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ABSTRACT

EFFECTS OF SEDIMENT TRANSPORT ON 1-D AND 2-D
HYDRODYNAMIC MODELING AND FLOOD INUNDATION

¥nder , G°r kem

M.S., Department of Civil Engineering
Supervisor: Prof . Dr. Zuhal AKky

June 2018]105pages

In this study, effects ofiver bedchangesn flood inundation are analysedth 1D

and 2D coupled hydrodynamic and sediment transport mod#&iiogder to select the

best set of methods depending on qualitative and quantitative indicatwstivity of

the variables affentg sediment transport processae presentedviethodologythat
includes sensitivity analyses of sediment transport processes and real event analyses is
implementedfor Terme River. Sensitivity analyses atene with1D modeling by

using MIKE 11 HD and MIKE 11 ST softwarkn these analyses hydrographs having
different return periods are useHffects of sediment transport on flooding are
consideredwith 2D modeling by using MIKE 21 HD and MIKE 21 ST software.
EngelundFredsoe method with suitable bed level update methdetésminedasthe
bestmethodfor the study area. Morphological changes and the effect of morphology
on hydrodynamics are presented with three real flood events by using 1D modeling.
2D hydrodynamic and sediment transport models are implemented for real flood event
occurred in 2014 to examirtbe effects of morphological changesd grain size
diameteron flood inundationResults of the study show that sediment transport thus
morphological changes affect hydrodynamics and flood inunddtcsddition,bed

Vv



level update method and grain size ded@n dramatically affect hydrodynamics and
flood occurrenceFlood inundatiorareaobtained from coupled modelirdgcreases
comparedo pure hydrodynamic moded for the study areaAnalyses show that 2D
models give more precise results for bed level ghanand sediment traport
processes than 1D models but they still demand too much computation time.

Keywords:Sediment Transport Modeling, HyattynamicdModeling, MIKE 11, MIKE
21, Terme
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CHAPTER 1

INTRODUCTION

Floods can be defined aserflowing of volume of a river or other water body that can
affect lives and properties. Thus, if relatively high flowertops levees of aver, it is
stated as flooHong et al., Q13).

Flood is one of the most destructive disasters that directly sififeet and properties.
More than 80% of population live in places that have flood risk and detrimental effects

of floods are going worse due to climate chafiganond et al., 2011).

Floodsoccurmostlyin populatedoarts of the world since, humarould preferto live

in places that are close to freshwater bodies as rivers and lakes. Due to tendency of
people to live near water bodies, inundations affect thousands of people annually.
Figure X1 presents the annual floods occurred in between-2998 with respect to
Global Flood Inventory (Adhikari et al., 2010).
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Figure 1-1: Flood Events 1992008 (Adhikari et al., 2010)

Generally floods are caad byhigh amount oprecipitation and snowmeln addition
natural and mamade structures can also cause floods. These factors can be listed as
ice jams, log jams, bridges, weirs, culverts, dam failure$@ESCO, 2011)Factors

that can cause flating occurrence are givem Figure 12 (Smith and Petley, 2008)

Inland Flood Hazard

Hydro-meteorological Tectonic Technological
Rainfal Snowmelt Cyclon Ice Jam Landslide Dam or levees River channel
failure constriction

Figure 1-2: Causes of Inland Floods (Smith and Petley, 2008)

Variety of precautionsan betaken n order to protect people apdopertiesagainst
floods Structural measures can be listed as dams, levees and channel improvements.
In addition to them, nonstructural measures as flood monitoring and forecasting and

floodplain and wetland management applications are considered. Suitable ways to



decrease effectsf flood occurrence are chosen with respect to flood characteristics
and availability.In order to ake precautionsefore floodinghaving forecast about
possible flood events and their effeeie neededA k y ¢ r e k(20E9t studéed .
upstream structukananagement measures for Terme River, Samisuthat study,
structural management measures were discussed and different measurement scenarios
for subbasins of Terme River were examined. Structural measures and early flood

warning systems were proposed $obbasins of the river.

River flow and sediment transparalculations are complex and hard to find analytical
solutions for river engineering problems. In addition to that, numerical solutions were
not applicable without high speed computersug hphgical models, laboratory
searches and site investigations were preferred before the &€t technological
improvements providéhe use ofcomputational modelsOne dimensional, two
dimensional and three dimensional models are used with respeanputational
needsBoth of the physical and computational modeling have various advantages and
disadvantage®?hysical models are expensive, time econgg andthey aredifficult

to construct a well scaled physical modak tocomplicated characteristicg flow

and bed change processes. However, physical models give directly visibleiresults
contrastto computational modelsComputational models give direct and rsadle
assessment arttley arecheaper than physical models. Reliability of computational
models is strongly related mathematical governing of physical phenomena, solution
method and code trustworthinesfighe software(Wu, 2008)

Flood Directive of the European Union Parliament states that all union member states
have to prepare flood hard and risk maps in order to investigate possible flood event
outcomeswithout high expenditure¢European Parliament, 200A.omputational

flood modeling is cheap and fast way to indicate flood impacts through inundation
maps. Computational flood modelg and inundation mapping practices have

importance in Turkey in recent years due to Flood Directive of the European Union.

In order to display river flow regime and possible flood impacts, hydraulic modeling
is one of the key features. After computati@me performed by hydraulic models,

inundation maps can be generated that show flood impacts (Gilles and Moore, 2010).



Sediment load is one of the most important phenomena that designates river bed
characteristicsAlthough river morphology istated thativers have an equilibrium

with fixed cross sections and flow regime, rivers have a dynamic equililwitim
erosion and deposition with bed changes (Thomas and Chang, db@8gfore,
sediment transpotomputationsshould be included to have realistiengputational

river models.

Hydrodynamic and sediment transport models are evolving from 1D to 2D and 3D but
still 1D models can be used successfully for long rivers based on time steps with
detailed bathymetric data (Nistoran et al., 208 ce computatin can only be made

on cross sections in 1D models, results are determined only for cross sections.
Therefore, more detailed studies like 2D modelling should be made in order to have

consistent results between cross sections.

Both of the hydraulic modelshd sediment transport models wareludedin studies
by using severalcomputational softwaréo analyzeboth sediment transport and

hydrodynamiaspects of flow

A case study is executed by Neary et al., (2091)sing MIKE 11 sediment transport
module.This study was performed for Napa Rivieat suffers from flood occurrenges

in order to examine sediment effects on Napa River floods and possible maintenance
requirementsVan Rijn Method was selected as sediment transport formula based on
validation stidies and calibrations were made with respect to water depth observations.
Small morphological changegereobtained at the river due to tidal sedimentation in

short term.

Zavaretto et al., (201§)erformed a 2D hydrodynamic and sediment transport study
application to Var River, Francby usingthe software MIKE 21. Van Rijn Method
(1993)was used to calculate sediment transport and bed level chaitgest any
calibration or validation practiceDifferent morphology defining typeas flexible
mesh and gd meshwere usedor hydrodynamic modeling and the most suitable mesh
size and defining type is stated for study afesaa resultjt is stated that topography

is crucial parameter to define weir structure properly. In addition, although flexible
mesh mdtod is stated as the best way of representation of weir overflow in topography

construction, flexible mesh is stated as unsuitable for lower Var valley.

4



Oneof therecent2D sediment transport and hydrodynamic model studéesscarried

out by Morianou etlg (2016) MIKE 21 software was used for computations and
calibration and alidation practicesvere made with respect to water depamd
sediment loadbservationsEngelund and Hansedethod (1967) was selecteds
sediment transport methot.is statedthat modeling practices have given suitable
results due to calibration and validation processes and thus water depth, velocity and

sediment transport maps were produced.

A 1D and2D sediment transport and hydrodynamic modeling study was done by
Gharbi etal. (2016) This studywascarried out by using TELEMAC 2D code coupled

with SISYPHE code for 2D analyses and HRBS software for 1D analyses.
Sediment amount carried by Medjerda River, Tunisia and morphological changes on
river bedwereexaminedlIt is concluded that sediment transport problems are strongly
related withflooding problems in rivers. In additioitjs stated tha2D models provide

more precise results than 1D models of the erosion and deposition rates in the banks

andbedof river channels

Another coupled 2D hydrodynamic and sediment transport modeling practice has been
performed by Tu et al. (2017). Studies were performed for Lower Cache Creek system
in California by using CCHE2D model. Analyses were performed for 10, 50, 100 and
200 yea flood frequencies for two different scenaridhose were the existing
condition and potential modifications.was stated that including sediment transport
calculations to hydrodynamic calculations can give better results for flood inundation.
In addiion, magnitude of flow greatly affextmorphological changes and flood

inundation.

Demirci (2016) applied XBeadiwo dimensionasediment transport numerical model
for fluvial dominated coastal flooding event at Manavgat river mouth betweand

15" December, 1998Calibration studies were done based on wave, flow and sediment
transport. Morphology changes based on sediment transp@$ examined at
Manavgat river mouth and compared with observatibliasvever, sediment transport

of river and flooding déct was not examinedbut effects of sediment transport on

formation of river moutlwasstudied



One of the studies thatasperformed by using XBeaatumerical modelas done by

S°jJ ¢t (2014) . I n this study, | onegiont er m mor p|
wasinvestigated. Calibration practices were done by using data obtained from field in

2009. Model results that were obtained based on calibration parameters and field
measurements were compared. Since model regeltsin good agreement with field

measurements, it was stated that XBeach can be used for long term assessment of

sediment transport studies.

Astudyt hat includes hydrodynamic modeling was d
performance of FLED software on flood inundation analysgsre examined with

case studies in Sungurlu and Osmangazi Dams and their effeét§ v a ltcig t y .
recommended that early warning system may be established in order to protect from

dam breach flooding. In addition, since practices were done by using pure
hydrodynamic model, inclusion of sediment transpafculations were recommended

by the author.

A study was done by Pulcuojlu (2009) in ord:
for delta formations in reservoirk this study, 32 sediment transport equat were

examined by using one dimensional DELTA software that established for determining

anticipation of delta formation in reservoi8sof the equations were stated as equations

that give closer result® the mean values according to comparison olehcesults
andobservedieposition volume percentagéan Rijn Method (1967)and Englund-

FredsoeMethod (1976)were also examinedand they were not selected as suitable

formulations However,deposition in reservoinsasexaminedandformulationswere

not investigated for river sediment transport.

Terme River is known as the river that has flooding probteatshreaten Terme City
Therefore, many studies halween performety both TurkishMinistry of Forest and
Water Managemenand academia. One ofdm is 2-dimensional hydrodynamic
modeling studythat was performed in Terme Rivérased orseveral hydrological
scenario§ B o z o] | .un,this3t0dy, Several structural measurese examined

for subbasins of Terme River since channel width cannot be changed due to
urbanization problem. Analysdsave done by using hydrodynamic model without

sediment transport calculatierBome measures were recommended to prevent Terme



City from flooding. State Hydraulic Works, DSI (2013) also studied Terme River in
order to investigate flooding problemtha p r olpreeRiver Fldod Hazard Map
Desi gnat i bhisstiRlyatspemonst@ated possible flood inundasennd it 6s
effects.Anotherstudy was performed B z k a y a in(oréed th makéydrological
analyses for Terme River by using different rainfall produgtany products were

tested in this study and observed floo@mvhydrographs were stated. In addition to
these studies, Nimae2{15) performed a study to investigtte use oghallow water
equations in 2D flood inundation modeling by using software includisfjood-FP

and MIKE21 in Terme River.

In recent studis as stated sediment transport and hydrodynamic models were
constructed and performed based on 1D and 2D computational mddelsver,
effects of sediment transpardomputationon flood inundation were ndbcusedin
Turkey. In this studyeffects of ediment transport on flood inundation is investigated
in Terme Riverln addition,sensitivity of sediment transport models with respect to
river channel bed level update method and sediment calculation methousy;
Engelund and Fredsoe and Van RijeexaminedAfter deciding to us&ngelund and
Fredsoe Method as sediment transport mdd2land2D hydrodynamic and sediment
transport models are constructeceiplore theeffects of sediment transport énod
inundation Sensitivity of 2D sediment traport modeldo grain size diameter is also
tested. Differences in flood inundation areaswith including sediment transport
calculations anavith pure hydrodynamic modealrestudiedwith respect to observed
hydrograph ofireal flood evenbccurredon 22 November 2014Methodology of the
study is described in Chapter 2, af the analyses are presented in Chapter 3 and

discussion of the results are given in Chapter 4.

MIKE 11 and MIKE 21 softwaref Danish Hydraulic Institute (DHRNvere used for
modeling pactices and AIGIS softwareof Environmental Systems Research Institute

(ESRI) wasused for mappingDEM and drawing practices






CHAPTER 2

METHODOLOGY

2.1.Introduction
In flood inundation modelling model calibration and vatidn are important steps
where hydrodynamics, sediment transport, and morphology processes are calibrated
sequentiallyassumingthat the morphology changes do not significantly affect the
hydrodynamics. However, in some cases, the morphologic processdify mo
substantially the hydrodynamics due to the quick bed level accession and erosion as a
function of the hydrological regime. In this study the effect of morphology in flood
inundation modelling isanalyzed by coupled 1D hydrodynamic and sediment
transpotation modelling and 2D hydrodynamic and sediment transportation
modelling The sensitivity of the variables in order to select the best set of scenarios
based on quantitative and qualitative indicators are preséifedts of sedimentation
and morpholgical changes on inundation areae presented by using 2Boupled
hydrodynamic and sediment transpoxdels.

2.2.Study Area
In this studypart of TermeRiveris selected athe studyarea due talata availability
andprevious studies those have been daméydrology and flood modelling of the

river.

Terme District is located at the Middle Black Sea Region of Turkaying the
coordinates of 41.21A Basintoi TermelRiverdnasd36.3 6 . 9 8 ,
km? area.Terme River separates Terme DistritSamsurinto two. Study area starts

from 1750 meters upstream f G°Kr-ied g e o fDistfc to 800 emetaasr €



upstream of Terme Bridge. River passes throBgh| é Destacaaordg thisroute.
The studiediver network can be seenkigure 21.

Study area has typical characteristics of Black Sea climate. Basin is wet in all seasons,
summers aréemperateand winters are warm and rainy. Most of the precipitation
occursn winter and fall. Rains are generally cyclonic. Since upstream part ofghre ba

is elevatedfransition of precipitation systems falls more rainfall due to orographic
effects (DSK, 2013).

36°50'0"E 36°52'0"E 36°54'0"E 36°56'0"E 36°58'0"E

41°140°N
41°140°N

41°12'0"N

41°12'0"N

41°100"N
41°100°N

225 Corcei B

\ R
“\ Terme River ’
o\
i A Flow Obs. Station 22-45 > :
Bridges o

36°50'0"E 36°52'0"E 36°54'0"E X 36°58'0"E

Figure 2-1: Study AreaalongTerme River
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2.3.SedimentTransport Calculation Methods
Several sediment transport calculation methods are investigated throughioyt m
studies.Choosing a method to calculate sediment transport is strongly related with
study area characteristics and datailability (vanRijn, 1993).Some of the methods

thoseare commonly used are listed below.

Engelundi Hansen (Total load)

Ackersi White (Total load)

Smart- Jaeggi (Total load)

Engelund’ Fredsoe (Bed load and Suspended load)
Van Rijn (Bed load and Suspended load)

Meyer, Peter and Muller (Bed load)

Sato, Kikkawa and Ashida (Bed load)

Ashida and Michiue Model (Bed load and Susperidad)
Lanei Kalinske (Suspended load)

Ashida, Takahashi and Mizuyama (ATM) (Bed load)

=4 =2 A A4 A4 -4 -4 -5 -4 -2

Since availabl®ebservedsediment data only consist suspended sediment, Engelund
and Fredsoe Method and Van Rijn Method are usethis studyfor sensitivity
analysse. Thus Engelund and Fredsoe Methaglthe sediment transport metsdised

for 1D and 2Danalyses in this study

2.3.1. Engelund and Fredsoe Method
A mathematical model is conceived by Engelund and Fredsoe (1976) based on
physical phenomena introduced by Bagh@954).This model is used for calculating
both bed load and suspended ld@dlculating botrsuspendetbad and bed load is a
challenge in sediment transport calculations and many ofdbearcherslo not
calculate both of them (Engelund and Freds&&6).

Bed Load

Bed load calculations of Engelund and Fredsoe Methods are made by following
equationgDHI, 2015)

6 pl p T ) (2-1)

11



u@ Friction velocity

ups: Velocity of bed load particles

d : Dimensionless bed shear stress
d.:  Critical dimensionless bed shear stress
T
nop — (2-2)
where,
p: Probability for bed load particles to move
b: Dynamic friction coefficient

do : Dimensionless skin friction

B uvp — M= & —OER —— (2-3)

Up: Dimensionless sediment transport rate

Op: Bed load transport rate

S: Specific gravity of sediment

g: Acceleration due to gravity

d: Median gain size

— 1 (2-4)
— (25)

where” is the density of water, s is the specific gravity of bed material, d is the mean

grain size of the bed material and g is acceleration of gravity.
Suspended Load

Suspended load {ocalculation of Engelund and Fredsiepends on current velocity

(u) and concentration of suspended sediment (c). Formula is given (Ethiyn2015)

12



R . ©O6Q® (2-6)

gs:  Suspended load

u: Mean flowvelocity atthedistance yfrom bed level
C: Concentration of suspended sediment
a: Thickness of bed layer. Can be approximated as 2d where d is grain diameter

as stated by Einstein (1950).
D: Depth of water

Velocity of current with respect to a distance y above bed level is ddineke

equatia given below.

According toresearch bjRousgas cited in DHI, 2015)ancentration of sediment load

calculation isderived byformulation below

o O —— (2-7)
where,
C: Concentration of suspended sedimany above the bed

Cca:  Concentration ateference level (y = a)

y: Distance from bed level
Z: w/(0.4U) (Rouse numb@rwhere w is the settlingelocity and Wis friction
velocity.

D: Depth of water

2.3.2. Van Rijn Method
Van Rijn Method idividing sediment transport into two as suspended sediment and
bed loadWhen bed shear velocity exceeds the fall velocity, sediment is transported as
suspended bd (Yanmaz, 2002)

13



Bed Load

Bed loadtransportthatis used in Van Rijn Métod is givenby following equation
(DHI, 2015)

n 61 ® (2-8)
where,

Op:  Volumetric ked load transport rate

ups:  Velocity of particle level

Up:  Saltation height

Ch: Bed load concentration

Saltation height andelocity at particle levehredefined by using ter dimensionless

parameters that are- Qparticle diameter) and béd shear stress paramgter

e
o Q —0 (2-9)

Yy L fb (2-10)

dso: Mediangrain size

T 1 : Effective current related bed shear stress

T i : Critical bed shear stress according to Shields

O: Kinematic viscosity coefficient
S: Relative density ¥

By using the equations given above, these relationangpdefined and these are valid

for particles having grain size diameters between 0.2 and 2 mm.

8 38

B —= (2-11)
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Suspended Load

Suspended load transport is calculated by the equation Klaiy2015)

R 06O (2-12)
where,

F: Dimensionless shape factor

u: Mean flow velocity

D: Total flow depth
Ca: Reference sediment concentration

Calculation ofF is stated as below.

O (2-13)
— 8

where,

a: Reference level

D: Total flow depth
® :  Modified suspension number

Suspension parameter Z and modified suspension nutbere calculated by

equations below.

AR (2-14)

w — (2-15)
8 8

W @ — - (2-16)

Z: Suspension parameter

Z 6 Modified suspension number
q : Stratification orrection factor

15



W : Fall velocity

b : Coefficient related to diffusion of sediment pael
@ :von Karmands constant
ui@ Bed shear velocity

Ca: Reference sediment concentration

Co:  Maximum bed concentration

Equation of calculating diffusion of sediment particle coefficient is given equation

below.

I p¢— Qm — p (2-17)

2.3.3. Bed Level Update Methods
Two different bed leel update methodshose are available in the 1D sediment

transport model were used in sensitivity analyses.
Method-1

Deposition and erosiaralculatel proportional with depth belewater surfaceAbove
water surface, deposition or erosmmnot occur(Figure2-2).

Figure 2-2: Bed Level Update Methatil
Method-2

In this model, @position and erosion uniformly distributed over the whole cross
section.Therefore, deposition and eros are independent from water leyEigure2-
3).

16



Figure 2-3: Bed Level Update Methed

2.4.Dataset
In order to perform 1D hydrodynamic modeling, three main data must be used. These
are morphological data/cross sections of river, hydrological data eytisydraph or
steadyflow data and bed resistandata In this study, 1D sediment transport model is
constructed besides hydrodynamic model. Therefore, bed characteristics with grain
size and sediment observations with respect to flmasuremestmust béaken into

account.

Moreover the data that are used in 1D modeling, digital elevation model is needed to
constitute 2D hydrodynamic and sediment transport modeling. Bed resistance and

grain size distributions over modeling area must be considered.

2.4.1. Morphological Data
Cross section data must be used to construct a 1D hydrodynamic bagitll
elevation model that has detailed information is used to obtain cross sections instead
of measuringcross sectiorat the field. This approach provides flexibility tdtain

cross sectins from every preferraabint with desired broadness.

Digital elevation model is also used for 2D modeling. Motion of water and sediment
particles are calculated over the modeling akeauracyof the digital elevation model

could greaty affect models.

Digital elevation modelvasconstructed by using data thlantains296538 elevation

points. Thesgoints are arranged by tachometric survey and digital elevation model

was constructeds havingk met er of r eadDemirt 2A6)n ( Aky ¢r ek

17



Although, tachometric survey has a margin of error due to human error and some local
deposits as big rocletc., this DEM is decidetb besufficient toconductlD model

cross sections and 2D modeliddnis DEM is given in Figure-2 below.

In this gudy, cross sections were obtained from Digital Elevation Model. MIKE
HYDRO software was used to get perpendicular cross sections along the river from
DEM.

36°48'0"E 36°51'0"E 36°54'0"E 36°57'0"E 37°0'0"E
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o
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41°12'0"N

41°9'0"N

41°6'0"N

41°3'0"N

Terme River
Digital Elevation Model§

Elevation (m)
- High : 798

41°0'0"N

Low: 0

36°48'0"E 36°51'0"E 36°54'0"E 36°57'0"E

Figure 2-4: Digital Elevation Model
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2.4.2. SedimentMeasurement
Sedimentmeasurementnust be taken intocaount with respect to related observed
flow. Measurementsat flow gauging station E22A045 wagsed forthe model

calibration

Stationislocatedt G° k- el i Br i dg e havingthedoewdin®eslofé p a z a1
36 A 49-'4135'05HMEs bash are@\32.8 knt and altitude of the station is
66 metergFigure 21).

Sediment observationat the stationbetween 4.4.1988 and 9.19.20hawe 305
samples.Observations includeoncentration of sedimentatiand discharge when
sediment samplevas taken.State Water WorksOQSI) has calculated the suspended

sediment amount biyeformulation given below.

Q=QC* 0. 0864 (2-18)
where

Qs daily suspended sediment amount (ton/day);

Qi discharge at the moment of sample observatio¥sjm

C i concentration o$uspendedediment (ppm).

Calculated suspended sediment amount versus discharge graph was cotwtituted
DSI. Linear trendlie gives the correlation between discharge and suspended load

amount. The graph and the equation can beisdéigure2-5.
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2245 TERME RiVER GOKCELI BRIDGE SEDIMENT RATING CURVE
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Figure 2-5: E22A045 Sediment Rating Curve

2.4.3. Hydrological Data
Two types of hydrological data ese used in this study. First one islaaated
hydrographs for Terme River ithe previousstudies. The other one is real event

observations that caused flood events in Terme River and Terme District.
Calculated Hydrographs

Calculated hydrographs were used for sensitivity analydesse hydrgraphswere
calculated by using data of E22A04%ream gaugingstation. This station has
maximum dischargéata between 1969 and 2011 and these data appraised as sufficient
dataset to calculate flood peak dischargesnt flood frequency analysis was uged
calculate flood hydrograplisthes t at i on ( B Hydrographof the 3t&idn5 ) .
for all peak discharges can be seeRigure2-6 and peak dischargef®r several flood
frequenciesarepresented iTable2-1.

Table 2-1: Peak Discharges of Several Flooddtrencies at E22A0430zq lu,
2015)

Flood Frequency| Q2 Qs Q1o Q25 Qso Q100 Qs00
Discharge (nf/s) | 219.71| 350.43| 446.74| 578.27| 682.83| 792.41| 1041.34
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Real Flood Events

Three real flood events weobservedat the Terme Riveon 22 Novembe2014,02

August 2015 and28 May 2016. Flow data of these flood events were obseated
stream gauging22A045( ¥ z k a y a All of2tie bbsgrvationbave hourly basis

and suitable to monitor flood eveiltydrographsobservedt the stationwere shown

in Figure 2-7, Figure 2-8 and Figure2-9 and peak dischargesf the events are

presentedn Table2-2.

Table 2-2: Peak Discharges of Real Flood Event¥ z k aya, 2017)

Years

22 Nov.2014

02 Aug.2015

28 May 2016

Discharge (n¥/s)

541

88.1

355

22
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2.4.4. Bed Characteristics
River ked characteristics play significant roles 1D hydrodynamic and sediment
models. Bed resistance coefficients are uselD and2D hydrodynamic models as
inputto Saint Venant BuationsMoreover to bed resistanceefficients, grain size of

bed material is one of the most important variables of sediment transport models.
Bed Resistance

Manni ngos wasusedéof 1Dana 2Dleydradynamic models. With respect

to recent studies of Terme River performed by BSAr i ous Muaghness n g 6 s
coefficients were calculated. Calculations of DSI depend on field trips, sample tests

and expertizes of local engineeBasically, Cowan Method1956) had been

i mpl emented to calcul ate ManmplentgsS§andn coef f i
other characteristics of the river that affects roughness calculations. Four samples had

been taken from the river material to repres

Determination of bed resistance is considered for a part afiiee especially for
downstream part of the river that is close to Black Sea and Terme District.
Determination contains thever part from Akbucak Neighborhood to Black SPae
to lack of data, &d resistance is assumtx be the samefor the upstreampart of

Akbucak CalculatedMa n n i nv@ugscanrbe seamFigure2-10.
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Figure2-100 Manni ngdés n Coefficients in T

Grain Size

Grain diameter is one of the major inputs of sediment transport calculations that can
directly affect transportesediment amount and hydrodynamic conditions with various

types of deposition and erosion.
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