MONITORING THE SILTATION RATE AT DEURGANCKDOK, PORT OF
ANTWERP, AND ITSREDUCTION BY A CURRENT DEFLECTING WALL

B. Decrop, F. Roos& N. Zimmermanhand M. Sas

Abstract: The tidal dock called Deurganckdok (Port of Antp)eis situated in the macro tidal estuary of thbebdt
River and is directly connected to the river withtlie shielding properties of a lock. Due to itsifion in the
estuary near the Estuarine Turbidity Maximum (ETd}he estuary, large amounts of silt and clayaalable for
sedimentation. The dock effectively acts as a sedintrap, with a trapping efficiency as high as30.Buring the
first five years after its commissioning, the sediration of the dock has been closely followed bgans of
intensive monitoring of both long-term point measuents and through tide campaigns with high spag&lution.
The mass balance of the dock’s sediment bed has neaitored using density profiling. It was shovwnratt the
average rate of sedimentation of the dock is ds &gl cm/day.

A semi-empirical model of the siltation of the ddeis been developed to gain insights in the carttdb of the
different mechanisms of sediment exchange with Shkeldt River. Long term siltation calculations whothe
model is capable of reproducing the sediment balafithe dock.

After numerical and physical modeling it was shothiat a Current Deflecting Wall (CDW) has the poignto
reduce the sedimentation in the dock (Roose éCdl3). The construction of this structure has n@erbexecuted
and the first monitoring results are available fté post-construction period. Due to the naturalawslity of the
estuarine sediment concentration levels, the statigrend change cannot be proven yet, but measents of the
flow pattern near the dock entrance reveal charigascan be incorporated in a semi-empirical mazfethe
sedimentation, bringing forward first estimatesha sedimentation reduction in the dock.
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NOMENCLATURE

Ot gens Coefficient for settled fraction due to densityrents [-]

st ety Coefficient for settled fraction due to eddyrf@ation [-]

Osattice Coefficient for settled fraction due to tiddlifig (previously coefficient c1) [-]
Ap Density difference [kg/m3], taken equal to s@limmplitude (variation per tide) [ppt]
€ Relative vertical salinity gradienp/p [-]

p Water density [kg/m3]

Acs Dock entrance cross-sectional area [m?]

An Dock surface area [m?]

c Suspended sediment concentration [mg/l]

Faensity Sediment influx due to density currents [kghticiale]

Feaay Sediment influx due to eddies (horizontal entraént) [kg/tidal cycle]

Fice Sediment influx due to tidal filling [kg/tidalcle]

Fota Total sediment influx into dock [kg/tidal cycle]

h Tidal amplitude [m]

Haock Average water depth at dock entrance [m]

Tdens Duration of density currents during half a tigatiod [hours]

Teaay Duration of eddy currents during half a tidafipe [hours]

Tiide Tidal period (~12.4h)

Vdens Flow velocity related to density currents (poaly ud) [m/s]

Veddy Flow velocity related to eddy currents [m/s]

Viide Flow velocity related to tidal filling [m/s]

Viest Rest flow velocity when decomposing the tohflvelocity into components [m/s]
Vdens Water volume exchanged by density currents [m3)]

Veddy Water volume exchanged by eddy currents [m?3]

Vprism Tidal prism [m3]

1. INTRODUCTION

Deurganckdok is a tidal dock situated at the leftkbin the Lower Sea Scheldt (Figure 1). Deurgaokkubs the
following characteristics: a total length of 2750amd a width of 450 m at the river side and 400 iglevat the
landward side of the dock. The bottom of Deurgangkid designed at a depth of —17m TAW near they gquells
and of —19m TAW in the central trench. The cenighch was built to collect sediment from sweepmbelaedging
along the quay walls. From the central trench #dinsent could then be removed by hoppers. The dagklly
silted up to about -15.5 m TAW, at which depth #&samaintained.

The Lower Sea Scheldt is the downstream stret¢theoBelgian part of the macro tidal estuary of 3uheldt River.
Tidal amplitudes range from 3 m to over 6 m. Likemany tidal estuaries with an important upstreaarce of fine
sediments, an Estuarine Turbidity Maximum (ETM)lasated where tidal pumping and river runoff donbéch
regions meet. In that region, also a salt weddgeusd with horizontal and vertical gradients inisigy. It is the
border area between marine and river systems. 83idual current formed by river and salt wedge nthkéa high
amount of fine sediment is trapped in the ETM, \Whi resuspended by every flood and ebb currerdg. Adrt of
Antwerp is largely located in this ETM zone of tBeheldt Estuary. Therefore, the average turbidithigh and
large amounts of sediment are available for sediatiom in docks. Especially the tidal dock Deurdatuk, which
is not shielded by locks, is prone to large sediat@m rates.
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Figure 1. Situation of the Lower Sea Scheldt in the North of Belgium and of thetidal dock Deurganckdok in the Port of
Antwerp.

Since keeping the dock at navigation depth requdreslging of about 1 million m3 per year, the Mang Access
Department of the Flemish Government investigaté@tyating measures. The concept of a current difigavall

(CDW) was proven in the Kohlfleet Harbour in HamdpuGermany. Although the latter is situated beytrallimit

of salt intrusion, the concept was adopted andsitigations on its capacity of reducing sedimentabiegun.

Several mechanisms are known to cause siltatibaibour basins:
1. exchange flow by horizontal entrainment due to eiyodifferences between the river and the harbour
basin;
2. exchange flow by tidal filling and emptying;
3. exchange flow by density currents due to salinitiedences between the river and the harbour basin;
4. exchange flow by sediment-induced density currents.

All of these mechanisms are relevant at the enérafiche Deurganckdok. The first three are inelgatue to the
local estuarine hydrodynamics, the latter was itigaged by measurements of sediment concentratan the river
bed. So far, density currents related to highlyesmrated benthic sediment layers have not beeenadss at the
dock’s entrance (the recent removal of a sill miggite changed this situation).

Since the year 2005 -and ongoing- long term measemés of salinity, suspended sediment concentredimh
temperature have been conducted in and around dbk. during the same period, regular measuremehts o



through-tide water and sediment fluxes through dbek’s entrance have been executed, and the sedimess
present on the bottom of the dock has been moditdre this way, the net sediment fluxes into theldare
determined and the associated physical processeisastigated. Consecutively, the gathered knogdedf the
physical processes have been translated into airieahfpong term sedimentation model. For eachltmele in a
period of six years, the net sediment influx waswated. The time series of tidal sedimentaticiesallows then
for an analysis of the relation between sedimeamatates and ambient conditions in the estuaryh(sscturbidity,
tidal salinity variations, tidal amplitude, riveusrroff).

After the completion of the CDW in August 2011, flav pattern near the entrance of Deurganckdattesed (see
Figure 2). During flood tide, near-bed flows cangihigher sediment concentrations are deflectedydvom the
dock entrance, while lower turbidity waters neag #urface are guided towards the dock. It is exoethat, in
several ways, this has an influence on the mectmngausing sediment exchange and the resultingnsathtion
rates.

Surface layer = low sediment concentration
Bottom Layer = high sediment concentration

Figure 2. Design and working principle of the Current Deflecting Wall instailed North of Deur ganckdok, Port of
Antwerp.

This paper summarises the measurement campaigdsiaded and describes the sedimentation model. Eyrtie
observed effects of the CDW on the local flow ctinds, salinity gradients and other factors inflcieg

sedimentation rates are described and their apiplican the empirical sedimentation model. No ditifie

reductions in sedimentation due to the impact ef @DW can be determined, but the first indicatorgards it are
laid out.

2. MEASUREMENT CAMPAIGNS

A total of 5 years of sediment balance and hydradyic measurements have been collected after the
commissioning of the Deurganckdok, without CDW,ve#n 2005 and 2010. After completion of the CDW, in
September 2011, one year of measurements havecbéented to observe the CDW-induced differencelom
pattern and sediment distribution near the entrafitiee dock.

2.1 Density profiling

A way to determine accurately the mass of sedimpesgent in the bed above a fixed reference levbyigaking

density profiles. A grid has been defined covetimg complete dock at which vertical profiles of thensity of the
mud bed are taken. Both the Navitracker and Demsigystems have been used. The first is baseddietioa

transmission, the latter on acoustic backscattefihg profiles of bulk mud density are convertegtofiles of dry
sediment concentrations. Integrating the sedimententrations (kg/ms3) over the vertical distancéseen the
reference level (at which it is assumed no sigaificconsolidation occurs) and the water-mud interfgives a
value of the dry sediment mass in the bottom ofdiek per unit of surface area (kg/m?), for eachsitg profile.

Integrating these values over the total surfaca af¢he dock results in a total sediment massepitea the dock (in
Tons of Dry solids, TDS).



2.2 Acoustic flow and sediment concentration profiling

An Acoustic DoppletCurrent Profiler (ADCP) has been used to measwegdltlv velocity and direction as well
the suspended sediment concentration thefull vertical section at the dock’s entrance. Thstributions along
the entrance show very clearly the flow pats related to the mechanisms for water and sedimattange: densit
currents induced by a salinity difference betweeskdand river(Figure 3, lefttop pane and Figure 4) and a
horizontal eddy induced by a shear l: along the dock entrance (Figure 3, Ibftttom pane. In addition, the
sediment concentrations associated wit- and outflows associated with these exchange flokesobtained.
Applying all measured transects c a tidal cycle, an overview of the iand outflow at To(T), Middle (M) and
Bottom (B) averaged layers, as well as at North (Migdle (M) and South (S) averaged water colu is made
using the Christiansen methdeidure3, right panel) This image gives a good overview of the occureesfceddie:
(inflow N and outflow Spr vice versa) and density currents (inflow B antflow T, or vice versa
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Figure 3. Left: Flow velocity component along the axis of the Deur ganckdok, measured along the entrance of the dock.
Positive flow velocity isdirected towardstheriver. Top pand: High water density current. Bottom panel: Flood tide eddy.

Right: identification of eddy and density current using Christiansen method (10/12/2008).
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Figure 4. ADCP transect along the dock axis at high water slack, starting within the dock (left, X=0 m), ending in the
Scheldt river. Both SSC and velocity profiles show a density current importing sediment laden watersnear the bed.
Positive flow velocity directed outbound the dock (IMDC, 2012).



2.3 Long term point measurements

Instruments collecting time series of salinity, persded sediment concentrati88C and temperature have been
installed at different locations along the dockisay walls. At each location, instruments have bgesitioned at
two depths below the water surface. This allowsntmitor the different quantities at these positjidmst it also
allows for the observation of vertical, along-daakd cross-dock gradients of salinity, suspendedrssds and
temperature. Initially, eight Optical BackScatt@BS) instruments have been installed at four looatiand two
depths (Figure 5). In a later phase of the projealy the two positions at the dock’s entrance hlasen retained.
Measurements at these two locations are appligtbas for the empirical sedimentation model, selewe

‘meles

w
.
H
g
3
Z
3
H
\E

/ ’,-

oockess

+ +
S back (DB Ports) H

i + + + + + + + [

Figure5. Location of the long-term observations of salinity, suspended sediments and temperature.

3. DATA ANALYSIS

3.1 Flow pattern at the dock entrance

As shown in Figure 3, the exchange flows along dbek entrance can be decomposed into three comtsonen
Density currents occur due to a difference in #glinetween dock and river. The horizontal masssidgrgradient
causes a near-bed difference in hydrostatic predsetiveen river and dock. The result of highemngglin the river

is the inflow of saline water in the dock in thevler water layers during high tide, while fresheteavas flowing out

of the dock at the same time (Figure 6, upper rigariel). The average salinity in the dock risesabse of this
exchange. During low tide the salinity in the riveas fallen and the water in the dock is more saline opposite
direction density current occurs.

An important horizontal exchange mechanism is dhdsethe difference in flow velocity between thdati river
and the dock. A shear layer develops along the’d@akrance and entrains water due to which it grolhe shear
layer collides with the downstream quay wall of teek and causes inflow at the downstream endhdupstream
corner of the dock entrance this inflow is compéedavith outflow, and a large horizontal eddy isnfied across
the dock entrance (Figure 6, upper left panel).

The large difference in water level between higd v water causes a high tidal prism in a tidatlddan average
of 5 million m3. This forms the third important dange mechanism at Deurganckdok (uniform inflowtgrat
shown in Figure 6). Tidal inflow does not occuriindually but interacts always with one of the atlexchange
mechanisms. Obviously, all three mechanisms caaraimultaneously, resulting in a complex flow patt shown
in the lower right panel of Figure 6.
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Figure 6. Schematised components of exchange flows along the Deur ganckdok entrance. In the lower right panel a
superposition of the three componentsis shown.

3.2 Net sediment influx per tide

Calibration of the acoustic backscatter measurethbyADCP results in sediment concentration vahtea!l points

at which a flow velocity is measured. Combiningial and outgoing sediment fluxes over one tidaleyone can

obtain a net amount of sediment retained by thé&.dAowide variation in sedimentation rates has bebserved:
between 200 and 3400 TDS/tide (Figure 7). Thisatam is attributed to a number of ambient factors:

* The tidal amplitude has an influence of the flowoegy in the river. The consequence of higher ltifiaw
velocities is (i) more energy to keep sedimentuspension and (i) more shear for the developméatlarge
eddy across the dock entrance. Further, a lardelr dimplitude causes larger volume of water toreand leave
the dock due to tidal filling.

» Second, the Scheldt River runoff plays an importalg in the position of the Estuarine Turbidity kifaum. In
periods of high river discharge, the ETM is movedrendownstream of Antwerp, i.e. closer to Deurgaiok
The ETM is related with a local maximum in sedimeanhcentration, providing a higher amount of seditme
available for sedimentation. A second effect of plosition of the ETM is its relation with the soied salt
wedge, the location in the estuary where the sal@sewaters and fresh river waters meet. Whendhe with
the highest salinity gradients is near the dodkigher difference in salinity between high and lide causes a
higher intensity of density currents and an inoegasexchange and sedimentation.

* Third, seasonal variations in sediment concenmmatiave an influence on sediment availability. Imter
months, the suspended sediment concentrationsgirerftompared to the summer months.

In the month of March, all three ambient factoruencing the sedimentation rate are often in dnsedtation-
favourable phase. A period of strong spring tidies, water temperature and a salt wedge locatetivelg close to
Deurganckdok due to a long period of high riverafficontribute to optimal conditions for high exclyge rates and
high sedimentation rates. In the field, six outlsd ten highest sedimentation rates per tide haea lobserved in
the month of March (Figure 7).
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Figure 7. Relation between Scheldt River suspended sediment concentration and net sediment influx per tide, measured
during 16 through-tide ADCP campaigns between November 2005 and March 2012.

3.3 Averagetidal cycles

Long-term measurements of suspended sediment doaiten SSC, temperaturel and salinityS have been
subdivided into tidal cycles. Subsequently, allatidignals are averaged to form an average tidelecylhese
average tidal cycles have also been determinethéohorizontal and vertical gradients $8C, T andS. Figure 8
gives an example of the average (over 267 tiddesyevolution of the vertical gradient in sedimeahcentration.
During this period,SSC was 15 mg/l higher per meter water depth nearb compared to near the surface
between high water (HW) and HW+1.5h. During thisig in the tidal cycle, density currents with fléeld as
shown in Figure 3 (top panel) are present. Watén wihigher sediment content flows in the dock riearbed, less
turbid waters flow out near the surface.

Sediment concenlration gradient [mg‘l}mf
o
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Figure 8. Averagetidal evolution of the vertical sediment concentration gradient at the Deurganckdok entrance.



The aim of the construction of a CDW is to redube het sedimentation per tide. The observed exehang
mechanisms on which a CDW can have an impact are:

» The shear layer at the entrance of the dock dunigh flow velocities in the river, and the assoethiarge
horizontal eddy are disturbed by the panels of@B&V, located in the top water layers. Reducinglioniaating
the eddy leads to a decrease in exchange rates @extease in sedimentation rates.

» Density currents induced by salinity gradients cafre avoided by a CDW, the sediment import relatethem
can be altered. The bottom sill part of the CDW dafiect sediment-laden waters away from the engar the
dock during flood tide. At high water slack, whér tdensity current flows, less turbid waters aemthvailable
for the density current near the bottom reducirgsadiment influx.

4. MEASURED EFFECT OF THE CDW

The following observations have been made of ttamgé of the gradients after completion of the C®thin the tidal
cycle.

4.1 North entrance vertical gradient

The salinity gradient is significantly changed digrimost of the tidal cycle (Figure 9). Instead einlyg constantly
positive, it is decreased during entire flood bytlpt is now negative from HW-1h to HW+1h, indiceg more
saline waters near the surface. In addition, theiiTmam gradient at LW (HW-5h) is reversed, from +2pp zero,
and the average gradient value is now around Zévis.suggests that the surface flow is forced thiodock via the
CDW guiding wall, and that the retardation effecapproximately optimal. It also suggests that igesirrents at
the North entrance are reduced during flood.

The SSC gradient has a 20% to 40% lower peak froffrth to HW+2h, with decreased SSC at the bottom but
unchanged SSC near the surface. This suggesthéhatarded sediment-laden bottom flow and thekeredensity
currents result in less sediment being brought thiodock or put into suspension. However, duripdng tide
around LW (HW-5h to HW-4h), a new small SSC pea¥isible. It might be related to the vertical migilmduced

by the vertical gradient.

4.2 South entrance vertical gradient
The salinity gradient displays a small gradientrdase of 0.5ppt from HW-1h to HW+2h, suggestinghdly
weaker density currents at the South entrance glfiond.

The SSC gradient displays a slight decrease fromIiWwo HW+2h, in line with the slightly lower SS@lues
observed at SBOT and STOP. It is possibly relatesldaker density currents.

4.3 Near surface horizontal gradient

The salinity gradient has significantly changedimiyiflood. Instead of being negative, it is nowward zero during
most of flood. This suggests a significant decremsedisappearance of the flood eddy at the surfabe. SSC
gradient is qualitatively similar.

4.4 ADCP measur ements

From detailed acoustic flow measurements in tha afethe entrance of Deurganckdok (e.g. IMDC, 201t2)s
observed that the eddy indeed has weakened orpgiaegd during some tidal cycles (Figure 10). Binges the
number of tidal cycles during which this type of asarement has been executed is limited, no defniti
conclusions can be drawn on the change in frequehogcurrence of a large eddy.
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Figure 9. Vertical salinity gradient at the northern corner of the dock entrance, before and after the construction of the
CDW.
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Figure 10. Christiansen method for density currentsand eddy indication (with CDW, spring tide, 8/3/2012)

5. SEDIMENTATION MODEL

5.1 Introduction

A conceptual sedimentation model based on datandagon has been developed over the years to attirthe
sediment influx and deposition due to the threenmater exchangmechanisms at the dock entrance : tidal filli
density currerst and eddy currents (IMDC, 20). In a later stage, further refinements have beer@adtMDC,
2013).This model is used to estimate the sedimentatidhérdock since its construction ani particular to model
the impact of the CDW on the sedimental By implementing the changes in exchange mechanidrserved du
to the construction of the CDW, the difference édimmentation behaviour can be estimaA concise overview of
the currentite of the model and relevant past assumptiopesented belov

5.2 Modéel concept

The model assumes that the water exchange caribmtspthree water exchange components : tidahgj, density
currents and eddy currents. The sedimentatione dock is computed as the sum of net sedimentdlfxeeact
exchange mechanism.

Fota = Fige * Faensity T Feday )

The expression used for each net flux has beereaohoased on a mix of physics and observatiNet fluxes are
computed per tidal cyclén that way the expressions reduce to -identified forcing factors with few calibratic
parametersThe main data sources u: are the long-term measurements of salinigngSSC and the through-tide
measurements at the dock entrance.



5.3 Tidal filling

Tidal filling brings a known amount of water intbhet dock with a given concentration. The influx efienent
during flood is then defined as the tidal prismega tidally-averaged concentration (variablelatger time scale).
Of this influx a fractionoge fige Settles and is not evacuated during ebb. Theewinent flux due to tidal filling is
then defined as :

Fide = Aeetive-V prism C(1)
Fide = aset,tide-(h(t)-ﬂ)-c(t)

)
®3)

where

*  OsettigelS the fraction of the influx settling in the dock
* h(t) isthe tidal amplitude

» A, is the horizontal dock area

e c(t) isthe tidally averaged sediment concertnat

5.4 Density currents

Density currents arise from an initially horizontdifference in density which is compensated by aewéevel
gradient. The imbalance of hydrostatic forces diiervertical drives a two-layer current with theanbed current
towards the lower density region and the surfaceeatiin opposing direction.

The density current related velocity can be exgass

Vdens = 05 M ngock
VA @

where

* pisthe density

» Apis the density difference between the two laysosvertical or horizontal)
» g is the gravity constant

*  Hgockis the depth of the dock

The two layers of the density current are assurodzbtof the same thickness and the current in lkegeh of equal
magnitude. The density current distribution is assd to be uniform over the entire dock cross-sadiuod to last a
certain duration during the tidal cycle in orderyield a volume of water exchanged in a tidal cydlike tidal
filling, the net sediment flux is given by multiphg the water exchange with a tidally-averaged eotration and
only a fractionoge rige Settles in the dock :

Fdens = aset,dens 'Vdens C(t) (5)

Fions = ag,dens.('a; (0.5 E)IH jou )Tdensj.c(t)

where

*  OgetdendS the fraction of the influx settling in the dock

» AL is the cross-sectional entrance area

» ¢g(t)= Ap/p is the relative density difference (computed frmmasured salinity difference)
*  TgensiS the measured duration of the density currents

(6)

5.5 Eddy currents
The tidal eddy during flood results in water emigrthe dock via the Southern half of the entramzklaaving it via
the Northern half. This process is reversed dueinig.

The eddy current velocity is taken as a measuredage value modulated by the tidal coefficient.eLike density
current, the eddy current is assumed to be eqstatiyg in the two halves of the entrance but witlopposing sign,
and it is assumed to last a certain duration duttiegtidal cycle. The net sediment flux is givenrbyltiplying the
influx with a tidally-averaged concentration andyoa fractionose igeSettles in the dock :

Feaey = asa,eddy.\/eddy.c(t) @



Foday = sa,eddy-(A;SVeddy hE[)Teddyj-C(t)

where

*  dsetedayiS the fraction of the influx settling in the dock

*  VeqdylS the measured mean eddy velocity

* hand h(t) are respectively the average and ainging tidal amplitude
*  Tedqyis the measured duration of the eddy

(8)

The coefficientSge; gens@Nd dsereqgyCan be derived from measurements of vertical awtedntal gradients ofSC.
The oset igeCO€fficient cannot be determined directly, but ésided from the equation expressing that the weidht
average of these coefficients should equal the unedsaverage trapping efficiency of Deurganckdalyad to
about 0.4. The latter means that 40% of all sedinpanticles entering the dock will not leave thrbugatural
circulation, but settle on the bed.

The model has been applied to compute sedimentatidghe dock over the course of the first 3 yedteradts
inauguration (Figure 11). Typical sedimentatioresadf 300 to 3000 TDS per tidal cycle have beeninbt (580 to
5800 TDS per day), this is in line with ADCP obssions. The yearly sedimentation was between 0d7 (a8
million TDS/year. These figures can be seen adyeaaintenance dredging needed to keep the dottleakequired
depth. Indeed, over three years between AptiRA06 and March 312009 a total of 2.3 million TDS sediment
influx has been calculated against a total of 2lilan TDS dredged mass reported in BIS data.

5.6 Post CDW modifications

The CDW has been shown to have the following mesksimpacts on the exchange mechanisms , which ctoeul

reflected in modifications in the model comparedh® pre-CDW model.

* A clear reduction of the eddy intensity. This isdaled by a shorter eddy duration. Smaller eddy oités
could alternatively be used with the same result.

*  Weaker density currents as a result of weakeroadrsialinity gradients. This should follow autorgatly from
the salinity measurements.

* Lower SSC, as a result of the deviation of thedsotflow and/or of the weaker density currents. Thisuld
follow automatically from the SSC measurements.

» A global trapping efficiency which is qualitativelsimilar. In first instance the trapping efficiency not
modified with the CDW.

Effectively, only one correction is needed in thedel: the duration of the eddy exchange per tigalec The

remaining effects of the CDW automatically enter thodel through measurements.

When the model computations are continued afterctdmepletion of the CDW in the summer of 2011, pcést
siltation rates (minus dredged mass) result ineadst decrease in the mass of the dock (Figureviiije the
measurements indicate a stable mass in the dostkoltld be mentioned that in the same period asdhmpletion of
the CDW, the maintenance dredging depth in the dwkbeen increased by 2 m. This might have a amnfimt
effect on density current duration (dock volumer@ased) and on the trapping efficiency of the daek,ncreasing
the percentage of exchanged sediments that imeetan the dock. Moreover, in the same periodctrestruction of
the second lock for the Waaslandhaven has stasteidh is located in the back of the DeurganckdokisTmight
also influence the presence of sediments in th& dod related sedimentation rates.
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Figure 11. Comparison of the computed and measured evolution of the mass of sediments present at the bottom of the
dock. Dredging events are deducted from the computed siltation mass and areindicated in bluebars.

6. CONCLUSIONS

The siltation of the tidal dock Deurganckdok ane tfiow mechanisms causing the siltation were irgbns
monitored during six years. The observed exchangehanisms have been incorporated in a semi-emipiricdel
for dock siltation. The model is able to hindcést siltation rates before the construction of tiBAC

The completion of the CDW coincided with severa¢mtg that possibly have an impact on sedimentatites in

the Deurganckdok: the deepening of the navigatimmnoel in the Scheldt, the removal of a sill ateh&ance of the
dock, a 2 m increase in maintenance depth androetisn works at the back end of Deurganckdok. I3diased

on observations of the sedimentation on the dodlobn the effect of the CDW cannot be isolated. idoer,
intensive measurements campaigns have revealedrtampochanges in the hydrodynamics and sediment
movements near the entrance of the dock.

All results currently suggest that the CDW has d¢lipected effect. It seems to retard the sedimelgrldottom
flow and forces the surface flow to enter the deik the CDW channel during flood, locally countdiag the

development of density currents. As expected, dhgekt effects are visible at the North side ofdbek entrance.
The result should be a clear reduction of the fleddy, and a slightly weaker density current. Hosvea new ebb
eddy recently appeared in the measurements.

Current measurements suggest a decrease of thé&ys306 to 30% near the bottom, both North and Sobthe
entrance. This temporary decrease has however pacinon the average SSC values during a tidal deflere and
after construction of the CDW: at the North siddttsm sensor for instance, slightly lower SSC dunivegap and
spring tides are compensated by slightly higher 88hg mean tides. Over the same periods, theageesSC in
the Scheldt is equally unchanged.

Eddy exchange was responsible for about 10% ofs#dtment input, if the eddy exchange has been esduc
drastically, this could cause reduction in maintereadredging by almost 10%. The sediment exchangetal
density currents was attributed to 65% of siltati@fore building the CDW. It is not clear so fartow much the
reduction in density current exchange amountsdtesity current is certainly not affected in a majay, but the
CDW causes changes in its intensity. The expeaddation in siltation rates due to the CDW of 12686 holds
after studying the first signs of changes in th&tey. A definitive reduction cannot be determinethis point.

Hence, more measurements are still needed to Valigate these conclusions. Furthermore, the wealldy has
only been clearly reported in the cross-dock thiotige measurements and not in the along-dock girdide
measurements.
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