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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
prolonged 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
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1.4. Structure of the report

This report is the factual data report of winter calibration measurements on 2008, February 4" and
5" 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 the
conclusion of the winter calibrations.

I/RA/11283/07.096/MSA 4 versie 2.0 - 14/07/08



IMDC NV i.s.m. WL|Delft Hydraulics, Opvolging aanslibbing Deurganckdok
R. Kirby en Gems Report 2.19: Calibration winter 2008

2. THE MEASUREMENT CAMPAIGN

2.1. Calibration Strategy

2.1.1. Suspended Sediment Concentration

A calibration strategy for the Siltation Study in Deurganckdok for the measurement of Suspended
Sediment Concentration (SSC) and Salinity was set up.

Table 2-1 gives an overview of all the instruments used for measurement of SSC in long term and
through tide measurement campaigns.

Table 2-1: Overview of instruments measuring SS concentration

Instrument Quantity | Principle Long term
(LT)
/Through
Tide (TT)

D&A Instruments OBS 3A* Turbidity Backscatter Sensor | TT/LT

Siltprofiler* (Extinction Sensors) Turbidity Extinction sensor TT

SiltProfiler* (Seapoint Sensor) Turbidity Backscatter Sensor | TT

Argus ASM-IV* Turbidity Backscatter Sensor | LT

Aanderaa RCM-9* 0-500 NTU Turbidity Backscatter Sensor | LT

2 o o] 2l N o

Aanderaa RCM-9* 0-2000 NTU Turbidity Backscatter Sensor | LT

Valeport Midas* (OBS3+) 0-2000 NTU | 2 Turbidity Backscatter Sensor | LT

*These instruments also contain conductivity sensors

This overview shows that all instruments measure turbidity. Therefore these instruments had to be
calibrated to link turbidity to SSC.

This can be done in 2 ways:

o Laboratory calibration
e In Situ calibration

Both methods have advantages and disadvantages. In a laboratory all conditions (concentration,
circulation, siltation) are controllable but not identical to the situation in the field. An in situ
calibration is more representative of the actual measurement conditions but less controllable. Lab
calibrations almost guarantee to cover the whole measurement range of the instrument (very low
to very high SSC), which is more difficult to guarantee during field calibrations.

In situ conditions allow all instruments to be calibrated simultaneously and in the same calibration
mixture. This is almost unachievable in a laboratory condition.

A good knowledge of the study area can enhance the measurement range that could be attained
in an in situ calibration. Knowing where and when certain concentrations are occurring is vital in
order to cover a wide range of concentrations. For this reason a preliminary SSC survey was
foreseen in Deurganckdok.
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Long term measuring equipment (i.e. RCM-9; OBS 3A) will be tested for drifting by IMDC at each
redeployment, by performing a zeroing measurement in clean tap water.

While processing the data it appeared that one of the OBS 3A instruments (sn 221) did not
measure during the calibration measurements. However when the instrument was set up this didn’t
show. Consequently this instrument was not calibrated on 04/02/2008 and 05/02/2008 and will be
calibrated during the next calibration.

2.3. Instruments

231. D& AOBS 3A
D&A Instruments type OBS-3A were calibrated. Measured parameters by the OBS 3A sensor:

temperature (°C),
conductivity (uS/cm)
turbidity (counts/FTU)
absolute depth (m)

IMDC (2006a) gives more technical details on the OBS 3A sensors.

2.3.2. SiltProfiler

For the HCBS measurements on the river Scheldt a new instrument has been developed, the
SiltProfiler.

The SiltProfiler has the following general specifications. The data collection is executed locally (i.e.
on the profiler) by an integrated data logger. Sensor cables are kept very short and connect to the
interfacing electronics of the data logger. The data logger collects the sensor signals and records
the same in internal memory. Simultaneously the data are transmitted via a serial communication
cable (if connected). Emphasis is on fast data collection and less on the absolute accuracy of the
Sensors.

In case the communication cable is not connected, the data can be retrieved upon recovery of the
profiler via a short range wireless connection. As soon as the profiler breaks the water surface the
data can be accessed and transferred to the operator's PC, whereupon the profiler is ready for a
new profiling session. The retrieved profile data are visualised immediately in depth profile graphs.
This operational mode requires no electrical cables to be attached to the profiler. However, a small
box (diameter in the order of 20 cm) with electronics, data logger and batteries is attached to the
profiler. The hoisting cable is attached to sturdy structure above the electronics box.
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e conductivity (uS/cm)
o absolute depth (m)

IMDC (2008) gives more details on the CTD-Diver datalogger.

2.3.6. Pump Sampler

A water sampler was attached nearby the turbidity sensor taking water samples. Samples were
collected in 1 litre sampling bottles. The pumping speed of the water sampler was tested at the
start of the measurement campaign on board. Dye was used to time the duration between the
intake of the dye and exit at the sampling end of the sampler on board.
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3.3. Measured Concentrations

Direct read out of one of the instruments allowed to aim for the predetermined concentrations (see
§2.2.3).

The following concentration ranges were obtained:
20 -35-100- 150 — 200 — 300 — 350 — 400 — 500 mg/l.
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4.3. SSC Calibration results

The calibration results for all sensors are given in Table 4-2. In this table the conversion formulas
are given to convert turbidity counts, NTU, FTU to SSC [mg/l]. The formulas are determined based
on the data collected on both days. To verify that considering the two calibration days as two
separated calibrations would not result in large differences for the conversion formulas a check up
was done. It could be concluded that there are no problems when both days are considered as one
calibration.

It was chosen to use second order fits to define the calibration curves. The R square value is
added as well.

The calibration graphs show the suspended sediment sample concentration in mg/l on the Y-axis
and the instrument readout in AD counts, or Turbidity Units (NTU/FTU) on the X-axis and can be
found in APPENDIX A.
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5. CONCLUSION OF WINTER CALIBRATION

The technical realization of the in situ calibration for turbidity measurements was carried out with
variable success. Only low concentrations were found in the water column at various tidal phases
during the incoming tide. The highest concentration sampled was 490 mg/l.

RMSE values for the SSC were rather high (from 20 to 50 mg/l). This was mainly due to the
samples with the highest concentration, but deviation of the calibration graphs is not noticed for
these samples. This could be due to a higher sand content of the samples with high SS
concentrations. The sand content of the suspended sediment samples is negligible in general. But
as mentioned before, the sand content runs up when aiming for high concentrated samples.

High concentrations can only be found near the bottom. Disturbance of the soft bottom at these
depths is inevitable and therefore not recommended for calibration. For instruments with a very
high turbidity range (SiltProfiler) an in situ calibration is not recommended. It is very hard to find
very high concentrations in a homogenous mixture in the Lower Sea Scheldt. Only in situ cross-
checks are useful in this case, with the widest range of concentrations possible.

When compared to the previous calibration in autumn (IMDC, 2008) it can be seen that the
calibration graphs in this calibration are more parabolic in nature than the previous calibration,
which was more linear. This implies higher SSC in the higher range of NTU and FTU. This can be
related to the higher sand content for the higher concentrations, or to different sediment
characteristics between winter and autumn conditions.

The conductivity cross-check was limited due to the small range of conductivities that were
measured. The conductivity comparison of 10 CTD-Divers, 8 OBS 3A instruments and 9 RCM-9
instruments showed similar trends, the range of values during each measurement was about 0.5
mS/cm, except for one OBS 3A and one RCM-9. These two instruments measured about 1mS/cm
lower, respectively higher compared to the other instruments. These deviations must keep at the
back of one’s mind interpreting the conductivity (or salinity) values of these two instruments. The
instrument OBS 3A sn 224 was used from 20/02/2008 till 31/03/2008 at the N-entrance of
Deurganckdok (PSA-HNN bottom) and the RCM-9 sn 579 at buoy 84 (3.3m above the bottom)
from 09/05/2007 till 31/03/2008. The RMSE of all the instruments varied between 0.02 and 0.88
mS/cm. It can be seen in Figure 4-9 that every instrument is quite consistent in relation to the
average of the conductivity measurements.

Temperature measurements were also compared. No large discrepancies were found. All RMSE
values for the instruments were lower than 0.15 °C. All together the temperature measurements by
each instrument are acceptable.

The salinity RMSE values were a bit smaller when compared to the conductivity RMSE values.
Again the same two instruments (OBS 3A sn 224, RCM-9 sn 0579) had lower/higher values
compared to the other instruments measuring conductivity and temperature.
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APPENDIX A.

CALIBRATION GRAPHS
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A.1 In situ Calibration Graphs
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