
1. Introduction

Sedimentationinriversandestuariesisa

commonproblem formaintenanceofwater-

ways.Theriverfreshwateranddailyortwice-

dailyreversingflowsduetotidalactionmake

flowsinestuariesandtidalsectionofrivers

complex.Fig.1showstheareaofinterestfor

thepresentstudy,theYangonRiverwhichis

onaneasternbranchofAyeyarwaddyRiver.

TheAyeyarwaddyRiveristhefifthlargestin

theworldintermsofsedimentdischarge,de-

positingmorethan360milliontonsofsedi-

mentannuallyintothecontinentalshelfinthe
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northernAndamanSea.YangonRiveristhe

mostimportantrivertoMyanmarfor90％ of

itsinternationalmarinetradesaretransported

throughthischannel.Thedistancebetweenthe

YangonPortandtherivermouthisabout

45kilometersandthewidthofriverinthere-

gionisfrom2kilometersto7kilometers.Ac-

tivesedimenttransportduetoriverflowsand

tidalcurrentscausestwomajorshallowwater

areas;oneiscalled・InnerBar・locatedinside

therivernearYangonPortandtheotheris

・OuterBar・whichextendsoutfromtheriver

mouthasshowninFig.1.Dredgingworksare

requiredtomaintaindepthofthechannelat

theseareas.Despiteknowledgegatheredonthe

YangonRiverandEstuarysystem,littleinfor-

mationiscurrentlyavailableonthebehaviorof

sedimenttransportcausedbytheriverflow

andthetidalcurrents.Thereforeitisdifficult

totakeeffectivemeasuresforsedimentation

otherthandredging.

Thereweresomeresearchesfocusedonthe

problemduetosedimentationatshallowwater

areasinYangonRiver.SIR ALEXANDER GIBB

andPARTNERS（1974）investigatedphysicalcon-

ditionsofYangonRiverthroughanextensive

fieldstudy.NELSON（2000）conductedafield

studyonthebehavioroffine-grainedsediment

inYangonRiverbymeasuringthecurrent

speed,depth,salinityandsedimentconcentra-

tion.CHINA TRANSPORTATION ENGINEERING

（2006）madeaproposalonanimprovementof

theconfluxoftheYangonRiver,Pazundaung

CreekandtheBagoRiver.Theyproposedthree

typesofdikesforcontrollingthemainflow.

TOE TOE AUNG etal.（2011）computedflows

andsedimenttransportinYangonRiverbya

2�Dnumericalmodel.Intheirpaper,sediment

transportwassimulatedfrom depth-averaged

velocitygivenbythe2Dflowmodelandsedi-

mentparticlesize（8to50�mandthemeandi-

ameteris11�m）usedinthecalculationwas

basedontheresultsoffieldstudybySIR

ALEXANDERGIBBandPARTNERS（1974）,where

actualsedimentdiameteratInnerBarwas

muchlargerthanthatusedinthecalculation.

Although near-bottom velocity generally

givesadominanteffecttosedimenttransport,

mostofthepreviousstudiesdidn・tconsider

threedimensionalityoftheflowfield.Sincethe

tidalrangeintheareaisverylarge,dry-upof

theriverbottom shouldalsobeconsideredin

thecalculation.Inthisstudy,3�DPrinceton

Ocean Modelwith thewetting anddrying

schemewasusedforflowevaluationtoobtain

thenearbedvelocityfieldswhichareimpor-

tantbothforbedloadandsuspendedsediment

transport.Sedimentdiameterofinterestisan-

otherimportantfactorforevaluationofsedi-

menttransport.Thus,afieldobservationwas

carriedouttoobtainthesedimentdiameterof

whichformstheshallowareaatInnerBar.

Then,2�Dsedimenttransporthasbeencom-

putedbyusingthecalculatedbottom velocity

andwatersurfaceelevationresultedfrom the

flowmodelandthesedimentdiameterobtained

from thefieldobservationdescribedabove.It

wasassumedinthepresentstudythatnear-

bottom sedimenttransportisdominantalso

forsuspendedsedimenttransport.Thusveloc-

itycalculatedbythe3�Dflowmodelforthe

bottom layerwasusedtoevaluatesuspended

loadinthe2�Dsedimenttransportmodel.The

depositionrateofsedimentatInnerBarwas

evaluatedandcomparedwiththeamountof

dredgingconductedbyMyanmarPortAuthor-

ity.

2.MODELDESCRIPTIONS

2.1 Flowmodel

The3�DPrincetonOceanModel（POM）with

awettinganddryingschemewasusedforthe

investigationofflowcharacteristicsinYangon

River.ThePrincetonOceanModel（POM）isa

three-dimensional,primitiveequation,numeri-

caloceanmodel,mainlyusedforsolvingthe

hydrodynamicsinthecoastalregionandbays

andestuaries（BLUMBERGandMELLOR,1987）.

ThePOMemploysafinitedifferenceschemeto

numericallysolvetheprimitiveequations.The

modeliscalculatedwithexternalandinternal

modes;theexternalmodeportionofthemodel

hasshorttimestepsforthe2�DHflowfield

andtheinternalmodehaslongtimestepsto

evaluateitsverticaldistribution.Thehorizon-

talfinitedifferencegridscanberectangular

（asusedinthisstudy）orcurvilinearorthogo-

nal,whiletheverticalgridsareinsigmacoor-

dinates which are the normalized vertical

coordinateswiththewatercolumndepth.The
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useofsigmalevelsgivesbetterresolutionof

theboundarylayers.Detailedinformationon

theformulationandderivationoftheseequa-

tionsincludingthedefinitionsforeachvariable

andformulasforthespecifictermsinthese

equationswereincludedinthePOM User・s

Guide（MELLOR,2004）.

POM08withwettinganddrying（WAD）

scheme（OEY,2005）wasusedinthisstudy

amongversionsofPOM.Wettinganddrying

processwasconsideredtoaccountforthedry

upareasduetohightidalranges.Fortheuse

ofWADscheme,itisnecessarytodefinethe

absolutelandboundary（ALB）whichmustbe

highenoughinelevation,sothatwatercan

neversplitintothatarea.Inthelandsideof

ALB,theareawasalwaysdryandtheland

maskFSM（time-independentlandmask）and

WADMASK（time-dependentmaskforwetand

drycondition）aresettobe0.Towardthesea-

wardoftheALB,FSM is1andWADMASK

was1or0dependingonwhetherthecelliswet

ordry（OEY,2006）.InOey・sWADscheme,a

minimum depth（drydepth＝5cm）isdefined

todeterminethe・dry・or・wet・stateofeach

cell.Whenthetotaldepth（D）,whichisthe

summationofwaterdepth（H）andelevation

（・）,fallsbelowtheminimum depth,cellsare

consideredasdry.

Inthisstudy,ALBwerelocatedalongthe

riverbanksothatthewaterdidnotfloodover

thebankbecausethebankslopewasrelatively

steepandtheactualflooddistanceduetohigh

tidesweresmallerthanagridsize.Thewetand

dryprocesswascalculatedonlyforshoals

withintheriverchannels.BasedontheOey・s

scheme,thecalculationwasdonewithdry

depthof5cmastheminimumdepthtocalcu-

latevelocity.5cm wassetasthelowestlimit

forcalculationandifthewaterdepthwasless

than5cm,thecorrespondingfluxwassetas

zero.Fromtheresultsoftheflowmodelinthe

studyareashowninFig.6,itcanbeseenthat

WADschemeiscapableofcalculatingwellfor

hightidalconditioninthestudyareaasillus-

tratedinFig.7.WithoutWADscheme,compu-

tationsbreakdownattheebbtideduetothe

largetidalrange.

Simulationsweremadefortwodifferentsea-

sons,themonsoonandthedryseason,sincethe

seasonalvariationofriverdischargewassig-

nificant.Moreover,thesimulationwascarried

outontwotideconditions;springtidewitha

tidalrangeof5.2mandneaptide,1.8m.There-

fore the modelwas run for four cases

（Table2）;springtideatmonsoonanddrysea-

sonandneaptideatmonsoonanddryseason.

Beforecomputingthesedimenttransport,the

Shieldsparameterwascalculatedbyusingthe

bottom velocityresultsfrom theflow model

andthesedimentparticlesizesobtainedfrom

fieldstudydescribedinChapter3.Fromdistri-

butionsofShieldsparametercalculatedfor

eachcase,possiblesedimentdepositionareas

canbeestimatedwithasedimenttransport

model.

2.2 SedimentTransportModel

Thevelocityandwaterdepthwereinterpo-

latedfromtheresultsoftheflowmodelforthe

requiredtimestepaccordingtothecourant

numberandusedasinputdataforsediment

transportmodel.Thegoverningequationfor

the suspended sediment transport is the

advection-diffusionequationwiththeentrain-

mentanddepositionterms,
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Symboltistime,Distotalwaterdepth,・is

eddyviscosity,uandvarethevelocitycompo-

nentsinxandydirection,・sissettlingvelocity

ofsedimentinwater,Cisdepth-averagedsedi-

mentconcentration,Cbisnearbedconcentra-

tionandEsisdimensionlessrateofsediment

intosuspensionacrossunitareaperunittime.

Asdescribedintheprevioussection,velocityat

thebottomlayerisusedforevaluationofsus-

pendedloadinthepresentstudy.

TheeddyviscosityiscalculatedbyLANEand

KALINSKE（1941）as

・・1・D・
D

0

・・Z・dz・ u・KD・6 （2）

whereu＊ istheshearvelocityatthebedandK

istheKarmanconstant.Theentrainmentof
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sedimentis calculated by the formula of

GARCIAandPARKER（1993）,
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whereRepisparticleReynoldsnumber,・s,・are

densityofsedimentparticleandwater,υisthe

kinematicviscosityofwater,Dsisdiameterof

sedimentparticle.Thesettlingvelocity・sis

calculatedbytheformulaofCHENG（1997）.
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Byassumingaverticaldistributionofsedi-

mentconcentration to beRousean profile

（ROUSE,1937）,thenearbedconcentrationis

evaluatedbyCb＝・0 C.PARKER etal.（1987）

gaveasimplefittotheprofileandderivedthe

followingexpressionfor・0,

・0・1・31.5・
u・

・s
・

・1.46

（6）

Bythecombinationofsuspendedsedimentand

bedload,thebedlevelchange,Zbiscalculated

bythebottomevolutionequation
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・Zb

・t
・・

・qbx

・x
・

・qby

・y
・・s・Cb・Es・（7）

・pisthebedporosity.Thebedloadtransport

qbx,qby isevaluatedbytheMeyer-Peterand

Mullerequation（MEYER-PETER andMULLER,

1948）

qb・8 ・
・s

・
・1・gD3

s
・

・・・・・・c・
3

2 （8）

・・and・・carethebaseshearstressandcritical

shearstress.TheMacCormackSchemeisused

fordiscretization（FENNEMA.andCHAUDHRY,

1990）.

2.3 InputDataandBoundaryConditions

Bathymetry,dischargeofthethreerivers

andthetidalelevationattherivermouthwere

giventotheflowmodelastheinputdata.The

calculatingareaoftheYangonRiverliesbe-

tween16�30・Nto16�47・Nlatitudeand96�10・E

to96�20・Elongitude.Thebathymetrydatawas

createdbydigitizingthesoundingchartpro-

videdbyMYANMAR PORT AUTHORITY（2007）

showninFig.2.Thegridspacingwas6seconds

forbothlatitudeandlongitude（approximately

170metersatthesite）and6verticalsigmalev-

elsweredetermined.Theexternaltimestepin

theflowmodelwas1sandtheinternaltime

stepwas4saccordingtoCourant-Fredrics-

Levy（CFL）condition.Thedischargedataof

Lamer51,201394

Fig.2.BathymetryofYangonRiverandboundary
elementsforcalculation.SectionA-A・showsthe
locationoffieldsurveyconductedbyNELSON

（2000）.PshowsoneofthepointintheInnerBar
andP1indicatesthelocationforvelocitycom-
parisonsgiveninFig.5.（Thedatum ofbathy-
metryisthelowestlowwaterlevel.）



threeriversfordryandmonsoonseasonswere

showninTable1.Thesedischargedatawere

fromthefielddataofSIRALEXANDERGIBBand

PARTNERS（1974）.Thetidalrangevariedbe-

tween5.2mand1.8mnearthecityofYangon

（MyanmarPortAuthority）.

Thepresentcomputationaldomainhadthree

up-streaminflowsandanoutflowboundaryat

therivermouthasshowninFig.2.Estimated

dischargesoftheupperthreeriverswerecon-

stantlygivenattheinflow boundarieswhile

thesumofthemwasdischargedfromtheout-

flow boundary.Forthetidalcurrent,water

surfaceelevationandthecorrespondingtidal

velocityweregivenattheoutflowboundaryas-

suminginaformofsinusoidalwaves.Tosim-

plifythemodel,thetemperatureandsalinity

whichsupposedtobelessimportantforbed

levelchangeinriverswerekeptconstantdur-

ingthesimulation.

Forsedimentconcentration,theinletofthe

threeriversand outletoftheriverwere

assumedtobeinequilibrium stateforgiven

flowvelocities.Sedimentdiameterwassetat

0.338mmbasedonthefieldresultobtainedfor

theInnerBarasdescribedbelow.

3.SamplingofSedimentationMaterial

Particlesizeisoneofthemostimportantpa-

rametersforsedimenttransport.Sinceamount

ofsedimenttransportisgreatlyaffectedby

sedimentdiameter,anappropriatesedimentdi-

ametershouldbechosentoevaluatesedimenta-

tionatInnerBar.Inthepreviousstudies,

sedimentdiameterintheYangonRiversystem

wasonlygivenforsuspendedsediment（e.g.

SIR ALEXANDER GIBB and PARTNERS,1974）

whoserepresentativediameterisusuallymuch

differentfromthatforbedmaterials.

Inordertogiveanappropriategrainsizeof

bedmaterialstothenumericalmodel,fieldob-

servationwasconductedattheInnerBararea

inYangonRiveron16September2010.Sedi-

mentsamplewastakenfrombedmaterialson

adredgingship（Fig.3）beingoperatedto

dredgesedimentdepositedatInnerBar.

Thedistributionofparticlediameterswas

obtainedbythesieveanalysisforthebedmate-

rial.Althoughitwasobservedthatthesus-

pendedsedimentsamplednearriversurface

wascomposedofveryfinesand,clayandsilt

withdiametersrangingfrom several・m toa

hundred・m,thebedmaterialfromInnerBar

hadd75diameterof0.338mmwhichwasmuch

largerthanthesuspendedmaterial.Thegrain

sizedistributioncurveforthebedmaterialis

showninFig.4.Thereforeinthepresentstudy,

diameterof0.338mmisusedastherepresenta-

tivesedimentdiameterforthebedmaterialsin

ordertoevaluatesandmovementcausingInner

Barsedimentation.
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Table1.Dischargedataofthreeriversindryandmonsoon（rainy）seasons

DrySeason

（m3/s）

MonsoonSeason

（m3/s）

YangonRiver 627 6853

PazundaungCreek 143 866

BagoRiver 315 1566

Fig.3.Dredgingshipandbottom material（mixture
ofsandandwater）takenfrom InnerBar（16�
45.817�Nand96�11.945�E）on16

thSeptember2010.



4.ResultsandDiscussions

4.1 Calculateddepth-averagedflowfieldand

comparisonwithfielddata

Flowvelocityforspringtideatmonsoonsea-

son（Case1inTable2）isshowninFig.5.

Fig.5.（a）and（b）givethedepth-averagedve-

locityfieldsattheebbandthefloodtidecondi-

tionsfor spring tideatmonsoon season,

respectively.Duringebbtide,theflowdirection

isseaward.Duringfloodtide,theflowwasdi-

rectedtowardstheupstreamoftheriver,since

theriverdischargeonlyhadalimitedinfluence

totheoverallflowpattern.Comparisonsofthe

surfaceandbottom flow velocityatebband

floodtideconditionsshowthatthebottomve-

locityisgenerallysmallerthanthesurfaceve-

locitybuttheflowdirectionsandpatternsare

similar.

Toverifythenumericalsimulation,thecal-
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Table2.Fourconditionsofcalculationintermsoftidalrageandriverdischarges.

Monsoon Dry

Springtide（5.2mtidalheight） Case1 Case2

Neaptide（1.8m tidalheight） Case3 Case4

Fig.5.Thedepth-averagedvelocityfieldsfor（a）ebbtideand（b）floodtideatspringtideduringthemonsoon
season

Fig.4.Grainsizedistributioncurveforbedmaterial
fromtheInnerBarArea.



culateddepth-averagedvelocitieswerecom-

paredwithfieldresultsobtainedbyNELSON

（2000）atthe10kmdownstreamoftheYangon

Port（A-A・crosssectioninFig.5）.Thesimula-

tionwasdoneforthreeconditions;thespring

tideinmonsoonseason,thespringtideindry

seasonandtheneaptideindryseasonaccord-

ingtotheconditionsforNelson.Thefieldob-

servationofNelsongavethemaximumdepth-

averaged velocity for the spring tide in

monsoonseasonandtheneaptideindrysea-

son.Butforthespringtideindryseason,it

gaveonlyonevalueforvelocityanddidnot

mentionwhetheritwasdepth-averagedveloc-

ityormaximumvelocity.

Timevariationsofdepth-averagedvelocity

calculatedatP1indicatedinFig.5areshownin

Fig.6,althoughinformationoftheexactmeas-

urementlocationisnotprovidedinNELSON

（2000）.Thedottedstraightlinescorrespondto

thevaluesofdepth-averagedvelocitiesobtained

byNelson.Themodelresultsofthespringtide

inmonsoonseasonandtheneaptideindrysea-

sonareingoodagreementwiththefielddata.

Inthecaseofspringtideatdryseason,the

modelresultforfloodtidevelocityisnearly

equivalentwiththefieldresultbutthemodel

resultforebbtidevelocityissmallerthanthe

fieldmeasurement.Thediscrepancymightoc-

curduetothelackofinformationoftheexact

locationsofthefieldstudyarea.Sincethedif-

ferenceisfoundintheebbtidecondition,an-

otherpossiblereasoncanbetheriverdischarge

which might be larger at the time of
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Fig.6.Thedepth-averagevelocityfor（a）springtideinthemonsoonseason,（b）springtideinthedryseason
and（c）neaptideinthedryseasonatpointP1.ThedottedlinesshowthefieldresultsofNELSON（2000）.

（Thelineswithpositivevaluesareatfloodtideconditionandthosewithnegativevaluesareatebbtide
condition.）



measurement.Theriverdischargeusedinpre-

sentmodelwasfromSIRALEXANDERGIBBand

PARTNERS（1974） which were older than

NELSON（2000）.

4.2 ResultsandDiscussionsforflowmodel

Thevelocityfields,depth-averagedvelocity

andvelocityforeachlayerofdepth,watersur-

faceelevationwithrespecttothemeansealevel

attheebbandfloodtideconditionswereob-

tainedrespectivelyforthefourcaseslistedin

Table2.

Theresultsonthespringtideatmonsoon

season（Case1inTable2）areshowninFig.7

and8.Fig.7（a）and（b）showthewatersur-

faceelevationforebbandfloodtideconditions,

respectively.Somedryareaswherethewater

surfaceelevationisexpressedas0forpractical

Lamer51,201398

Fig.7.Thewatersurfaceelevationwithrespecttothemeansealevel（m）for（a）ebbtideand（b）floodtide.The
driedareasareshownasthewatersurfaceelevationis0.

Fig.8.Themagnitudeofdepth-averagedvelocity（m/s）for（a）ebbtideand（b）floodtide.



purposecanbeobservedclearlyintheebbtide

conditionwhilefloodwaterfilledupthedry

area.Fig.8（a）and（b）showthemagnitudeof

depth-averagedvelocity valuesforebband

floodtideconditions,respectively.Thelargest

velocityoccurredinthedownstream ofthe

YangonRiverandthemagnitudeofthedepth-

averagedvelocityduringebbtideandfloodtide

wereupto1.7m/s.Themagnitudeofdepth-

averagedvelocitytakesitsminimum nearthe

junctionofthethreeriversaswellastheplaces

associatedwiththeshallowwaterareas.This

mightbebecauseflowsfromriverswithdiffer-

entdirectionsmeteachotheratthejunction

andsomepartsoftheirvelocitiescancelledeach

otherout.

Themodelresultsinthemonsoonanddry

seasonsforoneofthepoint（indicatedbyPin

Fig.2）nearInnerBarareaunderbothofthe

springandneaptideconditionsareshownin

Table3togetherwithShieldsparametercalcu-

latedforsanddiameterof0.338mm.Itcanbe

seenthatthebottom velocitiesoffloodtide

wereslightlylargerthanthoseoftheebbtide

forallcases.TheresultingvaluesoftheShields

parameternearInnerBarareawereverysmall

andindicatethatsedimentdepositionshould

occuraroundthearea.

Theresultsoftheotherthreecases,Case2,3

and4,arenotshowninthefiguresbutgave

similarcharacteristicwithCase1.Forwater

surfaceelevation,dry-upareaswerecalculated

duringebbtideconditioninveryshallowareas.

Thedepth-averagedvelocitiesforCase2（neap

tideatmonsoonseason）werevaryingfrom0.2

to0.6m/s.ForCase3（springtideatdrysea-

son）,thevelocitieswereabout0.4to1.5m/s.It

wasfound thatthemagnitudesofdepth-

averagedvelocitywereabout0.1to0.5m/sin

Case4（neaptideconditionatdryseason）.

4.3 SedimentTransportandBathymetry

Change

Calculationsforsedimenttransportwere

performedforthefourcasesgiveninTable2.

Theratioofthesuspendedloadandbedload

transportsinthecalculationaroundtheInner

Barareawasroughlyevaluatedas9：1.The

combinedresultsofsuspendedloadandbed

loadtransportsareusedinthecalculationof

bedlevelchangeandtheevaluatedbedlevel

changesareshowninFigs.9to12.Ineachfig-

ure,sub-figure（a）and（b）representtheaccu-

mulatedbedlevelchangesforoneebbtide（a

halfofonetidalcycle）andonefloodtideand

sub-figures（c）representthoseforonewhole

tidalcycle.Thezerovaluerepresentstheinitial

riverbedandnegativevaluesrepresenterosion

andpositivevaluesarefordeposition.Fromthe

results,itisfoundthatthedepositionandero-

sionarelargerinspringtideconditionsthan

thoseinneaptideconditionsforbothmonsoon

anddryseasons.Pleasenotethatthescalesfor

sedimentationaredifferentbetweenthefigures

forspringtideconditions（Figs.9and10）and

thoseforneaptideconditions（Figs.11and12）.
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Table3.CalculatedbottomvelocityandresultingShieldsparametersatInnerBarwhichisindicated
bysymbol・P・inFig.1.

Period TidalForcing Tidalcondition BottomVelocity（m/s） ShieldsParameter

Monsoon

Spring
Flood 0.55 0.0091

Ebb 0.45 0.0084

Neap
Flood 0.24 0.0022

Ebb 0.23 0.0017

Dry

Spring
Flood 0.44 0.0073

Ebb 0.41 0.005

Neap
Flood 0.082 0.0002

Ebb 0.078 0.0002



Theresultsindicatedthatthedepositionoc-

curredaroundInnerBar（indicatedbythe

symbolPinFig.2）forallthecases.Remark-

abledepositionisseenjustatInnerBarforthe

caseofspringtideatmonsoonseason（Fig.9

（c））inparticular.Inotherareas,sediment

depositionanderosionpatternsareconsistent

withourpreexistingknowledgesuchasother

sandbarareasoutofthenavigationchannel

andthedownstreamaroundtheChokeyPoint

（seeFig.1）areawhereerosionoccursinboth

monsoonanddryseasons.

Tomaintaintherequireddepthofthenavi-

gation channel,Myanmar Port Authority

（MPA）doesdredgingoperationbyadredging

shipeveryday.Thecapacityofthedredging

shipisapproximately1000m3anditgetssand

offourtosixtimesofitscapacityperdaynear
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Fig.9.Accumulatedbedlevelchange（m）for（a）ebbtideand（b）floodtideconditionand（c）onetidalcycleat
springtideatmonsoonseason.



theInnerBararea.Althoughitisdifficultto

estimatetheexactvolumeofdredgedmaterial,

theamountofitisroughlyestimatedas6×

103m3perday.

From thecalculation,rateofdeposition

atInnerBarisevaluatedtobearound0.04m

perday.IftheareaofInnerBarisassumed

tobeabout1.4×105m2（roughlyestimatedas

1400m by100m from thedredgingareaand

thebathymetry）,theamountofsanddeposi-

tioninadayinthespringtideatmonsoonsea-

son isestimatedby multiplying deposition

depthtotheestimatedInnerBarareaand

itwasabout6×103m3whichisequivalentto

thatobtainedbythedredgingamount.Asthe

calculatedrateofdepositionatneaptidecondi-

tionsismuchsmaller,about2×103m3perday,

theoverallevaluationofsedimentationshould
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Fig.10.Accumulatedbedlevelchange（m）for（a）ebbtideand（b）floodtideconditionand（c）onetidalcycle
atspringtideatdryseason.



bemuchless.Itcanhoweverbeconcludedthat

themodelevaluationofsedimentationisfairly

good.

5.Conclusion

Inthepresentstudy,characteristicsofflow

fieldsandresultantsedimenttransportwere

investigatedbynumericalsimulationforthe

navigationchannelinYangonRiver.Theflow

fieldswereevaluatedbyusingthe3�DPrince-

tonOceanModel（POM）withawettingand

dryingschemetoevaluatenear-bottomvelocity

inveryshallowareas.Itwasfoundthattheve-

locityatfloodtidewasgenerallylargerthan

thatatebbtide.Alongthenavigationchannel,

velocitywaslargeratdownstreamoftheriver,

however,smallernearthejunctionofthethree

rivers,YangonRiver,PazundaungCreekand
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Fig.11.Accumulatedbedlevelchange（m）for（a）ebbtideand（b）floodtideconditionand（c）onetidalcycle
atneaptideatmonsoonseason.



theBagoRiverwheretheInnerBarexists.The

calculated velocity showed the reasonable

agreementwith thefield data ofNELSON

（2000）.

Calculatednear-bottomvelocitywasputinto

thesedimenttransportmodeltoevaluatesedi-

mentdepositionanderosioninthechannel.

From fieldobservation,d75sanddiameterfor

theInnerBarmaterialwas0.338mm,which

wasusedinthesedimenttransportcalculation.

Inalltideandseasonalconditions,sanddeposi-

tionisobservedaroundtheInnerBararea.It

wasfoundthatthesedimentationoccursmore

heavilyatthespringtideconditionthanthe

neaptidecondition.Thusitcanbeconcluded

thatthepresentsimulationreflectsthebasic

mechanismsofflow andsedimenttransport

around thenavigation channelin Yangon
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Fig.12.Accumulatedbedlevelchange（m）for（a）ebbtideand（b）floodtideconditionand（c）onetidalcycle
atneaptideatdryseason.



Riverandcanreproducetheactualsanddeposi-

tionattheInnerBarfairlywell.

Thenumericalmodelisexpectedtobeapow-

erfulpredictivetoolforconsidering anew

measuretomaintainthenavigationchannel

andthedeptharoundtheportareasinYangon

River.Inthefurther,morereliablefielddata

wouldbehoweverneedednotonlyforprovid-

ingaccurateconditionsforcalculation,butalso

fortheverificationofthemodelresults.
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