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Abstract The effectsof cohesivesedimentaryenvironmentn nearshorevave evolutionare
studiedcomparingparallelin situ observationst two locationsalongthe WestLouisianacoast.
The sites are located nearthe 5 m isobath,and subjectto nearly identical atmosphericand
offshore sea conditions, but are characterizedby different sedimentaryenvironments,one
dominated by sand, the other by mud.

Over the muddy seabedyave dissipationis observedacrossthe spectrum.Strongdamping
of thehigh frequencyseaband(whichinteractsweakly with the bottom)suggestshata different
dissipationmechanisnthan bottom friction becomesactive during a storm, possiblyincreased
viscosity due to resuspended sediment.

Existing wave models have largely been developedfor sandy environmentsand do not
distinguish between the different sedimentaryfabrics. Preliminary numerical simulations
reproducenaveevolutionin the sandyenvironmentairly well, but overestimatevaveenergyin
the case of the muddy environment.

INTRODUCTION

Recentresearchefforts directedat understandingoastaldynamics,(eg. the massivefield
experimentdduck '97, SHOWEX 1999) haveleadto anincreasen the accuracyof predicting
waves,currents,and sedimenttransport/morphologyn the nearshorepften beyondthe present
measurementapabilities. The fact that Duck, NC, where nine major field experimentshave
been conductedsince 1977 (best-studiedbeachin the world), has a nearly plane beach of
mediumgrained,quartzsand,haspromoteda unilateraldevelopmentMost mathematicabnd
numericalmodelshave beentunedfor sandyenvironmentsHowever, approximately80% of
non-rocky coastalregionsworldwide are mixed sand,silt, andmud (Haydenand Dolan 1976),
andare, therefore,of a more cohesivenature. Strictly speakingapplicationsof existingwave
models should be restrictedto sandy beaches,since the physics of cohesive sedimentary
environments are not well understood and not accounted for in the models.

The presentwork investigateshe effectsof cohesivesedimentn coastalwavefields, with
the focus on mesoscalevave propagationeffects. As the dominantforcing for most coastal
processesyaveevolutionhasimplicationsin all aspect®of coastaldynamics:smallinaccuracies
in wave predictioncanleadto severedistortionsin wave-drivencurrentsandsedimentransport
predictions.Strong evidenceexists (Forristall and Reece,1985; Tubmanand Suhayda, 1976),
that wave propagationn cohesivesedimentenvironmentdiffers significantly from well-sorted
sand beaches. In the Gulf of Mexico, some differences became apparent during Hurricane
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Camille whentwo oil platforms,designedo withstandwave overloadsof up to 20-25m wave
heightweretoppleddueto soil shearstrengthfailures(mudfluidization), penetratingdownto 26
m below the sea floor (Sterling and Strohbeck, 1973).

Dueto the diversity of sedimentarfabric (wide grain sizedistributionsedimentnflux from the
Mississippi and Atchafalaya rivers), geographicallocation, and the unique observational
capabilitiesavailableat Coastal StudiesInstitute (CSl), the Louisianacoastlineand shelf are
particularly suited for developingand testing technologywhich involves wave dynamicsin
heterogeneousedimentaryenvironmentsAreaswith water depthsof 2 to 10 m stretchingfor
tensof kilometersin the cross-shorgrovide good testing groundsfor mesoscaldinite-depth
wave propagationmodels.Wave conditionsexhibit a rich mixture of seasand swells, due to
finely balanced generation and dissipation mechanisms.

The observationatomponenbf this studyis presentedn Section2. Section3 discussesvave
observation, both in the time and frequency domain. Results are summarized in Section 4.

OBSERVATION ARRAY

Observations presentedin this paper were obtained from WAVCIS, (Wave-Current
Information System,wavcis.csi.Isu.edu)a coastaloceanobservingsystemin operationat CSl,
LouisianaStateUniversity. The generallayout of the WAVCIS arrayis shownin Figurel. The
near true-color MODIS image, at a 250 m resolution, is provided by the Earth Scan Laboratory,
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CSlI, and illustrates conditions along the Louisiana coast. Large concentrationsof surface
sedimentscan be seentypically in and aroundthe AtchafalayaBay system(the brownishtint
aroundstation CSI 3, Fig. 1). To the East(stationCSl 5), the bedis composedprimarily of
guartz-rich sands.

WAVCIS containsanintegratedmeteorologicahnd oceanographisensorarraythat provides
a comprehensiveuite of observationsncluding wave, current,wind velocity, air pressureand
temperaturgsee Stone2001 for a detailedoverview of instrumentation). The array contains
Acoustic Doppler Velocimetersthat have beenupgradedto facilitate a more comprehensive
wavespackagen additionto the conventionalelocity profilesthroughoutthe watercolumn. A
standalone, co-locatedcurrentmeter and precisepressuresensorarray allow for independent
measurementsf directionalwave characteristics.Data obtainedfrom the latter array are used
solelyfor purposegpresentedhere. We comparevavemeasurementt two WAVCIS sites,CSI



3 andCSI 5. CSI 3 is locatedsouthof the AtchafalayaBay andis characterizedy a muddy
bottom. CSI 5 is located south of Terrebonne Bay, (primarily quartz-rich sand). Both stations are
located near the 5 m isobath and are approximately 100 km apart.

WAVE OBSERVATIONS

Relatively energetic waves are generatedalong the west Louisiana coast during winter,
commonlyby atmospherigerturbationsassociateavith passagesf cold fronts (Chaney,1998).
Figure2 showstime seriesof wavesandwind measurementsollectedduring Winter and Spring
2001. Stormscan be easily identified as peaksin both wind velocity (Fig. 2b) and significant
wave height (Fig. 2c). During prefrontal

conditions,strongwinds typically rotatefrom E to S, andfrom SEto N afterthe passag®ef the
front. Wind measurements at the two locations are nearly identical, suggesting that a typical time
lag betweenCSI 3 andCSI 5 recordsof the sameatmospheri@ventis of theorderof hours.This
is consistentwvith the fact thatthe distancebetweenhe stations(about100 km) is severaltimes
smaller than the horizontal scale of the disturbanceassociatedvith a typical cold front. In
contrastto the similarity of the wind records,the characteristicparametersf the observed
wavefieldsdiffer in anumberof significantways.While waveheightslargerthat2.0 m arequite
common at CSI 5, they rarely exceed 1.0 m at CSI 3 (Fig. 2c).

A decreasdn wave energyat CSI 3 is expected,due to strong wave attenuationeffects
associatedvith muddy environmentsMeasurementgxhibit, however,a degreeof asymmetry,
whichwarrantsa closeranalysis Waveenergypeaksearlieratthe muddysite (CSI 3), anddrops
to lower levelsduring fair weatherperiods.This createsan apparentag in waveresponsdo the
storm.Wind recordssuggestthough,thatthe lag is not relatedto the time requiredfor the storm
to move from CSI 3 to CSI 5. Recordsof wave height and period at the two locationsare
comparedn Fig. 3, with valuesmeasuredvithin the first andsecondhalf of the stormduration
plottedin redandblue,respectivelyThefirst half of the stormis characterizedby similar energy
levels,with shortermeanperiodsat CSI 3. In the secondhalf of thestormduration,energylevels
dropat CSI 3 comparedvith CSI 5, howeverperiodstendto convergeln generalmeanperiods
(Fig. 2d) measured at CSI 3 are consistently lower than those at CSI 5 by about 1 s on average.

The aboveresultsare only partially consistentwith a wave attenuationrmechanisnmbasedon
bottom-friction.We expectlocally forced, high frequencywavefields(sea,periodsof about3 s)
to dominatethe storm onset,and have comparableenergy at both sites (due to similar wind
conditions).For these , wave bottom interactionis weak, and propagatioreffectsshouldnot be
important.As wavesage, swell becomesncreasinglyimportant.In 5 m of water depth, swell
(periodsbetween7 and8 s) interactsstrongly with the bottom,andis likely stronglydampedat
the muddy site. Lower energylevelsduring the secondhalf of the storm,are expectedat CSI 3
(Fig. 3a). Onewould also expect,however,to find high wavesdominatingthe muddy site, and
this is apparently not the case (see Fig. 3b).

Fig. 4 showscontourplots of the spectralevolutionof the wavefieldsat the two locationsduring
theeventmarkedby anarrowin Fig. 2. For referencewind speedandsignificantwaveheights
are also plotted, Fig. 4c,d. We distinguish between sea and swell by dividing the frequency






domaininto two bandson eachsideof the arbitraryvalueof 0.2 Hz. The division is basedupon
the obvious differences in the evolution of the two wave systems.

Swellis characterizedby a smoothevolution,consistentith it's large spatialscalecharacter.
It increasest the onsetof the stormuntil it dominateshe peakof the stormat CSI 5 (Fig. 4b)
andthendecreasesteadily.At CSI 3, swell energyis distributedin a similar way, but with a
much lower energy content (strong bottom friction).

By comparisonseabandevolutionat CSI 3 is strikingly rough.The energyincreasesteadily
at the onsetof the storm, but while at CSI 5 the decreasds smooth,at CSI 3 short wave
evolutionis almostdiscontinuoughey disappeaalmostcompletelyassoonasthe wind forcing
drops(seeFigure4c). This behavioris quite typical. Figure 6 showstime seriesof variancesof
the two wave systemdor the entire three-monthrecord. When separatedCSI 3 andCSI 5 sea
andswell frequencybandsexhibit no noticeabletime lag. Swell is consistentlylessenergeticat
CSI 3, by aboutan order of magnitude with no apparentorrelationto the observedseastate.
Seawaveshavecomparablerdersof magnitudewith higherspeedsbut CSI 3 seadissipatesas
soon as the wind forcing disappears.

CONCLUSIONS

Wave propagationis monitoredfor the first time simultaneouslyat two “parallel” WAVCIS
sites, CSI 3 and CSI 5. For the different sedimentaryenvironments(muddy and sandy,
respectively)conditionsat the two observationstationsare similar (both nearthe 5 m isobath,



similar wind records).The relatively short duration atmosphericdisturbancesassociatedvith
cold front passage®ver the west Louisianacoasttend to generatetwo distinct wavefields,
denotechereby swell (frequencylessthan0.2 Hz) andsea.The 0.2 Hz thresholds arbitrarybut
supported by the observed evolution of the wavefields.

Significantdifferencesn waveconditionsresultfrom the different sedimentaryfabric of the
seabed Wave attenuationin the cohesivesedimentaryenvironmentis a leadingorder effect,
observablaacrosghe spectrumSwellis attenuatedt the muddy site comparedo the sandysite
by an orderof magnitudein variance.The effectis consistentwith a friction-type wave-bottom
interaction:it is activeonly in the swell band,continuously regardles®f the seastate. This type
of attentionhasbeenobservedandstudiedpreviously(e.g.ForristallandReece 1985),although
no comparisons with sandy environments have been reported.

A new result is the observedstrong damping of high frequency sea waves. At sea
frequenciesdampingis likely dueto increasedviscosity by sedimentresuspensiomratherthan
bottom interaction. Numerical simulations (not shown) using a third-generationwave model
Swan,(Booij etal. 1999),yield nearlyidentical predictionsfor both sites.The simulationsagree
well with observationsat the sandysite, but severelyoverestimatevave energyat the muddy
site. Themodelimplementsbottomdissipationschemeslevelopedor sandyenvironmentsand
consequently does not distinguish between the different sedimentary fabrics.

Work is underway to increasefluid mud monitoring capabilitiesof WAVCIS to investigate
mud resuspensioeventsand mechanismsNew approache$or modelingwave propagationn
heterogeneous sedimentary environments are under development.
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