levee that, once over the topill be out quickly and will develop full discharge
capacity into the floodway.

U By providing temporary storage for peak floods,bwlding upstream re&svoirs
and retarding basir(gletention basins).

U By adopting measures to protect fwdl (land management indglcatchment area).

U By temporary and permanent relocation of floemd plain and flood plains by
enacting legislation.

U By floodproofing unique properties by creatingray levee or floodarrieraround
the property.

U By setting up flood forecastingshortterm, longterm,rhythm signals, and radar

and warehousing centers in vulnerable areas.

But it is proposed tgonstruct a levee for this study.
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3.13.2 Flood Control by Levee

3.13.3 Levee Design General

Levee is described as a bank that parsllel to theiver's pathand is intended to protect
the zonebehind it from floodingBuilding levees along thever as an obstruction to high
water levels was one of thencientforms of flood control. For this study,levee is
recommended izoneswhere theelevation of the flod is above the banks of the river.
The followingfeaturesof the levees ardetermined for the secubmilding of the levees.
Leveeor floodwalls have been builor peak floods of 50 to 100 years (K Subramanya,
2008).HEC-FDA specifies that the levee siand failure characteristicge defined and
theinnerversusouterleveeassociated relatichip be defineqUSACE, 2016) There is
currently no slighsstructure built in the studgone Therdore, no features of failure or
likelihood d failure have bee determinedLevee size, inner and outstages were

determined on thbasis of the computed water surface profile and average ground level.

3.13.4 Levee Height

Height of alevee isestablishedn theplanflood level with the ercessary freeboard added

to it. In this case, the flood water Ewshould be determined and tbagitudinal gradient

of the provisional configuration of the flood level should be considérked plan of a

water level waestablishedn theplan of the discharge for a return perioll®0 years.
Establishedn the HECRAS study ofa water surface profile for 200-year return cycle,

the flood water level abowle banks has been calculatadding a freeboal to the depth

of aflood above a bank, laeight of the levees was estimat{dtbnual on Flood Control

Planning, March 2013)

Levee Height = Design Flood Level + Freebo

3.13.5 Levee Freeboard
The key goal of the Free Boardts provide enhanced protection aggi extraordinary

flood events. It should be adequate towlfor settlement and contain wirdtiven waves.

MSc Thesis by Bedilu Dejene Page61



Flood Damage Analysis, For Teji Area /lllu Woreda/

Table 3.9 Minimum freeboard needed forlevee

Design Flood Discharges (Cumecs) Freeloard (m)
<200 0.6
200- 500 0.8
500- 2000 1.0
2000- 5000 1.2
50007 10,000 1.5
>10,000 2.0

Source: Manual onléod Control Planning, March 2003

3.13.6 Levee Slope

The slope of the levee has a gengi@dient of 2:1 (ldrizontal to Vertical) or less. The
slope is decided on tHmasis of the body of the levela generala gradient greater than
2:1 is not preferable giverthe stability of the slopdéace (Manual on Flood Control
Planning, March 2003

3.13.7 Levee Crest Width
The overall width of the levee shathmplywith the design of th#ood discharge and will

not be less than the value shown in the table below.

Table 3.10 Recommendedcrest width for levee

Design Flood Discharges (Cumecs) Crest Width (m)
<500 3
500- 2000 4
2000- 5000 5
50001 10,000 6
>10,000 7

Source: Manual on Flood Control Planning, March 2003
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Chapter 4 RESULTS AND DISCUSSION

4.1 Calibration and Validation

Calibration: - Flow calibration was done from (1998007) for twelve (12) years of
hydro-meteorological data with an equal length of time (12 years). By reducing parameter
sensitivity for all reaches and sbhsins, the model output produced nearly the seate

as observed flow, as shown in fig below.

[ Optimized Parameter Results for Trial "Trial 2" =
Project: TejiRiverModel Optimization Trial: Trial 2
Start of Trial: 01Jan1996, 00:00 Basin Model: TejiRiverModel
End of Trial: ~ 31Dec2007, 00:00 Meteorologic Model: TejiRiverModel
Compute Time:013ul2020, 19:33:53
Element Parameter Units Initial Optimized Objective Function
Value Value Sensitivity
w130 SCS Curve Number - Initial Abstraction MM 46.060 69.090 -0.00
W130 SCS Curve Number - Curve Number 42,197 37.977 0.00
W130 SCS Unit Hydrograph - Lag Time MIN 15.000 15.000 0.00
W140 SCS Curve Number - Curve Number 40 36.000 0.00
W140 SCS Unit Hydrograph - Lag Time MIN 14.000 14,000 0.00
W140 SCS Curve Mumber - Initial Abstraction MM 47.040 70,560 -0.00
W150 SCS Curve Number - Initial Abstraction MM 38.220 57.330 -0.00
W150 SCS Curve Number - Curve Number 40,190 36.171 0.00
W150 SCS Unit Hydrograph - Lag Time MIN 15.000 15.000 0.00
W60 SCS Curve Number - Initial Abstraction MM 38.220 57.330 -0.00
W10 SCS Curve Number - Curve Number 40,181 36.163 0.00
W10 SCS Unit Hydrograph - Lag Time MIN 15.000 15.000 0.00
W17 SCS Curve Number - Initial Abstraction MM 43.020 72.030 -0.00
W170 SCS Curve Number - Curve Number 52,500 35.000 0.00
W170 SCS Unit Hydrograph - Lag Time MIN 13.000 13.000 0.00
W1s0 SCS Curve Number - Initial Abstraction MM 40.196 60,294 -0.00
W10 SCS Curve Number - Curve Number 35.000 35.000 0.01
W10 SCS Unit Hydrograph - Lag Time MIN 15.000 15.000 0.00
[X Optimized Parameter Results for Trial "Trial 2" ===
Project: TejiRiverModel Optimization Trial: Trial 2
Start of Trial: 01Jan1996, 00:00 Basin Model: TejiRiverModel
End of Trial:  31Dec2007, 00:00 Meteorologic Model: TejiRiverModel
Compute Time:01Jul2020, 19:33:53
Element Parameter Units Initial Optimized Objective Function
Value Value Sensitivity
R10 Muskingum - K HR. 150 150.00 -0.02
R 10 Muskingum - x 0.12 0.117860 0.00
R.30 Muskingum - K HR. 150 150.00 -0.02
R30 Muskingum - x 0.13 0,12740 0.00
R40 Muskingum - K. HR. 150 150.00 -0.01
R40 Muskingum - x 0.14 0.13720 0.00
R&0 Muskingum - K HR. 150 150.00 -0.01
RE0 Muskingum - x 0.15 0.14700 0.00
W 100 SCS Curve Number - Curve Number 39.784 35.805 0.01
W 100 5CS Unit Hydrograph - Lag Time MIN 13.000 18.000 0.00
W 100 SCS Curve Number - Initizl Abstraction MM 79.380 119.07 -0.00
W110 SCS Curve Number - Initial Abstraction MM 72.030 108.04 -0.00
w110 SCS Unit Hydrograph - Lag Time MIN 17.000 17.000 0.00
w110 SCS Curve Number - Curve Number 42,499 38.2499 0.00
W120 5CS Curve Number - Initial Abstraction MM 45.080 67.620 -0.00
H w120 SCS Unit Hydrograph - Lag Time MIN 13.000 13.000 0.00
w120 SCS Curve Number - Curve Number 37.175 36.432 0.00
W 130 SCS Curve Number - Initial Abstraction MM 46.060 639.050 -0.00

Figure 4.1: Flow optimized and initial value during @libration

MSc Thesis by Bedilu Dejene

Page63




Flood Damage Analysis, For Teji Area /lllu Woreda/

——(Qbserved —Simulated

40

35 | |

(_%30

LL 25

o

820

T15

=10

£ A

U)O

885833238 28833885 5
S X = £ 3> € £ Q9 08B o >= & >
°§§2§2%%£882%§2§

Observed™Flow

Figure 4.2 Average monthly simulated and observed flow @amparison from HEC1 HMS
during parameter calibration.
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Figure 4.3 Daily flows hydrograph comparison

Nash Sutcliff Efficiency (NSE) and coefficient of determinatior) (&e the best criteria

that are widely used to verify the HEBMS model performance (chea and oeurng, 2017,
and Bitew et al, 2019). Both NSE anévRere applied to evaate the model performance,

and the HECHMS showed good performance witif R 0.883 and NES = 0.863. The
obtained value of these model performance evaluation criteria in this study are within the

preferred range, the model was performed well. The compugdbserved Peak flow is
147.9m3/s and 172.2m3/s respectively.
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[ Surmmary Results for Sink "Outlet1” lililé

Project: TejiRiverModel  Optimization Trial: Trial 2

Sink: Outlet1
Start of Trial: 01Jan1996, 00:00 Basin Model: TejiRiverModel
End of Trial  31Dec2007, 00:00 Meteorologic Model: TejiRiverModel

Compute Time:011ul2020, 19:33:53

Volume Units: (@) MM (_) 1000 M3
Computed Results

Peak Discharge: 147.9 (M3/5) Date/Time of Peak Discharge30Jul2006, 00:00
Volume: 9044, 25 (MM)

Observed Hydrograph at Gage Gage 1 Teji Near Asgori

Peak Discharge: 172.2 (M3/5) Date/Time of Peak Discharge: 23Jul2006, 00:00
Mean Abs Error: 13,4 (M3/5) RMS Error; 24,7 (M3/5)
Volume: 1898.72(MM)  Volume Residual: 7145.54 (MM)

Figure 4.4 Description computed versusobservedfindings
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Figure 4.5 Comparison of observed andisnulated flow with a scatter diagram.
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Figure 4.6 Flow Comparison at w100 Subkbasin during calibration
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Validation is a comparison of the model outputs with an independent data set without making
further adjustmentsifter adjusting all the sensitive parameters and completing the model setup,
5 years (2008 2012) of raw hydremeteorologicadata was used to assess model validity with
HEC HMS. The model result agrees with the observed flow (fig below), ensuring model validity
with the new raw data. The model performance evaluation criterion indicated that the model
performed well with raw datduring model validation with R= 0.852 and NSE = 0.837. The
result of the model shows that HEQS can apply to the Teji river stimsin.
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Figure 4.7: Average nonthly observed and simulated comparison during alidation
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Figure 4.8: Daily flow hydrograph comparison during validation
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4.2 Frequency Storm and Flood Frequency Analysis

For the case of this study, the maibjective of rainfatrunoff modeling was to obtain

peak flood at the outlet of the sblasin that was later used in the computation of flood

inundation mapping and it can be used in concerning the flood dam&g§eHMS

measures the frequency storm watlpredicted depth of precipitation for a storm with a

particular duration and likelihood with exceedifgood frequency analysis to equate

the degree of extreme events with their frequency rate of occurrence bythising

distribution of chance.

== A >

k=l Graph for Sink "Outlet1”
Sink "Outlet1" Results for Run "100 Year Storm""

Julzo06
Legend {Compute Time: 02Jul2020, 10:56:22)

Figure 4.11: Frequency storm of 100 Years at thaudet.
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Of course, the outcome of the HBAMS model is related to the results of the frequency
analysis taking into account various techniques. The methods used in this paper are chosen
based on their usefulnessid simplicity. According tothe Easy curve fit the Gumbel
method is chosen and computed as well as comparedhsittEC-HMS result.

Table 4.1 Comparison flow data of frequency analysis and HEGC HMS

Year 2 |5 | 10 | 25 | 50 100 [200 [500
Method Peak Discharg@®(mq/s)

Frequ | Gumbel | 87 123 147 177 199 221 243 273
ency | Method

Analy

Sis

HEC-HMS 62 115 138 173 195 233 258 288

Figure 4.12 Scatter graph comparison of Teji river flow data

The above graph shows that the discharge value estihatb y Gu mbel 6 s met hc
related to the discharge computed by HEB®S. The HECHMS estimation value is used
as input to the HERAS model to delineate flood plain area.

4.3 HEC-GeoRAS Output

4.3.1 Stream Centerline

In the HEC-GeoRASriver and reach networkrarepresented by the stream centerline
layer. The river and reach network is created on a reach basis, starting from the upstream

end and working downstream following the Teji river chanii@lestream centerline layer
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is used for assigning river statitmcrosssection and to display as a schemiatiheHEC-

RAS geometric editor.
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Figure 4.13: Teji river c enterline

4.3.2 River Bank Lines

The kank lines layer shows the main channel flow from flow in the daks. Bank

station will be assigned to reaclosssection based on the intersection of tlaak lines,

with the cut lines. Bank lines are more operative to skip this layer and complete the data

in HEC-RAS using graphical crossection editor tools.
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Figure 4.14: Teji river b ank linesschematicview

Generally the bank lines help for:
U To allocate bank stations
U Calculatetheoverbank flow path, and

U Assist as the difference between channel and floodplain roughness

4.3.3 Flow Path Center Lines

The 1ow path centerline is the line that travels to the loywestt of each crossection of
the main channel. It has to pass for every particular @®stson point. Flow path lines
are used to describe the lengths of the downstream reach betweesectasss in the

main channel and bank areas.
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Figure 4.15 Flow path schematicview

4.3.4 CrossSectionCutlines

Crosssection cut lines are used to collect elevation data from field data to establish a
ground profile through the channel flowhe ntersection of cut lines with other RAS
layers, such as stream centerliwed flow path lines, is used to measure HEES
attributes, such as bank stations (locations that distinguish the main channel from the flood
plain), downstream reach lengths (distance between the-swosen) as well as
manni ngos c o eefefore itmpoetanttto establish & sufficient nummber of eross

sections to provide a reasonable representation of the chanel el aghe floodplain.

Guidelines for the formation of crosgction cut lines
U Crosssection cut lines are perpendiculathedirection of flow
U Crosssection cut lines should reach over the entire flood extent and
U All the time digitize from left to right (to downstream)
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While it is not mandatory, it is a good practice to ensure a continuity of spacing between

crosssections.
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Figure 4.16: Teji river cross-sectional cut lines

4.4 HEC-RAS Output

In the HEC-RAS model, using seventeen yeafsneteorologicablataof the study area,
flood discharges for different return periods 2, 5, 29, 50, 100, 20, 500 years were
calculatedManning roughness coefficientestimateddbtained usingthe Cowen method
according to equation 3.10.Boundary conditions of the model are taking into account
considering the upsgtam and downstream slopedlad Teji river inthestudy area. Finally
the model is implemented for thetarn period. The model outputill be used as inpub

the HEGFDA model. Representate graphical outputs of theodel areshownin fig

below, and the complete graphical anoluiar outputs arehownin Appendix C
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Figure 4.17: Section of Teji river r each HEGRAS model
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Figure 4.18: Profile of Teji river HEC -RAS model
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4.5 Flood Plain Mapping
To obtain maps othe flood plain, according to earlier stages we can obtain flood plain
mays in the HEC-GeoRAS model, for any tern period and compare these flood plain in

Arc-GIS. The detailed proceduraseset out insectiors 4.3.1 and 4.3.2 respectively.

4.5.1 Water Surface TIN Generation

Water surfacelevation as well as terrawwater surface interface position data for each
flood eventwere extracted from HERAS and transferred to GIS cressction files to
produce a TIN water level. Flooded regions, where water surface elevations surpass
ground elevations, can then be viewed in@ frmat by overlaying the TIN terrain in
Arc-Scene. The name of the water surface TIN was established. The water surface TIN
created was named as the "t" concatenation and the name of the water surface profile (e.g.
t100 years) and saved to the output directory defined in the layer configurdtienth&

water surface TIN has been produced with the elevation of the water surface for the

selected profile, it is now applied to the map.

100 Year Flood

100 Year Water Surface Profile
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/I 2061.976 - 2063.524
B 2060.427 - 2061.976
2058.879 - 2060.427
2057.33 - 2058.879
River2D
XS Cut Lines 1050 1 2 3 4'

[ =—
™=,

[ | Bounding Polygon KM
. f
p

T T T
424000 425000 26000 421001 428001 420000 430000

a) Bounding Polygon Water Surface b) Water Surface Google Earth Overlay

Figure 4.19: Water surfacegenerated for t100 Yearwith Study area overlay

As shown in the above figure A@IS triangulation method creates the surface TIN
using crosssection cut lines and connecting the outer points of the bounding polygon, so

that the TINwasincludedin thearea outside the possible inundation.
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4.5.2 Floodplain Delineation Using Raster

Flooding occurs to a depth equal to the difference between the-suatace TIN and
surrounding terrain TIN. Converting both TIN themes into grids allowsh&subtraction
of the devation data using the raster calculation in Qligen the theme of terrain raster is
subtracted frm the theme dthe water surface grid to construct a map of the flood depth.
The flow depth atHis point is given by using thguery tool in GIS and clickg on any
point within the floodplain.To develop an integrated data query model, the «esson
geometry data and for each event considered are extracted from theeutims mapping
results and the water surface TIN modidding the GlSlata querynethod, a data query
is achieved by simply clickingn the crossection culine. Fig below is an example of
the knds of information that can beollectedby using these query modeds a specific

station on the river.
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Figure 4.20 A portion of the inundated plain area of Teji river for the 100-year flood event

From the attribute table dhe polygon of the flood extent, the inundation area was
displayed and used ftineanalysis othe flooding effect with crop yield/ha. The extent of
inundation areas for the floods of different retprre r i floati®issshown inthe table

below. Flood inundation map for each return petadzulated imMppendixC.
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Table 4.2 Flood inundation area

Return 2 5 10 25 50 100 200 500
Period
Flow(m®/s) | 62 115 138 173 195 233 258 288

Inundated | 308.02 | 422.68 | 459 507.39 | 535.49 | 574 598 622.50
area(ha)

By superimposing the return periadse flood inundation map on the land use map of the
study region, the féected areas have been estimated for the abwwioned return
periods. Usuallyfor all return times, most agricultural land and settled areas would be

affected.

4.6 Flood Damage Analysis

Houses irthe study area construtbm wood, grassesnd mud wallghat are simje to
reconstruct. Thesurveyed houses were seriously damagedhby2011 E.C flood, and
inundated for hours and days. On the other hdredsurveyed households said that as a
result oftheflood their properties were seriously damaged. Aidiweseholdslso said that

the flood cause health problems and causalities.nbliseholdsn the focus group also
mention that due to flood many elderly people and children got sick during the flood,
particularly due to diarrheal disease, caused by thesiotn of river water into wells.

The study of flood damage in the Teji River Teji region, for present (current) structures in
the model, in particular, the model is run undesexg conditions. First, wdivide the
damage typeto twoaccordingo damage report from the woreda flood risk management
and preparedness office into agricultural and residefitie hydraulic and hydrological
flow data shall be entered for the return periods of 2035,50,100,200, and500 years.

The output othe HEGRAS model is then stored in the HEHRDA format and the product

of the FDA model is used as input. In other words, these flood depth values are used for

different areas.
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Figure 4.22 HEC-FDA model water surface pofile plot

4.6.1 Structural Damage Analysis

Structural damage is related to a class of structures with the same average economic loss.
The data used for structural damage shall be extended to all structures related to that type
of structure. All systems are divided into area one and aredased orthe counter
variable. The total houses of 867 for area one located in Buti Talgo and Alango Tulu Keble
and 309 located in Bill and Wasirbi Basii Teji Region are estimated to be ground level
during the survewith GPSthecounter of AreGIS and &0 google earth.

Table 4.3 Structural occupancy ground level stimation

Type of | Number Contour level | Average Standard
Occupancy Houses Ground Level | Deviation
Areal 867 20722058 2065 4.32
Area?2 309 20792065 2072 4.32
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Figure 4.22 Contour interval used to estimate structural ground level.

4.6.2 Estimation of Structural Damage Cost

The st of sructuraldamages the maintenance cost poorlydamagd mud walls, and

mud disposal deposited in the home due to flood is estimated by randomly sampling homes
intheUSA dollar. According to random sampling of fifteen (15) housekoideach keble
namely Buti Talgoo, Alangoo Tulluu, Wasarbi Basind Bilii (Table 3.2) the average
structural damage is 112$ for one household. Fifteen household is selectediches to
constraint, economic constraint, the density of househalithe scope othestudy.The

estimation considers the curranarket value of structum@aintenance.

4.6.3 Estimation of Content Damage Cost
Contentdamage cost is the estimation of damagedesdrf household during flood
that includes household food, animal meald homematerial lostAccording to random

sampling of fifteen househdgthe average content damag865%

4.6.4 Estimation of Other Damage Cost

The estimation of other damage tosnsidersnainly the agriculturaland loss tacrops.
According to equation 321 the major crops cultivated in the woreda with cost/ha are
calculated for different return periods. The yield/pa is tabulated in Appendix A.

Taking into account the cektted data file referrea tabove, by running a flood damage
analysis model wih HEGFDA, the expected annual dama@®AD) over the full range
analyzed, which is the amount of the expdctmnual damageas follows: EAD:
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2,962832.59%Two Million Nine Hunded SixtyTwo Thousand Eight Hundred Thirty
Two Point Five Nine Dollay.

Fe Help
Tej River
Equivalent Annual Damage by Damage Categories and Damage Reaches
forthe Without (Without project condtion Defaut) plan
(Damage in §5)
Discount Rate: 4.000
Analysis Period: 30 Years
Flan was calculated with Uncertainty
Version 4.2, July 2017; Less Simple Method (0.010)
Sheam Sheam Damage Damage Equivalent Annual Damage
) Reach Reach or Damage Categores Tetal
Name Deserption Name Description Agricutural | Residence Damage
Teji River Tej River Flood Damage Analysis  Reach Teji River Flood Damage Andlysis 10784 2961754.25 206281259
Totalfor stream: Tej River 10784 261728 296283259

Figure 4.23 HEC-FDA model output equivalent annual camage

4.7 Flood Plain Management

4.7.1 LeveeAssigning

A levee is primarily used to stop the floods by controlling the river andyniwaiming the
river. In the HEC-FDA model, evee was applied to the river and flood control system
(USACE, 2016. The levee size, the failure characteristensd the relationship between

the inside andhe outside of the levee poinave been defined the levee éatures.

4.7.2 Levee Height

Theleveeheightwascalculated byaddinga 100-years flood level to a required freeboard
(equation 3.14)The 100year floodstagein the river is 2068.25 m above sea level.
Recommended freeboard for 233'srwas 0.8 mTop levee height becors®069.05m
above sea level leveeheightis 3.05m above the average ground levEhe arerage

ground level isbout 206Gbove sea level.
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4.7.3 Characteristics of Levee Failure

Leveefailure chaacteristics were determined thetype oflevee and structural stability.
Leveefailure may happen due tcharaceristics of with gorobability of technical failure
of the Geetechnical Leveewasconstructed a year agomquired a detailed design levee
to estimae the failure characteris8.The scope ofttis analysis was limited to tlestimate
of damage minimiz# by the provision of leveén this analysis, a levee was tikely to

have a gedechnical failure is considered.

4.7.4 Levee Water Stage

The water surface stagn the outer sidef the leveds determined by the water surface
profile computed by HE@RAS. Interior water stage wdmppened due to inland flooding.
Inland floods were caused by localized torrential rain, which couldbaalrained by
gravity due to the high water level the river.

Table 4.4 External and internal water levels in the suggested levee

Exterior Stage (m) Interior Stage (m)
2058.13 2066
2059.75 2066
2061.01 2066
2062.59 2066
2063.29 2066
2064.66 2066
2065.72 2066
2066.86 2066
2069.30 2066
2069.54 2066
2070.20 2066
2071.19 2066
2071.35 2066
2072.07 2066
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Figure 4.24: Assignment ofthe levee to the river inthe HEC-FDA model

Usingthe HEC-FDA model the Expectednd Equivalentthe annual amount olamage

was reduced for various @rrun probaliities calculated. Total e@nomic loss

$2,962,832.59 estimatemhnual damage without a proje@y havinga levee, we will

reduce the loss to $403.48nualy.

ﬁ Equivalent Annual Damage Analysis

File  Help

Teji River Model

Equivalent Annual Damage by Damage Categories and Plans
(Damage in $5)
Discount Rate: 4.000
Analysis Period: 30 Years
Version 1.4.2, July 2017, Less Simple Method (0.010)
Equivalent Annual Damage
for Damage Categories Total
Plan Name Plan Description Agricultural | Residence Damage

Without Without project condition Default 1078.34 2961754 25 2962832 59
Levee Flood Wall 013 403.30 40343

Figure 4.25: HEC-FDA model schematic view reduction of economic loss biye levee

By incorpaating levee, theHEC-FDA statistics inctate that damage occurred was
reduced to 403.43%
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Chapter 5 CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusion

In thelllu woreda Teji areathe major source dheflood isthe Teji River over flooding

due to rainfall inthe uppercatchmentThe food happens becauseaifcelerated showers

as well as sloped of the upper catchment.

This study provides a systemic approach to flood damage analysis and flood plain
management. The main model used in this study is ArcGIS,-BEORAS, HEG
GeoHMS, HEGHMS, HEGRAS, HEGFDA, Google Earthand easy curve fit-lood

plain mapping onedimensional steady flow analysiand flood damage analysiand

flood plan assessment are powerful tools to produce more reliable, acamdte
standardized redts and save time and money. HIEODA offers a new perspective for
assessing flood damage and analyzing flood structure

Study of the damage caused by flooding in the Teji River Teji area, existing structures in
the direction of flow, is considered in thedel. In other words, the model is run on current
conditions. Coming up | divided the damage categories into two, agricultural and
residential, according to the flood risk management and preparedness office survey. The
hydraulic and hydrological flow dathall be entered for the return periods of 2, 5, 10, 25,
50,100,200 and 500 yeard.hus, the HEERAS model output is stored in the FDA format
and the HEGFDA model is used as input. Considering the input data for the model, the
next steps would automatily estimatethe economic damage. Taking into account the
data set, by running the flood damage analysis model with HE& the estimated annual
economic damage (EAD) for the entire study period,ctvhis actually the amount
expected annual damage, B%#62,832.59In the meantime, flood control measures were
done. Usingthe HEC-FDA model levee is considered and the damage is reduced to
403.43%Formerly there is no flood management plan in the area. Therefore flood control

plars, are required.
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5.2 Remmmendation
Depending on the outconaé this study, the next recommendation and suggesti@ne

made.

U DEM of the study area kdow-resolution quality therefore Mistry of Water
Irrigation and Energy should revise if possible

U According to my study re$uby assigning a levee to the flood plain area the
economic damage reduced from 2,962,832.59% to 403.43$, therefore constructing
a levee is proposed to take care of the society.

U Future studies should consider climate change imasavell asadaptation to
climate change.

U The gvernment should helihe affected community to reonstruct their houses
and distribute seed and agricultural inputs to communities whose crops have been

washed away by the floods
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APPENDIX A
Tablel:Study Area Crop Types, Cultivated laraohd yield per ha of 2012 E.C Year

lllu Woreda Crop Types, Cultivated land and Yield Per Ha of 2012 Year
Teff | Weat | Bary [Maize |CheackPeg CrassPeq Lenti | Bean
Noj  Kebele |ha [Kun |ha [Kun |ha |Kuha |Kun{ha [Kun [ha [Kun [ha [Kun |ha [Kun

1|TuluManguraa | 85612140 3371011 4] 20 501190 340 8160 1544004 9| 150 §| 160
2/Alango Tulluu | 767115340 60) 2220 2] 32 37)1369 401 9624 1263150 106 1699 2| 40
31Bill 02325844 256 9728 4160 41)1968 240 6720 80{2640 98 1960 9] 198
4/Wasarbii Naaddop 619 15479 164 5904 0.58.5 331584 159 397§ 712272 37| 481 8| 168
S|Wasarbii Baasii | 72015840 3501085 1) 14 421344 300 8700 1344154 77/ 1389 4 80
6|Kulee Asgori | 800121600 312 9984 1) 18 603300 305 7917 1253250 23 450 5| 18
7Butii Talgoo | 58911780 196 6664 2| 300 3011230 364 8734 1945044 80 1520 3| 60
8|Amdoo Quncoo | 542 975§ 327112418 10) 36| 46/183 335 8379 2195694 125 2379 3| 60
OKulee Gafarsaa | 91519219 3421531 2 81 523380 265 636 1935018 93 1767 10 210
10{Bantuu Allitoo | 790115800 208 748§ 3| 57 331159 346 8304 2075179 76| 1520 6| 126
11/Wareersoo Qaliin| 326( 6520 15 120 3] 30| 441050 431 9487 17013910 190 4180 3| 66
12Jigduu Midaa | 630112600 31 1307 2] 42 382437 42413564 682244 305 6710 4| 92

13Muloo Sattey | 72513500 45 895 121600 641747 385 9629 2486248 130 2450 14 93
14Duwaa Bisee 100023944 28913601 2] 42 30/1140 164 3934 65162 15 270 153100
15Dugdaa Luugoo | 890116910 335 8040 1) 22 451219 310 7750 1223172 951900 1] 15

Saurce:Woreda Agricultural and Rural Development Office
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APPENDIX B

N0
*‘\\ NN

Figurel:Teji River characteristics View March, 2020

Figure2:Taking Teji River CrossSSection March, 2020

MSc Thesis by Bedilu Dejene Page88



Flood Damage Analysis, For Teji Area /lllu Woreda/

Figure3:Taking Teji River Depth and Width, March 2020

Table2:Manning Roughness fdheriver (channel)

Channel Ano Description, Example
Condition
Degree ofl Smooth 0.00 Compares to the smoothest chan
Irregularity (n, attainable in a given bed material
Minor 0.0 0.005| Compares to carefully dredge

channels in goodondition but having
slightly eroded or scoured side slopé
Moderate | 0.0060.010 | Compares to dredged channels hay
moderate to considerable b
roughness and moderately slougheq
eroded side slope

Severe 0.0110.020 | Badly sloughed or scallopdabnks of
natural streams; Badly eroded
sloughed sides of canals or draina
Channels: unshaped, jagged, 4
irregular surfaces dhecanal in rock
Variation Gradual 0.000 The sze and shape of channel cro
In Channel sections chaye gradually.
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Cross Section

(n)

Alternative
occasionally,

0.00%0.005

Large and small crossections
alternateoccasionally, or occasional
the main flow shifts from side to side
Owing to changes in crosectional
shape.

Alternative
Frequently

0.01-0.015

Large and smal crosssections
alternatefrequenly, or frequently the
main flow frequently sikfts from side
to side owing toChanges in cross
sectional shape.

Effect of
Obstruction(s)

Negligible

0.0060.004

A few scattered obstructions, which
include debris Negligi® deposits
stumps, exposed roots, logs, piers,
isolated boulders, that occupy less tf
5 percent of the crossectional area

Minor

0.0050.015

Obstructiols occupy less than 1
percentof the crosssectional area an
the spacing between obstructioase
such that the sphere of influenc
aroundOne obstruction Minor does n
extend to the sphere of influen
around another obstruction. Smal
adjustments are wused for cury
smoothsurfaced objects than are us
for sharp edge irregular objects.

Appreciable

0.020.03

Obstructions occupy from 15 to §
percent of the crossectional area o
the space between obstructions
Appreciable small enough to cause
effects of several obstructions to
additive, thereby blocking 4
equivalenfpart of a cros-section

Severe

0.040.05

Obstruction occues more than 5(
percent of the crossectional area o
the space between obstructions
Small enough to cause turbulen
across most of the crosgction.

Amount of
vegetation

(n4)

Small

0.0020.01

Dense grwths of flexible turf grass
such as Bermuda, or weeds grow
where the average depth of flow is
least two times the height of tf
vegetation; supple tree seedlings s
as willow, cottonwood, arrowed, or S
cedar growing where the average de
of flow is at least three times the heig
of the vegetation.

Medium

0.0160.025

Turfgrass growing where the averag
depth of flow is from one to two time
the height of the vegetation moderat
dense steamy grass, weeds, or
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seedlings growing where theeverage
depth of flow is from two to three time
the height of the vegetation: brusk
moderately dense vegetation, simila
|- to 2-yearold willow trees in the
dormant season, growing along f
banks and no significant vegetati
along the channel bmms where the
hydraulic radius exceeds 2 feet

Large

0.0250.050

grass growing where the average de
of flow is about equal to the height
vegetation: 8to lo-year old willow or
cottonwood trees intergw with some
weeds and brush (none of t
vegetation in  foliage) where th
hydraulic radius exceeds 2 feet; bug
willows about yearold intergrown
with some weeds alongside slopes
vegetation in full foliage) and n
significant vegetation along chanr
bottoms where the hydraulic radius
greater than 2 feet.

Very large

0.050.10

Turfgrass growing where the averag
depth of flow is less than half th
height of the vegetation: bushy willo
Very large trees about 1 year ¢
intergrown with weeds alongsic
slopes (all vegetation in full foliayer
dense cattails growing along chan
bottom; trees intergrown with weed
and Brush (all vegetation in ful
foliage).

Degree
Meandering

(m)

of]

Minor

1.0

The mtio of channel length to valle
length 1.0to 1.2

Appreciable

1.15

The mtio of the channel length t
valley length is 1.2 to 1.5.

Sever

1.30

The mtio of the channel length t
valley length isGreater Than 1.5.

Table3: Manning Roughness for Flood Plain SourGeW. Brunner, 2008

Irregularity(n)

Flood ino Example
Plain
Condition
Degree of Smooth 0.000 Compares to the smoothest, flatt

flood Plain attainable in a given be
material.
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Minor

0.00%0.005

Is a flood pain with minor irregularity
in Shape.A few rises and dips o
sloughsMay be visible on the floo
plain.

Moderate

0.0060.010

Have more rises and dips. Sloughs a
hummocks ay occur

Sever

0.01%0.02

The flood phin is very irregular in
shape Many rises and dips or sloug
are visible. Irregular ground surfaces
pasturelad and furrows perpendiculi
to The flowis also included.

Variation of
Floodplain

Cross Section

(n2)

Not
Applicable

0.000

Effective of
Obstruction

(n3)

Negligible

0.0060.004

A few scattered obstructions, which

Include debris deposits, stump
exposed roots, log, or isolateg
boulders, occupyess than Percent of
the crosssectionalarea.

Minor

0.0050.019

Obstructons occupy less than ]
perceniof the crosssectional area

Sever

0.020.03

Obstructions occupy from 15 to 50
Percent of the Crossectional area.

Amount of
Vegdation

(na)

Small

0.0020.010

The cense growth of flexible turf gras
such as Bernuda, or weeds growin
where the average depth of flow is :
least two times the height of tf
vegetation: or supple tree seedlings s
as willow, cottonwood, arrow weedy
salt cedar growing where the avere
depth of flow is at least three times t
height of

Medium

0.01%0.025

Turfgrass growing where the average
depth of flow is from one to two time
the height of the vegetation;
moderately dense steamy grass, we
or tree seedlings growing where t
average depth of flow is from two
three times the height of the vegetati
brushy, moderately dense vegetati
similar to } to 2yearold willow trees

in the dormant season

Large

0.0250.05

Surf grass growing tere the average
depth of fbw is about equal to th
heightof vegetaton: or 8 to lo-yearold
willow or cottonwood trees intergw
with some weeds and brush (none of
vegetation in foliage) where th
hydraulic radius exceeds 2 ft.; or matt
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row crops such as small vegetables;
mature field

Very large | 0.050.10

Surf grass growing where the averag
depth of flow is less than half the heig
of the vegetation: or moderate to den
brush: or heavy stand of timber with fe
down trees and little undengvth with
depth of flow below branches: or mat
field crops wherehe depth of flow is
less than height of the vegetation.

Extreme 0.1-0.2

Dense bushy willow, mesquite, and s
cedar (all vegetation in full foliage): o
the heavy stand of timber, fewlown
trees,depth of flow reaching branches

Degree of
Meander (m)

1.0

Not applicable

Tabléb: Teji River Cross Section Survey Primary data, March 2020

Parameter Measurement/Value
Depth 47 12m

Width 307 60 m

Slope 0.0061 0.008
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APPENDIX C

Figure4:Animal Food Placed 0.5m above grouhding filed observatioto protect from
flood March 2020

Figure5:Household Material during field observation some placed 1m above ground to
protect from flood March 2020
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APPENDIX D
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Figure6: A portion of inundated ptaarea of Teji River for the-gear flood event
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Figure7: A portion of inundated @in area of Teji River for the-fear flood event
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Figure9 A portion of inundated pia area of Teji River for the 2gear flood event
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