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1. INTRODUCTION

1.1. The assighment

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
2y.

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 and a second time prolonged with one
extra year from 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 Mariteme 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:

o Part 1: Setting up a sediment balance of Deurganckdok covering a period of two years, i.e.
04/2007 — 03/2009
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

I/RA/11283/08.089/MSA 1 versie 2.0 - 02/03/09
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8. Monitoring dredging activities at entrance channels towards the Kallo, Zandvliet and
Berendrecht locks

9. Monitoring dredging and dumping activities in the Lower Sea Scheldt

In-situ calibrations were conducted on several dates to calibrate all turbidity and conductivity
sensors, a description can be found in IMDC (2006a; 2007a; 2008f; 20080; 2009c).

1.4. Structure of the report

This report is the factual data report of the through tide measurements at the entrance of
Deurganckdok on the 1st of October 2008. 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 results and processed data are presented in Chapter
4, whereas chapter 5 gives a preliminary analysis of the data.
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4. PROCESSING OF DATASETS

4.1. Methodology of processing of the ADCP data

The recorded velocity fields of the ADCP data were used to obtain contour plots of the velocity of
the sailed transect and maps showing the velocity fields of the three transects that were measured
together. In the following, first the used depth averaging methodology is discussed, followed by a
discussion of the contour plots of the velocities at the transect, the maps containing the depth
averaged velocity fields and the presented output.

4.1.1. Depth averaging methodology

Because of the importance of the flow for navigation purposes, a depth-averaging methodology
was used here, which explicitly accounts for the effect of the flow on the vessels.

In this technique, the measured velocity is averaged by summing the flow pressure (calculated
form the measured velocity) on a strip of unit width on the vessel, and then calculating an
equivalent velocity from this pressure. For the average direction, the direction of the sum of the
squared velocities is taken, and hence this equivalent velocity is a kind of root mean square.

The two horizontal components of the force on a vessel per unit width (Fx and F,) with a draught H
are given by:

F, = C | puUdz
H

F, =C fpu,Ud
H

Here, u, and u, are the velocities in the x and y direction respectively, U is the velocity magnitude
and C is a dimensionless constant. The total force on the vessel is given by:

F=\JF2+F}

Now, the total force on the vessel is represented by an equivalent velocity U, and direction ¢eq:

F =CpHU,,
This leads to:
2 2
C\/( J-pudez) +(J-pqudz)
Ut = F _ H H
“  CpH CpH

which leads for the assumed constant density to:
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1/4

. (Judez]2+(}}[qudz]2

eq HZ

and

(C J-pqudZ] (J-qudZ]
= arctan AN — -

C J-pudeZ] J-udeZ]
H

H

Fy
4., = arctan il arctan

X

4.1.2. Contour plots of the transects

All contour plots show perpendicular and parallel projected values on the straightened sailed
transects. The heading of the straightened sailed transect is defined by picking 2 points in the
straight part of the line after having corrected the heading of the ADCP compass. The compass
offset is derived from a comparison of the ADCP’s bottom track with the external GPS data.

4.1.3. Maps of the measured depth averaged velocity

Maps were made of the measured depth averaged (over the highest 12 m of the water column)
velocity fields by plotting a velocity vector at the recorded location of the measurements (using ED
50 UTM 31 coordinates), together with a map of the Deurganckdok and the Scheldt river.

4.1.4. Output

General transect information containing start-stop coordinates of each sailed transects with stop
time, track length and heading is given in APPENDIX A.

In APPENDIX E, two contour plots were generated for each transect showing the flow velocity
perpendicular and parallel to the transect, in combination with a vector plot of the depth averaged
(over the complete water depth) velocity field project on the theoretical transect (with a vector
spacing of 50 m). The following conventions were used:

o Distances on the X-axis were referenced to the starting point of the transect, the start of the
sailed transect is always at distance equal to zero.

o Left bank is always shown left, right bank on the right side. For transect DGD, left bank was
taken to be the western quay wall and the right bank to be the eastern quay wall considering
the dock as being a tributuary to the Scheldt river.

o Perpendicular flow velocities and fluxes are positive for downstream flow (ebb, out of
Deurganckdok), negative for upstream flow (flood, inbound).

o Parallel flow velocities are positive for flow going from the left bank to the right bank, and
negative for flow going from the right bank to the left bank.

o Absolute Depth is given in meters above TAW.
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In APPENDIX F, the measured depth averaged velocities (over the highest 12 m of the water
column) are plotted. Here the depth-averaged velocities were calculated with the methodology
described in the previous paragraph. For the area between the highest measurement bin and the
free surface, the velocity data were extrapolated for each ensemble assuming a constant velocity
equal to the velocity in the highest measurement bin.of that ensemble. In the horizontal plane, an
averaging over three vectors along the transect was performed, and only these averaged vectors
(i.e. one out of three) were plotted, because otherwise the vectors would be to closely spaced to
obtain a clear view. Each map shows the velocity fields of the three consecutively recorded

transects X, Y and Z.
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5. PRELIMINARY ANALYSIS OF THE DATA

5.1. Previous investigations

Similar vector plots of the current measured using an ADCP at the entrance of the Dock are
presented in previous reports (IMDC 2006m and IMDC 2006q). In these investigations, IMDC
2006m correspond to spring tide conditions (a tidal coefficient of 1.09 to 1.11), which is very similar
to the measurement. However, in the previous report, the velocities in the upper and lower bin of
the ADCP were plotted, rather than depth averages as in the present report. A 3-d numeric
simulation of these cases has been made (WL|Delft Hydraulics and IMDC, 2006), and it was found
that the numerical results agreed well with the measurements. Therefore, we will compare the
results of the present mainly with the depth-averaged results of the 3-d model simulation. Further
descriptions of the processes that occur at a harbour mouth can be found in PIANC (2008).

5.2. Oktober 1°' 2008 survey

As Deurganckdok is situated along the part of the Scheldt River, which is under tidal influence, it is
subject to complex current fields near its entrance. For the present report, measurements were
performed along different transects at the entrance of the Deurganckdok in order to obtain more
insight in the occurring flow field at this location. These transects started well into the Scheldt river
and extended some 500 meters into the Deurganckdok, which is a distance that is approximately
equal to the width of the Deurganckdok.

The present measurements started approximately two hours after high water, i.e. during ebb
conditions. In these measurements, it can be seen that on the River Scheldt tidal flow occurs, with
a westward flow during ebb. The flow parallel to the dock's entrance decreases strongly when
approaching the dock. Perpendicular to the dock entrance, the flow is directed outwards (i.e. the
dock is emptying). The flow at the Scheldt shows a maximum ebb velocity around 4 to 5 hours
after high water. It is interesting to note that no clear eddy pattern is visible during the ebb flow in
the depth-averaged data, even though sometimes a very weak eddy appears (at 4h16 and Sh07
after HW to be precise). This compares rather well with model simulation, which show in the depth-
averaged data (which is in that report defined over the complete water depth, and here over the
upper 12 m) rather weak eddies during ebb.

Approximately one hour after low water, slack water occurs on the river, and afterwards the flood
current, which is here in easterly direction, starts to increase. At this moment the flow inside the
dock is directed southward (i.e. the flow is directed into the dock), but this flow is rather weak. After
this moment an eddy starts to form in the dock entrance, and the flow inside the dock has a
direction opposite to the flow in the river. This eddy starts to become particularly strong at around
2.30 to 1.00 hours before high water. At this instant in time, the flow at the inflowing side of the
eddy is stronger than in the outflowing side. This pattern is also clearly visible in the model
simulations (WL|Delft Hydraulics and IMDC, 2006) during flood. Similar flow patterns were
observed in laboratory measurements of the eddy in a tidal harbour (Langendoen 1992 and
references therein), especially the fact that the eddy is stronger during flood than during ebb

After this, the flow at the river decreases, and when this happens, the strength of the eddy
decreases as well, even though it still remains visible for some time after the flow has decreased.
After the eddy has decayed, there is mainly outflow. This is a difference with the results from
(WL |Delft Hydraulics and IMDC, 2006), where the depth-averaged eddy although it decreases in
the strength, remains visible until up to an hour after HW.
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IMDC (20070) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.7 Salt-Silt distribution & Frame Measurements Deurganckdok 15/07/2006 —
31/10/2006 (I/RA/11283/06.122/MSA)

IMDC (2007p) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.8 Salt-Silt distribution & Frame Measurements Deurganckdok 15/01/2007 —
15/03/2007 (I/RA/11283/06.123/MSA)

IMDC (2007q) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 3.1 Boundary conditions: Three monthly report 1/1/2007 31/03/2007
(I/RA/11283/06.127/MSA)

IMDC (2007r) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing
Deelrapport 1.10: Sediment Balance: Three monthly report 1/4/2007 30/06/2007
(I/RA/11283/07.081/MSA)

IMDC (2007s) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 1.11: Sediment Balance: Three monthly report 1/7/2007 30/09/2007
(I/RA/11283/07.082/MSA)

IMDC (2007t) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport
216: Salt-Sit  distribution  Deurganckdok  summer  (21/6/2007 -  30/07/2007)
(I/RA/11283/07.092/MSA)

IMDC (2007v) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 3.10: Boundary conditions: Three monthly report 1/04/2007 30/06/2007
(I/RA/11283/07.097/MSA)

IMDC (2007w) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 3.11: Boundary conditions: Two monthly report 1/07/2007 30/09/2007
(I/RA/11283/07.098/MSA)

IMDC (2008a) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.5: Through tide measurement Sediview average tide 24/10/2007
(I/RA/11283/06.120/MSA)

IMDC (2008b) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 4.1: Analysis of siltation Processes and Factors (I/RA/11283/06.129/MSA)

IMDC (2008c) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 1.12: Sediment Balance: Four monthly report 1/9/2007 - 31/12/2007
(I/RA/11283/07.083/MSA)

IMDC (2008d) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 1.13: Sediment Balance: Four monthly report 1/01/2007 - 31/03/2007
(I/RA/11283/07.084/MSA)
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IMDC (2008e) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 1.14: Annual Sediment Balance. (I/RA/11283/07.085/MSA)

IMDC (2008f) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport
2.09: Calibration stationary equipment autumn (I/RA/11283/07.095/MSA)

IMDC (2008g) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport  2.10:  Through tide measurement  SiltProfiler 23  October 2007
(I/RA/11283/07.086/MSA)

IMDC (2008h) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.11: Through tide measurement Salinity Profiling winter 12 March 2008
(I/RA/11283/07.087/MSA)

IMDC (2008i) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport

212: Through tide measurement Sediview winter 11 March 2008 - Transect |
(I/RA/11283/07.088/MSA)
IMDC (2008)) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport
213: Through tide measurement Sediview winter 11 March 2008 - Transect K
(I/RA/11283/07.089/MSA)

IMDC (2008k) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.14: Through tide measurement Sediview winter 11 March 2008 — Transect DGD
(I/RA/11283/07.090/MSA)

IMDC (2008l) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport
2.15: Through tide measurement SiltProfiler winter 12 March 2008 (I/RA/11283/07.091/MSA)

IMDC (2008m) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.17: Salt-Silt distribution & Frame Measurements Deurganckdok autumn (17/9/2007-
10/12/2007) (I/RA/11283/07.093/MSA)

IMDC (2008n) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.18: Salt-Silt distribution & Frame Measurements Deurganckdok winter (18/02/2007-
31/03/2008) (I/RA/11283/07.094/MSA)

IMDC (20080) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.19: Calibration stationary & mobile equipment winter (I/RA/11283/07.096/MSA)

IMDC (2008p) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 3.12: Boundary conditions: Three monthly report 1/9/2007 - 31/12/2007
(I/RA/11283/07.099/MSA)

IMDC (2008q) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 3.13: Boundary conditions: Three monthly report 1/1/2008 — 31/3/2007
(I/RA/11283/07.100/MSA)

IMDC (2008r) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 3.14: Boundary conditions: Annual report (I/RA/11283/07.101/MSA)

IMDC (2008s) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 4.10: Analysis of siltation Processes and Factors (I/RA/11283/07.102/MSA)

IMDC (2008t) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing Deelrapport
1.20: Sediment Balance: Three monthly report 1/4/2008 — 30/06/2008 (I/RA/11283/08.076/MSA)
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IMDC (2008u) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.20: Through tide measurement Sediview during average tide Spring 2008 — 19 June
2008 (I/RA/11283/08.081/MSA)

IMDC (2008v) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.21: Through tide measurement Sediview during average tide Spring 2008 — 26 June
2008 (I/RA/11283/08.082/MSA)

IMDC (2008w) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing
Deelrapport 1.21: Sediment Balance: Three monthly report 1/7/2008 - 30/09/2008
(I/RA/11283/08.077/MSA)

IMDC (2008x) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.22: Through tide measurement Sediview during neap tide Summer 2008 — 24
September 2008 (I/RA/11283/08.083/MSA)

IMDC (2008y) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.28: Through tide measurement ADCP eddy Summer 2008 — 1 October 2008
(I/RA/11283/08.089/MSA)

IMDC (2008z) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.32: Salt-Silt distribution Deurganckdok: six monthly report 1/4/2008 — 30/9/2008
(I/RA/11283/08.093/MSA)

IMDC (2008aa) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 3.20: Boundary conditions: Six monthly report 1/4/2008 - 30/09/2008
(I/RA/11283/08.096/MSA)

IMDC (2009a) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.23: Through tide measurement Sediview during spring tide Summer 2008 — 30
September 2008 (I/RA/11283/08.084/MSA)

IMDC (2009b) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.29: Through tide measurement SiltProfiler summer 2008 — 29 September 2008
(I/RA/11283/07.090/MSA)

IMDC (2009c) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport  2.34:  Calibration  stationary &  mobile equipment autumn 2008
(I/RA/11283/08.095/MSA)

IMDC (2009d) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing
Deelrapport 1.22: Sediment Balance: Three monthly report 1/10/2008 - 31/12/2008
(I/RA/11283/08.078/MSA)

IMDC (2009e) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.24: Through tide measurement Sediview during neap tide Autumn 2008
(I/RA/11283/08.085/MSA)

IMDC (2009f) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport
2.25. Through tide measurement Sediview during spring tide Autumn 2008
(I/RA/11283/08.086/MSA)

IMDC (2009g) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing
Deelrapport 1.23: Sediment Balance: Three monthly report 1/01/2009 - 31/03/2009
(I/RA/11283/08.079/MSA)

IMDC (2009h) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing
Deelrapport 1.24: Annual Sediment Balance (I/RA/11283/08.080/MSA)
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IMDC (2009i) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport
2.26: Through tide measurement Sediview during neap tide Winter 2009 (I/RA/11283/08.087/MSA)

IMDC (2009j) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport
2.30: Through tide measurement SiltProfiler winter 2009 (I/RA/11283/08.091/MSA)

IMDC (2009k) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport  2.31:  Through tide measurement Salinity  Profiing  winter 2009
(I/RA/11283/08.092/MSA)

IMDC (2009I) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing. Deelrapport
2.33: Salt-Silt distribution Deurganckdok: six monthly report 1/10/2008 - 31/3/2009
(I/RA/11283/08.094/MSA)

IMDC (2009m) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 3.21: Boundary conditions: Six monthly report 1/10/2008 - 31/03/2009
(I/RA/11283/08.097/MSA)

IMDC (2009n) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 2.27: Through tide measurement Sediview during spring tide Winter 2009
(I/RA/11283/08.088/MSA)

IMDC (20090) Langdurige metingen Deurganckdok: Opvolging en analyse aanslibbing.
Deelrapport 4.20: Analysis of siltation Processes and Factors (I/RA/11283/08.098/MSA)
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APPENDIX A.

OVERVIEW OF MEASUREMENT

I/RA/11283/08.089/MSA 23 versie 2.0 - 02/03/09






D9 939 E $+ #'.)I$4% ="1$/40/ ))0 $4CC40/ 1./)

=1. 5957> &.1!/& 4' 3 ) 1.3 0 ; T H 133 .5 7
- ) , ) ) >"5*
@ !'!'" 6
5 =
$ J K 5 LM
"> 6 6

/0’

D0 %
)$404@#!.Ca'4 #
;146

4% =41+ 4%

NN 8 ? 8 4%$13

578 79 76 5 ".4 59 2 5 8 6



D9 939 E $+ #'.)I$4% ="1$/40/ ))0 $4CC40/ 1./)
=1. 5957> &.1!1/& 4' 3 ) 1.3 0 ; ''# 133 .5 7

/ 0’

578 79 76 5 ".4 59 2 5 8 6



D9 939

72

578 79 76

77

/

77

E

0"

$+ #'.)!1$4%
=1. 5957>

77

) 04 @ !.C4'4 #

&.11/& 4

77

3)

30

"1$/40/ ))0 $4CC40/

" H

133

5

!
7

1)



D9 939 E $+ #'.)I$4% ="1$/40/ ))0 $4CC40/ 1./)
=1. 5957> &.1!1/& 4' 3 ) 1.3 0 ; ''# 133 .5 7

578 79 76 5@ ".4 59 2 5 8 6



D9 939

578 79 76

E

$+ #'.)!1$4%

="1$/40/ ))0 $4CC40/

=1. 5957> &.1!/& 4' 3 ) 1.3 0 SRR
, >"5*
9 1
5 5
6 8 79 78859 6 @@ 9 75 @9
77 7 9 7659 76@@ 9 7 87 9
65 9 @ @6 9 656 59 7 75957
77@ 977 7 96 77 96 7 5 96
76 696 76 798 7@7679@78 @ 9
@8 9 67795 @ 8 79 6 68596
9 1 2
5" 5)7 * Y%7 *
77@8@ 7 87
5 77 6 7 5
8 77 8 77
77 6 7
77 6 7 88
77 75 @
@ 77 8 7 568
7 77@ 787
6 7@ @ 7
77@68 7 5
777 7 5
5 7778 7 85
8 77@ 75
77@ 6 7 @
77 5 7 66
57 4 59

133

5

!
7

1)



D9 939 E $+ #'.)1$4% ="1%$/40/ ))0 $4CC40/
=1. 5957> &.1!/& 4' 3 ) 1.3 0 ; " H# 133 . 5
9 - ( $ + &+ &&
) % ) )
( ( 19) :+ 19) :+ 19) :+ 19) :+
) ;%4 1;$4 ;%4 ;%4
> > .Q %9% "778 7 786 7 777@ 7 7 6 7
> > .Q %9% "778@ @ 7 77T7T@ 7 7 6 8 587
>8 >5 @ .Q %9% 77855 786 7 777T@7 7 7 6 7
>8 5>5 7 .Q %9% "7785 786 8 777@ 77 7 5 586
> 5 5> 5 .Q %9% "778 786 77786 7 76 @
@>5 8> .Q %9% "778 786 6 777 6 7 7 58@
@ > 8>8 @ .Q %9% 7785 786 777@ 7 7 7 6
7> > 5 .Q %9% "778 786 7777 7 7 8 587
7>8@ >5@58 .Q %9% '7785@ 786 6 777 6 7 77
7> @ > @5 .Q %9% "778 6 786 777@ 7 7 7 587
6>58 > 8 56 .Q %9% 77856 786 @ 777 7 7T@@ 8
6 > >8 85 .Q %9% 778 6 786 5 7777 77 7 587
> > 8 .Q %9% "778 @ 786 77775 7 75 7
>8@ >5@87 .Q %9% '778 786 6 776 7 78 8 58
> 6 2 >5 .Q %9% "7785 786 5 7777 7 @6 @
>8 2 > .Q %9% "77886 786 777T@6 7 7 586
5> 2 > @ .Q %9% 778 786 7776 7 7 8 7
5> 28>8 .Q %9% "778 6 786 776 6 7 786 @ 58
8> 6 28> 8 .Q %9% "778 5 786 77786 7 7 66 7
8> 25>57 .Q %9% "778 786 7776 77 7 58@
> 25> 8 6 .Q %9% "7785 786 7777 777 8 7
> @ 2 >855 .Q %9% "77857 786 @ 776 6 7 75 5 58
> @ 2 >5 .Q %9% " 7785 786 6 776 7 7 8 8
> 2 >87 7 .Q %9% "778 @ 786 6 777@5 7 7 8 5 587
> 2 >8@ .Q %9% "7785 786 @ 7777 7 7 6 7
>85 >5 @ .Q %9% 778 5 7867 7776 7 7 8 58
> >8 @@ .Q %I9N7T7T@68 7 @ 77768 7 7 @ @8
@>8 > 75 .Q %9% '778 6 786 777@ 77 7 7
> @ > @ 5 .U %9% "778 8 787@8 77687 7 @ @ 58
> 6 > 6 .U %9% "778@ 787 7765@ 7 @ 5 @ 6
>87 5>57 6 .U %9% "778@ 787 7765 7 @ 5 6
> 7 5> 7 5 .U %9% "778 787 5 776 7 @ 8 6 58@
@>56 8> 6 .U %9% "778 7 787 5 7765 7 @ 6 6
@>8 8>8 7 .U %9% "77878 78785 776 5 7 @5 7 58@
7>55 > 5 5 .U %9% "778@5 787 8 77657 7 @ 6 7
7> 8 >88 5 .U %9% "7786@ 787@7 7765 7 @ 7 586
6> > 5@ .U %9% 778 @ 787 @ 776 7 @58 8 7
6>56 > 6 8 .U %9% "778@ 787 776 @ 7 @87 58@
6> 8 > 8 88 .U %9% 778 787 8 7768 7 @ 7
> 7 > 7 8 .U %9% "778 @ 787 7 7765 7 @ @ 587
578 79 76 56 4 59 2 6

!
7

1)



D9 939 E $+ #'
=1.
)
( (
)
> 8 >88 86 .U
>@ 2 >5 5 .U
> 2 >8 .U
5> @ 2 >5 7 .U
5> 28>57 .U
8>57 25> .U
8> 7 25>5 @ .U
>5 2 > .U
> 7 2 >5 8 .U
>5 2 > 8 U
> 2 >56 6 U
> 2 > @5 .U
>86 > 6 @ .U
@ > > @7 .U
@>5 > 7 .U
> > 8 .K
>5 > .K
> 5>8 .K
@>8 8>8 8 .K
@>8@ 8>5@ .K
7> 5 8> 5 6 .K
7>56 > 6 55 .K
7> > 5 .K
6> > 57 .K
6>8@ >5@8 . K
> > 8 .K
>5@ > @ 8@ .K
> 5 2 >5@ .K
>6 2 > 8 .K
> 2 >5 .K
5>5 28> 6 .K
8> 28> 6 5 .K
8> 25>86 .K
> @ 25>57 .K
>85 2 > @ .K
> 7 2 > .K
>88 2 > @ .K
> @ 2 >55@ .K
>5 > @ 8 .K
> @ >5@ @ .K
@> 7 > 7 @6 .K

578 79 76

="1$/40/ ))0 $4CC40/

)!1$4%
5957> &.1!'/& 4' 3 ) 1.3 0 ; U H
% )
19) :+ 19) :+ 19) :+ 19) :+
1;$4 ;%4 1,$4 1,$4
%9% 778@5 787 7 7775 7
%9% "7786@ 787 8 776 5 7 @8
%9% "778 787 7768 7 @ 8
%9% "7787 7878@ 7765@ 7 @
%9% " 778@6 78786 776@ 7 @
%9% "778 @ 787 776 8 7 @5
%9% 7787 7878 77655 7 @55
%9% " 77 7878@ 776 7 @86
%9% "778@ 7878@ 776@ 7 @ @
%9% " 778 787 776 7 @8
%9% "778@ @787 8 77657 7 @
%9% 778@8 787 77687 7 @87
%9% 778 @ 787 5 7765 7 @
%9% 778 6 787@5 776 7 @87
%9% "778@ 787 777 7
%9% "77 8 78@5 77666 7 5
%9% " 77 7 78@77 7766 7 5@
%9% " 77 @7 78@6 77657 7
%9% "77 78@5 776@ 7 86
%9% " 77 8 78@ 776@@7 8
%9% "77 6 78@8 776@5 7
%9% "77 87 78@ 7 7767 7 56
%9% "77 5 T78@86 7767 7 58
%9% "77 65 787 77@ 75 @
%9% "77 58 78@88 77665 7 5
%9% "77 57 78@5@ 77665 7 5
%9% 77 58 78@57 77675 7
%9% " 77 57 78@ 7 77668 7 7
%9% "77 8 78@5 76 7 177
%9% " 77 8 78@ 7 76 7 5
%9% "77 85 78@ 7766 7 5
%9% "77 @ 78@ @ 76 7 55
%9% " 77 56 78@ 6 776@6 7 5
%9% "77 78@ 76 7 7
%9% " 77 87 78@ 5 776 7 88
%9% " 77 5 78@5 76 5 7 7
%9% 77 78@@ 776 7 76
%9% 77 7 78@ 77666 7 5
%9% 77 55 78@5@ 7767 7 85
%9% '7786 78@ 76 7
%9% 77 56 78@56 76 5 7 5

6 @
8

676
77

o U1 N O

87

133 . 5

587

586

58

586

58@

587

58

587

586

586

587

587

58@

587

587

587

58

587

58

!
7

1)



D9 939 E $+ #'.)I$4% ="1$/40/ ))0 $4CC40/ 1./)

=1. 5957> &.1!/& 4' 3 ) 1.3 0 ; " H# 133 .5 7
) % ) )
( ( 19) :+ 19) :+ 19) :+ 19) :+
) ;%4 ;%4 ;%4 ;%4
@>5@ > @ 7 .K . %9% "77 78@87 76 7 6 8 58
@ > >5 78 .K . %9% '"77 8 78@58 7766 7 5 7 587

578 79 76 8 ".4 59 2 5 8 6



D9 939 E $+ #'.)I$4% ="1$/40/ ))0 $4CC40/ 1./)

=1. 5957> &.1!/& 4' 3 )!1. 30 ; " H 133 .5 7
76 76
5 ++ ++
76 76
1 9 1- 4 "

578 79 76 85 ".4 59 2 5 8 6






IMDC NV i.s.m. WL|Delft Hydraulics Opvolging aanslibbing Deurganckdok
Report 2.28: Through tide measurement ADCP eddy DGD Summer 2008

APPENDIX B. TIDAL DATA
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APPENDIX C.

NAVIGATION INFORMATION AS RECORDED ON SITE
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APPENDIX D.

UNESCO PPS-78 FORMULA FOR CALCULATING

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
CCondatt 0.5 Input conductivity in mS/em of sample
tdeg. C 22.00 Input temperature of sample solution
P dBar 20 Input pressure at which sample is measured in decibars
R 10020845 |R, =1 + ple, “op *op)
P : v 1+dt +d,® + (d, +dnDR
rt 11641102 | 1y = cg + cit + cot2+c3td+cyth |
R
Rt 0.0099879 (Rt T Ryx1g
o (t-15 172 3/2 2 5/2
Delta S -0.0010 |Delta S = T+(t-15) (bg + blRt + bth + b3Rt + b4Rt + bth )
172 3/2 2 5/2

S = Salinity 0.257 |S= ap+ ajR, +agR +a3R  +agR +asR -+ delta S

a0 0.0080 b0 0.0005 c0 0.6766097 d1 3.426E-02 el 2.070E-04

al -0.1692 b1 -0.0056 ¢l 2.00564E-02 d2 4.464E-04 e2 -6.370E-08

a2 25.3851 b2 -0.0066 c2 1.104259E-04 d3 4.215E-01 e3  3.989E-12

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 parts i.e.
R=Rt xRpx rt

R = C(8,t,p)/C(35,15,0)

C =42.914 mS/em 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 = 104-1 bar = 10*5 dyne/cm”*2 = 1044 Pascal.
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APPENDIXE. CONTOURPLOTS OF FLOW

VELOCITIES PER SAILED TRANSECT
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