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LONG-TERM GOAL

My longterm goal is to develop physics-based models to predict nearshore morphology changes,
and to test the models against available field data.

OBJECTIVES

The objectives of the present project are to:

1. Incorporate a sediment transport and bed morphology capability in the wave-induced circulation
model ofÖzkan-Haller and Kirby (1997, 1999)

2. Use the resulting model to study the growth to finite amplitude of bottom perturbations on initially
longshore-uniform planar or barred beaches

3. Use the model to investigate the evolution of three-dimensional bed features under specific wave
conditions, in comparison to ARGUS video results for the Duck FRF site.

4. Begin the development of an instantaneous sediment transport capability (on a wave by wave
basis) in the Boussinesq model of Wei et al (1995).

APPROACH

Our approach is to use a robust numerical code for the modeling of 2D or quasi-3D wave-driven
nearshore circulation as the basis for computing the local wave-averaged sediment transport rate and the
resulting evolution of nearshore morphology. The model results will be limited in accuracy by both the
accuracy of input wave information and by the accuracy of the local sediment transport model. By using
data from the FRF ARGUS station and related wave information from in situ pressure gage arrays, we
seek to determine whether the model will reproduce qualitative shifts in overall bed geometry which
have been observed to correlate with shifts in wave conditions (Lippman and Holman, 1990).

WORK COMPLETED

We have incorporated a sediment transport formulation and bed morphology calculation into the
nearshore circulation model ofÖzkan-Haller and Kirby (1997, 1999), and have begun to use the model
to study evolution of large amplitude bed forms in river environments as well as the nearshore environ-
ments. The study of river environments has proven to be a useful intermediate step, as it has allowed us
to test the robustness of the computational model before concentrating on the accuracy of the sediment
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transportformulationafterwavesareincluded.River environmentsprovide striking examplesof large
amplitudebedfeatures,includingalternatingbarconfigurationswith strongshock-like structures.We
have begunan evaluationof the long-termbehavior of variousunstablebedformpatterns,whoselin-
earstability analyseshave beendescribedin the literature(Falqúeset al, 1996;Schielenet al, 1993).
Work on extendingthemodelto incorporatea Bagnold-Bailard-Bowen typemodelfor wave-induced
transportis underway.

RESULTS

Resultsto datehaveconcentratedon calculationsbasedon sedimenttransportmodelingfor slowly
varyingunidirectionalflows,aspursuedin Falqúeset al. (1996)for coastalenvironments,or by Parker
(1976),Colombiniet al (1987),Schielenet al (1993)andothersfor river environments.In particular,
we have concentratedrecentlyon theevolution of alternatebarsin river environments.Thegrowth of
thesebarsasa bedinstability hasbeenunderstoodasa linear instability processsinceParker (1976),
andColombiniet al (1987)showedin a next-higher-ordercorrectionthat thebarcrestscouldbecome
obliqueto thechannelsides.However, it haslongbeenunderstoodfrom observationsthatalternatebars
cangrow into very largeamplitudestructureswith very abrupt,down-channelfacingdepthincreases,
takingon ashock-likeappearance.Examplesin Changet al (1971)serveasaguidelinefor testing.An
examplefrom ourownnumericalwork is illustratedin Figures1 and2. Figure1 illustratestheevolution
of a singlealong-channelwavelengthof a nearly-fastestgrowing linearperturbationin a channel200
m wide and5 m deep.In thesefigures,along-channelis orientedup thepage.Theinitially sinusoidal
barsshown at

�����
take on an obliquecharacterandevolve into shock-like structuresfairly rapidly,
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asillustratedon the rightmostpanel. Figure2 illustratesthecontinuationof this process
at muchlater time, wherethe shockstructurehasequilabratedandis propagatingalongthe channel.
Depthsin thescourholesimmediatelydownstreamof thebarcrestscanbetwicetheinitial unperturbed
channeldepth.

Featuressuchas theseshow up in a wide rangeof test calculationswith a variety of sediment
transportformulationsandchannelgeometries,andthusarelikely to self-organizingfeaturesto some
degree. However, the quantitative accuracy of the morphologypredictionshereis almostcertainly
dependenton the chosensedimenttransportrelationaswell as the limitation to depth-integrated2-
D hydrodynamics.We areattemptingnow to evaluatevarioussteady-flow transportformulationsby
comparingnumericalresultsto measureddata. The resultingformulation will then be extendedto
includewave-inducedmomentsandappliedto coastalsettings.

IMPACT/APPLICATION

Thiswork is intendedto provideaprocess-basedmodelfor predictingnearshorelargescalebedform
evolution over dayto weektime scales,asa first stepto bridgingthegapbetweenshort-timephysical
predictionsandlongertime (annualandlonger)predictionsbasedon parameterizedphysics.This gap
is still immense,andwill only beclosedwith (1) theadventof bothfastercomputersandwith (2) the
ability to assessthe accuracy of local sedimenttransportformulationsappliedover reasonablylong
timescales.Wearemainly concernedwith thesecondaspectof this problem.

TRANSITIONS

Thework on morphologyevolution conductedherewill carryoverdirectly into theseabedmodule
work in theNOPPnearshoreproject. TubaÖzkan-Halleris working very closelywith us,with model
extensionsanddevelopmentsbeingsharedby all investigators.
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Figure1: Initial growth of asinusoidalalternatingbarin aslopedchannel.Theinitial barconfiguration
is basedon linearperturbationanalysisandhasanalong-channellengthslightly longerthanthefastest
growing mode.Initial channeldepthis 5 meters,andlabelledcontoursaredepthsin meters.
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Figure2: Later stagesof alternatingbar evolution, showing equilibrationandalong-slopemigration
of bars. Notedeepscourholesimmediatelydownstream(or up-page)from bar crests,aswell asteh
steadinessof thezig-zaggingshock-likestructuresin thebed.
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RELATED PROJECTS

(1) N00014-99-1-0490”Predictionof theLow Frequency Wave Field on OpenCoastalBeaches”,
H. TubaÖzkan-Haller, Univ. Mich. Tubais directly involved in this work, andwill be in principal
chargeof transitioningresultson themorphologymodelhereto NOPPmodels.We arealsousingher
work on extensionsto thewavedriverportionof thehydrodynamiccode.

(2) N00014-99-1-1051(NOPP)”DevelopmentandVerificationof a Comprehensive Community
Model for PhysicalProcessesin theNearshoreOcean”,JamesT. Kirby et al, Univ. of Del. Thework
onmorphologyevolutiondoneherewill provideafoundationfor work in thisareain theNOPPproject.
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