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GLOSSARY

BIS Dredging Information System used in the Lower Sea Scheldt

d Density of dredged sediment [kg/dm?]

DGD Deurganckdok

HCBS High Concentration Benthic Suspensions

M mass of dry solids [ton]

ol density of the solid minerals [kg/dm?]

P, density of clear water [kg/dm?]

tod Reference situation for densimetric analysis (empty dock)

toe Reference situation for volumetric analysis (24 March 2006)

TDS Ton of dry solids [ton]

\Y volume of dredged sediment [m?]
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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
repetition of this study was awarded to International Marine and Dredging Consultants NV in
association with WL|Delft Hydraulics and Gems International on 10/01/2006. The project term was
repeated with an extra year from April 2007 till March 2008, ‘Opvolging aanslibbing
Deurganckdok’.

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, i.e.
04/2007 — 03/2008
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

I/RA/M1283/07.083/MSA 1 versie 2.0 - 23/09/2008
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calculate masses of silt. All masses are given in ton of dry solids (TDS) characterized by a density
of 2.65 kg/dm?®. The water-bed interface is defined as the layer with a density of 1.03 kg/dm?.

In this measurement campaign, Navitracker density measurements have been performed on 5
September, 16 October, 16 November and 5 December 2007.

3.2.2. SILAS in combination with Echotrac MKIII

Whereas the Navitracker performs local measurements of the density, an Echotrac MKIIl echo
sounder is used in combination with the SILAS software to determine horizons of equal density.
The echo sounder transmits an acoustic signal of 33 and 210 kHz. The echo of the 33 kHz signal
is automatically interpreted by the SILAS software and identifies various reflections horizons or
layers and density levels. From these, sediment mass between two subsequent layers can be
determined. The sediment mass calculation method is briefly described as follows:

e SILAS is calibrated by the Navitracker measurements

e determine grids with depth of equal density plane: 1010, 1050, 1100, 1150, 1200 and 1250

e SILAS returns good SN-ratio until density of 1250; below this plane an average density based
on available Navitracker data is used to calculate the mass

o calculation of mass in each layer based on the difference of plane depths and average layer
density. For the bottom of the Deurganckdok, the design depth was used.

In this report, SILAS measurements were performed on the following dates: 5 September, 16
October, 16 November and 5 December 2007. The data analysis mainly focused on the feasibility
of the technique to accurately measure densities and compute sediment masses from it
Therefore, results were critically evaluated against the Navitracker measurements as reference
densities.

In addition, the 210 kHz acoustic signal was used to determine the depth level of the water-bed
interface, similar to §3.1.

3.3. Maintenance Dredging Data

All maintenance dredging (except sweep beam) activities in Deurganckdok were collected in the
BIS-system. This system gives a standardised output per week, that states the weight, volume and
V' removed/dumped in every 5*5m grid cell in the area. In case the density of the dredged
sediment in the hopper bin is larger or equal to 1.6 kg/dm?, V' is equal to the volume in the bin. In
case the density is smaller than 1.6 kg/dm?, V'’ is equal to the reduced volume which is defined as
the volume the dredged sediment would have in case the density would be equal to 2 kg/dm?®
(AWZ 2000). These dredged volumes are important to have an overall view on the sediment
balance. Maintenance dredging occurred on 19 and 26 November 2007.

The available data on sweep beam activity is not collected in the BIS-system. However the mode
of operation of the sweep beam is explained:

e Onthe sill (zone 1 & 2): the sediment is swept into the Lower Sea Scheldt
o Inside the dock: the sweep beam sweeps the berthing zones next to the quay walls and moves
sediment into the central trench

Therefore an overview is given of where and when sweep beam dredger was working in
Deurganckdok (DGD) or on the sill of Deurganckdok (sill DGD).

"\ = Reduced Volume
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Figure 4-12: Example of averaged mass growth and mass evolution for subzone 3B

Total mass growth rate ———— Measured mass ——>¢—— Totalmass ——+>—— Cumulated dredged mas%

Clearly, the sediment mass balance is incomplete because sediment fluxes cannot be derived from
the sweep beam data (of which no mass or volume information is available). Internal movements
of sediment by the sweep beam (berthing zones to central trench) and removal of sediments from
the sill into the Lower Sea Scheldt definitely influence the mass balance for (sub)zones and the
total dock.

A table in APPENDIX J gives an overview for all zones and subzones for the following parameters,
and this only if data is available for at least 50 % of this (sub)zone:

Measured Sediment mass [TDS/m?]

Dredged Material mass (absolute) [TDS]

Total Sediment mass [TDS/m?]

Growth rate [kg/m?/day]]

Total area [ha]

Covered area [ha]: area covered by density profiles
Percent of zone covered [%)]

4.9. Capital dredging works

Capital dredging data is used to compute the time evolution of the volume of dredged sediment.
The volumetric change has been calculated in reference to 14 February 2007.

To compute the tide prism, it is necessary to have an idea about the total dock volume available for
water storage during high and low tide. Therefore, the decadal tide data at Liefkenshoek was used
and resulted in a yearly averaged high and low tide level of 5.19 and 0.05 m TAW respectively
(AMT, 2003). In the operational part of the Deurganckdok (see Figure 4-13), the volume of
exchanged water remains constant, and does not contribute to any change in tide prism, during the
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