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1. INTRODUCTION

1.1. The assignment

This report is part of the set of reports describing the results of the long-term measurements
conducted in Deurganckdok aiming at the monitoring and analysis of silt accretion. This
measurement campaign is an extension of the study “Extension of the study about density currents
in the Beneden Zeeschelde” as part of the Long Term Vision for the Scheldt estuary. It is
complementary to the study ‘Field measurements high-concentration benthic suspensions (HCBS
2).

The terms of reference for this study were prepared by the ‘Departement Mobiliteit en Openbare
Werken van de Vlaamse Overheid, Afdeling Waterbouwkundig Laboratorium’ (16EB/05/04). The
study was awarded to International Marine and Dredging Consultants NV in association with
WL|Delft Hydraulics and Gems International on 10/01/20086.

Waterbouwkundig Laboratorium— Cel Hydrometrie Schelde provided data on discharge, tide,
salinity and turbidity along the river Scheldt and provided survey vessels for the long term and
through tide measurements. Afdeling Maritieme Toegang provided maintenance dredging data.
Agentschap voor Maritieme Dienstverlening en Kust — Afdeling Kust and Port of Antwerp provided
depth sounding measurements.

The execution of the study involves a twofold assignment:

e Part 1: Setting up a sediment balance of Deurganckdok covering a period of one year
o Part 2: An analysis of the parameters contributing to siltation in Deurganckdok

1.2. Purpose of the study

The Lower Sea Scheldt (Beneden Zeeschelde) is the stretch of the Scheldt estuary between the
Belgium-Dutch border and Rupelmonde, where the entrance channels to the Antwerp sea locks
are located. The navigation channel has a sandy bed, whereas the shallower areas (intertidal
areas, mud flats, salt marshes) consist of sandy clay or even pure mud sometimes. This part of the
Scheldt is characterized by large horizontal salinity gradients and the presence of a turbidity
maximum with depth-averaged concentrations ranging from 50 to 500 mg/l at grain sizes of 60 -
100 um. The salinity gradients generate significant density currents between the river and the
entrance channels to the locks, causing large siltation rates. It is to be expected that in the near
future also the Deurganckdok will suffer from such large siltation rates, which may double the
amount of dredging material to be dumped in the Lower Sea Scheldt.

Results from the study may be interpreted by comparison with results from the HCBS and HCBS2
studies covering the whole Lower Sea Scheldt. These studies included through-tide measurement
campaigns in the vicinity of Deurganckdok and long term measurements of turbidity and salinity in
and near Deurganckdok.

The first part of the study focuses on obtaining a sediment balance of Deurganckdok. Aside from
natural sedimentation, the sediment balance is influenced by the maintenance and capital dredging
works. This involves sediment influx from capital dredging works in the Deurganckdok, and internal
relocation and removal of sediment by maintenance dredging works. To compute a sediment
balance an inventory of bathymetric data (depth soundings), density measurements of the
deposited material and detailed information of capital and maintenance dredging works will be
made up.

The second part of the study is to gain insight in the mechanisms causing siltation in
Deurganckdok, it is important to follow the evolution of the parameters involved, and this on a long
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e Near bed frame measurements in the vicinity of Deurganckdok from the 9" of February until
the 18" of April 2007.

The first chapter comprises an introduction. The second chapter describes the project. Chapter 3
describes the measurement campaign, equipment and the course of the actual measurements.
The measurement results and processed data are presented in Chapter 4, whereas chapter 5
gives a preliminary analysis of the data.
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These aspects of hydrodynamics and sediment transport have been landmark in determining the
parameters to be measured during the project. Measurements will be focused on three types of
timescales: one tidal cycle, one neap-spring cycle and seasonal variation within one year.

Following data are being collected to understand these mechanisms:

e Monitoring upstream discharge in the Scheldt river.

e Monitoring Salt and sediment concentration in the Lower Sea Scheldt at permanent
measurement locations at Oosterweel, up- and downstream of the Deurganckdok.

o Long term measurement of salt and suspended sediment distribution in Deurganckdok.

o Monitoring near-bed processes (current velocity, turbidity, and bed elevation variations) in the
central trench in the dock, near the entrance as well as near the current deflecting wall location.

o Dynamic measurements of current, salt and sediment transport at the entrance of
Deurganckdok.

o Through tide measurements of vertical sediment concentration profiles -including near bed
high concentrated benthic suspensions.

o Monitoring dredging activities at entrance channels towards the Kallo, Zandvliet and
Berendrecht locks as well as dredging and dumping activities in the Lower Sea Scheldt.

e Insitu calibrations were conducted on several dates to calibrate all turbidity and conductivity
Sensors.

2.3. Measurement objectives

2.3.1. Objective of the near bed continuous monitoring

The purpose of the deployment of the anchored measuring frame/rig is to monitor the detailed
vertical structure of flow and suspended sediment concentration within a few decimeters from the
bed. This frame measures at one location only, by definition, and is difficult to reposition.
Therefore, it should be positioned at a location where near-bed HCBS are most likely, and with a
vertical resolution of the instruments that matches the concentration gradients in suspension. The
vertical flow and sediment structure assessed with the preliminary 3D mud transport model allows
for an optimization of the layout of the anchored measuring frame with respect to the
instrumentation.

2.3.2. Objective of the long term measurements near the quay walls

The goal of the survey is to monitor the spatial distribution of salt and silt in the Deurganckdok.
Longitudinal, vertical and horizontal (from north to south quay) distribution is surveyed in this set
up. The entrance of the dock is a favoured location because of the dynamics caused by the river-
dock interaction. One deeper location in the dock is necessary to sample the longitudinal
distribution of salt and silt along the dock.
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Valeport MIDAS. This way proper instrumentation in the near bed zone was ensured. Data about
the orientation, pitch and roll of the frames is obtained from a magnetic compass (orientation,
Valeport MIDAS) and a tilt sensor (pitch and roll, ARGUS ASM-IV / Aanderaa RCM-9).

Set up of the CDW frame is as follows:

e The RCM 9 was installed at 1m above the bottom, with the following sensors: a CTD probe,
Doppler Current Sensors and a Turbidity Sensor

e The Valeport Midas was installed at 0.1m above the bottom, with the following sensors: a CTD-
probe, an electromagnetic Current Meter (ECM) and an OBS3+ turbidity sensor

e The ALTUS was installed at 0.45m above the bottom

e The ARGUS ASM-IV was installed in such a way that the lowest turbidity sensor was placed at
0.29m above the bottom

Since the Sill frame penetrated considerably during previous measurements, the supporting
surface was enlarged. Further set up of the Sill frame is as follows:

e The RCM 9 was installed at 1m above the bottom, with the following sensors: a CTD probe,
Doppler Current Sensors and a Turbidity Sensor

e The Valeport Midas was installed at 0.1m above the bottom, with the following sensors: a CTD-
probe, an electromagnetic Current Meter (ECM) and an OBS3+ turbidity sensor

e The ALTUS was installed at 0.45m above the bottom

e The ARGUS ASM-IV was installed in such a way that the lowest turbidity sensor was placed at
0.20m above the bottom

This is anticipated to allow a proper measurement of the lower current profile and give additional
information on the suspended sediment concentration structure. Figure 3-5 shows the CDW frame
with all the sensors. The Sill frame is built up identically.

Each sensor had its own data logger and power supply from internal batteries.

The frames were designed for easy transport and installation. The sensor positions, in particular
sensor height above the bed, can be adjusted to specific requirements over a wide range. The
structure of the frames consists of a tripod with a separation of about 4 metres between the legs.
The height is about 2.3 m. Several girders give the frames the required sturdiness. The sensors
can be clamped to adjustable supports. Hoisting support facilities are attached to the top of the
frames.
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4. PROCESSING OF DATASETS

4.1. Calibration of the sensors

A crucial aspect of the accuracy and reliability of the data concerns the calibration of the
instruments before the measurement campaign. The calibration procedures and results are
described in report 6.1 Winter calibration of the HCBS2 measurements (IMDC, 2006a) and report
6.2 Summer calibration of the HCBS2 measurements (IMDC, 2007a) .

4.2. Long term measurements near quay wall

A second period of the long term measurements executed at two depths (approximately -2.4 m
TAW and -12.4 m TAW) at three locations on the quay walls of Deurganckdok lasted from 12
February until 27 March 2007. Depth, temperature, salinity and suspended sediment concentration
have been logged. All gathered time series have been converted to appropriate engineering units
and combined to form series covering the complete period. During validation erroneous data due
to mid term recovery, sensor malfunction and buried equipment has been removed. In this form the
data is ready for processing.

4.2.1. Factual data: Weekseries

Measurements are visualized per instrument, location and per week in APPENDIX B.

e The title shows the week number followed by the year

o The second graph depicts the salinity and temperature

o The third and last graph shows the water level at the nearest tidal gauge and the suspended
sediment concentration

Faulty data is omitted from these graphs.

4.2.2. Average tidal cycle of local parameters

For all parameters measured at one location data has been organised in separate series per tidal
cycle (low water to next low water). High water moments were placed on a fixed position in the
series, low water moments differ in time relative to high water due to variation in flood and ebb
length with neap-spring phases. In this way a time series with time relative to high water is
produced for each tide. When tidal elevation data showed substantial gaps data from pressure
gauges was used to divide the long series into tidal series.

By defining average tidal amplitude A for neap, average and spring tides, it becomes possible to
classify tidal cycles in three categories in the following way:

Neap: A<a(A,, +A4,.,)
Spring : A > a(A +A4,.,)
) < A < a(Aspring + Aaver)

neap

spring
Average - a(4,,,, +4

aver

where: A A and A are average amplitudes

neap ? aver spring
o is a factor to decide where to distinguish between categories (here taken as 0.5)

Using such categorisation the tidal series can be grouped in neap, average and spring tides. Within
these groups an average is made per parameter per tidal phase relative to high water (Figure 4-1).
In this way an average neap tidal cycle, an average middle tidal cycle and an average spring tidal
cycle is obtained for all parameters.
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The same exercise is repeated for relative values, which are the measured values divided by the
tidal average (the average parameter value for that particular tidal cycle). All three types are shown
in one plot with a plot for salinity, sediment concentration and temperature per page in APPENDIX
G1.

ALL TIDES

P

— T

ALL NEAF TIDES ALL MID TIDES ALL SPRING TIDES

2

Y

f

T /
I 7
/

N4

L 3 +

AVERAGE NEAP TIDE AVERAGE MID TIDE AVERAGE SPRING TIDE

A/\/\

Figure 4-1: Categorisation of tidal tidal cycles
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4.2.3. Average tidal cycle of gradients

For each of the three parameters being processed, four horizontal gradients (along dock’s axis and
cross dock, each at two depths) and three vertical gradients (one per location) have been
calculated. The gradient along Deurganckdok was obtained by the difference of measurements
between locations P&02 (S-ENTRANCE) and P&0O1 (S-BACK) (P&0O1 minus P&QO2) , the gradient
across Deurganckdok was calculated as the difference between locations P&0O2 (S-ENTRANCE)
and PSA (N-ENTRANCE) (PSA minus P&Q2). For each of the locations a vertical gradient has
been calculated from the difference between the measurements at -2.4 m TAW and the
measurements at —12.4 m TAW (-12.2 m data minus —2.4 m data).

The time series of gradients obtained as such have then been processed following exactly the
same tidal separation technique as for the local parameters (described in 4.2.2). The results are
shown in APPENDIX G2.

4.3. Near bed continuous monitoring

4.3.1. Methodology of processing the ARGUS ASM-IV data

The data gathered by the ARGUS ASM-IV during the measurements was processed with the
ASMA 3.11 software (provided by ARGUS UMWELT-MEATECHNIK).

Raw data files are loaded in combination with the appropriate calibration file. This file is set up
during the calibration. Finally only the data at the beginning and the end of the time series
(apparatus not submerged) needed to be removed.

Time series, which show the sedimentation profile measured by the 96 sensors, can be found in
APPENDIX C. In these plots the time axis shows MET-time. Also a table showing average values
for SS concentration per tidal phase is shown. All sensors are organized per 10 (except top 6 are
together) and averaged over flood and ebb phases. An average tidal phase (i.e. tidal phase with an
average tidal difference) is also shown for every deployment period in APPENDIX C.

4.3.2. Methodology of processing the Altus data
The Altus data were validated and processed. QOutliers were screened and removed.

The ALTUS gathers echo-signals at 4 different threshold values. The maximal echo value is used
as a reference value for the hardness of the bottom. When the echo signal exceeds certain
percentage of this emitted signal strength, a high percentage (70%) threshold will give an
indication of the hard bottom, lower percentage threshold values (11%, 23%, 39%) indicate various
levels in the soft bottom with a decreasing ‘density’. Increasing distances indicate a net erosion,
decreasing distances a net sedimentation. The differences between the 4 signals at one given time
and measurement give an indication on the ‘firmness or solidity’ of the soft bottom. These
differences are hard to quantify and are more to be analysed qualitatively. Table 4-1 shows the
threshold values used and their colour in the graphs.

Week series are shown in APPENDIX C together with the ARGUS week series. Altus datasheets
show values for all measured signals including the tide at a nearby tidal station (Liefkenshoek).

A table is added with the Altus Echosounder-Bottom distances of every signal for each High Water
(HW) and Low Water (LW). An average tidal phase is also shown for every deployment period in
APPENDIX C.
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Table 4-1: Overview of the used threshold values for the Alfus Echosounder

Legend name used Threshold value [% of Signal] Colour in the graph
Signal 1 11% Red
Signal 2 23% Green
Signal 3 39% Blue
Signal 4 70% Black

4.3.3. Multiprobes: RCM9 and Valeport data

RCM9 and Valeport MIDAS OBS3+ data were validated and processed. Outliers were screened
and removed.

Velocities were computed with a reference to the magnetic North.
Datasheets in APPENDIX D gives the ‘2 days’-series of RCM9 and Valeport data:

e Velocity Magnitude and Direction of UP sensors (RCM9)

e Velocity Magnitude and Direction of DOWN sensors (Valeport)

e Suspended Sediment Concentration of UP (blue) and DOWN (red) sensors. Tidal height is
included together with these parameters from the nearest tidal station (Liefkenshoek)

e Absolute Suspended Sediment Flux of UP (blue) and DOWN (red) sensors. Tidal height is
included together with these parameters from the nearest tidal station (Liefkenshoek)

The Absolute Suspended Sediment Flux is not defined for a defined cross-section. It is an absolute
flux (Velocity Magnitude x SS Concentration).

In APPENDIX D tables are showing average values for Velocity Magnitude, Direction, SS
Concentrations and Absolute Fluxes for both UP and DOWN sensors per tidal phase (ebb/flood)..
An average tidal phase is also shown in APPENDIX D.

In APPENDIX E the suspended sediment concentration measured by the RCM9 and Valeport
sensors (blue) was compared to the suspended sediment concentration measured by the ARGUS
sensors (red) at the same height: This only for the Sill frame, due to lack of data from the ARGUS
installed to the CDW frame.

e For the Sill frame, the UP sensor was located at 1 m above the bottom and was compared to
the ARGUS sensor 16, which resided at the same depth.

e For the Sill frame, the DOWN sensor was located at 0.1 m above the bottom and was
compared to the ARGUS sensor 96, which was located at 0.20 m above the bottom.

Tidal height is included together with these parameters from the nearest tidal station
(Liefkenshoek).

In APPENDIX E tables are showing average values for SS Concentrations of both Argus and
RCM9 and Valeport sensors per tidal phase (ebb/flood). An average tidal phase is also shown in
APPENDIX E.
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5. PRELIMINARY ANALYSIS
5.1. Long term salinity measurements 12/2/2007 - 27/3/2007

For each of the three locations salinity, sediment concentration and temperature have been logged
at two depths. Apart from week series of every parameter, average tidal cycles have been
determined for each parameter. This was done for absolute and relative values, as well as for
horizontal gradients along and across the dock, and vertical gradients (APPENDIX G). All of these
results are discussed below.

5.1.1. Week series

5.1.1.1. P&O 1 (S-BACK)

Salinity measured around 7 ppt at the start of the measurement campaign and gradually
decreased to a minimal value of approximately 2.5 ppt on 14-15 March. Simultaneously, the tidal
variation faded away too. On 16 March, the initial salinity pattern recovered. As will be discussed in
§5.1.2.1, salinity variation indeed follows the neap-spring tide variation, superimposed on the daily
tides.

The water temperature gradually increased from approximately 8°C to more than 10°C by mid-
March. It subsequently slightly decreased and stabilised just below 10°C.

The near water surface suspended sediment concentration at the landside of the dock was in the
range of 50-100 mg/l. Instead, bottom concentrations were much larger. A base concentration was
observed between 50 and 150 mg/l. Large peaks of up to 1000 mg/l were seen, which
considerably exceeded the surface peak concentrations.

5.1.1.2. P&O 2 (S-ENTRANCE)

Measured salinities show only slight tidal fluctuations near the bottom (-13 m TAW), the tidal
variation was more pronounced near the water surface (-2.2 m TAW) though. During the
measurement campaign the salinity gradually decreased from approximately 8 ppt (at 27 February)
to 2.5 ppt, to slowly increase again on 16 March to a value of just below 5 ppt. Instead, water
temperature increased from 7.5-8°C up to 10°C by 14 March. By March 20, temperature dropped
again to approximately 9°C.

Near the bottom of the dock the suspended sediment concentration followed the tidal variation.
However, this behaviour faded away from February 26 on, and it could be seen again from March
13 on. The period in between was characterised by no or only small peaks in concentration.
Qutside this period, concentration peaks measured up to 800 mg/l. Near the water surface smaller
peaks with concentrations generally being below 300 mg/l occurred. The base suspended
sediment concentration at the bottom was below 100 mg/l.

5.1.1.3. PSA (N-ENTRANCE)

Near the bottom salinity measured around 5 ppt, which gradually dropped to a value of
approximately 2.5 ppt and subsequently increased again to its original value in the period 2-18
March 2007. Minima of salinity were observed at low tide of every tidal cycle. Near the water
surface (at -2.3 m TAW) salinity showed a more pronounced tidal behaviour.

Temperature was observed to be 7.5-8°C, which slightly increased to approximately 10°C at the
end of the measurement campaign.

The time series of bottom suspended sediment concentration was generally characterised by peak
values of up to 1000 mg/l at flood tides. The base sediment concentration was below 100 mg/l
though. Fewer peaks seemed to occur in the period between 9 and 17 March. Note also that the
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Vertical gradients were very small for both salinity and temperature. Temperature gradients only
showed positive gradients at the landside end of the dock. Observed salinity gradients had the
same order of magnitude at all measurement locations: they were always positive and small too.
The suspended sediment concentrations were significantly larger at the bottom entrance though,
with a peak value around flood tide. At PSA (N-ENTRANCE) vertical sediment concentration
gradients measured up to 3 mg/l/m at spring tide, whereas P&0O1 (S-ENTRANCE) was
characterised with values of up to approximately 1.5 mg/l/m. Inside the dock, positive sediment
concentration gradients prevailed and measured around 2 mg/l/m.

5.1.3. Comparison with previous measurements

In comparison to the previous measurement campaign (see IMDC (2007i), Appendices), the range
of suspended sediment concentrations is similar. The salinity range is significantly lower though
(range of 8-25 ppt during the summer 2006 measurement campaign). However, the salinity range
is comparable to the salinities observed in the spring of 2006 (range of 5-11 ppt). Temperature
variability is comparable to both spring and summer 2006 campaigns; its range is similar to spring
2006.

With respect to the averaged tidal cycles, it seems that most phenomena from this campaign
correspond to those of the summer 2006 observations. Near the entrance of the dock, the present
suspended sediment concentrations show a more pronounced peak close to the water surface and
the bottom though.

With respect to the parameter gradients, many similarities can be seen between the different
measurement campaigns. However, it is also observed that during the present measurements a
more pronounced near-surface suspended sediment concentration peak occurred at spring tide at
the dock entrance, i.e. larger concentrations prevail at PSA (N-ENTRANCE) in comparison with
P&0O2 (S-ENTRANCE). Along the dock, a larger negative sediment concentration gradient is
observed in comparison with the summer 2006 campaign; hence, the concentration change along
the dock is more significant in the present case.

With respect to the vertical gradients, salinity and temperature gradients have a similar range of
observed values. The vertical gradients for sediment concentration are comparable to those
observed in summer 2006, whereas they largely deviate (being much lower) from the spring 2006
measurement campaign.

5.2. Near bed continuous monitoring 19/4/2006 - 23/5/2006

5.2.1. CDW frame data

It appears from the recorded data that the bottom is situated about 57 cm below the Altus sensor
for the first deployment, respectively 32 c¢cm for the second deployment. Depending on the
deployment this can vary a little. (see weekseries APPENDIX C). Furthermore some datasheets
show slight sedimentation after every high water.

Since there were some problems with the ARGUS installed on this frame, no data was gathered in
the vicinity of the CDW with this instrument.

Average velocities per tidal phase (ebb/flood) 1 m above the bed vary from 0.1 upto 0.5 m/s, 0.1 m
above the bed they vary from 0.2 up to 0.4 m/s (Figure 5-1). Average SS concentrations measured
by the upper sensor are about 3 times smaller than those measured by the lower sensor (Figure
5-2).
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