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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 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
prolonged with an extra year from April 2007 till March 2008.

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/11283/07.091/MSA 1 versie 2.0 - 12/08/08
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1.4. Structure of the report

This report is the factual data report of the through tide measurements at Deurganckdok on the
12" of March, 2007. The first chapter comprises an introduction. The second chapter describes the
measurement campaign and the equipment. Chapter 3 describes 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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3.4. Remarks on data

The total of 180 profiles were successfully taken with the SiltProfiler. Only the salinity data of the
SiltProfiler was unreliable and was replaced by the salinity of the CTD-Diver, which was placed on
the SiltProfiler during the measurement campaign.
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mg/l over the SSC measured by the Seapoint Sensor (1), a back track is performed to find at
what measurement the Long Range SS concentration exceeds the Seapoint SS
concentration.(2). The nearest measurement is chosen as transition point, as is shown by the
‘Final SSC’ line, which shows. This is done as the Long Range SS concentration slightly
underestimates low concentrations.

o Between the long range and short range extinction sensor the transition point is fixed. The long
range sensor saturates at a concentration of 4964 mg/l, so the transition is fixed at a
concentration of 4400 mg/l, leaving a margin of £ 500 mg/l between the transition point and the
maximum measurable concentration of the Long Range Sensor.

This method was developed based on a high number of measurements that showed a high
variation in SS concentration performed on 21/03/06 in Deurganckdok.

A datasheet was produced that contains a plot showing the change in temperature, salinity and
suspended sediment concentration versus depth for each verified profile

Apart from general metadata (date, time, time after HT, coordinates, surface elevation) the water-
bottom interface is given as the lowest elevation at which SiltProfiler measured sediment
concentration within its range, and the detection of the soft and hard bottom (210 kHz / 33 kHz) as
was measured by the dual frequency echosounder.

A table contains measurements with regular spreading in time taken from the profile.

The depth averaged values for temperature, salinity and suspended sediment concentration are
calculated.

The “NaN” (Not a Number) —value is used to indicate a no data value (measurement outside range
of instrument or not recording).

The SiltProfiler datasheets are given in APPENDIX F.

4.3. Timeseries, Depth Averages and Transects

Timeseries were visualised for all locations. Colourplots of temperature and suspended sediment
concentration, as measured by SiltProfiler can be found in APPENDIX H. In these plots the bottom
(as detected by the SiltProfiler) is shown as a black surface.

These plots show a contoured timeseries of the measured profiles on each location in time and
depth. In between two vertical profiles colorcodes are shaded from one to the next. The detection
of the hard bottom or mud-water interface by the instrument is indicated on the contourplot as a
black mask.

Also depth-averaged values were tabularised. Depth-averages were computed for SiltProfiler
(Suspended Sediment Concentration & Temperature) data per location.

For each of these parameters the depth-average is given for:

o Total depth

o Top 50% of watercolumn — bottom 50% of watercolumn

This information is illustrated in figures and tables in APPENDIX G.

The spatial suspended sediment concentration distribution for transects X, Y and Z are given for
each cycle. In these graphs the SSC distribution is shown as a cross-section consisting of all 5
profiling locations ( a, b, ¢, d and e) on each transect (X, Y and Z) within one measurement cycle.
Point a is always given on the left hand side. These figures are given in APPENDIX I.
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5. PRELIMINARY ANALYSIS OF THE DATA

Concerning the suspended sediment concentrations, the depth averages range from 48 mg/l up to
310 mg/l. The maximal and minimal depth average concentrations occur at Za around HW and
around 4:30 after HW. In general the average SS concentrations taken over several points during
the measurement campaign show a spatial pattern: an increase in average SS concentration from
the dock to the river Scheldt and an increase from transect X to transect Z.

Compared to previous SiltProfiler measurement campaigns at the entrance of Deurganckdok
higher SS concentrations have been observed during this measurement campaign. This can be
partially explained by the stormy weather and spring tide event. In general the previous SiltProfiler
measurement campaign on 26" September of 2006 (IMDC, 2007n) and on 23™ October of 2007
(IMDC, 2008g) have a similar magnitude of measured SS concentration. The overall
concentrations measured on 21% March of 2006 (IMDC, 2006h) were roughly twice as high as
campaigns in September and October.

The density of a mud layer at locations Xa, Xb, Ya and Za was low enough to allow the SiltProfiler
to penetrate, although the sediment concentration was higher than the upper limit of the SiltProfiler
range (+/- 35 g/l).

Depth average salinity ranges from 4.9 to 7.7 ppt. The maximal and minimal depth average salinity
value occurs at Xe around 2:00 after HW and around LW. The points located nearby the river
Scheldt have a higher salinity range than the points located in the dock.

Average temperature of the water was about of 8°C over all the locations.
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APPENDIX B.

OVERVIEW OF MEASUREMENTS
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Ship: Scheldewacht 2
Location: Entrance Deurganckdok

Nr. Tijdstip (MET) Type schip Vaarrichting (uit-, invarend)
1 8:18 Containerschip Maersk invarend
2 8:25 Sleepboot Union 7 invarend
3 8:42 Sleepboot invarend
4 8:55 Veremans invarend
5 8:05 Sleepboot Union 8 Uitvarend
6 8:10 Veremans Uitvarend
7 8:11 Union 11 Invarend
8 8:15 Binnenvaart Camaro Uitvarend
9 9:30 Brabo, dienst Uitvarend
10 9:40 Rotterdam, tanker Invarend
11 9:45 Veremans Uitvarend
12 9:56 Veremans Invarend
13 10:00 Binnenvaart So Long Uitvarend
14 10:15 Binnenvaart Antigoon Uitvarend
15 10:35 Veremans Uitvarend
16 10:40 Veremans Invarend
17 10:55 Container Antigoon Invarend
18 11:02 Ad-fundum Invarend
19 11:20 Veremans Uitvarend
20 11:20 Independent Il Invarend
21 11:22 DN-31 Uitvarend
22 11:22 Veremans Invarend
23 11:40 El-Blajo Invarend
24 12:00 zeeschip Monte Invarend
25 12:00 Union 9 Invarend
26 12:00 Uinion Emerald Invarend
27 12:00 Union Anton V Invarend
28 12:28 Binnen}g\/liao?r:taVela * Invarend
29 12:30 DN-31 Invarend
30 12:30 So Long Invarend
31 Union 9 Uitvarend
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Ship: Scheldewacht 2
Location: Entrance Deurganckdok
32 Union Emerald Uitvarend
33 12:45 SPN 14 Invarend
34 12:46 Anton V Uitvarend
35 13:19 Tanksschip Varik Uitvarend
36 13:20 Rotterdam Uitvarend
37 13:25 Tankschip Imperial Invarend
38 13:30 Binnenvaart Nautiek Invarend
39 13:34 Tankschip Amalia Uitvarend
40 13:35 D“[‘;"ub;:rsl\f:ifc')‘f; ¥ Uitvarend
41 13:38 DN-31 Uitvarend
42 13:43 Union Emerald Invarend
43 13:44 Union 9 Invarend
44 13:48 Binnenschip Pretoria Invarend
45 13:50 Veremans Uitvarend
46 13:51 Union Ruby Invarend
47 13:54 Veremans Invarend
48 13:56 DN-31 Invarend
49 14:01 Tankschip Elveba Invarend
50 14:10 La Prorinnie Uitvarend
51 14:12 Zandschip Rio 4 Uitvarend
52 14:20 Union 9 Uitvarend
53 14:25 Binnenschip Karveel Invarend
54 14:26 Tankschip Rotterdam Invarend
55 14:30 So Long Uitvarend
56 14:30 Veremans Uitvarend
57 14:34 Union Kodak Invarend
58 14:35 Binnenschip Sarina Invarend
59 14:36 Veremans Invarend
60 14:44 Baggegig'rp Jade Uitvarend
61 14:51 Politieboot SPN 14 Invarend
62 14:55 Union Ruby Uitvarend
63 15:13 Veremans Uitvarend
64 15:20 Union Emerald Uitvarend
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Ship: Scheldewacht 2
Location: Entrance Deurganckdok
65 15:21 Veremans Invarend
66 15:31 Union 8 Invarend
67 15:33 Baggegf:/Zirp Jade Invarend
68 15:38 Binnenschip Brutus Invarend
69 15:36 Karveel Uitvarend
70 15:38 DN-31 Uitvarend
71 15:51 Zeeschip Vegaland Invarend
72 15:54 Veremans Uitvarend
73 15:55 DN-31 Invarend
74 16:00 Ad-fundum Uitvarend
75 16:01 Veremans Invarend
76 16:02 Sarino Uitvarend
77 16:05 Zeeschip GrenoLine Uitvarend
78 16:05 Veronique Uitvarend
79 16:08 Margreta Invarend
80 16:10 Union Ruby Invarend
81 16:35 Veremans Uitvarend
82 16:40 Veremans Invarend
83 16:51 Binnenschip Invarend
84 16:52 Schelde 12 Invarend
85 16:53 Union 8 Invarend
86 16:56 Melek B Invarend
87 17:13 Union Emerald Invarend
88 17:15 Union 9 Invarend
89 17:16 Veremans Uitvarend
90 17:21 Veremans Invarend
91 17:50 Independent 1 Uitvarend
92 17:50 Independent 2 Uitvarend
93 17:52 El Blajo Uitvarend
94 17:54 Sint Antonius Invarend
95 17:55 Veremans Uitvarend
96 17:56 Imperial Uitvarend
97 18:00 Veremans Invarend
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Ship: Scheldewacht 2
Location: Entrance Deurganckdok
98 18:06 Lieve Govaert Uitvarend
99 18:14 DN-31 Uitvarend
100 18:35 Veremans Uitvarend
101 18:37 Antigoon Uitvarend
102 18:39 Veremans Invarend
103 18:46 DN-31 Invarend
104 18:50 Union 9 Uitvarend
105 18:50 Union Emerald Uitvarend
106 19:00 DN-31 Invarend
107 19:07 Nautiek Uitvarend
108 19:14 Veremans Uitvarend
109 19:20 Veremans Invarend
110 19:30 Pretoria Uitvarend
111 19:53 Odessa Uitvarend
112 19:54 Veremans Uitvarend
113 19:56 Veremans Invarend
114 20:22 Alpina Uitvarend
115 20:40 Sownent Invarend
116 20:45 Colommer Invarend
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SALINITY
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Practical Salinity Scale (PPS 78)  Salinity in the range of 2 to 42
Constants from the 19th Edition of Standard Methods

C
R cond.ratio 00117 |[R = ———
42.914mS/cm
CCond at t 0.5 Input conductivity in mS/cm of sample
tdeg.C 22.00 Input temperature of sample solution
P dBar 20 Input pressure at which sample is measured in decibars
R 1.0020845 |[R, = 1 + p(e, + ep + ep?)
P ' » 1 +d,t+d,t* +(d, +d,HR
rt 11641102 | rp = og + ot + cpt2rozdrogtd |
R
Rt 0.0009879 |R¢ = —Rp X 1q
_(t-15) 172 32 2 52
Delta S -0.0010 |Delta S = THk(t-15) (bp +bjR " +boR +b3R +bgRy +bsR, )
172 32 2 52
S = Salinity 0.257 |S= ag+ alRt + ath + a3Rt + a4Rt + a5Rt +delta S
a0 0.0080 b0 0.0005 c0 0.6766097 d1 3.426E-02 ef
al -0.1692 b1 -0.0056 cl 2.00564E-02 d2 4.464E-04 €2
a2 25.3851 b2 -0.0066 c2  1.104259E-04 d3 4.215E-01 e3
a3 14.0941 b3 -0.0375 c3 -6.9698E-07 d4 -3.107E-03
a4 -7.0261 b4 0.0636 c4 1.0031E-09
a5 2.7081 b5 -0.0144

k 0.0162
R = ratio of measured conductivity to the conductivity of the Standard Seawater Solution
Conductivity Ratio R is a function of salinity, temperature, and hydraulic pressure. So that we can factor R into three partsi.e.
R=Rt xRpx rt
R = C(S,t,p)/C(35,15,0)
C =42.914 mSicm at 15 deg C and 0 dbar pressure ie C(35,15,0) where 35 is the salinity

Ocean pressure is usually measured in decibars. 1 dbar = 10*-1 bar = 1045 dyne/lcm”2 = 10%4 Pascal.

2.070E-04
-6.370E-08
3.989E-12

I/RA/11283/07.091/MSA 39

versie 2.0 - 12/08/08






IMDC NV i.s.m. WL|Delft Hydraulics Opvolging aanslibbing Deurganckdok
en Gems Report 2.15: Through Tide Measurement SiltProfiler 12 March 2008

APPENDIX F.

SILTPROFILER GRAPHS
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