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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

� waves and resulting radiation stresses and mass fluxes over evolving coastal bathymetry and
currents

� wave-induced circulation

� 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 developa tightly-coupledsystemof individualmodelcomponents,or modules.
We areutilizing a framework wherewave processesaredistinguishedfrom wave-averagedprocesses
by meansof a suitabletimeaverage.Theresultingsetof modulesandtheir functionsare:

1. wave module- calculationof second-andthird-momentwave properties,including frequency-
directionalspectra,radiationstresses,andwaveskewnessandasymmetry

2. circulationmodule- calculationof wave-drivencirculationandturbulencelevels

3. seabedmodule- calculationof local sedimentfluxes and seabedchangesresultingfrom flux
divergences,andcharacterizationof bedgeometry

A modelbackbonewill allow interactionandfeedbackbetweentheindividualmodules,aswell as
provide aninterfaceto users.Candidatemodelsto beusedwithin eachmodulearebeinginvestigated
andtested.Themodelbackbonewill beconstructedasanopenarchitecturewith a documentedsetof
requiredinputsandoutputsfor eachcomponent,allowing usersto provide alternative formulationsfor
eachmodule.

Wavemodulesbasedonenergy balancesandon frequency domainBoussinesqor mild-slopeequa-
tionsarebeinginvestigated.Phaseresolvingformulationswill allow detailedtime seriesof wavesto
besimulated,andstochasticapproacheswill allow wavesover largenearshoreregionsto bemodeled.
Breakingwavedissipationwill beincludedto modelwavespropagatingacrossthesurf zone.

Circulationwill bemodeledwith SHORECIRCandthePrincetonOceanModel (POM). SHORE-
CIRC solves the short-wave averagedequationsincluding the 3-dimensionalstructureof meanand
infragravity bandcurrentsusingforcing andmassflux calculationsprovidedby the wave module. A
model for turbulencegeneratedby wave breaking,the bottomboundarylayer, andmeanflows will
be includedin theSHORECIRCcirculationmodule.POM is a finite-differenceapproximationto the
hydrostaticprimitiveequationswith a freesurface,andincludesequationsfor continuity, momentum,
temperature,andsalinity. TheMellor-Yamadalevel 2.5turbulenceclosureis used.Forcingby breaking
wavesandmassflux is parameterized.

Theseabedmodulewill modelthelocal flux of sedimentandtheevolution of seafloorsedimentol-
ogy andmorphology. Field observationsarebeingusedto developmodelsfor sedimentflux drivenby
near-bottomvelocities. Conservation of massallows sedimentflux calculationsto be usedto predict
changesin large-scalenearshorebathymetry. Theeffectsof bedformssuchasripplesandmegaripples
will beincorporatedinto themodules.

Model components,andeventuallythe full communitymodel,will be testedby comparisonwith
field observations. Waves,currents,seafloor morphologyandbathymetricevolution observedon the
Outer Banksof North Carolinaand on the SouthernCalifornia coastare being usedto test model
components.Observationsfrom future field experimentsnearcomplicatednearshoreandinner-shelf
bathymetrywill bereducedto thesameformatasexistingdatafor additionalmodeltesting.Techniques
to assimilateobservationsof nearshorewavesand circulation into modelpredictionsare also being
investigated.
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WORK COMPLETED

Two meetingshave beenheld to organizeactivities andreview results.Working groupshave been
formedin theareasof

(1) surfacewave dynamics,(2) wave-inducedcirculationandturbulence, (3) sedimenttransport
andseabedmorphology, and(4) verificationanddataassimilation.

Groups(1)-(3) arepursuingthe developmentand testingof individual moduleswith the goal of
advancingthesciencein each,aswell asdefininghow eachmodulewill interactmosteffectively with
the othermodelcomponents.Group(4) is testingandcalibratingexisting models,andassemblinga
WWW sitefor field datathatcanbeusedby theNOPPpartnersto testindividualmodules.

The nonlinearspectralparabolicwave modelREF/DIF-SNLhasbeenextendedto accomodatea
wider rangeof incidentwavedirections(Kaihatu,2000)andhasbeentestedwith field data.Herberset
al (2000)haveextendedastochasticversionof thespectralBoussinesqformulationto includesurfzone
effects,andhave testedtheresultingmodelwith field datawith favorableeffects.

The SHORECIRCmodelhasbeendocumentedand releasedto project personnelin advanceof
a generalpublic release(Svendsenet al, 2000). A reformulationof the model in termsof the the
totaldepth-averagedEulerianvelocityhasproducedamuchmorestablenumericalcode,which is now
beingusedto investigatethe threedimensionalstructureof rip currents.Extensionsof the model to
incorporaterandomwave forcing (usingREF/DIF S) anda curvilineargrid in horizontalcoordinates
areunderdevelopment.

The PrincetonOceanModel (POM) hasbeenadaptedfor applicationsto wave-averagedcircula-
tion by addingparameterizedforcing representedby gradientsin the radiationstresstensor. These
forcing termsare partitionedappropriatelyas either surfacestressesor as depth- independentbody
forces. Additional forcing relatedto rollers alsois included. The effectsof wave-inducedmassflux
areincludedthroughanappropriateboundaryconditionon theverticalvelocity at thesurface. Initial
studiesfocusonalongshore-uniformflowswith spatialvariationsin thecross-shore(x) andvertical(z)
directions.Dif ferentturbulenceclosuremodels,includingMellor-Yamadaandk- epsilonschemes,are
beingtested.Dif ferentboundaryconditionsfor the turbulencequantitiesat thesurfacearealsobeing
testedfollowing CraigandBanner(1994).An efficientwave-currentbottomboundarylayersub-model
thatparameterizesthe influenceof thewaveson thebottomstress(StylesandGlenn,2000)hasbeen
embeddedin POM.Themodelhasbeenappliedto studiesof thecirculationoff Duck, NC andmodel
resultsarebeingcomparedwith velocitymeasurementsfrom theDUCK94field experiment.

Work on sedimenttransportmodellinghasconcentratedon numericalpredictionof bedloadtrans-
port. Drake andCalantoni(2000)have extendeda direct simulationof granularmotion andfluid -
grain interaction(Figure1) to includetheeffect of bedslopeandwave-inducedvelocity andpressure
gradienttime histories. Resultsfrom thesesimulationsarebeingparameterizedto provide improved
wave-averagedtransportformulations.

Resultsfrompreviousfieldexperimentshavebeencollectedandmadeavailablefor modeltestingby
meansof apasswordprotectedwebpagelocatedathttp://science.whoi.edu/NOPP/NOPPmain/main.html.
Datafrom theDuck94/CoOPexperimentandasurfzonedeploymentneartheScrippspierarepresently
online.

Work is continuingto determinethe fluid motionsthat causesandbar migration, to characterize
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Figure1: Discreteparticlenumericalsimulationof bedloadtransport.Spheresaresedimentgrainsand
bluearrowsarevelocityvectors

shearandinfragravity wave energy levels in field observations,andto obtainbottomdragcoefficients
basedon inverseestimatesfrom measuredcurrentdata.

RESULTS

Thedeepwaterasymptoteof theREFDIFSNLwave modelhasbeentestedagainstanalyticsolu-
tions.It is shown(Kaihatu2000)thatpermamentform solutionsof REFDIFSNLin deepwatercompare
well againstsolutionsfrom third-orderStokeswave theory.

Resultsobtainedfrom the SHORECIRCmodel indicatethat rip currentdynamicsare relatively
insensitive to alongshorerip currentspacing,andinsteadrepresenta balancebetweenforcing anddis-
sipationmechanismsthat are localizedcloseto the throatof the rip channel. The velocity, vorticity
andstreamlinepatternsfor four differentalongshorerip spacingsareshown in Figure2. Theundertow
componentis removedfrom thevelocity field to illustratetheresidualflow patternassociatedwith the
rip. Theplotsarefor four relative channelspacings
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����������������! #"
, while thepositionof thebar

relative to theshorelineis heldfixedat

%$&��
����'"�(*)

. In part(c) and(d) theflow patternneartherip is
unaffectedby thechangein spacing,andpanel(b) shows only a weakeffect. Evenfor theclosestrip
spacingin (a) theflow neartherip is nearlyunaffectedthoughthecirculationcellsbehindthebarare
squeezedslightly at thesidelimits, which representthesymmetrylinesto theneighboringrips.

ThePOMmodelapplicationsto DUCK 94conditionsdeterminemodelsolutionsfor (x,z) structure
of thewave-averagedalongshore(v) andcross-shore(u) velocityfields.Reasonableagreementis found
betweenthe modelandmeasuredvelocities(Figure3). The effectsof tidal elevation changeon the
circulationareinvestigatedandshow, in particular, variationsin thestrengthof theundertow over the
barandin thetroughwith tidal heightthatarein generalagreementwith velocity measurementsfrom
thefixedarray.

Investigationof the observed sandbar migration,waves,andcurrentssuggeststhat couplingand

4



6
8

10
12

14
0 5 10 15 20

x (m
)

y (m)

(d)

6
8

10
12

14
0 2 4 6 8 10 12 14 16

x (m
)

y (m)
(c)

6
8

10
12

14
0 2 4 6 8 10 12

x (m
)

y (m)

(b)

6
8

10
12

14
0 2 4 6 8

x (m
)

y (m)

(a)

Figure2: Themeancirculationpatternfor a laboratory-scalerip held in placeby a channelin a long-
shoreperiodicbar. Theprogressionfrom top to bottomshowsthevariationof rip currentstructurewith
increasingrelative spacingbetweenrip channels.Velocity vectorsindicatethe residualflow pattern
after removing the undertow component.The color mapindicatesvorticity andsolid curvesindicate
streamlines.Theflow structureis localizedaroundtherip channelandis not influencedby increasing
spacingastherelativespacingbecomeslarge.

feedbackbetweenmorphology, shoalingwaves,andwave orbital velocitiesandaccelerationsresultin
landwardbar migrationwhenmeancurrentsareweak(Elgaret al, 2000). Theseresultsindicatethat
fluid acceleration,usuallyneglectedin sedimenttransportmodels,maybeanimportantcomponentin
sedimenttransport.Thisresultis supportedby thediscreteparticlesimulationsfor thecaseof asymmet-
ric brokenwaves,whichalsoshow theimportanceof fluid acceleration.Resultsof thediscreteparticle
simulations(DrakeandCalentoni,2000)will beusedto developwave-averagedtransportformulations
for usein SHORECIRCandPOM.

IMPACT/APPLICA TION

Themodelsystemunderdevelopmentwill provide a comprehensive predictive tool for nearshore
processes,andwill have a wide rangeof usesin thescientificcommunity, aswell asin DoD andcivil
planningandoperations.
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Figure3: Top: Contoursof cross-shorevelocity + andalongshorevelocity , from a simulationusing
thePrincetonOceanModel,, adaptedfor usein thenearshoreandincludingasubmodelparameterizing
thewave-currentinteraction(StylesandGlenn,2000). Thecontourinterval is 0.05ms- � with dashed
contoursrepresentingonshoreflow. Thealongshorevelocitiesareto thesouth.Bottom: Verticalpro-
files of + and , at thelocationsof sledvelocity measurementson Oct. 12, 1994at Duck, NC (Garcez
Faria et al. 1998;GarcezFaria et al. 2000). The solid lines arethe modelvelocitiesandthe bullets
arethemeasurments.Themodelis forcedwith gradientsof theradiationstresstensorcalculatedfrom
measuredwaveheightsandtheeffectsof rollersareincluded.
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RELATED PROJECTS

The investigatorsin the NOPPproject have a rangeof individual projectswith closely related
scienceandmodelingobjectives. The NOPPmodeldevelopmenteffort benefitstheseotherongoing
studiesby increasingcollaborationandexchangeof resultsanddataamongthe partners.The NOPP
projectallows resultsfrom individual investigationsto be synthesizedinto a community-widemodel
for nearshoreprocesses.
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