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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:

» Part 1: Setting up a sediment balance of Deurganckdok covering a period of one year, i.e.
04/2007 — 03/2008
¢ 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 the 10" of September,
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 the
conclusion of the summer calibrations.
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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 1T

SiltProfiler* (Seapoint Sensor) Turbidity Backscatter Sensor | TT

- = PN ©

Argus ASM-IV* Turbidity Backscatter Sensor | LT

Aanderaa RCM-9* 0-500 NTU 6 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:

¢ Laboratory calibration
¢ 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.

2.1.2. Salinity

Salinity is not measured directly but calculated using a UNESCO formula that incorporates
conductivity, temperature and depth measurements (Unesco, 1991). All sensors, which measure

I/RA/11283/07.095/MSA 5 versie 1.0 - 01/02/08




! $: :*: D #/ 6<&",#3$2 E -F'#3%$(3 ""( #$%%$(3 ,&3"(2 <’
$&%6 (1 & T @ !HS%W&T (", % (

2'(<,2 $F$ 6 "(< *- &" & E 4"
$* # (', & * ('] 2'(<,2

"# ' % ( 2&' +24 2 < >$ 4 "24 ' 4 &:
, / 6 "
>" & <,&%(3 4 2"#B$%&" $'(:

(< F- & & "& 2'%-"& < $( %&"2 $

1] 2 =

S2$MH I&"F >" < U 2"H$S%&"  “## *'%$#  ('& "(< #'(3+ &* (& :
/&"* E * " ,&$(3 7 * & %6 * &E $ 2'F & < >$ 4 " >%$& * 4: ( 4 *$-
F & $2"# * 4 >$& >"## 4" <$F$< 4 [&"* $( 7 -"& .7S : *OE >4$24 >
&%$<$ 6 ('& ' F" & " 4 "¢ F & S$2"H #H#F# (4 [&"*: ## 4 &%
"H#$3( < ", & (" A4'&$Q("# &S (" S'(: " F'$< $( &/ & (2 % > ( %"2

("& E " *$($*,* <$ "(2 % > ( ('& '/ 4 "* 6- >" & -2 <:

$ %
4 (B - >" & "H#HS < > -%- 4'F % (1, < ' 2"#$3%&" 4 ,&%$<$ 6
<$ 24"&3 F #'2% $ 4"F % ( < $( "<F"(2 >%$ 4 <6 . ( O:
6 6 #
7 -,%-
5 8 10
$# &'ISH & . 10
7! +<$F & . !0
&3, . 10
I+, @ I+ 0
7 .o+ 0

# 758 9: ; F&$ T+ 7 5



IMDC NV i.s.m. WL|Delft Hydraulics, Opvolging aanslibbing Deurganckdok
R. Kirby en Gems Report 2.09: Calibration autumn

2.2.2. Measurement locations

Previous measurement campaigns in the Lower Sea Scheldt demonstrate what concentration
ranges can be expected at certain locations, depths and tidal phases. It was decided to measure
during incoming tide and at places with high gradients in suspended sediment concentrations
between Deurganckdok (downstream) and Liefkenshoek (upstream).

2.2.3. Calibration protocol
The aim was to calibrate the turbidity sensors at 8 predetermined SS concentrations.
25-50-100 - 200 — 400 — 800 — 1200 — 1600 mg/l.

During the survey one instrument which has already been used in previous surveys and which as
such can be considered as pre-calibrated had real time read-out facilities, so that the frame could
be positioned in the appropriate SSC environment as mentioned above. One OBS 3A was used for
this purpose.

When the instruments are positioned in the layer with the required SSC, 1 liter water samples were
taken from each pump sampler for laboratory analysis. This procedure was carried out twice for
each concentration.

2.2.4. Sample analysis

The NEN 6484 standard for total suspended sediment analysis was used for all water samples. On
a limited number of samples the sample was sieved over a 63 um filter to determine the sand
content of these samples.

2.2.5. Validation, Drifting and extra Sensors

It has to be mentioned that the SiltProfiler and the Argus have been calibrated in a laboratory set
up by the manufacturer using wet mud of the measurement location (Lower Sea Scheldt). The
calibration mixtures were analysed using the NEN 6484 standard.

These instruments have a high concentration range and are difficult to calibrate in situ, therefore
these instruments were not be calibrated as such, and were only be validated by the calibration
procedure described above.

Long term measuring equipment (i.e. RCM-9; OBS 3A) will be tested for drifting by IMDC at each
redeployment, by performing a zercing 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 10/09/2007 and will be calibrated during
the next calibration.

2.3. Instruments

23.1. 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)
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As such the SiltProfiler is anticipated to rapidly profile the suspended sediment concentration as
well as the salinity structure. The SiltProfiler can measure at variable speed up to 100
measurements per second (100 Hz).

The data collection rate is adjustable to optimise for the required vertical / temporal resolution.
Further, the data acquisition rate will be depth dependent in such a way that the rate is low in the
upper section of the profile and higher in de lower section. Both rates and the changeover depth
are user adjustable. The duration of data retrieval depends upon the amount of collected data and
the effective data transfer rate.

2.3.3. Argus ASM-IV

The Argus ASM-IV is used to detect the vertical structure of the suspended sediment concentration
in the zone of 0-1 meter above the bed.

The ARGUS ASM-IV was developed for high resolution measuring of accretion and erosion of the
riverbed. (ARGUS UMWELT-MEATECHNIK, 2005). The instrument operates with backscatter
infrared laser sensors embedded in a stainless steel rod. The 96 sensors are placed on an active
board at a distance of 0.01m of each other. There are three additional sensors: an inclinometer, a
pressure gauge and a on board temperature sensor.

A battery powered central unit in the head of the instrument controls activation and power supply of
the sensors as well as the transmission of the signals. The sealed in unit consists of a
microprocessor, a data memory, the additional sensors and the energy supply.

The measurement range of the ARGUS ASM-IV is from 0 to 5000mg/l. The instrument was
calibrated by the manufacturer in a laboratory set up as mentioned in § 2.2.5.

APPENDIX A gives more details on the ARGUS ASM-IV (ARGUS UMWELT-MEATECHNIK,
2005; Gilpin 2003).
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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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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/I].

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 B.

I/RA/11283/07.095/MSA 15 versie 1.0 - 01/02/08



! $: ¥ D #/ 6<&",#%$2 E -F'#3$(3 ""( #S% %P (3 ,&3"(2 <

.$&%é ( * & T @ 'VHSWE" $T(", L *(
8 % 01021 003 < < , 5
3 5 ) ; 5 5+3, 5 #

8 5 +7 ) 6 _ :9 B7A 5: B +8:57:7%55 8:8 !
8 777 + ) 6 _ + V7 A 7:8 ;V+B:. ;9 ;078 !
8 778 + ) 6 B7A7: 9B+8®_ :;55 7:9 |
8 77 +7 ) 6 9V7 A 5 ;V + 8 9:;55 D7 I
8 77 +7 ) 6 5V7 A :5955V +7 :759 5 7 . 7 I
8 79 +7 ) 6 V7 A :5;89V + 7.;7 ;9 : 8 !
8 7 + ) 6 V7 A 7:8 9V + 7 99;; 9:; !
8 77 +7 ) 6 7 B7TA :59V +7: 877997 : !
I+ 9; + 6 7B7A 7:9 B+ B: 5909 8

I +; 8 ; + 6 VT A D79V + 7 9859 :5

I +; 7 + 6 7B7 A :897 V +7: 77595 559 !
I+ 77 7 + 6 5V7A 5 B+ 75 :;;7 ;08 !
I+ 77 + 6 5V7 A :;89V + 79 8:;; 9:7 !
I+, 77; + 6 ; B7 A 7 5V + 7 9, 18 !

758 9: : F &$ E 7 5



$&%6 ( *

$# &'/S# &"-"$(
(3
(3
4'&
(3
(

758 9: ;

6<&",#$2 E
+9 *3 # 20x."
+ *3 # 20x-"
+ * Tk
858 3 # 2

4'&%$Q'( "# F"&%$" $'(E

&$
&$

&$
$*

SF'#3$(3 " #$%%S$(3  ,&3"(2 <
& T @ HS%&" $( ", Lt

(2"HS%&" < 2'(2 ( &" $'(
(2"HS W& < 2'(2 ( &" $'(
(2"HS W& < 2'(2 (&" $'(
&$ E 2'*-"8$ '( 2"#3%8&"

< 2(2 (& $'(

& $ o+ 7 5



IMDC NV i.s.m. WL|Delft Hydraulics, Opvolging aanslibbing Deurganckdok
R. Kirby en Gems Report 2.09: Calibration autumn

4.4. Manufacturer’s Calibration & Cross-check of Siltprofiler

4.4.1. Manufacturer’s calibration of Silt Profiler

The manufacturer’s calibration was done at WL|Delft Hydraulics following a procedure set forward
by IMDC. This procedure is set up as follows: The sediment was sieved with a 63 um filter. The
filtrate was desalinated, and was allowed to settle and to evaporate. The resulting mud was used
as base material. It was analysed for dry content, which resulted in a ratio of 0.28386 grams of dry
material per gram base material.

The calibration was done in a 5 L solution of DEMI (demineralised) water in which the base
material was dissolved and kept in suspension. This was done for increasing concentrations. From
every calibration mixture a sample was taken to be analysed for suspended sediment
concentration. Samples were filtered over a preweighed desiccated 0.45 micron filter, after which
the filter is dried in an oven at 105 °C, cooled and weighed (NEN 6484).

This approach was chosen for its close resemblance to an in situ calibration. Manipulation of the
basis material was limited.

The calibration graphs can be found in APPENDIX B.

Table 4-3: Calibration Equations as derived for both Seapoint and SiltProfiler sensors (low and high range),
x=AD counts, y=sample suspended sediment concentration

Instrument Equation R?
Siltprofiler — Seapoint Y= 0.000158x2+ 0.54808x+1.2 0.999
SiltProfiler — Low range Y = 0.000207x2 + 0.42995x —267.3 0.999
SiltProfiler — High range | Y=-4.93.107x3 + 0.00364x2 + 2.74479x —124.1 0.999

4.4.2. Cross-check of SiltProfiler

The Siltprofiler was cross-checked during the in situ calibration. Figure 4-2 shows the comparison
of the Siltprofiler measurement for 10 September 2007. The X-axis shows the sample SSC, the Y-
axis shows the Siltprofiler SSC (determined by the manufacturer’s calibration).

Turbidity values were converted to suspended sediment concentration using the equation of the
calibration curve determined at the pre-calibration done by WL|Delft. These were compared to
sample concentrations. Only Seapoint measurements were used, because of the low
concentrations.

There should be mentioned that due to some problems with the wireless connection the
communication cable was used to retrieve the data from the instrument. Measured values were
written down in real time. Consequently a time-shift of some seconds may occur between the
intake of the water sample and the measurement due to the pumping speed.
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Table 4-5: RMSE values [ °C] temperature sensors 23/06/2006

Instrument RMSE Instrument RMSE
OBS3A 185 0.10 CTD 2054 0.11
OBS3A 222 0.04 CTD Z055 0.06
OBS3A 223 0.04 CTD Z056 0.04
OBS3A 224 0.07 CTD Z057 0.08
OBS3A 225 0.05 CTD Z058 0.09
OBS3A 247 0.02 CTD Z059 0.18
OBS3A 261 0.05 CTD Z060 0.02
OBS3A 262 0.05 CTD Z061 0.06
RCM-9 sn 0579 0.01 CTD Z062 0.17
RCM-9 sn 1153 0.02 CTD Z063 0.03
RCM-9 sn 1165 0.05 CTD Z064 0.06
RCM-9 sn 1220 0.02 CTD Z065 0.15
RCM-9 sn 1225 0.01
RCM-9 sn 1229 0.01

Salinity is also calculated and compared between the different instruments. The RMSE values are
given in Table 4-6. A graph with calculated salinity values is given together with the average

salinity value in Figure 4-14.
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5. CONCLUSION OF AUTUMN 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 340 mg/l.

RMSE values for the SSC were within acceptable boundaries (maximum 20 mg/l).

Higher 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.

The sand content of the suspended sediment samples is negligible.

The conductivity cross-check was limited due to the small range of conductivities that were
measured. The conductivity comparison of 12 CTD-Divers, 8 OBS 3A instruments and 6 RCM-9
instruments showed similar trends but the range of values during each measurement varied
between 1.5 to 2 mS/cm. The RMSE of these instruments varied between 0.1 and 0.7 mS/cm,
except for two RCM-9 instruments that constantly measured higher values.. 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 0.12 °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 RCM-9 instruments had higher values compared to the other instruments
measuring conductivity and temperature.
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APPENDIX A.

MEASUREMENT EQUIPMENT
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APPENDIX B.

CALIBRATION GRAPHS
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B.1 In situ Calibration Graphs

I/RA/11283/07.095/MSA B-2 versie 1.0 - 01/02/08


































































