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Observations of waves, currents, suspended sedic@mtentration and acoustic backscatter are usetke-to
investigate the interaction between the combinedrevarrent flow and cohesive sediments on the muddy
Atchafalaya inner shelf. Observations support tfeipusly proposed bed reworking cycle by wavemobilization

and resuspension of bed sediment, erosion, depositith fluid mud formation and consolidation. Sesgded
sediment concentration profiles are estimated basedhe acoustic backscatter of a current profiferone-
dimensional vertical bottom boundary model is usedeconstruct the vertical structure of the flomaracteristics,
and estimate parameters difficult to observe diyectuch as bottom shear stress. Estimated bedtiqrosi
concentration profiles and computed bottom stressmsrkably support the previous findings on thidmo stress-
resuspension relation, critical shear stress fmsien and bed density variation throughout a storm.
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INTRODUCTION

Interaction between turbulent flow and cohesivaliment processes is strong in muddy
environments (e.g., Traykovski et al. 2007, Jallarst al. 2009, Allison et al. 2000, Safak et20.10,
Sheremet et al. 2011, Sahin et al. 2012, Safak ender review and many others). During energetic
events, waves and currents may induce bulk stresseeding the yield threshold and soften the muddy
bed, mobilize and resuspend sediment which thefesett the end of the storm. Since pore pressure
increases and sediment matrix is broken, near-Joéd hud layers of high concentration form which
then contribute to wave dissipation (Allison et 2000, Sheremet et al. 2011, Safak et al. under
review).

The wide and shallow (maximum slope is 1:1000) myudtthafalaya subaqueous clinoform has
been the focus of several studies over the lasidie€Allison et al. 2000, Sheremet and Stone 2003,
Sheremet et. al 2005, Kineke et al. 2006, Jararetli@. 2009, Safak et al. 2010, Sheremet et 41120
The results of these studies, mostly based on alpgioint measurements of suspended sediment
concentrations (SSC) and acoustic measurement®afpbsition and flow velocities (single point
measurements or vertical profiles), suggest thab#d state follows a predictable bed reworkindecyc
of dilation due to fluidization, sediment resuspengleading to bed erosion, deposition with floadd
formation, and eventually to dewatering and couistion.

Recent study by Sahin et al. (2012) representedffant to assemble the observations of flow
velocities, SSC, and sea-bed position into a miaar picture of wave-current-sediment interaction o
the Atchafalaya Shelf. An important improvementtirat study over the previous ones was the
conversion of backscatter intensity of an acoystafiler to vertical SSC profiles. This allowed far
check for the vertical mass balance between thdl@aaand the water column in order to investigate
the relative importance of sediment resuspensionadeection of the material brought by the
Atchafalaya River. Also, based on the vertical snhalance, evolution of the bed density during a
storm was roughly estimated to vary within the &g 1,030 kg/mto1,200 kg/m As it might be
expected, bed density estimates showed an inceetisind during erosion phase and decreased during
deposition, then at the end of the storm, showedrsistent increasing trend during hindered settlin
and exceeded the space-filling value during codatitin. Another effort was constraining a one-
dimensional vertical (1DV) bottom boundary layerdabfor cohesive beds (Hsu et al. 2009) with
vertical distributions of SSC and flow velocity nse@ements in order to obtain bed shear stresses
throughout the storm which cannot be observed tjrelnterpretation of bed shear stress estimates
together with the evolution of approximate sea iflposition revealed that sediment resuspension is
strongly controlled by variation of bed shear ®tremd the critical erosion threshold is in thegeanf
0.3 Pato 0.5 Pa.

This paper investigates the interaction betweendyuska floors and hydrodynamics using a
similar approach with Sahin et al. (2012), thisdifar different storm conditions at same water dept
order to compare the previous results. Suspendditheat concentration (SSC) is estimated based on
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PC-ADP (Pulse-Coherent Acoustic Doppler Profilesn®k/YSI) backscatter. The 1DV model of Hsu
et al. (2009) iscalibrated using suspended sedimeoncentration estimates and wave-current
measurements to estimate the bottom stresses.tRasellexpected to constitute a step toward byjldin
a more general model of the interaction between-bed hydrodynamics and muddy seafloors.

FIELD EXPERIMENT

Site and Instrumentation

The data set presented here was collected nea#-theisobath between February 26th and
February 28th, 2008 on the muddy inner shelf franthe Atchafalaya Bay, Louisiana (Fig. 1a). The
location and instrumentation are the same withothes presented in Sahin et al. (2012). A scheroétic
the platform with the locations of the instrumeistshown in Fig. 1b.
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Figure 1. (a) The approximate distribution of the s urficial sediments on the Atchafalaya Shelf. The ci  rcle
marks the location of the instrumented platform (29 .26° latitude North, 91.57 ° longitude West). (b) The
positions of the instruments deployed with respect to the bed. For point measurements, the location of the
sampling volume is marked by a circle. For profiler s, arrow indicates the direction of the acoustic si gnal.

The instrumentation set comprised a downward-pan®C-ADP, an upward-pointing ADCP
(Acoustic Doppler Current Profiler, 1200 kHz, Tefed RD Instruments), an OBS-3 (Optical
Backscatterance Sensor, D&A instruments), an OEB&A instruments) and a Seabird MicroCAT.
The PC-ADP sampled near-bed current velocitiestawkscatter profiles at 2-Hz in 27 bins of 3.2 cm
following a 30 cm blanking distance. Direct SSC aations were provided by the OBS-5 that
recorded 2-min averages of turbidity, and the OB&®pling synchronously with the PC-ADP. The
ADCP measured waves and currents in 20-cm binstivitHowest bin located in 2 meters above bed at
2-Hz in 40-min. bursts every hour. A Seabird MicAdCat 55 cmab sampled salinity and temperature
synchronously with the PC-ADP. Directional wavepe were obtained with a frequency resolution of
0.0078 Hz and angular resolution of 4 degrees.

Observations

The storm investigated took place in late Febraarhe same observation location with the storm
discussed in Sahin et al. (2012). The storm stanedn westerly winds changed to northerly (not
shown here) on February 26th at 12:00 hours. Sssmshing almost 1-m height were produced by the
storm. The energy of swell was insignificant thrbogt the storm. With decreasing wind speed,
significant wave height dropped to about 0.1-mhatend of the storm (Fig. 2a).

The PC-ADP captured three significant current milfest two of which took place on early
February 27th flowing towards SSW. The third stemgurrent pulse flowing towards east started
about 5 -hrs after the second one weakened, oru&ghb27th at 10:00 hours. During this 5-hrs weak-
current period between the second and the thirdegulthe direction changed slowly from easterly to
westerly (Figs. 2b and 2c). During the first twdgms, significant drop in temperature and saliratyl
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increase in SSC were observed suggesting a fadt fsater, likely sediment-loaded, income to the
experimental site (Figs. 2d and 2e). After Febru2argh at 10:00 hours, with the start of current
direction change slowly to westerly, the tempematamd salinity values started increasing, SSCestart
decreasing. During the peak of the third pulselmdame day at 12:00 hours, SSC values increased
significantly again, probably as a result of lo@duspension due to increasing bottom stress idduge
high current speed.
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Figure 2. Storm of February 26th to 28th: (a) Signi  ficant wave height (short-wave: thick line, swell: thin line).

(b) Vertical structure of mean current recorded by
SSC observed by the OBSs located at 18 cmab (thin |
temperature (thin line) at 55 cmab. Locations of th

the PC-ADP. (c) Direction of PC-ADP mean currents.
ine) and 10 cmab (thick line). (e) Salinity (thick
e instruments are shown in Fig. 1b. In the directio

convention used, the direction indicated is the dir

ection of the flow (e.g., N means flowing northward ).
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The focus in the rest of this study will be the -alagy period on February 27th with strongest waves
and currents, and highest concentrations measiitezl sea-floor showed a similar response to wave
and current action to that observed by Sahin e{28112). Because strong re ections are typically
associated with sharp density gradients, the jposiif the bed is estimated here as the approximate
position of the near-bed local backscatter maxinfolack area in Fig. 3b). Following the increase in
wave energy and current speed in the morning ofuzelp 27th, the bed level falls for about 4 hours
between 01:00 hours -05:00 hours (erosion). Betktion (deposition) starts following the decrease i
current speed until the start of the third stromgrent event at 10:00 hours which again caused a
significant resuspension of the bed sediment (keehigh bacscatter intensity values in the water
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column). With the end of the third current pulsed attecreasing wave energy, the water column
becomes almost sediment-free (low backscatter sittgnsuggesting a settling and deposition of
sediment after Febrauary 27th at 21:00 hours. Huepwmsition was recorded at about 4-cm above its
initial position at the end of the storm indicatiadormation of a layer of fluid-mud and consolidat
These interpretations are in agreement with theipue observations (Sahin et al. 2012) that the
evolution of the seafloor throughout a one-day ratagvent goes through the following cycle:
mobilization and resuspension of bed sediment titropossible liquefaction and erosion, which is
followed by settling (fluid mud formation) and catislation as wave energy decays. The only
difference from the previous studies is that bdalidin was not observed in the beginning of thensto
The fact that the bed did not dilate here couldattiebuted to relatively low swell energy throughou
the storm.
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Figure 3. Wave conditions and bed position indicato rs and state during the storm of February 27th (a)
Significant wave height (short-wave: thick line, sw ell: thin line). (b) PC-ADP acoustic backscatter in  tensity.

WATER COLUMN PROCESSES

The vertical distribution of SSC was reconstruckedh by calibrating the acoustic backscatter
intensity of the PC-ADP and numerically. The nuro@rimodel also provided the evolution of the
bottom shear stress throughout the period investiga

The conversion algorithm for reconstruction of S@Gfiles from PC-ADP backscatter profiles
assumes a floc size independent of depth and applieethod given by Sahin et al. (under review) in
two steps: a) a procedure for estimationhef PC-ADP system constant, and b) an optimizaganch
for a depth-independent, “effective” floc size, mmponding to the best fit between backscatter and
optical SSC estimates. The range dependence oftacbackscatter was corrected for attenuation due
to water and sediment, and spherical spreadingyubki algorithm given by Thorne and Hanes (2002).
Because the system constant did not show sengitiviloc size in previous applications (e.g., Sadi
al. under review, Sahin et al. 2012), a constactdize of 200 um was used in calibration whicthis
consistent peak of the size distribution of preslgucollected data (Safak et al. 2010). After
determining the calibration constant, the effecfiee size corresponding to the best fit between th
PC-ADP estimates and measurements from the opsigadors was searched in the range between 50
pm and 350 um based on previous floc size measutsni8afak et al., 2010). The details of the
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conversion algorithm can be found in Sahin etwaidér review). The PC-ADP was calibrated using the
OBS measurements at two vertical points betweemugep 19th and February 28th. The SSC profile
and the floc size for each burst over the duradibthe experiment including the major event of iat
were determined. The deviation (RMS error) betwden calculated concentrations and the optical
measurements was 0.62 g/L with correlation coeffiti’=0.88.

The estimated profiles of SSC, together with theasneed current profiles, were then used to
constrain a 1DV bottom boundary model (Hsu et.609) in order to calculate bottom shear stresses at
different stages of bed reworking cycle. The moitgrates the two-phase (fluid and sediment)
Reynolds-averaged momentum equations based onbaldnt kinetic energy-dissipation rate of
turbulent kinetic energy k-e ) closure. The momentum balance is between freastrhorizontal
pressure gradient (prescribed as flow forcing dugaves and currents) and momentum transport by
fluid shear stresses (both viscous and turbulértte sediment concentration is balanced between
gravitational settling and turbulent mass flux. Téfeect of sediment on fluid turbulence is accodnte
for in the turbulence balances by the density-iediustratification due to vertical gradient of susexd
sediment concentration. The sediment phase isatkfimthe model with a primary particle size, floc
size, fractal dimension, resuspension coefficient eritical shear stress to initiate sediment nrotid
the bed, all of which are independent of time amchiion above the bed (constant floc density and
settling velocity). Further details of the numelinadel and the governing equations can be found in
Hsu et al. (2009).

The model was calibrated using the PC-ADP velogigasurements and the SSC estimates based
on the PC-ADP backscatter, and was run using tlaxaton time method which generates a mean
current profile with a user-defined depth-averageldcity. The oscillatory part of the flow was defl
in the model as a sinusoidal wave with the period ariance derived from PC-ADP observations. In
simulations, the oc size was varied between 50 amd 350 um (density between 1,100 kyand
1,350 kg/m). Because the model uses a no-flux boundary dondit the top of the model domain,
resulting in local concentration values close tooz¢he top of the model domain was set to 22 cm
above the first PC-ADP cell (~1-m model domain)isTallowed the model to match the concentration
estimates at the first PC-ADP cells. The SSC msfdnd bottom stresses calculated using the bottom
boundary-layer numerical model are shown in Figpsadd 4c, respectively.
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Figure 4. Model simulations for the storm of Februa  ry 27th to 28th. (a) Significant wave height (short  -wave:
thick line, swell: thin line). (b) Numerically esti mated SSC vertical structure. (c) Numerically compu  ted
bottom shear stresses at the bed level.
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RESULTS

The numerical model results (Figs. 4b and 4c ) ssgthat the amount of the sediment in the water
column is controlled by the variations in the bottetress. The shear stress values are less thaa0.3
during low wave-current activity periods. The twigréficant resuspension events coincide with two
clear peaks in the modeled bottom stress, with @im#aat around 0.6 Pa. The first event appears to
have triggered the bed erosion process that startd@ morning of February 27th, when the simwaate
shear stress is in the range of 0.3 Pa to 0.5 Ria. érosional critical shear stress range remaykabl
supports the findings suggested by Sahin et. dlZR0

Time evolution of the bed density is estimated Hase the vertical mass balance between the
water column and the bed (ratio between the voltivaethe sea-floor gains/loses and the mass that th
water column loses/gains), except the periods wieth the bed and the water column gain/lose
sediment which is a clear indicator of sedimeneeng the domain from another source (Atchafalaya
River discharge in this case, Fig. 5¢). Similaptevious results (Sahin et. el. 2012), the valodicate
a softening in early stages of erosion, and ineréaslensity after February 27th 10:00 hours sthee
bed layers become stiffer (critical shear stresalss increasing) with depth. The bed density \&alue
show a steady increase with hindered settling, plast gelling point (4=1100 kg/m) during
consolidation.
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Figure 5. A summary of the bed reworking cycle duri ng the storm of February 27th to 28th. (a) Signific  ant
wave height (short-wave: thick line, swell: thin li ne). (b) PC-ADP acoustic backscatter intensity. (c) Density of
the removed/deposited bed layers estimated directly based on a mass balance. In (c), grey hatched area s
cover the periods where the density values are inva  lid.



COASTAL ENGINEERING 2012 7

SUMMARY

The relation between the cohesive bed sedimentpsaes and the hydrodynamics is investigated in
detail using the observations made in late Febrd@6g on the muddy Atchafalaya Shelf, Louisiana.

Estimates of vertical structure of sediment coneginn and boundary layer model compuations of
near-bed flow parameters (bottom shear stress) s interpreted together in order to generalige t
results of a previous study (Sahin et. al 2012Y)imguboth storms (storms of March 3rd to 5th iniBah
et al. 2012, and February 27th herein), the bedugwa showed a similar bed reworking cycle of: 1)
resuspension, 2) erosion; 3) deposition/accre#pryid mud formation; 5) consolidation.

The variation of the bottom stress driven by waaed currents plays a major role in mobilization
of the bed sediment. Results on the bottom ste=smsspension relation, critical shear stress fosieno
and bed density variation throughout the storm rkatdy supported the previous findings. The results
are encouraging for building a statistical modeltfee bed reworking cycle (liquefaction, erosidnid-
mud formation and consolidation processes) andesgmts a step toward a forecasting model for wave-
bed coupling in muddy environments. Similar anady$ar a larger number of storm conditions at
different water depths should be the focus of tharé efforts.
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