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ABSTRACT

COMPARISON OF HYDROLOGIC AND HYDRAULIC FLOOD ROUTING,
A CASE STUDY ON THE TIGRIS RIVER

Alani, RuaaAdnan Mohammed Saeed
M.Sc., Department of Civil Engineering
Supervisor Assist. ProfDr . Meri - Yél maz

Co-SupervisorAssist. ProfDr. Ibtisam Raheerfarim

January202Q 71 pages

This study deals with channel flood routing problemwith two approaches
hydrologic and hydraulic flood routingsing software program#$dEC-HMS and
HEC-RAS, respectivelyFor the comparison dhesemethods andoftware, a case
study is carried out on a 8%&m long reach on the Tigris River, between Al Shargat
and Samarra Dam. With the observed inflow hydrograph of the flood event in the
spring of 2019 as an it to both software, the routed outflow hydrograph is
predicted.The peak discharge of the observed, HE@S, andHEC-RAS outflons

are obtainedas 6437.00m%s, 6538.70m%s, and 6600.29m?%/s, respectively. The
translation of the HEEHMS and HEGRAS outflow hydrographs are estimated
exactly the same as the observed outflow. The differences in the observed and
estimated peak discharges are related with the lack of detailed data iAlME@nd
added levees in HERAS to prevent overflowing to floodplain ime study area.

The observed and estimated outflow are found to be in good linear relation

considering their coefficient of determination values close to 1.

Keywords: Hydrologid=lood Routing, HydraulicFlood Routing, HEC-HMS, HEC-
RAS, the Tigris River.
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CHAPTER 1

INTRODUCTION

1.1. General

A flood is a natural penomenon that acts on human lives and economical losses
Floods mayhappen due to excesacein the volume of water accessing the channel
of river within a small time period, inteimdy to spread in downstream direction

especially in springeason due taxeessive rainfall or ice melting.

Flood routing is a procedure to determine the flood hydrograph variation as water
moves towards downstream through a channel (river) or a reservoir, named as
channel routing or reservoir routing, respectively. Focusmghannelrouting it is a
mathematical way of determinirte change otthe magnitude velocity, and shape

of the flood wave mgressingon a channelreachover time.Flood routingmay be
classified asydrologc or hydraulic, based on the solution oferelnt equationFl].
Whichever the method ssed flood routing studies are of great importance for the
prediction of flood effects on the downstreandflood protection studies

1.1.1. Hydrologic Routing Methods

Hydrologic routingmethodsprovideincrediblecomputational proficiency and speed,
requiringless deta#dfield information that customarilgecessaryor flood routing.

The theoretical background of hydrologic routing methods is provided in Chapter 3
in detail. Here, hydrologic routing is describegpecially focusing on the limitations

and difficulties.

The Muskingum routing strategy, which will be discussed in Chapteasg,a few
limitations which may influence theaccuracyof the resuk obtained. Firstly, a

prediction of Muskingum parameterK, storageconstant (traveltime of the flood



wave), is needed, which assumed to be remaicamgtantthroughout the stream
This presumption is helpful and may delivarfficient outcomesfor several cases
where the K parameter is subject to neble variations However modeling flood
routing with this assumptiomaybe challengingas the travel timef the flood wave

is obviously varyingwith flow and channel characteristicSecondly, the method
givesa single stagélow relation In other wods, for any given discharge, Q, there
can onlybe one stage height. In factarious stagescould result for a known
discharge as the geometry is rited along the channel. Moreer, the routing
methodis not adequate for steep hydrograpihsod of damsand bridgessinceits
backwater impacts because of downstream shrinkage, huge inflow of tributary, or
tidal diversity [2].

Onthe other hand, there are number of restrictions connected with this methodology.
First, the hydrologic routing models performsxpensive solutions, since
experimental relations are applied to predict momentum effects. Thus, massive
efforts and time could be utilized in calibrating these types of models with respect to
historical data, and they may nbée valid whenappliedto extreme events.The
second difyculty associated with this
hydraulic analysis to c ostageThi$andlysiemupte a k
either be done in advance for a momber

reatt i me basis for theéowg3heci yc forecast of

1.1.2. Hydraulic Routing Methods

The theoretical background of hydraulic routing methods is also provided in
Chapter 3 in detail. This part especially focuses on the advantages and difficulties of
this method.

As the hydrologic routing method employs the rules of continuity equation and a
single stagalischarge relationthe hydraulic routing methoditilizesthe full Saint
Venantequatiors, which compose of both theontinuity and momentum equatien
In this case hydraulic routing can give more preaissults by considering

theimpactsof channel storage and wave shape Fdr the hydraulic flood routm a



few necessary assumptions are adapted like, the liquid is incompressiiclke
implies ts density is constant, channel bed is staidglecting the verticathange in

velocities, so that the verticaleightconveyances hydrostatid5].

Contrast tdhydrologicflood routing strategies, thbydraulic floodrouting strategy
can calculate notonly the flow depth butalsothestreanflow rate withrespecto
time at each crossectionalareaprovided in the modelln expansionhydraulic
routingmethods canperform various conditions likebreach of dams and tidal

impacts.

Previous researchesonyr med the practical applicat
models, although it isxpensiveto get data of crossections alongnaybehundreds

of kilometersthat affectecdb y p o, d drovideg accuratp od routing results can
throughout a channel réaconsidered.

Although the fact that the hydraulimodding integratebh ot h t he pood r ol
water level forecasting into one stapd provideaccurate results witlesscalibration
efforts,fewa g e n c i e dorecastingfampptying this approdc This can easily

be clarified by the fact that mogtactitioners have deem gpendtime and moneyn

data collection and calibrating ddta their availablehydrological models, and there

IS no enough financial and human resources to learn and perdvmmodels, unless

it can be proved that there wild.l be a si
accuracy. Given that the hydraulic mode
reputation state thatisd i f y c ul t dimmpemént inbecameaokisthat the
forecastersare not confident about the value of utilizing hydraulic models

operationdy [3].

1.2. Aim and Scope of the Thesis

Salah Al Dinis one of the important provinces in middle Iraq, that locatearthe
Tigris River, with a populationof about1.6 million, faced frequent flood disasters
during last years that csed bothloss of lives and huge economidosses.

Consideringthe lack of flood routing studies on this arg¢he aim of this study is to



find out the hydrologically and hydrdically routed outflow hydrographat a
downstreamlocation the velocity of the flood wave, the time, and the maximum

water depth caused by the storm of flood wawver a reach on the Tigris River.

Among several software programs tlcauld be used for ldyologic and hydraulic
routing studiesdepending on the available information and required output, in this
study HEC-HMS (Hydrologic Engineering Center Hydrologic Modeling System)
and onedimensional HEC-RAS (River Analysis System)software programs
devdoped by US Army Corps of Engineers Hydrologic Engineering Cemesused,
respectivelyHEC-HMS is lumped and/or senrdiistributed hydrologic model, where
this distinction is based on the input dati&C-RAS is a onalimensional hydraulic
model designedot help hydraulic engineers in channel stream examination and
floodplain design. The output of the model can be applied inagement of
floodplain studiesResults of two softwarare obtaine@ndcomparedo identify the
suitable flood routing methodscorsidering accuracy,data need, time and effort

mannes.

1.3. ThesisDescription

This thesis is composed of five chapters. Contents of the chapters are as follows:

1 An introduction to the thesis is made with the problem statement and the aim
and objectives of #hstudy are highlighted in Chapter 1.

1 In Chapter 2, previous studies on flood routing in the literature are summarized.

1 Methodology of the study is explained and the softwacgnans HEGHMS
and HEGRAS are introduced in Chapter 3. Governing equatiortsydfologic
and hydraulic flood routing amdsopresented in this chapter.

1 The case study is described in Chapter 4. Results of the analyses and discussion
of the results are also given in this chapter.

1 In Chapter 5, conclusions of the study are presened. Alsq several
recommendations for future works are made.

1 The crosssections of the study reach in HERAS software are presented in

AppendixA.



CHAPTER 2

LITERATURE REVIEW

Hydrologic and tydraulic flood routing have always been of interest to reseears.
As long as there are rivers and flood danger, flood routing will remain as a current
issue. To enlighten the current and future studies, it is beneficial to overview the

previous studies on flood routing.

2.1. Previous Studieson Hydrologic Flood Routing

Karim [1] usedhydrologicand hydraulidlood routing methoden another reach of
the Tigris River. Br the hydrologic routing,Muskingum method for a nonlinear
form and MuskingurCunge(linear and nonlinear form) have been applied, while
the four-point implicit finite difference scheme was discussed to express the
hydraulic routing comparison between the mentioned method was applied to find
out the hydraulic method as the most acmurane but more time and effort

consuming.

Fung [6] applied three techniques of flood routing (Muskinguniag, and
Storagerouting), focusng on largéscale nodel. Sacramento Basin WARMF and
HEC-RAS modet have been utilied for hydrological data input as well as
comparison. Theesults showed all models were appbleafor flood routing but

Muskingum method was the most accurate one.

Kumaret al.[7] examinedthe applicabilityof Muskingum method for flood routing,
on Hirakud reservoir which is a part of Mahand&iver in India as a case study.
Comparison has beaonducted between two casesewascontrolled inflow from
power station while the othavas uncontrolledfrom tributary. Muskingum model

has beenimproved for multi-sourcesinflow to figure out a single outflow for the



reach, suitable coeffici¢mas been derived for each camedthe decision made for
the Hirakud River gates was to open them once each 12 hours during the flood.

Barat et al[8] investigated Muskingur€unge flood routing model for a reach of

Karun River Iran, as most of rivebasin wereunmanagedlue to the hiy cost of

gauging station worksTh e yel d appl i c aiCungenflsod midhg Mu s K i
model has been investigatads i ng avail able daily and hol
the attenuation of the peak outflow, the laghef peak outflow, and the volumEhe

results hae been compared witbther solutios i.e. dynamicand kinematiovave

modek) and others. The resuktowed the difference between Musking@unge

and other benchmark methods became less when using smaller Manning roughness

coefficient and bed slope.

Mohammed [9] computedthe coefficients, for two hydrological flood routing
methodsj.e. Muskingum and Muskingu@unge methodsin a reach from ShatAl
Hilla in Irag. The Muskingumrouting coefficients, i.e.Co, C1, C; have been
considered as constant values Muskingum metbd, while the coefficients have
variousvaluesfor MuskingumCunge methodsameas the number of suteachesin
addition tothe condition ofC;+C>+Cs=1 thathas been achieved by both mentioned

methodsThe details of these coefficients are discussedtailde Chapter 3.

Twumasiet al.[10] suggested thdhe basic relationships between raih&aid runoff
should be understaasinceit is an important step irefficient control of flood water

High intensity short period rainfall causes flash floodshie driest area of Ghana,
which is one of the disadvantageous properties of the arid aneasdnareas. They
used Geographicinformation Systems (GIS) for catchment delineation and
HEC-HMS for flood volume calculation. It has been concluded that bdth o
hydrologic routing model and GIS mechanism can be used for computation of flood

magnitude utilizing exact values of temperature, rainfall, and flow.

Haque et al[11] studiedNorth-East of Bangladesihereexposed to frequent flash
flood. Dueto flash flood on 2004, 2010, and 2016,there had beehuge lossesn



farm areasAn essentialstepto reducesuch kindof losses isdeveloping arearly
warnng system for flood prone regioma.hydrological model has been established
using HEGHMS for MeghanRiver basin with 700&m? drainage area ardischarge
at Sunamganj station has been simulag&@S (Soil Conservation Service)utve
Number method has been used to estimate runoff volu#iC-HMS model
accomplishment ha®und to be satisfactory arttlis model might be considered as

valuable tool for flash flood predictidor future

Sinhaet al.[12] consideredSone River bank in India as a case stidyskingum
method has been applied to estimate the inflow and outflow, graphical method and
leag square method has been utilized in order to calculate the parameters of
Muskingum methodThe results of the two mentioned methods have been compared
The results will be used in flood protectiqmurposesExact information like the

flood peak has beerecognized as most significaparameteraffecting the flood

protection works.

2.2. Previous Studieson Hydraulic Flood Routing

McKay [13] developeda model for hydraulic flood routing, as the data collection for
hydrologic modelingis soexpensiveand not alvays available The importance of
flood forecasting especially for people living around the river baag highlighted
and minimum necessarydata has beespecifiedin order to usen flood routing
model.

Hicks and Peacoc3] usedHEC-RAS mode] which isusually utilized for steady
flow hydraulic routingto analyzeunsteady flod routing.Peace River in Alberta has
been taken as case stualydwith the use osignificant data of flood in 1987 the
capability of HEGRAS for unsteady flod forecasting ha been examined, and
accurate results have been achievethparedto other hydologic routing models

like SSARR(Streamflow Sythesis and Reservoir RegulatiSgsten) model.

Sun[5] developeda HEGHMS model for the Soap Greek watershitliskingum

routing method has been employed in this modelprder tosimulatethe impacts of



the existingflood protection practices on peak dischalgeEC-RAS model hasalso
beenadapted for thease study are&€omparison between the resultshofdrologic
and hydaulic method been conducted ¢tarify that HEGRAS simulateghe flood
hydrograph more accurate than HE®S.

Havel[14] examined theffects of wildfires of High Park and Hewlett that occurred
in USA, Coloradoin 2012. Two well-known hydraulic models haveeenutilized;
the results of Soil and Water Assessment Tool (SWAIBed inmodeling the
hydrology of the upper Cache la Poudrdasin have been used as input for
HEC-RAS, in order to simulate stream flowghe resultdound to be satisfactory for

simulaing afterwildfire conditions in the area.

Mai and De Smedtl5], appliedHEC-RAS model has been appliedsionulateflood
flow and predict water profile precisely at the downstream of Hong River basin
combination with the use of a hydrologic model €\\spa) for flood simulation
within the mountainous upper stiasin The combinedmodelfound tobe valuable
in creating floodforecastingand early warningtudiesto lessen the losses due
flood evetsin Vietnam

Husain [16], usedHEC-RAS consideringon three components @ihedimensional
hydraulic analysiswater surfaceprofile calculation simulation of unsteady flow,
andsediment transparte concludedhat the major aim dfiydraulicmodeling is to
supply a systemto manage flood controland the capability of HECRAS in
simulationof water surface profile at different locations of reach of study has been
proved In addition,the output of HEERAS has been used in computing the bridge

overtopping in reach of study

Shayannejad et gl 7] focusedon an example of unsteady flothathas been solved
by using HEGRAS as the solution of Sai#venant equation is so complicatéithe
methodology of research has been used fortyee and looped channeétworks to
obtain numerouscritical deptrs in the study reachlhe incident of jusbnecritical



depth in involved cross section with developed geometry was shown for thgpeee

channel network.

It became obviouthat, there are varigtof methodologie®f both hydrological and
hydraudic flood routing which arsuccessfullyappliedon different case studiesllA
these models generallgharacterize the timeariation of hydradynamic channel
variables like stageind velocity to estimate outflow at downstream in order to
predict shape and magumite of flow wave which mighbe usel in flood forecasting

to minimize botHife and economic losses



CHAPTER 3

THEORETICAL BACKGROUND

Flood routing is a mathematical procedure for estimatingrhgnitude velocity,

and shape of a flood wawéth regpectto time (i.e., the flow hydrograph), at one or
various points along a channel. &tbrouting can be classified as a hydrologic or
hydraulic routing method; routing by a lumped system method is called hydrologic
routing, while routing by a distributeslystem method is called hydraulicuting

[18]. This chapter providedetailed descriptions of the hydrologic and hydraulic

routing methods.

3.1. Hydrologic Flood Routing

Hydrologic flood routing basicallytilizes confined physical parameters of the
channelas it mathematically depends on continuity equation,camitie other hand

the relation between the water storage and the dischapgdett

3.1.1. Theoretical Analysis of Hydrologic Flood Routing
3.1.1.1. Continuity Equation

The mathematical statementfinid mechanics mentioned that, for a fluid passing
throughan open channeh a steady flow, the masy fluid flowing through any
section of thechannelin a unit of time is constards in Figure 3.1The continuity
equation represents the changeaeiocity in a way that

AV,=AV,e ¢eééeéeceéeceéeceeceéeecéeecéeeée. (31

Here,A is the crossectional areandV is thevelocity offluid (water).
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I (2)

) Slope: Sy = constant | >,

[ 4 Horizontal 4
Xy reference datum Y, X

Figure3.1 Flowrate volume for msteady flow in open channelsq

3.1.12. Storage Concept

The relation between the upstream and downstream where outflow could be
measured indicates the change in stored water volume vgtkobwn as storagel.e.

the differerce between inflow and oflow is equal to the rate of change in storage

the channelith respect to timgQ].

|-Q=DS/Dt éeééeééceééececeéeecéeeéeeéeeée. (32

Here, | is theaveragenflow to the reachQ is theaverageoutflow from the reach

S i s t he c¢haandg epttioné incsetehrea g e

Equation (3.2) indicates that the storage of the channel reach is a functiordd®) an

or,
SfI,Q)é. . 66666666666666666666666¢6¢6(33). .

Here, S is thatorage in the channel reach.
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3.1.2Hydrologic Flood Routing Methods
3.12.1. Muskingum Method

The Muskingum hydrologic routingnethodmodels the storage volume of flooding

in a channel as the sum of wedge and prism storage, as shown in Figure 3.2. The
storageunder the steadffow water surface profile that called prism storage, while
wedge storage is the further storage below the actual water surface. profde
methodwas developedor the designof flood protection systerof the Muskingum
Riverbasin[21].

Wedge-shaped
storage = Kxy(I — Q)

Prismatic storage = KQ

Figure3.2 Prism andvedgestorageq1]

The volume of prism storag8prismis:

Sisn=KQéeéeéeéeéeéceeceeceeceeceéeéeé.e.e. (3. 4)

rrrrrrrr

Sweage =K X (I-Q).é6 éeééecéecéecée. é€éeeée (3.5)

Where K is the storage constant approximately the travel time of the flood wave
through the reach, and is the dimensionless weight factor between inflow and

outflow.
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By summationof the Equations (3.4) and3.5), the basic Muskingn equationis
obtainedas:

S=K*[X*IM+(1-X)*Q"] .6 66666666666666666 (3.6)

Where, m is the powerto express the nonlinear relation between storage and
discharge For simplicity and practical purpose, m the above mdined equation
is assumed to be unjtyhus, the working guation (3.6) has been developed to take

the form in equation (3.7)

SK*[X*1+(1-X)*Q|é 666 6.66666666666.666 (3.7)

This equation xpresses the linear relationship of storage to inflod autflow. The
weighting factorX i s having ® ©OaBgedepefdiOnK on
wedge storage. It is zero for reservoir type storage (zero wetdgege or level pool

case S KQ) and 0.5 for a full wedge. In natural streams mean valu¢ is near

0.2. The parameter K is thene of travel of the flood wave through the channel

reaches also known as storage time constant and has the direearigiore [2)] .

According to Linslg et al. [22], to find the coefficients ofinear Muskirgum
method,various values of Xmust be assumeaindthen, observedvalues of inflow

and outflow must be used to draw the values of cumulative storage S on the vertical
axis versus values ¢K* 1+ (1-X)*Q] for a given X valueon the horizontal axis. The
reaulting shape will be like a loops shown in Figure 3.3.eéReaing this piocess for
different values of Xthe value of X whichthe loop most resembling atraight line

must be chosenThe slope of tis straight linewill be represented by the K

parameter.

13

t



fi 2a0-g mis dogs .

el mie doys |
|
o e

—_—

7 { A
ER ;

o en L
oA B em dags “Ff i J_ .
00 20 R0 40 5O 6L A0 HO 0o 25 3 80 5080 TD 80
GO0 20 31 AC 30 60 A3 80
af wil—2la mifs

Figure3.3 Loop relation in parameters estimatio3][2

Substituting Equation (3.7 the Equation (3.2) yields the routing equation for the
Muskingum method g21]:

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

Q=Cl,+Cl,+CQ ¢éeéé¢éeéééeeéeé..e6é6é6éeéé.. (3.8)

The three coefficient £ C1, C calculated as:

L Dt KX A A AR AL A AL LS4
° 2K(- X)+Dt

Dt +2KX i i s A ofof 44444 o4z
= .eeéeeceeceeéééeéceeeceeceeéeé. . b (3.9
2K (- X)+Dt

_2K@- X)-Dt i i c s f s foa s s s og
, = €. eeéééécéecceeceeeeééeéeeee 3.9
2K(@1- X)+Dt

Here Co, C1, and Cz are Muskingum routingcoefficientsand arefunctiors of the

parameters K ang. Summation of three coefficients mus unity:

CtC+C,=l¢¢¢eecececececéeéééééeeceeeeééé. . (B10)
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3.12.2. Muskingum-Cunge Method

Cunge[24] advanced the use of the Muskingum metlydexplaininghow the
parameterK and X could be related to the hydraulic properties of a simplified,
prismatic channel. These are based on linking the convection diffusion todbel
Muskingum routing equation. Thearameter®f the traditional Muskingum method
can only be determined frostreamgage data. This makes the Musking@unge
method more favorably applied to ungaged stredims.equations for K and X in the

MuskingumCungemethodare[24]:

1la e s s o4 s os s ososososrosrosrossosos s oa
=—&- Q €.66eéeeeééééééeceeeeeéeéeéé .. (311
2 BScDx =

¢

O R A Y 4N NS .
=— ééécecececeeeééééceceeceececeeeeéeéee. . eB12
C

Here B is thebottom width or average widtbf the channelS is thechannebottom
slope cis theflood wave celerityanda is the distance incremerithose equations

above lead to the determination of outflow discharge as fellow

3.1.3. Hydrologic Flood Routing Modeling with HEC-HMS
3.13.1. HEC-HMS Background

Hydrological malels are founded on a group of connected equations that switch the
physical rules, whichare quite complicated natural phenomena, to kind of
mahematical shapél'he main challenge that faced by the hydrological models is the
lack of availability and high ast of hydrologic data [1]. Various models can be
applied, depending on the conceived output, the available database, input variables,

analysis and degree of accuracy required.
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HEC-HMS is a public flood routing modeling tool developed by the Hydralogi
Engineering Center of theS Army Corps of Engineergpuntedasa standard fo
hydrologic simulation inthe USA [25].The program which began as HECfirst
version in 1992, has been improved into fully imeggd graphical user interfacehe
second mjor emission of the model caused changes that made it possible to
persistent model, witkdry and wet periods It is a numerical moel that contains a
huge set of techniqués simulate watershetiehavior of channebnd wateicontrol
structure,aswell as predcting flow, timing, and stagesThe HEGHMS emulation
manners act watershgarecipitation magnitude of runoff, runoff includindpase

flow, interflow, and channel flow.

In this stwWly HEGHMS is usedfor hydrologic flood routing calculationssince

HEC-HMS depends on thesemponents [26]:

1 Basin model, which describes the various factors of the hydrologiboghet
subdivision, reaches, cresections, resources, and diversion.

1 Meteaological model, that characterize the modeling both of heavy rain an
evaporation process spatial and temporal manner
Control specialization, in which defines the simulation time window.

1 Time seriesdata, actual time series data for all the meteorological factors
defined in meteorological model are provided in thist.pA portion from
mentioned data, can be provided for simulation of the developed model. It can
be supplied to the software both manually or by HBEES (Hydrologic
Engineering Center Data Storage Sygtem

1 Paireddatg graphical form ofmeteorologicatata are provided as paired data.

The accomplished hydrographs by model can be utilized for studies of water
availability, flow forecasting structure, design of reservoir spillway, floodplain
arrangement, urban drainage, and systems operation with attextradsoftware

Arc View GIS 3.2[26].

The HEGHMS model islumpedand semdistributed model designed to simulate

rainfall - runoff processes in a wide range of geographic areas) wide river basin
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water supplies and flood hydrology to small urlaad natural watershed runoffi.

simply operates huge tasks in respect to hydrological studies, covering losses, runoff
transform, analysis of meteorological data, open channel routangfall-runoff
simulation, and parameter estimation. However, the HBLS utilizes separate
models that calculate runoff volume, models akdi runoff, and models of base
flow. It contains nine various loss methods, part of them are designed primarily for

eventbasedsimulation, while others are ienhded for continuousrsulation[27].

Previous studies on HEBMS proved its capability to simulate and forecast stream
flow depending on various datasetdaratchment types [28]. Aarge portion of
these studies obviously mentioned that the results of the model simulation are
specific, in that different conjunctions of a model set containing the loss methods,
runoff transform methods, and base flow separation mechanisms were found to

respond variably29].

There are five hydrologic routing methods available for the HH8€S model: the
Kinematic Wave Routing, Lag Routing, Modified Puls Routing, Muskingum
Routing, and Muskingur€unge Routing methodshe Muskingum method is
selected for the present study because it is commonly used and can provide
reasonably accurate results fooderate to slow rising floods propagating through

mild to steep sloping watercourdds)].

3.13.2. HEC-HMS Overview, Methodology, and Input and Output

Together with theunoff simulation HEC-HMS provides the followingutputs [1§

1 Events that prese the upper limit of precipitation possible at given location

1 Estimate the volume of runoff bgssmodel.

1 Directrunoff model that can account overland flow, storage, energy losses.

1 Hydrologic routing model that account for storage as water move through
channel.

Watercontrol measures model.

]

An automatic calibration package.

17



A conceptual log frame serves to describe the overall study procedure. The essential
data kinds are requested as input contains rainfall, DEigital ElevationModel),

soil and land usedata,and me¢aological datafor model. After datanput step
HEC-HMS modes$ are run. The major output from model is outflow at the outlet of
the catchment. Finally, the output is compared with dbserveddischarge at
selected gauging of the ag27]. The HEGHMS methodology flow diagram is
provided on Figure 3.3.

N
Data Storage and Processing:
ArcView GIS3.2

\ 7

l

[ Interface to Model: HEC- ]

Measured
Data

GeoHMS

4

Output Dramnage Network:
Streams, Catchments,
Flowlengths, Slopes

Derivation of
Basin

\ Parameters

Precipitation
Processing

Basin Data:

Rainfall Data

Rainfall-Runoff Model:
HEC-HMS

Output Stream
Hydrographs at Gage
Locations

Figure3.4 HEC-HMS methodologylow diagram[30]
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3.2. Hydraulic Flood Routing

Hydraulic flood routing technices supply a practical alternative to hydrologic flood
routing; they are basically depand on conservatiorof both mass and longitudinal
momentum; so they need detailed data describatythe topographic and hydraulic
features of the rivereach that ned to bemodeled. Their greatest restriction is the
high cost required to get survey dégalong study reaches

Solution of conservation of mass and momentum equations are complex due-to three

dimensional nature of the open channel flow. However, factgal purposes

velocity of the flow is assumed to vary only along the longitudinal axis of the

channel, i.e. ondimensional flow is assumed. The wkitiown SaintVenant

equations can be applied in hydraulic flood routing studies to solve the unsteady

open channel flow parameters. Tresamptions made by these equationd g

1 FHow is onedimensional.

1 Hydrostatic pressure distributed on the flow of vertical surface.

1 Ma n n i eggatioacan be utilized, as the frictional strength is as same as in
unstedy flow and for the&orresponding depth in uniform flow.

1 The bed slope ismall and constant along the reach

3.2.1. Theoretical Analysis of Hydraulic Flood Routing

3.2.1.1 Continuity Equation

As mentioned in the beginning of this chapter, the continuitptouis represergd
as in Equation (3.2). Thigquation isubstantiafor aprismaticor a non
prismaticchannel; a prismatichannel is one in which the cresectional shape does

notvary along the channel and the b&dpeis constant

3.2.1.2 Momentum Equation

The application of the momentum equation allows the hydraulic routing method to

account formore physicalcharacteristicsjncluding the bed slope, theroughness,

19



geometry and length of channel. Compared to hydrologic routing methtue
hydraulic routing method can compute not only the water depth but also the flow rate

with respect to time at each cross section.

The momentum equatoasan expression of Newt onods
represents the transient force balance onlthe Within a slice of thechannelcross
section; the rate of vaaiion of stored momentum through the volume of conplak

the momentum fluxacross the control surface is equal to the summation of applied
forces. Theappliedforces acting on the elemef fluid volume shown irFigure3.5

is as follows[31]:

EF ,*=FRBFF +F 6€¢6é .£écéceceéceéececeée.. (3.14)

Here Fgis the gravity forcek is the friction forceFeis the expansion energy losses,

andFp is the pessure force

WS
v

Figure3.5 Acting forces of the water in channel re488]

1 Gravity Force:For a small channddedslopeangled, t he ¢ h a&fon el
i's appr oxi mat e Thgrefoeeqtheasimplifiedveighti compahent
ading in the downstream directioramed as the gravity force is

""""""""

be

F=/rgASdxe e éeecéeecéeecéecé.éecée..ee.. (3.15)
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Her e, |} 1 s t hgasthe gravisationajiccetefationy dxtisehe length

increment in the flow direction.

Friction Force:The friction face due to shear stress adting on the wetted

parameter, P over the lengtix of the reach is

F,=-tPdxé é ¢ .é.¢ .éeeéeeéeeéeéeeéeeéeée. (3.16)

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

F,=-/gASdx é ééeéécééé.e6écécéeéeééeeéeée.. (3.18)
Here R isthe hydraulic radiugR= A/P) and is thefriction slope

Expansionenergy lossesExpansion of the channehat lead to energy loss

within turbulentmotion, &ts as minor losseJ he magniude of eddy losses is
connectedto the alteration in velocity heathrough the length of channel
proceeding the losseBheseeddy losses are given by:

F.=-rgASdxé éeééeééeéée.eéeeéeeéeée. (3.19)
Here,Se is the eddy losslope

Pressure forceThe pressure force on the vertical surface of flow is hydrostatic
since the surface curve is small, (according to the Sédmiant equation

assumption). The hydrostatic force on the lefhd, 5. and rightend Fr of the

elementn Figure 3.5are
FpL:rgAﬁééééééééééééé.é.éééééééééé (3.20)
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FpR:rgAFHrgA(uy/ux)dXéééééééééé.é.éééééé. . (3.21)

Here, h is thedistance from water surface to the centroidtmfsssectionarea
The unbalanced pressui@ce, F, is the result of thelifference ofhydrostatic
force on the left side,pFand the hydrostatic force on the right side: F

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

Fr=-70Ay/x)Jdxe é e eééecééecéé.eeéeeée. . (3.23)

The summation of forces determined above givesabagltant force on the element:
E F= rgASdx- rgAS,dx- rgASdx- rgA(Wy/pux)dxé é ¢ é .6 é .6.é (3. 24)

The SairtVenant equationsgccounting for continuity ancthomentumequationsare
the governing equations for cémensional, unsteady flow in an open channel as

follows:
dv/dt+vdv/dx+ g dyldx+ S +S, =0é é é é 6 é é e é .é.éé e éé. (3.25)

3.2.2. Hydraulic Flood Routing Modeling with HEC -RAS
3.2.2.1 HEC-RAS Background

The SaintVenant fundamental equations first presented in 1871, present a complete
form of thegoverning forces of the fld. Solving these kind of equations, especially

in open channelsvith irregular sections, need lot of computationalefforts and

time [19].It is essential to use computer progrdorsthe numerical solution of these
equations By using such models, prtdi of water levels can be plotted in each

branch of the channel network at any time.

HEC-RAS is a onalimensional steady flow hydraulic model designed to support

hydraulic engineers in channel flow analysis and computing of floodplain; the results
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obtaired by the model can be utilize in both floodplain management and flood
insurance reseelnes [3]. HEC-RAS system includes varietpf river analysis
components foj25]:

1 Steady flow water surface profile computations.

1 One and twedimensional unsteady flowrsulatiors.

1 Movable boundary sediment transport computations.
)l

Water quality analysis.

All four components mentioned above, utilize a usual geometric data representation

and common hydraulic computation routines. In addition to the river analysis

componats, the system includeletailedhydrauliccomputations as follows:

1 Mixed flow regime analysis; allowing analysis of both subcritical and
supercritical flow regimes in a single computer run.

1 Bridge and culvert analysis and design, including FHWA culveutines for
elliptical, arch, and senuircular culverts.

1 Multiple bridge and culvert openings of different types and sizes at a roadway

crossing.

Bridge scours computations following FHWA Publication HEE

Bridge design editor and graphical crossiseceditor.

Floodplain and floodway encroachment modelling

Multiple profile computations.

Lateral flow, split flow, over bank dendritic networks.

Sediment Impact Analysis Methods (SIAM).

Water quality capabilities (temperature modelling).

Tidal bounday conditions.

Reservoir and spillway analysis

Levee overtopping.

User defined rules for controlling gate operations.

Flooded areas pumping

=4 =4 =4 4 A4 -4 -4 -4 -4 -4 -4 A

Modeling for pressurized pipe flow.
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CHAPTER 4

CASE STUDY, RESULTS, AND DISCUSSIONS

4.1. Study Area

The reachthat has been taken for this study located in Salah Al din province, the
center of it calledTikrit, at 190 km north of Baghdathat occupie®4,751 km? of

area, making it the fifthargest provincén Iraqg, witha population ofi,595,000([33].
Among itsnine districts, Al Shargat which has a privileged geographical location
that connected three provinces locasd 15 km south of Nineveh, 125 km noath
Tikrit, and 135km westof Kirkuk. Tigris River passs through Al Shargat and
separatginto two parts eastern and westeriihe economy of thisrea depends on

agriculture especially wheat and barley.

Lengthof the reach is approximately 8%&m on Tigris River bounded by Shargat
station at upstream arkde Samara Dam station at downstreaws inFigure4.1. The
SamarraDam (see kgure4.2) is located offigris River, west of Samarra, the well
known city according to its historical landmark$he main purpose afonstruction

of this dam is to transfer the watieom Tigris Riverto the Tharthar lake to cotrol
flood, provide sufficient quantities of water for irrigation to the implanted areas, and

to generatdydroelectrc power.

The Samarr®amand theTharthar lakeare pars of the Tharthar poject. Due to the
importance of this project, the ConstructiGouncil thatwas formed in 1950 tasked
the Code Wilson internationatonsulting company to prepare the required designs,
specificationsand contract terms for the @tthar project, in order to relief of flood
risks from the city of Baghdad and secure evdb irrigate extensive agricultural

lands located between Samarra and Baghdad.
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Figure4.1 Reach of the River Tigris between Shargat and Samarra

In February 1952, the works of the SamaDam on the Tigris River and its rekd
activities were transferred to the German companybli@d that proposed the
constrution of the dam at the city of Samasatier the consultants' proposal was to
be built in the nortteity. A secondary contrador the supply of gates and iron parts
was also transferred to thaglish company, Ransem & Rapper

The German companiublin has pledged to complete the work on 1 March 1956 so

that the flood water for that year can be convertethéoTharthar lake and the
water was actually diverted from the Tigris Riverthe Tharthar lakeon April and
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May of 1956 as the rate of drainage passed in the channel leadiingrtharwas
836 /s during April and114 n¥/s during May.

Figure4.2 The Samarra Dam

The main installations witithe Samarra Dam include a regulator of the Tigris
Tharthar canal to dhin the flood water intohe Tharthar Lake.The Samarra Dam is
located oppositef the city of Samarra, and it wastablished on the right side of the
Tigris River, then the river water was divertedd@mmto run through it after closing
the main course of the river with soil plug$ere arel7 gates on the daneach one
with 12 m width, and 4.8 mdight[33]. It is equipped with iron gates that move by

electric force or by means of manually operated levecase of electricity shortage

The dam consists of a concrete structure with a length of 252 meters and a concrete
bottom with 16 supports. The purpose of canging the dam is to control the water
of the Tigris River and raise theater surface elevatidnom 63m to 69 m above the

sea levelin order to convert the flood water tfoe Tharthar Lake
At the dam site, there is a hydroelectric station, wittoddnings, the width of each

holeis 10 m,6 of them were exploited to construct the hydroelectric station, which is
connectedwith the SamarraDam to reachthe length ofthe dam and the station to
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449 m. The hydroelectric station was completed in118@d is composed of three
turbines to generate W at maximum, and this station operates at lower level in

the forefront as 67.3 m above sea lavith a level not less than 55n7.

The level ofthe dam openings threshold58 m and the backside fladevel is52 m.
The maximum dischargéhrough the dam tehe Tigris Riveris 7000 ni/s and the
maximum dischargdiverted tothe Thatar Lake is 9000m%s[33]. The dam was not
equipped with a water transport corridor, due to the lack of expectationauftiaa

navigation movement on the Tigris Riverthenorth ofthe Samarra Dam.

This specific area faced flood threats within last years, as @B06pledislocated
from the villages on the banks tife Tigris in Biji on Jamary 2013 due to flooithg

of the Tigris River aswater surface increased Byn above the normal level, leading
to destroy thdloating bridge between Al Mishag and Al Ziwiya villagé&his flood
event forced the autbrities to take relief actions such apenng gates of the
SamarraDam in order to discharge water the Thartharbasin.On 23 November
2018 have led tdoss of lives 3000 houses sank, hundreds of camaged, large
number of cattle deatland 1400 residentlislocatedrom many villages in Shargat
asthe Tigris River flooded due to heavy rain and lack of infrastructure, making the
interior streams unable to discharge large quantity of wdiee local authority

announced emergency situatior]3

According to the IragMinistry of Water Resources formal websit¢he Sanarra
Dam faced a huge flood ave due to heavy rainfall on 25 Mar@919; as the
discharge othe SamarraDam exceeded 10006%s that led to 2n increase in water
surfacelevel, as Dokan and DarbandikhBrams already reached their max storage
capacity sce extra quantities fowater contribute to the river froi@reater Zab and
Lesser ZabThe SamarraDam capacity was not enough to absorb the flood wase
Iraq has notfacel that muchheavy rain since long year®ne of the suggested
solution is to create kole in the west side of dam in order to pump more quantities
of water tothe Tharthar lake with storage capacity excaegl120 billion n? which

represents the strategic water storage in Iraqg.
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4.2. Part 1. Hydrologic Routing Studies

For the hydrologic routingtudies, HEC-HMS nee@d main input like Muskingum
parameter& and X,andhydrograph at upstream Sharggation. Then, theoftware
would predict the hydrograph at dostream Samarra statioHEC-HMS treats the
river as a single reacdnd no need to creatnany sectionn contrast to HEC-RAS.
Data thathavebeen recored at the observation statiomghich are presentdd Table
4.1 and Figure 4,3&re obtained fronfragi Ministry of Water Resources for ttilmod

wave at March @19atevery12 hours

Tabe 4.1 Observednflow at Shargattationand aitflow at Samera station

Time Date Inflow | Outflow Irﬁ‘?/o?/;/ Oﬁt\;leo. W Storage
hr (m3s) | (m¥s) | (m%s) | (m3s) (m3)
0 1 March | 925.29| 852.25 5000
12 1 March | 1363.06] 912.41 | 1144.18| 882.33 | 83553
24 2 March | 2069.46| 1143.02( 1716.26| 1027.71| 290118
36 2 March | 3183.79| 1594.21| 2626.63| 1368.61| 667522
48 3 March | 4397.61| 2336.17| 3790.70[ 1965.19( 1215176
60 3 March | 5432.34| 3248.58| 4914.98| 2792.37| 1851957
72 4 March | 6268.09( 4211.12| 5850.22| 3729.85| 2488067
84 4 March | 6745.66| 5103.48| 6506.87| 4657.30| 3042939
96 5March | 6875.00( 5795.31| 6810.33| 5449.39| 3451220
108 | 5 March | 6715.81| 6246.50| 6795.41 6020.90| 3683571
120 6March | 6307.89| 6437.00| 6511.85( 634175 | 3734602
132 | 6 March | 5681.08| 6366.81| 5994.48( 6401.91| 3612374
144 7 March | 4745.84| 6045.97| 5213.46| 6206.39| 3314495
156 | 7 March | 3880.25( 5474.46| 4313.04| 5760.21| 2880344
168 | 8 March | 3273.34| 4802.68| 3576.79| 5138.57| 2411810
180 8 March | 2457.49| 4140.94| 2865.41| 4471.81| 1929890
192 | 9 March | 1830.68| 3419.03| 2144.08| 3779.98| 1439121
204 | 9 March | 1333.21| 2747.26| 1581.95| 3083.14| 988762
216 | 10 March| 1074.53| 2155.69( 1203.87| 2451.47| 614481
228 | 10 March| 895.44 | 1704.50| 984.99 | 1930.10| 330948
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To calculateK and X factors by two points methof85], a plot of the storage S,
against the weighted flow XI+ ) Q should be prepared and a smooth curve
should be drawn through the mean position of plotted datapdrameter¥ and K
can be determined by selectitite loop closest to a straight lires shown in the
Table 4.2andFigure 4.4. The parameters then asel as input for the hydrological
model HECHMS, in addition to th@bserved hydrograph as shown in Figure 4s8. A
the mentioned software depends on solvingsMngum method, aftanserting the

requested data and runnitig softwareHEG-HMS gives acomputed hydrograph.

Six values forX wereassumed (0.15, 0.2, 0.25, 0.3, 0.35, and 0.4) then compensate
at XI+ (I-X) Q to draw xaxis for Figure 4.4 while the storage shown in the
Table 4.1forms the yaxis, connecting between the points to get different lobips

loop thatis closestto straight lineis given by X=0.2 while the slope of this line
which represent value of garameteirs K=24 hr.

8000.00

7000.00

6000.00 / \

5000.00 / \ \

4000.00 —— inflow
/ / \\ \ —=—out

3000.00

| A ) NN
onen | L A

0.00

Q(m3/sec)

©C N S W 0 O NS W 0O

132
144
156
168
180
192
204
216
228

Time (hr)

Figure4.3 Observednflow and outflow hydrographs

29



Table4.2 Calculated value dixX* I+ (1-X)*O] according assumed value of X

[X*1+(1 -X)*O]

X=0.25 | X=0.35| X=0.2 [X=0.15] X=0.3 X=0.4
870.51 | 877.81 | 866.86 | 863.21| 874.16 881.47
1025.07 | 1070.14| 1002.54 | 980.01| 1047.6 | 1092.67
1374.63 | 1467.27| 1328.31[1281.99] 1420.95 | 1513.6
1991.61 | 2150.56| 1912.13 | 1832.65| 2071.08 | 2230.04
2851.53 | 3057.67| 2748.46 | 2645.39] 2954.6 | 3160.75
379452 | 4012.9 | 3685.33 | 3576.14] 3903.71 | 4122.09
4725.36 | 4931.06| 4622.52[4519.67| 4828.21 | 5033.91
5514.02 | 5678.24| 5431.91 | 5349.81 5596.13 | 5760.35
6065.23 | 6173.2 | 6011.24 | 5957.26] 6119.21 | 6227.18
6363.83 | 6410.76| 6340.36 | 6316.89| 6387.29 | 6434.22
6404.72 | 6391.81| 641118 | 6417.63] 6398.27 | 6385.35
6195.38 | 6126.81| 6229.67 | 6263.95] 6161.09 | 6092.52
5720.94 | 5590.92| 5785.94 | 5850.95] 5655.93 | 5525.92
5075.9 | 4916.48| 5155.62 | 5235.33| 4996.19 | 4836.77
4420.35 | 4267.41| 4496.81 | 4573.28| 4343.88 | 4190.94
3720.07 | 3551.73| 3804.25 | 3888.42] 3635.9 | 3467.56
3021.94 | 2863.11| 3101.36 | 3180.78] 2942.52 | 2783.69
2393.74 | 2252.34| 2464.45 | 2535.15] 2323.04 | 2181.64
1885.4 | 1777.29| 1939.46 | 1993.52| 1831.34 | 1723.23
1502.24 | 1421.33| 1542.69 | 1583.14] 1461.78 | 1380.88
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Figure4.4 Estimationof Muskingun parameter& and X

4.2.1. HEC-HMS Application Input

The parameterK= 24 hr and X=0.2n addition to data of flood March, 2019 in
Table4.1has beenmered to the software of HEEBMS.

File Edit View Components Porameters Compute Results Tools Help
DS ES [k Qs F & T sy -] Rmmn2 SHEBEES
J) hoson 2 Basin Model [Basin 1] Currnt Run [un 7 =&
=~ |, Basn Modss p
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T3 O1Mar 2019, 00:00 - 10Mar 2015, 12:00
I ommar2, 12:00 - 1ovar 2015, 00:00
5 0Mar2018, 12:00 - 11Mar2019, 00:00

Companznts | Compute | Resuis

Figure4.5 HEC-HMS interface
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4.2.2. HEC-HMS Application Output

The resultant outflow hydrograph obtained by HEMS flood rauting is presented
in Table 4.3 and Figur.6.

Table4.3 Outflow hydrographcomputed by HEGHMS

Time HEC-HMS Outflow
hr (m3/s)
0 -

12 1363.1
24 1396.7
36 1770.1
48 2501.1
60 3453.5
72 4435.6
84 5330.9
96 6010.8
108 6414.7
120 6538.7
132 6398.9
144 6012.6
156 5368.1
168 4630.7
180 3945.5
192 3207.1
204 25280
216 1946.7

For the performance check 6fEC-HMS, R?, the coefficient of determinatiois
calculated.There are differenaebetween the observed hydrograph and computed
one but calculating R coefficient showedthat the computed valuesre in good
linear relation or in other words highly correlated vitie observed one as shown in
Figure4.7as R = 0.988 is veryclose to 1.
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4.3. Part 2: Hydraulic Routing Studies

In the hydraulic routing studies wWithEC-RAS necessary input data are discussed in
Section 4.3.1. In this study, owémensional flow analysis is carried out with the
software. Onalimensional flow in HEERAS can be successfully simulated within
the channel boundarie¥/henever there is angofficiency of the crossections to
convey the flow, the crossections will be overflowed and it would be unrealistic to
continue onalimensional flow simulations. Then the problem becomes
two-dimensional. However, it would also be unrealistic and imsibs to simulate
two-dimensional flow if the DEM of the study area cannot be implemented into the
software, which is the case in this study. Considering this problgmen the
onedimensional flow simulations are carried out with HR&S, it is intendedo
maintain the onelimensional flow inside the channel boundaries. During the
analyses, the crosections that are insufficient to convey the flood water are
identified. In most of the crossections the flow capacities are sufficient for the
conveyanc®f the given inflow hydrographro prevent overflow to floodplain in the
identified insufficient crosssections, levees are introduced to the eezsgions in
the HEC-RAS software. Thislsohelped to understand the parts of the Tigris River
to face ovelbw danger to the floodplainThe necessary levee heights will be

presented later in this chapter.

4.3.1. HEC-RAS Application Input

A satellite image for the study area is prepared, then the river stream is drawn on the
image, as shown iRigure4.8. The availdle river crosssectionsobtained fromraqi
Ministry of Water ResourcesSurvey Authorityare entered, the distance between
each section, Manning roughness coefficiemgt enteredthenthe software is run to

route the unsteady flow, estimate the opergttime period(see Figuret.9) for the

model, then the results piewed, as shown in the Figu4elO.

Regarding to the roughness coefficient, according to Iraqi directorates for irrigation,

a range of Manning values estimated for each area dependihg omature of river
bed in the selected area, so Mmg coefficient value between 0.0P33 is adapted.
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Figure4.8 The image of theeachcrosssections
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Figure4.9 HEC-RAS operating time
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Figure4.10 HEC-RAS interface

4.3.2. HEC-RAS Application Output

HEC-RAS depends on dividing the reach to many sectiBrample crossections
are presentedn Figure 4.11 and 4.12 The other crossections can be found in
Appendix A. The hydraulic parameters calculated by HEEBS are presented in
Table 4.4.The resultant outflow hydrograph obtained by HEES flood routing is
presented in Table 4.5

For the performance check 6fEC-RAS, R? the coefficient of determinatiois
calculated.There are differensebetween the observed hydrograph and computed
one, butcalculating R showedthat the computed valugse in good linear relation
with theobserved one as shown in Figutel3as R = 0.9717is veryclose to 1.
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Table4.4 Hydraulic parameters calculated by HRAS

3each River Sta | Profile 0 Total | Min ChEl|\W.S. Elev| Cit W.S. | E.G. Elev|E.G. Slope| Vel Chnl | Flow Area| Top Width| Froude # Ch
(m3/s) ) (m) [m) (m) (m) | (mim) | (m/s] | (m2) | (m)
sherkhat-Sammara| 3377378 |Max WS | 6875.00 9254 107.72 107.86 0.000106 167 411868 32405 0.1¢
sherkhat-Sammara| 334130 |MaxWS | 686163 9227 10749 107.55 0.000046 111 B20768 47997 01c
sherkhat-Sammara) 3305238 |Max'WS | 624304 9200 107.24 107.27  0.000026 083 823058 63588 0.0
Shetkhal-Sammara| 326673." |Max'WS | 682213 91.03 106,89 106.94 0.000030 095 717626 52755 0.0¢
sherkhat-Sammara| 322823.% |MaxWS | 680467 9005 10654 10661 0.000044 114 594662 41921 0.1C
sherkhat-3ammaral 3189739 [Max'WS | 679113 8308  106.06 106.18  0.000077 151 450473 31088 012
sherkhat-Sammara| 314727 " |MaxWS | 677925 8864 10525 10533 0.000092 164 416376 3112 014
Shetkhat-5ammara| 310480." |Max'WS | 676766 8813  104.07 104.23 0.000120 181 376512 31155 01¢
sherkhat-Sammara) 306234.3 |Max'WS | 6727.70  87.75 10208 10232 0.00019 212 3643 31188 0.2
sherkhat-Sammara| 302069.* |MaxWS | 672708 8643 100.10 100.27 0.0001€3 184 368097 37575 0.1¢
Sherkhat-Sammaral 297904.* |Max'WS | 672564 8511 9870 96883 0000126 157 430204 43961 0.1¢
sherkhat-Sammara| 293740.0 |Max WS | 672333 8379 9778 97.87 0000090 132 509543 50348 012
sherkhat-Sammara) 289211." |MaxWS | 672066 8241 9697 9710 0.000110 158 426041 41748 0.1¢
sherkhat-Sammaral 2046836 [MaxWS | 671825 8103 9622 96.41 0000131 194 347953 33149 0.1¢
sherkhat-Sammara| 201310 |MaxWS | 671632 8002 9559 9580 0.000204 207 324740 41689 024
sherkhat-Sammara| 277936." [Max'WS | 671373 73001 94681 94.90 0000330 238 281686 44482 0.3
sherkhat-3ammara| 2745631 [Max WS | 671118 7800 9379 9404 0000173 222 3330 2983 0.2
sherkhat-Sammara| 270603.* |MaxWS | 670819 7750 9300 9327 0000212 230 291410 36830 0.2
sherkhal-Sammara| 266644.4 [Max'W'S | 670531 7700 9194 9233 0000264 274 244355 22943 0.2
sherkhat-Sammara) 262793 |[Max'WS | 670310 7633 90.97 91.33 0000223 286 231159 21581 0.2
Sherkhat-5ammara| 258941 * |Max'WS | 670095 7567  90.05 3051 0000236 293 224475  201.30 0.2¢
sherkhat-Sammara) 255090.4 | Max'WS | 669894 7500 8386 8933 0000345 321 208827  186.07 0.31
sherkhal-Sammara| 250632." |[Man'W'S | 669665 735 8711 87.71 0.000408 344 184677 19224 0.3
sherkhat-Sammara) 246174.2 |Max'WS | 663413 7212 8502 8566 0.000512 354 189060 20072 03i
sherkhat-Sammaral 242533 |MaxWS | 669148 7141 8346 8396 0.000420 313 21409 23867 0.3
sherkhat-3ammara| 238892." [Max'WS | 6687.73 7071 8217 8256 0.000348 278 2403% 27902 0.3
sherkhat-Sammara) 235251.7 |[Max'WS | 668230 7000 8110 81.41 0000265 247 270684 32453 0.2i
shetkhat-Sammara| 230779.* |Max'WS | 667187 6867  80.29 8045 0000142 178 375600 43397 01¢
sherkhat-Sammara| 226306.7 |Max WS | 665578 6733 7995 80.02 0.000049 113 58eE35 0207 0.1%
sherkhat-3ammara| 222349 [MaxWS | 663976 6633 7976 7983 0000046 117 565949 51948 01
sherkhat-Sammaral 2183923 |Max WS | 662585 6533 7956 7964 0.000048 127 520462 43690 012
sherkhat-Sammara| 214222 |MaxWS | 661375 6423 7924 7337 0.000063 155 427210 347.36 014
Sherkhat-Sammara) 210051.7 |[Max'WS | BB0451 6325 7854 7876 0.000132 209 36016 25782 0.1¢
sherkhat-Sammaral 206318 |MaxWS | 659762 6300 7755 77.79 0000146 214 307746 26927 0.2
Sherkhat-Sammaral 202584." [MaxWS | 653091 6275 7621 76.48 0000196 229 283321 28073 0.2
sherkhat-Sammara| 198851.1 [Man'WS | 658468 6250 7411 74.48 0000353 263 244526 23218 0.3
sherkhat-Sammara) 195324. |[Max'WS | 6577.44  EB167 7262 7281 0000233 195 336895 49407 0.2¢
sherkhat-Sammaral 191797 % |MaxWS | 654833 €083  71.99 7210 0000149 152 430097 65650 0.1¢
sherkhat-Sammara| 108271.0 | MaxWS | 654797 6000 7164 71.72 0.000070 119 550079 69242 01z
sherkhat-Sammara) 184214 [Man'WS | 654742 5370 7119 7131 0000132 153 426656  621.70 01¢
Sherkhat-Sammaral 180156 9 |Max WS | B54694 5940 B3RS BR73 7004 0000430 260 252331 44209 034
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Table4.5 Outflow hydrographcomputed by HEERAS

Outflow calculated HEC-RAS (m3/sec)

Time HEC-RAS Outflow
(hr) (m3/s)
0 -
12 1437.12
24 1530.48
36 1825.45
48 2541.42
60 3620.39
72 4482.05
84 5774.08
96 6226.82
108 6541.62
120 6600.29
132 6468.57
144 5904.75
156 5287.65
168 4487.52
180 3712.99
192 3144.82
204 2662.77
216 1985.10
7000
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Figure4.13 Observed outflow versusalculatedHEC-RAS outflow
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4.4. Discussion andComparison of the Hydrologic and Hydraulic Routing
Results

Together with the inflowand observed outflow hydrographigetresults obtained

from HEGHMS and HEGRAS software are presentedFigure4.14 andTable 4.6.

As shown in the table the discharges of the observed hydrograph are lower than the
calculated hydrographs up to 144 hr, rththey become higherThe percent
differences of HEEHMS and HECRAS outflow values from observed outflow
values are also presented. As seen in the table, the highest differences are observed at
the beginning of the outflow hydrograph. For a flood evém peak discharge of the
hydrograph is of great importance. When the peak discharges are compared, it is seen
that HEGHMS outflow peak is 6538.7 s, HEGRAS outflow peak is
6600.29 n¥s where the observed outflow peak is 643FsniThe percent differees

of the peak discharges from observed value are found to be 1.58% and 2.54% for
HEC-HMS and HECRAS, respectively. Compared to the average differences, the

peak discharges are found to be relatively closer to the observed values.
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Figure4.14 Inflow versus observed, HEBMS, and HECRAS outflow
hydrographs
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Table4.6 Comparisorof observed and calculatedtflow hydrographsand percent

differences from obseed outflow

. Q Q Q % %
Time I 3 (m?3/s) (m3/s) diff . diff.
(hr) | (m3s) ((g"b/ss)) (HEC | (HEC |(HEC | (HEC
HMS) | -RAS) |-HMS) | -RAS)
0 | 92529 852.25
12 |1363.06] 912.41 | 1363.10| 1437.12| 49.40 | 57.51
24 |2069.46| 1143.02| 1396.70| 1530.48| 22.19 | 33.90
36 |3183.79| 1504.21 | 1770.10| 1825.45| 11.03 | 14.50
48 | 4397.61] 2336.17| 2501.10| 2541.42| 7.06 | 8.79
60 |5432.34| 3248.58| 3453.50| 3620.39| 6.31 | 11.45
72 | 6268.09] 4211.12| 4435.60| 4482.05| 533 | 6.43
84 |6745.66| 5103.48| 5330.90| 5774.08| 4.46 | 13.14
96 |6875.00| 5795.31| 6010.80| 6226.82| 3.72 | 7.45
108 | 6715.81| 6246.50 | 6414.70| 6541.62| 2.69 | 4.72
120 |6307.89| 6437.00| 6538.70| 6600.29| 1.58 | 2.54
132 | 5681.08| 6366.81| 6398.90| 6468.57| 0.50 | 1.60
144 | 4745.84| 6045.97 | 6012.60| 5904.75| -0.55 | -2.34
156 | 3880.25| 5474.46 | 5368.10| 5287.65| -1.94 | -3.41
168 | 3273.34| 4802.68| 4630.70| 4487.52| -358 | -6.56
180 | 2457.49| 4140.94| 3945.50| 3712.99| -4.72 | -10.33
192 |1830.68| 3419.03| 3207.10| 3144.82| -6.20 | -8.02
204 |1333.21] 2747.26| 2528.00| 2662.77| -7.98 | -3.08
216 |1074.53| 2155.69| 1946.70| 1985.10| -9.69 | -7.91

A summary tablgsee Table 4.7 prepared for the comparison of peak discharge
values and time to peak values of all hydrographs, i.e. inflow, observed outflow,
HEC-HMS outflow, and HEERAS outflow. In addition, the attenuation and
translation of the outflow hydrograplare also presented in the table. As can be seen
from Table 4.7 and Figure 4.14, time to peak values of all outflow hydrographs are
the same, i.e. 120 hiThis has resulted in 24 hr translation in all outflow
hydrographs. It is obvious that both hydrolognd hydraulic routing are very
successful in predicting the temporal variation of discharges at a downstream

location, with a given inflow hydrograph.
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Table4.7 Comparison obbserved and calculatattenuation and translation

Peak Time to Attenuation | Translation
Hydrograph Discharge | Peak (m3s) (hn)
(m?/s) (hr)
Inflow 6875.00 96
Outflow - Observed | 6437.00 120 438.00 24
Outflow - HEC-HMS 6538.70 120 336.30 24
Outflow - HEC-RAS 6600.29 120 274.71 24

The attenuation of outflow hydrographs is differing to some extent due to differences
in the peak discharges as already mentioned above. Both hydrologic and hydraulic
routing methods are predicting the peak discharges higher than the observed outflow
pe&. First of all, overestimation of peak discharges in a severe flood event is
somehow favorable rather than underestimation, since underestimation may result in
further adverse effects on the flood inundation areas. At this point;HE and
HEC-RAS resuls must be discussed separately. With the available data, a lumped
hydrologic routing simulation could be carried out using FHHH@S software. The

study reach is considered as a homogeneous reach without any change in the K and
X parameters. However, a 8&m distance is very long to treat as a homogeneous
reach. That is why HE®RAS results at the beginning were thought to be more
accurate than HEEIMS results with the available data. When it comes to HR&GS

results, it is observed that the discharges arthdr higher than the HEBMS
results. At first glance, it seems HEOMS predictions are relatively closer to the
observed discharges compared to that of HRAS. However, it is very important to
remember that the insufficient cressctions to convey thilood water were altered

by the addition of levees. It means, in the natural course of the Tigris River, some of
the flood water is overflowing to the floodplain where the ciEssions are
insufficient to convey a flood hydrograph with a peak dischafg6875 ni/s as
simulated in this study. On the other hand, the levees implemented in this study
prevented the overflowing, so all flood water is routed towards downstream without
any loss to floodplain. That is why, obtaining higher discharge values GRIES
simulation compared to observed outflow is an expected result. Furthermore, the

recommended Manning roughness values are adapted tesexisms in a given
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range. A detailed survey for the roughnessrattaristics of the channel and bed
slopesmayalsoincreaseghe simulation success of HEHRAS software.

Although the discharge values of observed, FHB@S, and HEGRAS outflows do
not 100% matchas mentioned aboyeét is obvious that all three hydrographs are
following the same trend as che seen in Figure 4.14.nAthercorrelationcheckis
carried out to determine thi®¢ of HEG-HMS / HEC-RAS outflows, which have been
previously done for HEGIMS / observecand HECRAS / observed outflow values
As presented in Figure 4.15, HEOMS and HEGRAS outflowsare also ingood
linear relatiorwith R?>= 0.9772 which is veryclose to 1.

§ 6000 __ R?=0.9772 /
< :
™M 5000

-g-aooo /

T 2000
' - el

Outflow calculated

0E""I'"'I""I""I""I""I""I
0 1000 2000 3000 4000 5000 6000 7000

Outflow calculated (HEC_RAS) (m3/sec)

Figure4.15 HEC-HMS outflow versus HEERAS outflow

As mentioned earlier, in the HERAS simulations levees are iattuced to maintain
onedimensional flow within the channel boundaries. Table 4.8 presents the cross
sectiondistances from the most upstream station Shargatmangnum necessary

levee height at the left and right bank in the flow directioks can be seefrom the

table, the first 56 km part at the upstream of the reach has a need of levee at the left
bank with a height of 0.70 9.53 m and at the right bank with a height of 280
10.17 m. At the downstream part of the reach,rtbed of levedeight at the left

bankis 0.861 7.24 m and at the right bank 1.957 7.64 m. This implies the

importance of levee constructionficevent severe flood inundation in the study area.
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Table4.8 Minimum necessary levdeeights at the left and right bank of the reach

Distance

Distance

from Le;‘t bank | Right bank from Left bank | Right bank
upstream heisxte ((am) heils;]/te ((am) upstream hellg;]/te ((am) hells;llte ((am)
(km) (km)
0.0 2.22 2.96 82.6 - -
3.6 5.88 6.56 87.1 - -
7.2 9.53 10.13 91.6 - -
11.1 9.47 10.15 95.2 - -
14.9 9.41 10.17 98.8 - -
18.8 9.23 10.06 102.5 - -
23.0 9.41 9.75 107.0 - -
27.3 9.50 9.07 111.4 - 2.56
31.5 8.24 7.59 1154 0.86 3.37
35.7 7.46 6.68 119.3 1.68 4.17
39.8 7.03 6.35 123.5 4.65 6.10
44.0 6.28 6.51 127.7 7.24 7.64
48.5 4.86 6.33 131.4 7.24 7.47
53.1 3.38 6.22 135.2 6.89 6.96
56.4 0.70 2.80 138.9 5.78 5.67
59.8 - - 142.4 2.02 1.95
63.2 - - 145.9 - -
67.1 - - 149.5 - -
71.1 - - 153.5 - -
74.9 - - 157.6 - -
78.8 - - - - -
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1. Conclusions

In this studyhydrologic and hydraulifiood routingis performed ora 150 km reach

on theTigris River fromAl Shargat tahe Samarrabam by usingHEC-HMS and
HEC-RAS software respectively.The inflow hydrograph at Shargatagion isthe
common input to both software. As a result of the flood routing simulations with
both software, theoutflow hydrograph at Samarraaton is calculated.The

conclusiors are as follows

1 The distributedhydraulic routing methodis mathematicallymore complicated
than thelumped hydrologic routing method. It obtains the results by solving
simultaneously the complete unstea8gintVenant equations throughout the
reach.Before performing any flood routing simulation, it is expected to obtain
better estimation of outflow hydrograph with HERAS software.

f  The peak discharge of the inflow hydrograph and time to pea83i%00m3/s
and 96 hr, respectively. Same values@#&7.00m?®/s - 120 hr for the observed
outflow hydrograph,6538.70 m®s - 120 hr for the HEEHMS outflow
hydrograph, an6600.29m?%'s - 120 hr for the HEERAS outflow hydrograph.

1 Time to peak values of outflow hydrograph is estimated with €S and
HEC-RAS exactly the same as the observed outflow hydrograph, i.e. the
translation is calculated with both software similar to that of observed
hydrograph. This proves tlseiccess of both methods in predicting the temporal
variation of discharges of a routed hydragh.

1 The peak discharges ate58% and 2.54%igher inHEC-HMS and HECRAS
outflow, respectively compared the observed outflow. The lack of detailed data
to perform semdistributed hydrologic modeling ihought to be the reason of
this differencein HEC-HMS simulations.As mentionedearlier, HEC-RAS
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simulations were expected to result in a better estimation of routed outflow
hydrograph compared to HEE@MS. Obtaining rather relatively worse
estimation are linked to the cressction alterationin HEC-RAS by adding
levees to maintain orgimensional flow within the channel boundaries. With
the added levees to the craestions where the flow capacity is insufficient to
convey flood hydrograph, the overflowing of flood water to the floodplain is
prevented. This is expected to be the major reason of obtaining higher discharge
values with HEGRAS compared to the observed outflow.

f  Thecorrelationbetween theutflow hydrographs are tested by calculating the R
values. The Rvalues ofobserved otflow i HEC-HMS outflow, observed
outflow i HEC-RAS outflow, and HEEGHMS outflowi HEC-RAS outflow are
0.9883,0.9717, and 0.9772, respectively. Since &lv&ues are very close to 1,
it is concluded that observed and estimated outflow hydrographs ayeod
linear relation.

1 The crosssectionsup to 56 kmdistanceand the crossections at 115 142 km
distance from the Shargat station at the upstream of the studyameafdhund to
be insufficient by their flow capacity. The necessary height of leteedisose
crosssections are determineduring HEGRAS simulationsin the range of
approximately 17 10 m This information will be beneficial for the
implementation of necessary precautions against floodplain inundation.

1 The results of the presented resbaindicate that if the river reach has modest
values of geometric data like bed slope and roughness coefficientRASC
model result is more accurate in order to be utilized in design projects of
unmanaged catchments.

1 Coupling of hydrological and hydraalmodels can form an important tool for
t he management of p-tone dimutatom of mendatioa tod f or

prevent or reduce damage in terms of lives, property, and infrastructure.

5.2. Recommendations

The present study is performed to apply bothdioyogic and hydraulic routing
methods with the aid of suitable software programs to a reach on the Tigris River

using available dataSome limitations arose in the current study due to lack of

46



detailed data. Recommendations for the future studies toawerthose limitations,

are as follows:

1 Althoughthe geographical importance of the study area in terms of population
and agriculture within the study reach on the Tigris Rivarhich is about
158 km, thereare no observation stationsther than Shargaand Samarra
stationsto predict thedischarge and elevation of water this specific area
Detailedsurvey of river sections with increased number of observation stations
is the foremost recommendation for further studies in this specific apegetT
higher accuracy in utilization of flood routing softwame the upcoming
researches, increased data availabilityighly recommended.

1 For further researclon the flood routing in the study area, reservoir routing at
theSamarra Dam can learried out

1 Hydrologic flood routing studies can be simulated in more detail with necessary
detailed meteorological datd available Furthemore, differenfp o ods may be
analyed when sufficient data becoragailable, to make the forecasting more
robust and reliable

1 More accurateManning roughness coefficientlues may be obtained through
detailed bed topography and bed material data.

1 Different solution methods can be applied in HB®IS software when
sufficient data become available.

1 When data become available, tdimensional flood modeling can be performed
using HECRAS 2D.
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APPENDIX A

HEC-RAS CROSSSECTIONS OF THE STUDY REACH

Here the crosssectionsof the study reach on the Tigris Rivesed in HEGRAS
software are presentedihese crossections involve the original sections obtained

from Iraqi Ministry of Water Resourceand the crossections interpolated by éh
software HEGRAS.

Elevation (m)

Levee on left and ight sdes
Station {m)

FigureA.1 River crosssection aShargatStation
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FigureA.6 River crosssection atl8.8km distance from the upstream
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FigureA.7 River crosssection a23.0km distance from the upstream

54



"= Cross Section Data - 23-9sherkhat(25

Exit Edit Options Plet Help

Rver: [rigrs - Apply Data HF +ain PotOptons ™ KespPrevXSPiots ClearPrev | [ PlotTeman (f avalsbie)  Cut from Terrain

Reach: [Snerkhat Sammara v | Rover Sta.:[310480.% -I[¥] 1] sharkhat _ Plan: Plan 16 25 122019

o J
T

110

Elevation (m)

sharkhat  Plan Plan 16 25.12.2019

Elevation (m)

FigureA.9 River crosssection aB1l.5km distance from the upstream

55



"= Cross Section Data - 23-9sherkhat025 - =] x
Exit Edit Options Plet Help

me: frgs =] soive | gl )
Reach: [t Sams <] ver S fomene <]

PotOptons [~ KespPrevXSPiols ClearPrev | F PlotTerran (f avaisble)  Cut from Terrain
sharkhat  Plan: Plan 16 25122019

+
v

Elevation (m)

= Cross Section Data - 23-9sherkhat025 - I=] x
Ext Edit Options Plot Help
River: [ - Apply Dats |H|¢ +an| BotOptions [ KespPrev)SFiots ClearPrev| ¥ FlotTerran (f svalable)  Cut from Terran

Reach: =] River Sta.:[297904. B Kl sharkhat  Plan: Plan 16 25.122019

FigureA.11 River cros-section aB9.8km distance from the upstream

56



"= Cross Section Data - 23-9sherkhat(25 - a x
Exit Edit Options Plet Help

Rver: [rigrs - Apply Data HF +ain PotOptons ™ KespPrevXSPiots ClearPrev | [ PlotTeman (f avalsbie)  Cut from Terrain

Reach: [Sherkhat Sammara v | Rover Sta.:[293740.0 -I[¥] 1] sharkhat _ Plan: Plan 16 25 122019

Descioon | ] n 4

28. 20" 28,
TR T T
e .
38.78 542.26

N T =
P " [ 108 | chennel | ROS
528,205 5 |4528.205

Elevation (m)

FigureA.12 River crosssection a#4.0km distance from the upstream

Exit Edit Options Plot Help
River: [T - Apply Data HF—-" 4 an| BotOptions [ KespPrev)SFiots ClearPrev | ¥ FlotTerran (f svalable)  Cut from Terran

Reach: [Sheribhat Sammara v Rover Sta.c[280211. -1[¥] t| sharkhat  Plan: Plan 16 25.122019
Descrpton | | R J
_Deifon_| _insRan_| g s ETT ot -
- | o8 | chawnel | OB
528,205 [4528.205 [4528.205
¥ d

Elevation (m)

-l

|\.mmhn-dnm-_

[Enter 1o move to next downstiesm fver station locaton
e

FigureA.13 River crosssection a#8.5km distance from the upstream

57



"= Cross Section Data - 23-9sherkhat(25 - a x
Exit Edit Options Plet Help

Rver: [rigrs - Apply Data HF +ain PotOptons ™ KespPrevXSPiots ClearPrev | [ PlotTeman (f avalsbie)  Cut from Terrain

Reach: [Sherkhat Sammara v | Rover Sta.:[284883.5 -I[¥] 1] sharkhat _ Plan: Plan 16 25 122019

025~ 028 |
[ 08 [ Cennel | ROS
7% % [ne

Elevation (m)

Levee on left and ight sdes

FigureA.14 River crosssection ab3.1km distance from the upstream

== Cross Section Data - 23-sherihat02s
Bt Edit Options Plot Help

rves: [rgs =] Apply Data _\d]; 48| PotOptons [~ KeepPrevXSPlots Clearfrev | 7 Plot Terrain (f avaloble)  Cut from Terrain

Resch: [ShenhatSammara v Aver sta:[51310.7 ~I[¥] 1| sharkhat  Plan Plan 16 25122019

Descon | e n e zs—|

el N N
‘Bevoion R jne |[ens
X )

Elevation (m)

]

|\.mmhn-dnm-_

[Enter 1o move to next downstesm fver station locaton

FigureA.15River crosssection ab6.4km distance from the upstream

58



o Cross Section Data - 23-sherkhat02s - 8 x
Bt Edt Options Piot Help

Rver: [rgs < Apply Dot Ml_ 0] BotCptons [ KespPrev XSPots Clear 2 Flot Terran (f avalabie)  Cut fram Terrain

Reach: |Sherihat Sammara v | River Sta.:|277936.% sharkhat Plan: Plan 16  25.12.2019

F )

\-_I_

=—

+

Elevation (m)

Levee on left and ight sdes

Station {m) 118,17, 100.56

FigureA.16 River crosssection a69.8km distance from the upstream
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FigureA.19 River crosssection aZ1.1km distance from the upstream

60



= Cross Section Data - 23 Gsherknat02s - 8 x
Exit Edit Options Plot Help

Rver: [rigrs - sty 0as |\l +
Reach: [Sheribhat Sammara v | Rover Sta.-[262793. -

PotOptons [~ KespPrevXSPiols ClearPrev | F PlotTerran (f avaisble)  Cut from Terrain

sharkhat  Plan: Plan 16 25.12.2019

025

[ cromel | ace
3851, 344 851344 [3851.344

e

[ tos [ crame [ acs

[2%0.327

Elevation (m)

Figure A.20 River crosssection a74.9km distance from the upstream

Exit Edit Options Plot Help
River: [ I s v | Mg~ 4| BolOptons I KeenPre XS Pl Clarprey | 7 FlotTerran (f avalabie) _Cut from Teran
Reach: [henhat Sammara v Rver siacf2sseans - [B] 4] sharkhat  Plan: Plan 16 25122019

Desrpton | = _J

ke
DelRow s Row B 108 oz Ml
Fm ‘Bevaton 5130 [esioa (5134

” 2
gt [ tos [ crenne | koo
97.% 028 0.025 0.025

%.597

92,461
87.568 —
86,209 [P1o6s3

3
H
Elovaon (m}

% 100 150 200 %0
Levee on ieft and ight sdes
Station {m) 431, 99.55
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FigureA.25River crosssection aB5.2km distance from the upstream
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