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Abstract � The effectsof cohesivesedimentaryenvironmentson nearshorewaveevolutionare
studiedcomparingparallelin situ observationsat two locationsalongthe WestLouisianacoast.
The sites are locatednear the 5 m isobath,and subject to nearly identical atmosphericand
offshore sea conditions, but are characterizedby different sedimentaryenvironments,one
dominated by sand, the other by mud.  
 

Over the muddyseabed,wavedissipationis observedacrossthe spectrum.Strongdamping
of thehigh frequencyseaband(which interactsweaklywith thebottom)suggeststhatadifferent
dissipationmechanismthanbottom friction becomesactive during a storm,possibly increased
viscosity due to resuspended sediment.

Existing wave models have largely been developedfor sandy environmentsand do not
distinguish between the different sedimentary fabrics. Preliminary numerical simulations
reproducewaveevolutionin thesandyenvironmentfairly well, but overestimatewaveenergyin
the case of the muddy environment.

INTRODUCTION
Recentresearchefforts directedat understandingcoastaldynamics,(eg. the massivefield

experimentsDuck '97, SHOWEX 1999)haveleadto an increasein the accuracyof predicting
waves,currents,andsedimenttransport/morphologyin the nearshore,often beyondthe present
measurementcapabilities. The fact that Duck, NC, wherenine major field experimentshave
beenconductedsince 1977 (best-studiedbeach in the world), has a nearly plane beachof
mediumgrained,quartzsand,haspromoteda unilateraldevelopment:Most mathematicaland
numericalmodelshavebeentuned for sandyenvironments.However,approximately80% of
non-rockycoastalregionsworldwide aremixed sand,silt, andmud (HaydenandDolan 1976),
andare,therefore,of a morecohesivenature. Strictly speaking,applicationsof existingwave
models should be restricted to sandy beaches,since the physics of cohesivesedimentary
environments are not well understood and not accounted for in the models.

Thepresentwork investigatestheeffectsof cohesivesedimentson coastalwavefields, with
the focus on mesoscalewave propagationeffects.As the dominant forcing for most coastal
processes,waveevolutionhasimplicationsin all aspectsof coastaldynamics:small inaccuracies
in wavepredictioncanleadto severedistortionsin wave-drivencurrentsandsedimenttransport
predictions.Strongevidenceexists(Forristall and Reece,1985; Tubmanand Suhayda,1976),
that wavepropagationin cohesivesedimentenvironmentsdiffers 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,designedto withstandwaveoverloadsof up to 20-25m wave
heightweretoppleddueto soil shearstrengthfailures(mudfluidization),penetratingdownto 26
m below the sea floor (Sterling and Strohbeck, 1973). 

Dueto thediversityof sedimentaryfabric (wide grainsizedistributionsedimentinflux from the
Mississippi and Atchafalaya rivers), geographical location, and the unique observational
capabilitiesavailableat CoastalStudiesInstitute (CSI), the Louisianacoastlineand shelf are
particularly suited for developingand testing technologywhich involves wave dynamicsin
heterogeneoussedimentaryenvironments.Areaswith water depthsof 2 to 10 m stretchingfor
tensof kilometersin the cross-shoreprovide good testinggroundsfor mesoscalefinite-depth
wave propagationmodels.Wave conditionsexhibit a rich mixture of seasand swells, due to
finely balanced generation and dissipation mechanisms.

The observationalcomponentof this study is presentedin Section2. Section3 discusseswave
observation, both in the time and frequency domain. Results are summarized in Section 4.

OBSERVATION ARRAY
Observations presented in this paper were obtained from WAVCIS, (Wave-Current

InformationSystem,wavcis.csi.lsu.edu),a coastaloceanobservingsystemin operationat CSI,
LouisianaStateUniversity.Thegenerallayoutof the WAVCIS arrayis shownin Figure1. The
near true-color MODIS image,  at a 250 m resolution, is provided by the Earth Scan Laboratory, 
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CSI, and illustrates conditions along the Louisiana coast. Large concentrationsof surface
sedimentscan be seentypically in and aroundthe AtchafalayaBay system(the brownishtint
aroundstationCSI 3, Fig. 1). To the East (stationCSI 5), the bed is composedprimarily of
quartz-rich sands. 

WAVCIS containsan integratedmeteorologicalandoceanographicsensorarraythat provides
a comprehensivesuiteof observationsincluding wave,current,wind velocity, air pressureand
temperature(seeStone2001 for a detailedoverview of instrumentation). The array contains
Acoustic Doppler Velocimetersthat have beenupgradedto facilitate a more comprehensive
wavespackagein additionto theconventionalvelocity profiles throughoutthewatercolumn. A
standalone,co-locatedcurrentmeterand precisepressuresensorarray allow for independent
measurementsof directionalwavecharacteristics.Dataobtainedfrom the latter arrayareused
solelyfor purposespresentedhere. We comparewavemeasurementsat two WAVCIS sites,CSI



3 and CSI 5. CSI 3 is locatedsouthof the AtchafalayaBay and is characterizedby 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 atmosphericperturbationsassociatedwith passagesof cold fronts (Chaney,1998).
Figure2 showstime seriesof wavesandwind measurementscollectedduringWinter andSpring
2001.Stormscan be easily identified as peaksin both wind velocity (Fig. 2b) andsignificant
wave height (Fig. 2c). During prefrontal
conditions,strongwinds typically rotatefrom E to S, andfrom SEto N after thepassageof the

front. Wind measurements at the two locations are nearly identical, suggesting that a typical time
lagbetweenCSI 3 andCSI5 recordsof thesameatmosphericeventis of theorderof hours.This
is consistentwith the fact that thedistancebetweenthestations(about100km) is severaltimes
smaller than the horizontal scaleof the disturbanceassociatedwith a typical cold front. In
contrastto the similarity of the wind records,the characteristicparametersof the observed
wavefieldsdiffer in a numberof significantways.While waveheightslargerthat2.0m arequite
common at CSI 5, they rarely exceed 1.0 m at CSI 3 (Fig. 2c). 

A decreasein wave energy at CSI 3 is expected,due to strong wave attenuationeffects
associatedwith muddyenvironments.Measurementsexhibit, however,a degreeof asymmetry,
whichwarrantsa closeranalysis.Waveenergypeaksearlierat themuddysite(CSI 3), anddrops
to lower levelsduring fair weatherperiods.This createsanapparentlag in waveresponseto the
storm.Wind recordssuggest,though,thatthe lag is not relatedto thetime requiredfor thestorm
to move from CSI 3 to CSI 5. Recordsof wave height and period at the two locationsare
comparedin Fig. 3, with valuesmeasuredwithin the first andsecondhalf of the stormduration
plottedin redandblue,respectively.Thefirst half of thestormis characterizedby similar energy
levels,with shortermeanperiodsat CSI3. In thesecondhalf of thestormduration,energylevels
dropat CSI 3 comparedwith CSI 5, howeverperiodstendto converge.In general,meanperiods
(Fig. 2d) measured at CSI 3 are consistently lower than those at CSI 5 by about 1 s on average.

The aboveresultsareonly partially consistentwith a waveattenuationmechanismbasedon
bottom-friction.We expectlocally forced,high frequencywavefields(sea,periodsof about3 s)
to dominatethe storm onset,and have comparableenergyat both sites (due to similar wind
conditions).For these,wavebottominteractionis weak,andpropagationeffectsshouldnot be
important.As wavesage,swell becomesincreasinglyimportant.In 5 m of water depth,swell
(periodsbetween7 and8 s) interactsstronglywith the bottom,andis likely stronglydampedat
themuddysite.Lower energylevelsduring the secondhalf of the storm,areexpectedat CSI 3
(Fig. 3a).Onewould alsoexpect,however,to find high wavesdominatingthe muddysite, and
this is apparently not the case (see Fig. 3b).   
Fig. 4 showscontourplotsof thespectralevolutionof thewavefieldsat thetwo locationsduring
theeventmarkedby anarrowin Fig. 2. For reference,wind speed,andsignificantwaveheights
are also plotted, Fig. 4c,d. We distinguish between sea and swell by dividing the frequency 
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domaininto two bandson eachsideof thearbitraryvalueof 0.2 Hz. Thedivision is basedupon
the obvious differences in the evolution of the two wave systems. 

Swell is characterizedby a smoothevolution,consistentwith it's largespatialscalecharacter.
It increasesat the onsetof thestormuntil it dominatesthe peakof the stormat CSI 5 (Fig. 4b)
andthen decreasessteadily.At CSI 3, swell energyis distributedin a similar way, but with a
much lower energy content (strong bottom friction). 

By comparison,seabandevolutionat CSI 3 is strikingly rough.Theenergyincreasessteadily
at the onsetof the storm, but while at CSI 5 the decreaseis smooth,at CSI 3 short wave
evolutionis almostdiscontinuousthey disappearalmostcompletelyassoonasthe wind forcing
drops(seeFigure4c). This behavioris quite typical. Figure6 showstime seriesof variancesof
the two wavesystemsfor the entire three-monthrecord.Whenseparated,CSI 3 andCSI 5 sea
andswell frequencybandsexhibit no noticeabletime lag. Swell is consistentlylessenergeticat
CSI 3, by aboutan orderof magnitude,with no apparentcorrelationto the observedseastate.
Seawaveshavecomparableordersof magnitudewith higherspeeds,but 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 observationstationsaresimilar (both nearthe 5 m isobath,



similar wind records).The relatively short durationatmosphericdisturbancesassociatedwith
cold front passagesover the west Louisiana coast tend to generatetwo distinct wavefields,
denotedhereby swell (frequencylessthan0.2Hz) andsea.The0.2Hz thresholdis arbitrarybut
supported by the observed evolution of the wavefields.  

Significantdifferencesin waveconditionsresult from thedifferentsedimentaryfabric of the
seabed.Wave attenuationin the cohesivesedimentaryenvironmentis a leadingorder effect,
observableacrossthespectrum.Swell is attenuatedat themuddysitecomparedto thesandysite
by an orderof magnitudein variance.The effect is consistentwith a friction-type wave-bottom
interaction:it is activeonly in theswell band,continuously,regardlessof theseastate.This type
of attentionhasbeenobservedandstudiedpreviously(e.g.Forristall andReece,1985),although
no comparisons with sandy environments have been reported. 

A new result is the observedstrong damping of high frequency sea waves. At sea
frequencies,dampingis likely dueto increasedviscosityby sedimentresuspension,ratherthan
bottom interaction.Numerical simulations(not shown) using a third-generationwave model
Swan,(Booij et al. 1999),yield nearlyidenticalpredictionsfor bothsites.Thesimulationsagree
well with observationsat the sandysite, but severelyoverestimatewave energyat the muddy
site.Themodelimplementsbottomdissipationschemesdevelopedfor sandyenvironments,and
consequently does not distinguish between the different sedimentary fabrics. 

Work is underway to increasefluid mudmonitoringcapabilitiesof WAVCIS to investigate
mud resuspensioneventsandmechanisms.New approachesfor modelingwavepropagationin
heterogeneous sedimentary environments are under development. 
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