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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]

2. density of the solid minerals [kg/dm?]

o density of clear water [kg/dm?]

toq 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 twice with an extra year from April 2007 till March 2008, and April 2008 till March 2009.

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 three years
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.

I/RA/11283/08.080/MSA 1 versie 1.0 - 1/03/2010
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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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3.2.2. DensiTune

The DensiTune is a patented system to determine the internal density of liquid silt layers. The
measurement system is based on the “tuning fork” principles. One of the legs vibrates with a
specific frequency, and the other leg responds with a frequency which depends on the density of
the medium in which the DensiTune is inserted. The system measures vertical density profiles in
liquid silt layers while lowered.

From previous research (IMDC, 2005), it could be observed that the DensiTune measured
higher densities at a specific depth in comparison to the Navitracker. DensiTune therefore
identifies densities less deep than Navitracker, i.e. around 25 cm.

3.2.3. Data analysis

The resulting density profiles were processed in a Matlab environment and visualized in Matlab
and ESRI ArcGIS. Equal density layers were computed. Volume and density information was used
to 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/dm3.

To calculate the local sediment mass in the dock, or zones of it, each measured density profile was
integrated over its depth. The unmeasured part of the water column, covering the distance
between the deepest sampling point and the design depth, needed to be estimated (if not
measured). This sediment concentration was estimated as being constant for the unmeasured
depth range and being proportional to the deepest measured concentration. As proportionality, a
value of 1.02 was applied which was determined from a preliminary analyses of the density profiles
near the bottom (measured by Navitracker). A horizontal distribution of the sediment mass was
subsequently obtained by cubic interpolation between the profiling locations onto a grid with a
resolution of 5 m.

In this measurement campaign, Navitracker measurements were performed on:
e 28 April 2008;
¢ 5 June 2008;
e 11 August 2008;
e 26 August 2008
DensiTune measurements were performed at the following dates:
e 11 September 2008;
e 20 October 2008;
6 November 2008;
¢ 30 January 2009; and
e 12 March 2009.

As a reference situation the empty dock will be used at the design depth. The design depths for the
different zones are shown in Table 3-2. The different zones are described in §4.1.
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5. PRELIMINARY ANALYSIS OF THE DATA

5.1. Introduction

This chapter discusses the measurements on a yearly basis. Three-monthly trends that are
already covered in previous reports are not dealt with, cf. IMDC (2009a-d). Instead, more long-term
evolutions are focused, or evolutions and phenomena bridging these three-monthly periods.

With respect to the data analysis and its interpretation, it is important to keep in mind the different
contributing terms in the sediment mass balance of each defined zone in the Deurganckdok:

M
: ~=R,.. -R . 1R -R

dt ~ siltation erosion sweepbeam maintenane ¢ iRﬂapi{aldn: doing

with:
e M; =local amount of sediment mass [TDS]
¢ Rusittion = S€diment mass flux from siltation [TDS/day]
¢ Rewsion = sSediment erosive flux [TDS/day]
¢ Rsweepbeam = Mass flux from sweep beam dredging operations [TDS/day]
¢  Rinintenance = Mass flux from maintenance dredging [TDS/day]
¢ Roapitaldreaging = Mass flux from capital dredging [TDS/day]

It is important to note that observations of bed level changes (from depth soundings and density
measurements) refer to the gross effect of all contributing terms. Strictly seen, the siltation rate is
only observed when no other process takes place at a specific location. With respect to the erosive
flux, it is expected that flow velocities and shear forces are so low that erosion can be neglected
from the mass balance.

The siltation in Deurganckdok can in fact be described in both a volumetric and a densimetric
manner. The sediment volume is difficult to interpret because sediment volume is not conservative,
i.e. sedimentation and consolidation increases the local sediment concentration. Sediment mass is
therefore a better way of studying the siltation in the dock. However, due to the vast amount of
depth soundings performed in this study and their additional information to density measurements,
it is interesting to look at these data too.

Firstly, the ‘volumetric siltation rate’ is computed from the temporal bed level change as obtained
from the depth soundings. Because different processes result in these observations, it is crucial to
understand what is meant by the computed ‘volumetric siltation rate’. For that reason, some
definitions are considered important for the data interpretation:

o natural siltation rate: is computed from a time period in which only siltation occurs and no
other process;

e gross siltation rate: is computed from a time period in which other processes occur besides
the natural siltation;

The difference between these two definitions is schematised in Figure 5-1. Note that the gross
siltation rate may also be larger than the natural one due to e.g. sweep beam activities, which may
import sediment into the considered dock zone.
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6. SEDIMENT MASS BALANCE: LIMITATIONS

As mentioned in Chapter 1.2, the aim of this study is twofold. Firstly, setting up the sediment
balance of the Deurganckdok is focused. Secondly, the mechanisms causing siltation in the dock
are to be investigated. The latter is the subject of other reports (see §1.3), and the confrontation of
both the sediment balance and the siltation contributing factors for the period 2008-2009 will be
dealt with in Report 4.20 “Analysis of Siltation Processes and Factors” (I/RA/11283/08.098/MSA).

The actual report aims at quantifying the different processes that contribute to the sediment
balance in order to compute the sediment influx from the Scheldt. The different contributions are
schematically shown in Figure 2-2 and the sediment balance equation is to be found in §5.1.

In contradiction to previous measurement campaigns, the 2008-2009 campaign covered an entire
year of densimetric measurements enabling the setup of a mass balance. Different processes of
the sediment transport have been considered densimetrically, such as:

e maintenance dredging;
e capital dredging;

o settling and consolidation (measured indirectly by the local sediment
densities)

Only one process has been inadequately described, i.e. the sweep beam actions. Although the
depth of the rake or plough and its location is known, it is difficult to estimate the transport capacity
of it. The question indeed remains whether the rake introduces a momentum so the sediment flows
in the direction of the rake movement, or the rake pushes the sediment. The sweep beam data has
therefore only been used for data interpretation.
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APPENDIX A.

DEPTH OF THE WATER-BED INTERFACE (210 KC)
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APPENDIX B.
EVOLUTION OF DEPTH OF WATER-BED INTERFACE

(210 KC)
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B.1 Difference maps
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B.2 Bed elevation evolution per section
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