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LONG-TERM GOAL

Our goal is to develop a comprehensive, verified community model that predicts nearshore hydrody-
namics, sediment transport, and seabed morphology changes given offshore wave conditions and initial
bathymetry.

OBJECTIVES

The basic scientific objective is to synthesize understanding of physical processes in the nearshore
ocean by developing a model for

e waves and resulting radiation stresses and mass fluxes over evolving coastal bathymetry and
currents
e wave-induced circulation

e sediment transport and morphological evolution

Additional objectives include developing techniques to assimilate observations into model predic-
tions, and to test model components and the full community model with field observations.
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APPROACH

Our approachis to develop a tightly-coupledsystemof individual modelcomponentspr modules.
We areutilizing a framewvork wherewave processearedistinguishedrom wave-areragedprocesses
by meansf a suitabletime average.Theresultingsetof modulesandtheir functionsare:

1. wave module- calculationof second-andthird-momentwave propertiesjncluding frequeng-
directionalspectraradiationstressesandwave skawnessandasymmetry

2. circulationmodule- calculationof wave-drivencirculationandturbulencelevels

3. seabedmodule- calculationof local sedimentfluxes and seabedchangesesultingfrom flux
divergencesandcharacterizatioof bedgeometry

A modelbackbonewill allow interactionandfeedbackoetweerthe individual modulesaswell as
provide aninterfaceto users.Candidatemodelsto be usedwithin eachmodulearebeinginvestigated
andtested.The modelbackbonewill be constructechsanopenarchitecturewith a documentedetof
requiredinputsandoutputsfor eachcomponentallowing usersto provide alternatve formulationsfor
eachmodule.

Wave modulesbasedon enegy balancesandon frequeny domainBoussineser mild-slopeequa-
tions arebeinginvestigated.Phaseesolvingformulationswill allow detailedtime seriesof wavesto
be simulated andstochasti@approachesvill allow wavesover large nearshoreegionsto be modeled.
Breakingwave dissipationwill beincludedto modelwavespropagatingacrosghe surfzone.

Circulationwill be modeledwith SHORECIRCandthe PrincetonOceanModel (POM). SHORE-
CIRC solvesthe short-wave averagedequationsincluding the 3-dimensionalstructureof meanand
infragravity bandcurrentsusingforcing andmassflux calculationsprovided by the wave module. A
modelfor turbulencegeneratedy wave breaking,the bottom boundarylayer, and meanflows will
be includedin the SHORECIRCcirculationmodule. POM is a finite-differenceapproximatiorto the
hydrostaticprimitive equationswith a free surface,andincludesequationgor continuity, momentum,
temperatureandsalinity. TheMellor-Yamaddevel 2.5turbulenceclosureis used.Forcingby breaking
wavesandmassflux is parameterized.

Theseabednodulewill modelthelocal flux of sedimentandthe evolution of seafloorsedimentol-
ogy andmorphology Field obsenationsarebeingusedto developmodelsfor sedimentlux drivenby
nearbottomvelocities. Conseration of massallows sedimentflux calculationsto be usedto predict
changesn large-scalenearshordathymetry The effectsof bedformssuchasripplesandmegaripples
will beincorporatednto themodules.

Model componentsandeventuallythe full communitymodel,will be testedby comparisorwith
field obsenations. Waves, currents,seafloor morphologyand bathymetricevolution obsened on the
Outer Banks of North Carolinaand on the SouthernCalifornia coastare being usedto test model
components.Obsenationsfrom future field experimentsnearcomplicatednearshoreandinnershelf
bathymetrywill bereducedo thesamdormatasexisting datafor additionalmodeltesting. Techniques
to assimilateobsenationsof nearshoravaves and circulationinto model predictionsare also being
investigated.



WORK COMPLETED

Two meetingshave beenheldto organizeactiities andreview results.Working groupshave been
formedin theareasof

(1) surfacewave dynamics,(2) wave-inducedcirculationandturbulence, (3) sedimentransport
andseabednorphology and(4) verificationanddataassimilation.

Groups(1)-(3) are pursuingthe developmentandtestingof individual moduleswith the goal of
adwancingthe sciencean each,aswell asdefininghow eachmodulewill interactmosteffectively with
the othermodelcomponents.Group (4) is testingand calibratingexisting models,and assemblinga
WWW sitefor field datathatcanbe usedby the NOPPpartnerdo testindividual modules.

The nonlinearspectralparabolicwave model REF/DIF-SNL hasbeenextendedto accomodate
wider rangeof incidentwave directions(Kaihatu,2000)andhasbeentestedwith field data.Herberset
al (2000)have extendeda stochasticversionof thespectraBoussinesdormulationto includesurfzone
effects,andhave testedtheresultingmodelwith field datawith favorableeffects.

The SHORECIRCmodel hasbeendocumentedand releasedo project personnein adwanceof
a generalpublic release(Svendsenet al, 2000). A reformulationof the modelin termsof the the
total depth-aeragedeulerianvelocity hasproduceda muchmorestablenumericalcode,whichis now
beingusedto investigatethe threedimensionalstructureof rip currents. Extensionsof the modelto
incorporaterandomwave forcing (using REF/DIF S) anda curvilineargrid in horizontalcoordinates
areunderdevelopment.

The PrincetonOceanModel (POM) hasbeenadaptedor applicationsto wave-averagedcircula-
tion by addingparameterizedorcing representedby gradientsin the radiationstresstensor These
forcing termsare partitionedappropriatelyas either surface stresser as depth-independenbody
forces. Additional forcing relatedto rollers alsois included. The effects of wave-inducedmassflux
areincludedthroughan appropriateooundaryconditionon the vertical velocity at the surface. Initial
studiesfocuson alongshore-unifornflows with spatialvariationsin the cross-shorgx) andvertical (z)
directions.Differentturbulenceclosuremodels,including Mellor-Yamadaandk- epsilonschemesare
beingtested.Differentboundaryconditionsfor the turbulencequantitiesat the surfacearealsobeing
testedollowing CraigandBanner(1994). An efficientwave-currenbottomboundarylayersub-model
that parameterizethe influenceof the waveson the bottomstresgStylesand Glenn,2000) hasbeen
embeddedn POM. The modelhasbeenappliedto studiesof the circulationoff Duck, NC andmodel
resultsarebeingcomparedvith velocity measurementsom the DUCK94 field experiment.

Work on sedimentransportmodellinghasconcentrateadn numericalpredictionof bedloadtrans-
port. Drake and Calantoni(2000) have extendeda direct simulationof granularmotion and fluid -
graininteraction(Figure1) to includethe effect of bedslopeandwave-inducedvelocity andpressure
gradienttime histories. Resultsfrom thesesimulationsare being parameterizedo provide improved
wave-areragedransporformulations.

Resultdrom previousfield experimenthave beencollectedandmadeavailablefor modeltestingby

meanf apassvord protectedvebpagedocatedathttp://science.whoi.edu/NOPP/NOPPmain/main.html.

Datafrom the Duck 94/CoOPexperimentanda surfzonedeploymentnearthe Scrippspierarepresently
online.

Work is continuingto determinethe fluid motionsthat causesandbar migration, to characterize



Figurel: Discreteparticlenumericalsimulationof bedloadtransport.Spheresaresedimengrainsand
bluearrows arevelocity vectors

shearandinfragravity wave enepy levelsin field obsenations,andto obtainbottomdragcoeficients
basedn inverseestimatesrom measuredurrentdata.

RESULTS

The deepwaterasymptoteof the REFDIFSNLwave modelhasbeentestedagainstanalytic solu-
tions. It is shavn (Kaihatu2000)thatpermamentorm solutionsof REFDIFSNLin deepwatercompare
well againstsolutionsfrom third-orderStokeswave theory

Resultsobtainedfrom the SHORECIRCmodel indicatethat rip currentdynamicsare relatively
insensitve to alongshoreip currentspacing andinsteadrepresent balancebetweerforcing anddis-
sipationmechanismghat are localizedcloseto the throatof the rip channel. The velocity, vorticity
andstreamlingoatterndor four differentalongshoreip spacingsareshavnin Figure2. Theundertav
components removed from the velocity field to illustratetheresidualflow patternassociatedavith the
rip. The plotsarefor four relative channelspacings.gz/L. = 4, 6, 8, 12, while the positionof the bar
relative to the shorelines heldfixedat L,/ L. = 2.5. In part(c) and(d) the flow patternneartherip is
unafectedby the changen spacingandpanel(b) shovs only a weakeffect. Evenfor the closestrip
spacingin (a) the flow neartherip is nearlyunafectedthoughthe circulationcells behindthe barare
squeezedlightly atthe sidelimits, which representhe symmetrylinesto the neighboringrips.

The POM modelapplicationdo DUCK 94 conditionsdeterminemodelsolutionsfor (x,z) structure
of thewave-areragedalongshordv) andcross-shoréu) velocity fields. Reasonablagreemenis found
betweenthe modeland measuredrelocities(Figure 3). The effects of tidal elevation changeon the
circulationareinvestigatecandshaw, in particular variationsin the strengthof the undertav over the
barandin thetroughwith tidal heightthatarein generalagreementvith velocity measurementsom
thefixedarray

Investigationof the obsened sandbar migration, waves, and currentssuggestshat couplingand
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Figure2: The meancirculationpatternfor a laboratory-scaleip heldin placeby a channelin along-
shoreperiodicbar Theprogressiorirom top to bottomshaows the variationof rip currentstructurewith

increasingrelative spacingbetweenrip channels.Velocity vectorsindicatethe residualflow pattern
afterremoving the undertav component.The color mapindicatesvorticity andsolid curvesindicate
streamlinesTheflow structureis localizedaroundtherip channelandis notinfluencedby increasing
spacingastherelative spacingoecomedarge.

feedbackoetweemmorphology shoalingwaves,andwave orbital velocitiesandaccelerationsesultin
landward bar migrationwhen meancurrentsareweak (Elgar et al, 2000). Theseresultsindicatethat
fluid accelerationysuallyneglectedin sedimentransporimodels,may be animportantcomponentn
sedimentransport.Thisresultis supportedy thediscreteparticlesimulationgor thecaseof asymmet-
ric brokenwaves,which alsoshown theimportanceof fluid accelerationResultsof the discreteparticle
simulationgDrake andCalentoni,2000)will beusedto developwave-averagedransporformulations
for usein SHORECIRCandPOM.

IMPACT/APPLICATION

The modelsystemunderdevelopmentwill provide a comprehensie predictive tool for nearshore
processesandwill have a wide rangeof usesin the scientificcommunity aswell asin DoD andcivil
planningandoperations.
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0 100 200 0 100 200

depth (m)

x (m) x (m)
A(u, v) = 0.05
u (ms™) v (ms™)
0 | [ | | \ \\» |
11 m;;_l\ \\ \ T 1ms N
1 | = “ *® . L | | : N : * .
g ] o * ] « : « * . .
e 2 1 = b I~ - ® - = » - « I~
% 3 \ ¥ % — \ * ' * :
oL N\ N )N
4 o <
!
T T T T T T T T
50 100 150 200 50 100 150 200
X (m) x (m)

Figure3: Top: Contoursof cross-shoreelocity v andalongshorevelocity v from a simulationusing
thePrincetonOceanModel,, adaptedor usein thenearshor@andincludingasubmodeparameterizing
the wave-currentinteraction(Stylesand Glenn,2000). The contourinterval is 0.05ms~! with dashed
contoursrepresentingonshoreflow. The alongshorevelocitiesareto the south. Bottom: Vertical pro-
files of u andv atthelocationsof sledvelocity measurementsn Oct. 12, 1994 at Duck, NC (Garcez
Fariaetal. 1998; GarcezFariaetal. 2000). The solid lines arethe modelvelocitiesandthe bullets
arethe measurmentsThe modelis forcedwith gradientsof the radiationstresgensorcalculatedrom
measuredavave heightsandthe effectsof rollersareincluded.



RELATED PROJECTS

The investigatorsin the NOPP project have a rangeof individual projectswith closely related
scienceand modelingobjectives. The NOPPmodel developmenteffort benefitstheseotherongoing
studiesby increasingcollaborationand exchangeof resultsand dataamongthe partners. The NOPP
projectallows resultsfrom individual investigationgo be synthesizednto a community-widemodel
for nearshorg@rocesses.
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