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Introduction

Background

The Eastern Scheldt is suffering from sand shortage (‘sand hunger’) as a result of the
construction of the Eastern Scheldt storm surge barrier. This sand shortage is a result of the
considerable decrease in the tidal fetch and the current speed within the estuary.
Consequently, the dynamic balance between the accretion and erosion of intertidal flats, salt
marshes and mudflats has been disturbed. The tidal creeks are now too large relative to the
reduced tide. The water is flowing more slowly and therefore has insufficient strength to move
the sediment onto the intertidal areas. Sand, mainly influenced by the waves, is steadily
disappearing from the intertidal areas and as a result the elevation of the intertidal areas is
becoming increasingly lower.

The sand shortage is affecting the intertidal flats, mudflats and salt marshes of the Eastern
Scheldt. At the moment 50 hectares of mudflats and intertidal flats are disappearing
irrevocably under water each year and it is expected that this will increase to 100 hectares
per year (Jacobse et al., 2008). For this reason, tens of thousands of birds will not be able to
forage for food on the exposed mudflats and intertidal flats. In addition, the intertidal areas
form a barrier for waves running up the dike. When these areas disappear, the wave
exposure on the dike along the Eastern Scheldt will increase.

To deal with the sand shortage, 400 to 600 million m3 of sand is needed. This amount is 30 to
50 times the annual nourishment volume for the entire Dutch coast. The application of this
amount of sand from the North Sea is not achievable either logistically or cost-wise (Van
Zanten and Adriaanse, 2008).

The Galgeplaat is one of the intertidal flats in the Eastern Scheldt and is also heavily subject
to erosion with its elevation continually decreasing. After an exploration of possible measures,
the decision was made to execute a nourishment on the Galgeplaat, which would
(temporarily) stop the loss of the intertidal area. The nourishment was carried out in the
period of August-September 2008 using sand recovered during dredging activities for the
shipping sector in the channel next to the Galgeplaat.

An extensive monitoring program was set up for a period of three years (Ramaekers, 2008).
During this period knowledge is being acquired concerning the development of the
nourishment and its effects on benthic fauna, birds and the adjacent mussel beds. The main
guestions here are: 1) Is the nourishment supplying the intertidal flat, 2) How long will the
sand remain on the intertidal flat and 3) How long will it take before the benthic fauna has
completely recolonised the nourished area.

In 2009 an initial evaluation was made on the development of the nourishment based on the
monitoring data from the first three months after it had been constructed (October up to and
including December 2008). From this evaluation it was concluded that the nourishment had
not changed substantially. The majority of nourished sand was still in its initial position and
the benthic fauna was, apart from a few observations, not clearly present (Holzhauer and Van
der Werf, 2009).

Progress report 2010 on the nourishment on the Galgeplaat 3
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Objective

This progress report is the sequel to the 2009 report. There is now data available for the 15-
month period after the nourishment was put in place (October 2008 up to and including
December 2009). In this progress report the analyses in the first evaluation have been
extended using new data. Where possible, forecasts have been adjusted and provisional
conclusions have been determined. It is stressed that the emphasis in this progress report is
on understanding the separate development of the morphology and ecology. This is to
prevent premature conclusions being drawn. Another progress report will follow in 2011 and
the final evaluation will take place in 2012. The final evaluation will specifically examine the
interactions between the ecological and morphological developments on the Galgeplaat and
search for the optimal conditions of such a nourishment. The objective is to ultimately provide
answers to the following questions:

1 How isthe nourishment moving and spreading?

1.1 Is the nourished material remaining in place?

1.2 Is the shape of the nourishment changing?

1.3 Is the benthic composition changing on or around the nourishment?
1.4 Has there been a change in the current speed?

N.B. Question 1.4 will not be elaborated on in this analysis because there were no new
current measurements carried out in the period January-December 2009.

2 What is the effect on the exposed area?
2.1 s alarger area being exposed than previously?
2.2 Has the time increased that the area is exposed?

3 Whatis the influence of the nourishment on the wave height?
3.1 Is there a dampening effect?

N.B. Question 3.1 will not be elaborated on in this analysis because there were no new wave
measurements carried out on the intertidal flat in the period January-December 2009.
However, information is available from the Waverider in the channel next to the Galgeplaat.
This data will be included in the report.

4  What is the effect on the foraging behaviour of birds?
4.1 Has the foraging time on the Galgeplaat increased?
4.2  Are there more birds present than before the nourishment?

5 Is the benthic faunarecolonising the intertidal flat?
5.1 Which benthic fauna are recolonising the nourishment location?
5.2 What is the nature and volume of the recolonisation that is taking place?

6 What is the effect of the nourishment on the mussel beds?

6.1 Has the bed level of the existing mussel beds changed?

6.2 What has happened to the production weight of the mussels?

6.3 Have there been increased concentrations of suspended matter in the water?

7 Isthe nourishment feasible and sustainable on a larger scale?

7.1 What are the timescales of the ecological and morphological developments?
7.2 s there an optimal balance between ecology and morphology?

7.3 What would the effect be on a larger scale?

4 Progress report 2010 on the nourishment on the Galgeplaat
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7.4 What will the longer-term effect of the nourishment be and how does this relate to
repeated nourishments?

8 Has the nourishment been a success?

The possibilities provided by a new surveying method

In addition to field data, information is also being acquired on the morphological and
ecological development of the nourishment on the Galgeplaat using Remote Sensing at the
ARGUS-BIO station. The ARGUS-BIO station, which was installed in 2009, is continuously
taking photographs of the development of the shoreline (based on which the bed level can be
derived) but also of birds, sandworm casts and algae or oyster cover. The ARGUS-BIO
station is still in development, not only technically (hardware) but also regarding the
processing of the information itself (software). Because of this, it is not yet possible to carry
out a full analysis of the developments on the Galgeplaat. Chapter 4 gives a sample of what
monitoring with the ARGUS-BIO station could deliver. It is neither the intention nor is it
possible to further process the information obtained by the ARGUS-BIO station and/or to
enhance the analysis software within this project.

Relationships with other projects

A number of projects have been carried out in the Eastern Scheldt within the framework of
‘Building with Nature’. Some of these projects, such as ZW 2.21 and ZW 2.32, are specifically
related to the Galgeplaat. The emphasis within these projects is on the relationship between
the biological and morphological developments.

With regard to the Eastern Scheldt, the ANT (Autonomous Negative Trend) Eastern Scheldt
study has started. Within this study further research is being carried out into the possibility of
realistic and affordable measures to delay or halt the negative effects of the sand shortage on
the habitats of wader populations in the Eastern Scheldt.

Layout of the report

Chapter 2 describes the survey locations and data for the period from October 2008 to
December 2009. The analysis of the monitoring data is given in Chapter 3. The possibilities
for the ARGUS-BIO station on the Galgeplaat together with a few first trial runs of the
analyses are described in Chapter 4. Chapter 5 contains the conclusions, the discussion and
recommendations.

"Monitoring the nourishment on the Galgeplaat with cameras (ARGUS-BIO)
2Analysis and modelling of the ecological and morphological developments of the nourishment on the Galgeplaat

Progress report 2010 on the nourishment on the Galgeplaat 5
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Monitoring the Galgeplaat

The nourishment

The nourishment of the Galgeplaat has been carried out using sand from the maintenance
dredging work in the Witte Tonnen Vlije and the Brabantsche vaarwater. First a circular
embankment was constructed into which 130,000 m3 of sand was pumped in a controlled
manner to form a circle approximately 1 m high and with a surface area of 15 hectares.

Figure 2.1 Construction of the nourishment, photographed on 24 September 2008

Three preconditions were established in consultation with the mussel growers from nearby
mussel beds, in order to prevent any possible negative effects for the mussel sector during
the execution of the nourishment.

1 No increase in the turbidity of the water during the execution of the nourishment

2 No uncontrolled discharge of water with sediment
3 Sand only to be pumped during the tidal window of -60 up to +40 cm NAP

6 Progress report 2010 on the nourishment on the Galgeplaat
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A monitoring programme was set up in order to be able to follow the development of the
nourishment, in which the following parameters were measured:

During the construction

Bed level in the mussel beds (using a multi-beam echo-sounder)
Suspended matter around the intertidal flat
Production weight of the mussels in the adjacent mussel beds.

Periodically

Current speed on the intertidal flat and in the channel around the intertidal flat
Waves on the intertidal flat (using a pressure meter)

Continuously

Sedimentation and erosion of material on the intertidal flat and the nourishment
location

Bed level of the intertidal flat and the nourishment location (using a single beam echo-
sounder along transects with a distance of 25 m and 50 m)

Bed level profile (using a RTK-DGPS3 along transects with a distance of 25 m)

Wave height, wave direction and wave period in the channel (using a Waverider)
Benthic fauna on the intertidal flat and in the nourishment location

Sediment composition on the intertidal flat and in the nourishment location

Birds in the nourishment location

ARGUS-BIO station. Continuous images of the water level, the presence of benthic
fauna, macroalgae and birds.

The surveyed parameters are described in more detail in the following paragraphs.

3 RTK stands for Real Time Kinematic and is a special form of DGPS. DGPS stands for Differential Global Positioning
System that determines vertical and horizontal positioning with a high accuracy.

Progress report 2010 on the nourishment on the Galgeplaat 7
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2.2 Monitoring the morphology
The morphological developments are being measured based on visual monitoring,
sedimentation-erosion measurements in various places, measurements of the bed level for
the whole nourishment area and additional bed level measurements along 3 different
transects. Combining the different types of measurement gives a sufficiently accurate and
comprehensive sedimentation-erosion pattern.
Table 2.1 Measuring frequency of the morphological developments
Parameter 2007 2008 2009
TO T1 T2 T3 T4 TS5 T6 T7
Visual monitoring 29 Oct 26 Nov 14 Jan 11 Feb |11 Mar 1 Apr |13 May
Sedimentation-erosion plot — 13 Oct 29 Oct 26 Nov 14 Jan 11 Feb |11 Mar * 1 Apr |13 May
Bed level (Single beam 25m) E 6-8 May é 17,20 Oct |29, 31 Oct |11,12,19 Nov |12-17 Dec |12, 13 Jan |9 Feb |11-17 Mar
Bed level (RTK-DGPS) > 13 Mar
Bed level (Single beam 50m) 6-8 May 12-17 Dec
Bed level profiles (RTK-DGPS) 21 Oct 30 Oct 19 Nov 13 Mar
ARGUS-BIO 15 Mar - May
*NB From March 2009 3 extra Sedimentation erosion plots were measured.
Parameter 2009 2009 2010
T8 T9 T10 T11
Visual monitoring 10 Jun |22 Jul |12 Aug |17 Sept 21 0Oct |18 Nov |16 Dec [20Jan |17 Feb
Sedimentation-erosion plot 10Jun |22 Jul |12 Aug |17 Sept ‘; 6 Oct |21 0Oct |18 Nov |16 Dec [20Jan |17 Feb
Bed level (Single beam 25m) 22 Jul 21,22 Sept :((
Bed level (RTK-DGPS) 24 Jun - 22 Dec
Bed level (Single beam 50m) 21,22 Sept
Bed level profiles (RTK-DGPS) |24 Jun 6 Oct 22 Dec
ARGUS_BIO Jun - Sept Oct - Dec Jan —Fe

Visual monitoring

The visual monitoring takes place using photographs taken at specific locations marked with
bamboo sticks (see Figure 2.2). More information on these measurements can be found in
the visual inspection reports which are included in Appendix A.

Bed level: Profiles
Along three transects the profile the bed level is measured once every three months using an
RTK-DGPS system (see Figure 2.2) with an accuracy of approximately 0.03 m.

Bed level: Covering the whole area

The bed level is monitored using three different methods, using a single beam echo-sounder
along transects with a spatial resolution of 25 m and 50 m and an RTK-DGPS along transects
with a spatial resolution of 25 m. The first type of survey covers only the nourishment itself
(see Figure 2.2) and is carried out every 1 to 3 months. The second type of survey is carried
out approximately 2 to 3 times per year and covers the nourishment area as well as the
intertidal flat perimeters. RWS-Zeeland converted both single beam measurements into grid
data with a cell size of 2.5 m and 5.0 m respectively.

The synoptic picture which is the result of the single beam measurement is not sufficiently
accurate to show small variations in the bed level (accuracy is in the order of 0.1 m). In

8 Progress report 2010 on the nourishment on the Galgeplaat
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March, July and December 2009 the single beam measurements of the nourished area (first
type of survey) were replaced by a comprehensive RTK-DGPS survey along transects with a
resolution of 25 m. However, for the larger area which extends over the intertidal flat
perimeters, the single beam measurements are still being used.

In addition to these bed level measurements the bed level can also be determined indirectly
using images from the ARGUS camera. Photographs of the shoreline are taken every five
minutes during ebb tide and are subsequently converted into a map of the bed level. This
state-of-the-art Remote Sensing technique is described in more detail in Section 4.2.

Bed level: Sedimentation-erosion

In order to gather the sedimentation/erosion rate at a specific location the local bed level is
measured with respect to a fixed reference level. This gives accurate information (in the order
of 0.1 m) about the bed level changes, but only in a few limited places. Sedimentation-erosion
measurements are carried out at 14 locations (see Figure 2.2) along three transects in the
nourishment area (see Figure 2.2). In this way, the spatial development is ascertained.
Eleven locations have been measured each month since October 2008. In March 2009 three
locations on the higher part of the nourishment (SET 101, 102 and 103) were added.

Legenda
Visuele opnames Bodemhoogte [m]

A SET . <35

4 SET-extra B -35 tot -25

£ Argus B -25 tot -20
—— RTK-profie 1[Il -20 tot -15

—— RTK-profiel 2 [l -15 tot -10
— RTK-profiel3 [l -10tot-5
[ Raaien 50m I -5 tot -1
[] Raaien 25m [ -1 tot 0,50
[ Suppletie [ -0,50 tot -0,20
[ -0,20 tot 0
[ 0 tot 0,20
[]0,20 tot 0,50
[ ]0,50tot 1
[ ]1tot2
J>2

Oosterschelde

30-3-2010

Figure 2.2 Overview of locations for monitoring the morphological developments
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1201819-000-ZKS-0013, 13 December 2010, final

2.3 Monitoring the hydrodynamics

Waves and currents largely determine the hydrodynamics around the Galgeplaat. The
expectation was that the nourishment would be able to influence the currents and waves
around the Galgeplaat. Current speeds on the intertidal flat and in the channel together with
the waves on the intertidal flat and around the intertidal flat were measured before as well as
shortly after the construction of the nourishment, for a period of a month (see Figure 2.3)
These hydrodynamic measurements have not yet been repeated since the first survey
campaigns in May-June 2008 and October-November 2008. Analysis of these measurements
has not shown any definite changes in the currents over the intertidal flat nor any wave-
dampening effect as a consequence of the nourishment (Mol and Aardoom, 2008; Holzhauer
and Van der Werf, 2009). This report will not repeat the analysis of the current and wave
data. In 2010-2011 it is intended that the current and wave measurements will be carried out
again. The subsequent report will include the analysis of this data. In addition to the ADCPs
and pressure meters, a Waverider was installed in May 2008 in order to measure the
dominant wave climate. This is still in place and will be included in the analysis in this report.

Table 2.2 Measuring frequency of the hydrodynamic parameters

Parameter 2008 2008 2009 2009 2010
TO - T1 o~
ADCP on the intertidal flat (STR 1-4) o| 9 May — 19 Jun X | 3-29 Oct 04
ADCP in the channel (STR 5-7) = :(( 30 Oct — 28 Nov :((
Pressure meter (DD1, DD2) 10 May-19Jun | | 4—29 Oct i
Waverider May - Sept Oct - Dec Jan - Sep Oct - Dec Jan - Mar
Waverider

The Waverider, a directional wave buoy, is positioned 200 m southwest of the Galgeplaat in
the Engelsche Vaarwater (see Figure 2.3). It measures vertical and horizontal accelerations
every half hour, from which the wave height, wave period, and wave direction etc. are
derived.

Legenda
[ Suppletie Bodemhoogte [m]

% ApcP . <35

% ADCPFrame NN -35tot -25

® Drukdoos + Apcp Il -25 tot-20

’ Wave rider I 20 tot 15
B -15 tot -10
I -10tot -5
I -5 tot -1
[ -1 tot -0,50
[ -0,50 tot 0,20
[ 0,20 tot 0
[ 0 tot 0,20
[T 0,20 tot 0,50
[10,50tot 1
[J1tot2
1>2

Oosterschelde

30-3-2010

Figure 2.3 Overview of locations for monitoring the hydrodynamic developments
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