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1 Introduction

1.1 Background
In 2008, Deltares was requested by ‘Rijkswaterstaat - De Waterdienst’ (Dutch
governmental centre for water management) to perform a study which investigates the
reduction of the inter-tidal areas in the Eastern Scheldt (see Figure 1.1). This project
includes an assessment of morphological processes near to the inter-tidal flats (item 1,
including monitoring of a trial nourishment), a description of the large scale morphology
(item 2) and a study of the sediment transport processes near to the Eastern Scheldt
barrier (item 3).

Figure 1.1  Eastern Scheldt

This report makes an assessment of item 3, sediment transport processes near to
the Eastern Scheldt barrier.

1.2 Scope of work
In this report the following is discussed:

1) Problem analysis
2) Modelling techniques and data sources
3) Morphological computations
4) Analysis

Problem analysis
In the problem analysis the history of the Eastern Scheldt is summarised. From this
analysis it follows that due to the construction of the barrier the tidal flow velocities
inside the basin decreased and it is expected to have blocked sediment transports into
the basin. Consequently, the shoals inside the basin deteriorate (crest is eroded), which
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results in a reduction of the ecological value of the Eastern Scheldt inner basin.
Furthermore, the changes inside the inner basin may also have safety consequences
(e.g. on wave attack). This relation is translated to a limited number of questions:

• Which aspects determine the constraint of the import of sand through the
Eastern Scheldt barrier?

• Which measures can be taken to take away these constraints?
• What is globally the maximum sand import that can be achieved with these

measures (in Mm3/yr)?

Modelling techniques and data sources
In order to analyse some of the ‘main questions’, data is required on local hydraulic
conditions and sediment transports. For this purpose a number of data sources and
numerical models were used to derive the hydraulic conditions (like SWAN,
MATROOS). Furthermore, available information on the morphology of the Eastern
Scheldt was assessed.

Morphological computations
Data from these models were used to assess sediment transport capacities in the
vicinity of the Eastern Scheldt Barrier. This holds for two items, namely the
longshore sediment transport along the coasts of Walcheren and Schouwen and
computations of sediment transport capacities (due to combined tidal currents and
waves) at several locations in the tidal channels and on the tidal flats.

Analysis
An analysis is made of the ‘main questions’, for which the computed sediment
transports were used. Furthermore, the current status of the project and required
modelling and measurements to assess the (most promising) measures are
discussed.

1.3 Aim of the present report
The objective of the study in this report is to analyse the sediment transport near to the
Eastern Scheldt Storm Surge barrier, as well as to assess the status of the current
knowledge and to discern items that need to be studied in more detail.

1.4 Outline
The problem analysis is described in Chapter 2. Required hydraulic data and modelling
are described in Chapter 3. Chapter 4 provides a description of sediment transport
computations near to the Eastern Scheldt barrier. These data are used in Chapter 5 to
analyse the questions that arose from the problem analysis. Finally, conclusions and
recommendations are presented in Chapter 6.
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2 Problem analysis

2.1 Introduction

In this chapter a description of the development of the Eastern Scheldt (Section 2.2) is
provided. The ecological problem (reduction of inter-tidal areas as a consequence of a
sediment deficit), that has been caused by the completion of the Delta works is then
described in Section 2.3 and analysed. A number of measures to the barrier, as given in
WL | Delft Hydraulics (2007), to compensate or alleviate the problems are also
presented in this section. In Section 2.4 the main questions that emerge from the
problem analysis are summarised.

2.2 History of the Eastern Scheldt

The topography of the Eastern Scheldt and the other estuaries in the delta area, as it
existed before the delta works, was the result of fairly gradual natural processes (except
for sudden changes that took place during storm surges). Although human
interventions, like the construction of dikes and dams and the execution of dredging
activities, also had an increasing impact on the topography of channels and inter-tidal
areas. The bottom of the Eastern Scheldt mainly exists of fine sand (150 ɛm - 200 ɛm),
which could easily be transported by the water in the past, as flow velocities inside the
channels were up to 1 m/s or 2 m/s (average tide). The gradual morphological changes
in the past are illustrated in Figure 2.1, which show the development of inter-tidal areas
and channels in the period 1827-1953.

Figure 2.1 Development of channels and inter-tidal areas of the Eastern Scheldt (before construction of
the storm surge barrier)

In 1953 a large part of the South-West of the Netherlands was flooded in a major storm.
More than 1850 people drowned and significant damage was done to the properties

1827

1860

1912

1953
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Before construction works
• Eastern Scheldt (dark blue) connected to

other basins (light blue)
• Sediment transport redistribution inside

basin (green arrows)

After some works that increased the area
• Tidal prism increased
• Deepening of channels in central part of

Eastern Scheldt
• Sediment transport to backside of Eastern

Scheldt and Eastern Scheldt delta (green
arrows)

After completion of the Delta Works
• Tidal prism decreased
• Consequently, the channels in the central

part of Eastern Scheldt are too deep
• Sediment transport from flats to channels

(green arrows)

inside the polders. Therefore a special ‘delta commission’ was appointed, which gave a
number of advices between 1953 and 1955 amongst which the closure of several tidal
channels.

In the framework of the Deltaplan, the Grevelingendam (1964) and the Volkerakdam
(1969) were constructed, after which the tidal volume through the opening of the
Eastern Scheldt increased significantly. Consequently, additional tidal prism that had to
flow through the Eastern Scheldt entrance, the flow velocities in the Eastern Scheldt
basin increased. These higher flow velocities resulted in a deepening and re-location of
the tidal channels during the 1960s and 1970s. Sediment was moved from the central
part and the entrance of the Eastern Scheldt to the more eastern part of the basin and
the outer delta of the Eastern Scheldt seaward of the entrance (see Figure 2.2 central
panel).

Figure 2.2  Eastern Scheldt area before construction works (left) after some works that increased the
area (middle) and after completion of the Delta Works (right)

Later on the tidal prism and flow velocities in the channels were reduced due to
compartmenting of the Eastern Scheldt inner basin (Zandkreekdam (1960), Veerse-
Gatdam (1961), Philipsdam (1987) and Oesterdam (1986)). Furthermore, the
construction of the Eastern Scheldt barrier (1986, see Figure 2.2 right panel) reduced
the tidal prism inside the Eastern Scheldt basin. This was caused by the reduction of
the cross-sectional area at the location of the storm surge barrier. The part of the storm
surge barrier that can be closed is built only in the main tidal channels (Roompot,
Hammen and Schaar), while the rest of the storm surge barrier is a closed dam.
Furthermore, the flow is hindered by the storm surge barrier itself, as the foundation
and bottom protection of the storm surge barrier were constructed (for a large part) as a
sill above the initial bed level of the channels (see Figure 2.3).
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Figure 2.3 Eastern Scheldt storm surge barrier with bottom protection (top-view)

Consequently, the cross-sectional area after construction of the Eastern Scheldt
storm surge barrier is approximately 18,000 m2 (below NAP), while the cross-
sectional area before construction was about 80,000 m2. Maximum flow velocities
inside the channels now vary between 0.5 m/s and 1.5 m/s for an averaged tide in the
western part of the Eastern Scheldt basin (Oosterlaan & Zagers, 1996).

So, two causes for the decrease in tidal range and flow velocities can be depicted.
Firstly the decrease of tidal prism due to closure of parts of the basin and secondly due
to the reduced cross-sectional area at the entrance of the Eastern Scheldt basin as a
result of the construction of the storm surge barrier. Table 2.1 (RWS-RIKZ, 2003)
presents some of the changes in the hydraulic characteristics of the Eastern Scheldt
basin as a result of the construction of the Eastern Scheldt storm surge barrier.

Before
Eastern Scheldt works

After
Eastern Scheldt works

Total area [km2] 452 351
Water area [km2] 362 304
Inter-tidal area [km2] 183 118
Cross-sectional area of storm surge barrier [m2] 80000 17900
Vertical tide, Yerseke [m] 3.7 3.25
Maximum flow velocity [m s-1] 1.5 1.0
Residence time [days] 5-50 10-150
Average tidal prism [106 m3] 1230 880
Total water volume [106 m3] 3050 2750

Table 2.1 Dynamic characteristics of the Eastern Scheldt basin, before and after the construction works
in the Eastern Scheldt (source: RWS-RIKZ, 2003)

2.3 Morphologic changes after completion of the Delta Works

The changes in the hydraulic characteristics have an impact on the morphology of the
Eastern Scheldt basin. As the morphology of the inter-tidal areas and tidal channels
(see Figure 2.4) depends on the tide.

Crest of sill

Bottom protection
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Figure 2.4 Eastern Scheldt basin: most important inter-tidal areas (i.e. platen, schorren en slikken)
(source: [RWS-RIKZ, 2004])

At present, as a consequence of the reduction in the maximum flow velocities, the tidal
channels of the Eastern Scheldt basin are not in equilibrium. It is expected that the tidal
channels will fill up over time. On the basis of empirical relations between tidal prism
and cross-sectional area in the tidal channels, it is estimated by Rijkswaterstaat
(abbreviated as RWS) that the cross-sectional area of the tidal channels may reduce by
25% (with respect to the present situation). This corresponds with a sand volume of 400
to 600 million m3. So, additional sand is required to reach an equilibrium (often referred
to as ‘Zandhonger’ or ‘Sand demand’ of the Eastern Scheldt).

Because these channels are not filled up by sand from the outer delta, it is expected
that they slowly consume sand from the inter-tidal areas. In RWS-RIKZ (2004) it is
noted that for the changed tidal flow conditions and the reduced tidal range (after the
completion of the Delta works) the inter-tidal areas are slowly eroding. The eroded
material settles on the edges of the inter-tidal areas and partly in the deeper channels
(see Figure 2.5).

Note that this (i.e. morphologic change in the inner basin) was already envisaged
(RWS-1) at the time of completion of the Delta Works (with the Eastern Scheldt barrier,
Oesterdam and Philipsdam), as it was expected that the tidal current would transport
less sand (which would result in a reduction of the build up of the inter-tidal flats inside
the Eastern Scheldt inner basin). The reduction of the inter-tidal flats, however, was
stronger than foreseen.

Figure 2.5 Schematic representation of erosion of the inter-tidal areas of the Eastern Scheldt (source :
[RWS-RIKZ, 2004])

Zandplaat (i.e. sandy inter-tidal flat)
Slik (i.e. muddy inter-tidal flat)
Schor (i.e. inter-tidal flat with vegetation)

Initial situation
Current situation
Erosion
Sedimentation
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As a consequence of the reduction in the tidal range and the erosion of the sand banks
and shoals, the area of inter-tidal flats in the Eastern Scheldt basin is reducing. Figure
2.6 presents the changes since 1983 (before completion of the Delta Works) of the
timeframe that inter-tidal flats are dry.

Figure 2.6 Changes in timeframe for which inter-tidal areas are dry

The timeframe for which the inter-tidal flats are dry is of importance to the ecological
value of an inter-tidal area. If this timeframe is smaller, birds will have less time to
forage for food. Furthermore, a decrease in dry time of the inter-tidal flats is
unfavourable for some of the bottom organisms, like cockles, which is a major food
source for these birds.

Morphological changes as a consequence of the completion of the Delta Works (i.e.
due to construction of the Eastern Scheldt works) were also envisaged for the outer
delta. It was expected that coast parallel sandbanks would appear as a result of the
decrease in tidal prism. These sandbanks would develop on the edges of the former
outer delta at a distance of about 3 to 8 km offshore (Stolk, 1989). It was expected that,
in the period 1959 – 1976 before the construction of the Eastern Scheldt works (Eastern
Scheldt barrier, Oesterdam and Philipsdam), the morphological changes in the outer
delta were small. In R1367 (1980) a general deepening in the order of 1-3 cm/yr is
estimated. A more recent study by RIKZ (RWS-RIKZ, 2000-1) indicated that the rate of
sediment loss for the outer delta of the Eastern Scheldt was 6.5 106 m3/yr over the
period 1965-1995. In RWS-RIKZ (2000-2) a detailed assessment is made of the recent
changes in the Eastern Scheldt outer delta. It was put forward in this report that the
sandbanks and inter-tidal flats have been stabilised, but also that in recent years again
some regression is found. In general the area of inter-tidal flats in the outer delta has
increased, although this does not weigh up to the decrease of inter-tidal flat area in the
Eastern Scheldt basin.

0 – 20% 20 – 40% 40 – 60% 60 – 80% 80 – 100%

4000

3500

3000

2500

2000

1500

1000

500

0

Dry time classes (% of total time)

A
re

a 
(1

04  m
)



February 2009 Z4581 Sand demand of the Eastern Scheldt

10 Deltares

2.4 Main questions

This translates into the following questions:

 I. Which aspects determine the constraint of the import of sand through the Eastern
Scheldt barrier?

This question focuses on the hydraulic and morphologic processes near to the
Eastern Scheldt storm surge barrier. The historical development of the Eastern
Scheldt estuary is assessed and the current hypothesis for the constraint in
sediment transport through the Eastern Scheldt barrier are discussed.

 II. Which measures may be taken to take away these constraints?
Or : In which way can the sand import be increased?

Which civil-technical measures should be taken?
What are the global costs of realisation?

This question focuses on the measures that can be applied near to or directly to the
storm surge barrier to increase the sediment transport. A summary of measures (of
which some presented in WL | Delft Hydraulics, 2007) is given. Furthermore, a
rough indication of the potential effect of such measures is presented.

 III. What is globally the maximum sand import that can be achieved with these
measures (in Mm3/yr)?

This question focuses on the capability of the outer delta to support the sand
demand of the Eastern Scheldt. This involves the availability of sediment and the
potential capacity to transport the sand towards the barrier. With respect to
sediment transport capacity, the wave driven longshore transport along the coasts
of Walcheren and Schouwen and the sediment transport over the channels and
inter-tidal flats due to tidal flow are assessed. The sediment transport potential will
be compared to the sediment demand of the Eastern Scheldt basin.
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3 Data and modelling

3.1 Introduction

In this chapter the hydraulic data and modelling techniques are discussed and the
available information on the morphology of the Eastern Scheldt outer delta are
assessed. The hydraulic data are required for the assessment of the sediment
transports in Chapter 4. In Section 3.2 the assessment of (normal) wave climate
conditions is discussed, while Section 3.3 discusses the derivation of tidal data from an
operational model (MATROOS). In Section 3.4 some background is provided on the
historical development of the Eastern Scheldt outer delta on the basis of available
literature. Furthermore, in this section also the historical development of the bathymetry
at the inlets of the Eastern Scheldt (Hammen, Schaar and Roompot) is evaluated,
focussing in particular on the development of the scour hole at the Roompot.

3.2 Wave modelling

The following steps were performed to derive representative nearshore (normal) wave
conditions:

• Selection of offshore data point with wave measuremernts
• Schematisation of measured offshore wave data to a limited number of

representative conditions;
• Transformation (i.e. wave propagation towards the coast) of waves from

offshore to the area of interest near to the Eastern Scheldt Barrier and along
the coasts of Walcheren and Schouwen.

Selection of offshore data point

For the derivation of representative normal wave conditions, a data point with a long
series of wave measurements is required. At some locations on the North Sea such
wave measurements over a long period (tens of years) are available. In this study
offshore wave and wind data from the ‘Europlatform’ were used, as this is the ‘nearest
data point where also measurements of the wave directions are available. For the
analyses, 21 years (1979 to 2002) of wave height measurements and 22 years of wind
data (1983 to 2005) at the ‘Europlatform’ were used. Besides using all data, this data
set was also split in four parts to represent the four seasons. So, five different model
periods were modelled:

• All year
• Winter (from 21 December to 20 March)
• Spring (from 21 March to 20 June)
• Summer (from 21 June to 20 September)
• Autumn (from 21 September to 20 December)

However, as it is too time consuming to simulate the wave propagation towards the
coast over a long period of time, these data had to be schematised. For this purpose
the time series of wave conditions is schematised to a limited number of typical wave
conditions, which are representative for the total time series of wave conditions.
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Schematisation of wave measurements

First of all, a distinction was made between sea (local wind generated) and swell
(propagating from elsewhere) waves. To make this distinction a typical relation between
Hs and Tp was used to split the sea and swell waves (eq. 3-1).

            (3-1)

Above relation has been established on the basis of a relationship for the maximum
steepness of wind-sea waves, as found in the Joint North Sea Wave Project
(JONSWAP). For the maximum steepness of the waves in wind-sea, a coefficient for ‘B’
of 2 and a coefficient for ‘C’ of 0 were found in the JONSWAP project. For the
‘Europlatform’ a line with a more or less similar shape was used to divide sea and swell
waves (B = 1.8, and C = -0.45) with an additional constraint for the minimal peak wave
period (Tp) for swell (should be >5s). In Figure 3.1 (see annex) a plot of the wave
measurements at the ‘Europlatform’ and the applied splitting line between sea and swell
are presented.

Secondly, a schematisation was made for the wind-sea and for the swell data
separately. This was done by bunching measurements in bins with more or less similar
wave conditions. For each of these ‘wave bins’ the corresponding wind measurements
were also bunched. More elaborately, the procedure can be described as follows:

1. the wave measurements are bunched in bins with a characteristic range of
wave height, wave period and wave direction. In this study, the measured
waves smaller than 0.35m were ignored.

2. For each bin typical wind conditions (wind speed and wind direction) were
computed from the wind measurements that correspond with (were measured
at the same time as) the wave measurements in that bin.

3. The number of measurements in each bin is a measure for the duration of a
condition.

The bin sizes for the wave height, wave period, wave direction, wind speed and wind
direction are presented in Table 3.1. The bin size of the wave height bins was 1.5m,
with an exception for the first class which ranged from 0.35 to 1m. Wave directions
were divided in 30° sectors. For the wave period three bins were used,  ranging
respectively from 1-5 s, 5-10s and larger than 10s.

Class I II III IV V VI VII VIII IX X XI XII
Significant
wave height (Hs) [m] 0.35-1 1-2.5 2.5-4 4-5.5 5.5-7 >7

Peak wave
period (Tp) [s] 1-5 5-10 >10

Wave
direction (dir) [°N] 15 -

45
45 -
75

75 -
105

105 -
135

135 -
165

165 -
195

195 -
225

225 -
255

255 -
285

285 -
315

315 -
345

345 -
15

Table 3.1 : Classification of normal wave conditions at offshore location (Europlatform)

Besides schematising the wave climate for the full year, a schematisation of the wave
conditions was also made for four seasons (winter, spring, summer, autumn). The
schematised normal wave climates are presented in Tables 3.2 to 3.6.
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Transformation of waves from offshore to nearshore

The schematised wave climate is representative only for the offshore location.
Therefore the propagation of waves towards the coast should be modelled to attain
normal wave conditions at relevant nearshore locations. For this purpose SWAN model
simulations were carried out for all five climate scenarios (all year, winter, spring,
summer, autumn). The SWAN model is a model that computes the transformation of
waves due to a number of physical processes, like wave breaking, whitecapping,
shoaling and refraction.

In the wave computations a constant waterlevel at mean sea level (excluding surge,
tide and sea level rise) was applied. Note that these water levels are not expected to
have a significant impact on the SWAN results for most of the selected locations (which
have considerable water depth). The structures (e.g. the Eastern Scheldt storm surge
barrier) were schematised as a closed boundary with zero reflection.

Model computations were performed for two typical bathymetries, namely:

• Bathymetry data of the Dutch coast for 2004 (supplemented with 2003 data)
were used. Figure 3.2 presents an overview of the applied wave grids and
2004 bathymetry, while in Figure 3.3a a detail of the bathymetry data for 2004
is presented for the Eastern Scheldt delta.

• A bathymetry that was extracted from the database of the operational model
‘MATROOS’ (for a large part measured in 1999). The ‘MATROOS’
bathymetry was used in the wave computations to attain wave data that were
computed for a similar model bathymetry as the tidal data from ‘MATROOS’.
Figure 3.3b presents the ‘MATROOS’ bathymetry for the Eastern Scheldt
delta.

From these SWAN computations it followed that most of the computed wave conditions
are very similar for both bathymetries. This is illustrated by Figures 3.4a to 3.5b, which
present the computed wave height and mean wave direction for both bathymetries for a
moderate condition (Figures 3.4a and 3.4b) and a typical winter storm (Figures 3.5a
and 3.5b).

The yearly averaged wave climates in the Eastern Scheldt delta are presented for both
bathymetries in Figures 3.6a and 3.6b by means of wave roses. Figures 3.7a to 3.7e
present wave roses at the coasts of Walcheren and Schouwen both for a full year as
well as for each season (2004 bathymetry).

3.3 Tide modelling

Tidal data is required for the assessment of the sediment transport capacity at some
locations in the Eastern Scheldt delta in Section 4.3. Setting up and calibrating a
numerical model that computes tidal flow velocities and storm surges was, however,
beyond the scope of this project. Therefore, tidal data was derived from an operational
model (‘MATROOS’).

For the assessment of the sediment transport capacity in Section 4.3 the flow velocities
(in x and y direction) were derived from ‘MATROOS’. Note that even though the data in
‘MATROOS’ have been calibrated for water levels only, it is expected that the accuracy
of the flow velocity data is sufficient for the assessment in this study. For this purpose,
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maps of flow velocities (for a certain time step) were derived from ‘MATROOS’ for a
time period of two months. For each of the considered locations in Section 4.3 a time
series with water level and flow velocities (in two directions) was extracted.

In Figures 3.8a and 3.8b examples of the tidal flow velocities (as computed by
‘MATROOS’) during ebb and flood are presented. Figure 3.9 presents an example of
the tidal flow velocities (as derived from ‘MATROOS’) for one of the locations close to
the Eastern Scheldt storm surge barrier.

3.4 Historical development of the Eastern Scheldt delta

3.4.1 Historical development of the Eastern Scheldt outer delta

The historical development of the Eastern Scheldt outer delta has been assessed in
Alkyon (2008). In that study a sediment balance was made for the South-West coast of
the Netherlands on the basis of bathymetrical data (over the period 1964-2004). Two
aspects were considered by Alkyon:

• An estimate of the development of the sediment volumes of the former ebb-
tidal delta(s)

• long-term morphological changes over the period 1964 to 2004 (see Figure
3.15 on next page)

Development of sediment volumes

For the estimate of the sediment volumes the bathymetry data has been corrected (by
Alkyon) by filtering it for small but systematic shifts in the measured depths (for areas
where changes are small). As these shifts can have a significant influence on the
computed sediment volumes. From this analyses the yearly volume change of the
Eastern Scheldt (over the period 1980-2004) was estimated at -1.2 to 0.4 million m3 a
year.

Morphological changes in the outer delta

Furthermore, the long-term morphological changes of the Eastern Scheldt were
assessed from the bathymetry data in Alkyon (2008). It was concluded that the
morphological developments on the ebb-tidal delta of the Eastern Scheldt from 1964 to
2004 are dominated by the adaptations to the changes in the tidal flow. These
adaptations were the result of the construction works inside the Eastern Scheldt (i.e.
barrier and closure works) which altered the tidal prism. In addition to the adaptation the
‘normal’ morphological developments on the ebb-tidal delta continued. These normal
changes comprise the development, migration and diminishing of tidal channels, the
formation and migration of swash bars and the formation and levelling of ebb and flood
chutes and their associated shields. An overview of the morphological developments on
the ebb-tidal delta of the Eastern Scheldt is presented in Figure 3.15. The areas
coloured blue represent areas with persistant erosion, while the orange colour
represents persistant sedimentation.
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Figure 3.15 Persistent large-scale trends on the ebb-tidal delta of the Eastern Scheldt
(source : Alkyon, 2008)

The lettering in Figure 3.15 reads as follows:

A: Seaward migration of tidal channels on the Banjaard;
B: Landward migration of swash bars on the sub-tidal flats Banjaard, Petroleum Bol,

Zeehondenplaat and Bollen van het Nieuwe Zand;
C: Development of a (flood) chute from the Brouwershavensche Gat into the sub-tidal

flat Banjaard;
D: Northward extension of the tidal channel Krabbengat, and along with that

development;
E: Northward translation of the ebb-shield of the tidal channel Krabbegat, the Bollen

van het Nieuwe Zand;
F: The migration of the tidal channel Geul van van de Banjaard towards the north, that

is accompanied by the erosion of the southern margin of the sub-tidal flat Banjaard
and the deposition along the northern side of the sub-tidal flat Noordland.

G: The development of two ebb chutes from the tidal channel Geul van de Banjaard
into the sub-tidal flat Banjaard;

H: The development of deep scour holes in the tidal channels near the entrances to
the storm-surge barrier;

I: The seaward extension of the tidal channel Oude Roompot, that was accompanied
by a redistribution of the sub-tidal flats (especially Hompels ), which surrounded the
tidal channel. As a result the tidal channel Oude Roompot is currently connected to
the tidal channel Westgat;

J: A decrease of the maximum height of the tidal flats directly west of the storm-surge
barrier (Noorland and Hompels);

K: A slight increase in depth and a change in orientation of the nameless entrance
channels towards the Roompot and Westgat;
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L: The development of a new flood chute and diminishing of the old flood chute on the
seaward fringe of the ebb-tidal delta. This development is associated with the
extension of the shield of the chute;

On the ebb-tidal delta of the Eastern Scheldt it is difficult to distinguish between the
effects of human interferences in the inlet and the normal “natural” morphological
changes. This is partly due to the restricted nature of the human interference (the tidal
basin still acts as such) and partly due to the natural developments on this ebb-tidal
delta which are relative large.

Most of the ’normal’ changes on the ebb-tidal delta of the Eastern Scheldt are semi-
cyclic developments that involve the formation, growth and migration followed by the
demise of morphological elements like channels, swash bars and ebb or flood chutes.
Developments with a relatively long lifecycle, do show up in the bathymetry data. Some
of the seaward channel migration on the western end of the Banjaard does show up,
because the lifecycle of these channels exceeds tens of years. The Banjaard sub-tidal
flat complex has shifted further north, following the northern migration of the tidal
channel of the Geul van de Banjaard and the evolution of the ebb-chutes.

The human induced changes are related to the reorientation of the tidal flow and the
reduction of the tidal volume of the basin. Overall the channels have shifted slightly to
the north to north-northeast, although the position of the Roompot tidal channel on the
southern side of the ebb-tidal delta has remained stable. The closure of the Grevelingen
inlet (north of the Eastern scheldt outer delta) has resulted in an increase of the ebb
tidal area at the north side that is influenced by the tidal flow of the Eastern Scheldt.
The formation of the scour holes near the entrance of the storm-surge barrier
temporarily provided some sediment to the outer delta. The depth of the rest of the ebb-
tidal delta and the cross-sectional area of the channels decreased, thus forming a sink
for sediment.

3.4.2 Scour holes near to the barrier

On the basis of in-house data an assessment was made of the development of the
scour holes at all three inlets of the Eastern Scheldt over the period 1986 to 2000.
These are presented in Figures 3.10 to 3.12 (for Hammen, Schaar and Roompot
respectively). The following was concluded:

• After the construction of the Eastern Scheldt storm surge barrier large scour
holes developed in all three inlets. These scour holes were already present in
1986 for each of the scour holes.

• Significant scour took place in the period between 1986 and 1990.
• After 1990 the depth of the scour hole progressed on slower pace at most

locations, except for the seaward part of the Roompot of which the depth still
increased at a large pace after 1990.

• Noticeable is that the depth decreased at the seaward side of the Roompot in
the 2000 bathymetry, which may be due to a landslide of rock.

• For the seaward sides of the Hammen and the Geul van Roggeplaat, as well
as for the basin side of the Roompot the depth seems to be progressing at a
slow pace.

As can be seen from Figures 3.12a and 3.12b, conclusions can differ if another cross-
section is analysed. Therefore the scour hole of the Roompot was studied in more
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detail, as it is the largest inlet of the Eastern Scheldt with the largest sediment transport
capacity of all. For this purpose the ‘Rijkswaterstaat-Zeeland’ provided bathymetry
samples of the Roompot (seaward of the barrier) for the period between 1985 and 2008
(see Figures 3.13a to 3.13d). From these data the trend in the development of the
depth of the scour hole over time could be found (see Figure 3.14). The following was
concluded:

• For the Roompot, large scour occurred in the period between 1985 and 1996.
• After 1996 only limited progression in the depth of the scour hole can be

seen, but the area of the scour hole still increased.
• Currently the depth of the scour hole in the Roompot is almost stable (it is

only slowly getting deeper), while the area of the scour hole still grows over
time.
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4 Morphological modelling

4.1 Introduction

In this chapter the hydraulic conditions from Chapter 3 are used to compute sediment
transport capacities in the Eastern Scheldt outer delta. The sediment transport
capacities are used in the analysis to answer the ‘main questions’ in Chapter 5
(especially question 3). Section 4.2 describes the assessment of the longshore
sediment transport along the coasts of Walcheren and Schouwen. After that, the
sediment transport capacity (due to combined tidal currents and waves) at several
locations in the tidal channels and on the shoals is assessed in Section 4.3.

4.2 Coastal sediment transport

The first type of morphological model that has been set up is a model that computes
wave driven sediment transports along the coasts of Walcheren and Schouwen. These
transports occur close to the coast (in the last hundreds of meters from the shoreline).
These transports give an indication of the potential of sediment transport close to the
coast as a result of wave driven currents. Note that cross-shore sediment transports are
not included in the computations.

1D model setup
For the computations of the wave-driven longshore sediment transport the 1D shoreline
model UNIBEST-CL+ has been used. For the current project the sediment transport
formula of ‘Bijker’ (1971) was applied. A description of this model and the ‘Bijker’
transport formula is included in Appendix A.

The coastline has been set up in RD coordinates, for which data was used from ‘Google
Earth’ satellite images (see Figure 4.1). In the longshore sediment computations a
representative median grain diameter (D50) of 250 ɛm was used. Revetments and
groynes were also schematised in the model.

Along the coast a large number of cross-shore profiles (rays) were defined for which
bathymetry data from ‘vaklodingen’ (2004) and ‘JARKUS’ were used. For each of these
rays the nearshore wave climates from SWAN (reference is made to Section 3.2) were
used as a boundary condition in the UNIBEST-CL+ model. Longshore sediment
transport computations were performed for five time periods:

• All year
• Winter
• Spring
• Summer
• Autumn

Longshore sediment transport
The computations of the longshore sediment transport along the coasts of Walcheren
and Schouwen indicate that the sediment transport varies significantly over the length
of the coast (see Figure 4.2). In general sediment transport is larger along the north-
western shores of Walcheren (between West- and Oostkapelle) than for Schouwen and
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the northern side of Walcheren. Typically the following (net) longshore sediment
transport patterns can be distinguished from the modelling:

• North of Westkapelle the computed longshore sediment transport increases
along the coast from zero at Westkapelle to about 80,000 m3/yr  (to  be
interpreted within a range of 50,000 to 100,000 m3/yr) north of Oostkapelle.
On the basis of the longshore sediment transports only (without cross-shore
transport and the effect of the tide), significant erosion is expected between
Westkapelle and Domburg.

• From Oostkapelle to the Onrustpolder the computed longshore sediment
transport decreases from about 80,000 m3/yr to 10,000 m3/yr. On the basis of
the computed longshore sediment transports, sedimentation is expected in
this area, which is expected to be concentrated North-West of
Vrouwenpolder. Note that locally coastal retreat is observed, which is due to
cross-shore transport and the relocation of a local tidal channel at the
Onrustpolder (resulting in a steeper beach profile and cross-shore sediment
transport).

• Sediment transport at the head of Schouwen is directed Southward between
Nieuw-Haamstede and Westenschouwen and ranges between 0 to 10,000
m3/yr at Nieuw-Haamstede and 10,000 to 40,000 m3/yr halfway Nieuw-
Haamstede and Westenschouwen. Between Westenschouwen and the
Eastern Scheldt barrier the longshore sediment transport decreases to about
10,000 m3/yr.

The computed longshore sediment transport per season has been presented in Figure
4.3. From this figure it can be distinguished that:

• At the north-western side of Walcheren (between Westkapelle and
Oostkapelle), about 80 percent of the sediment transport occurs during the
autumn and winter season.

• For the other (less exposed) parts of the shoreline (south-western side of
Schouwen and the beaches from Oostkapelle to the Onrustpolder) the
longshore sediment transports per season are more equally distributed over
the seasons with only slightly larger transports in winter.

Besides the net longshore sediment transports (net result in one direction) also the
gross transports1 have been computed for some locations close to the Eastern Scheldt
barrier. From this analysis it was found that the computed gross longshore sediment
transport for the north-western side of Walcheren (at Domburg) is about 50% larger
than the net transport (so a gross north-eastern transport that is 150% of the net
transport and a gross south-western transport that is 50% of the net transport). At the
northern side of Walcheren the difference between the net and the gross transport
becomes smaller, as a larger part of the waves comes from one side.  At
Vrouwenpolder the gross transport to the east is about 25% larger than the net
transport, while at the Onrustpolder the gross and net longshore sediment transport are
about equal (transport only in one direction).

At Schouwen the gross sediment transport close to the barrier is about similar to the net
transport, while at Nieuw-Haamstede the gross-transport can be in the order of 20,000
m3/yr which is about 4 times the computed net transport.

1 A gross sediment transport is the total sediment transport in one direction over a certain time period. So,
the difference between the gross transports (in both directions) is the net transport



February 2009 Z4581 Sand demand of the Eastern Scheldt

20 Deltares

Coastline changes
On the basis of longshore sediment transport, a general tendency towards
sedimentation is expected between Vrouwenpolder and the Onrustpolder. However,
from the ‘Kustlijnkaarten 2007’ (RWS-RIKZ, 2006) a mixed pattern of coastline
accretion and retreat was observed for this area (over this period). For this reason it is
expected that a significant part of the sediment that is transported along the coast of
Walcheren is transported in offshore direction (cross-shore transport) towards the tidal
channels. At the coast of Schouwen a general tendency towards retreat is presented in
the ‘Kustlijnkaarten 2007’. It is expected that for the areas with decreasing sediment
transport (between Westenschouwen and the barrier) a large part of the sediment is
transported in offshore direction.

Impact of different coastline orientation
Another question that may be raised is what the maximum longshore sediment
transport would be if the coast orientation is altered, for example by a large nourishment
(like planned for ‘De Banjaard’). It is, however, very difficult to determine the longshore
sediment transport for a situation that is significantly changed, as the waves will be
different for a different beach orientation and even the morphologic system may
change. The local wave energy will, however, be of the same order as for the
undisturbed situation. Therefore the maximum transport capacity (due to wave driven
processes alone) will be limited by this wave energy, and is then independent of the
amount of sediment that is available. For a moderately exposed area North of
Vrouwenpolder the transport is expected not to exceed 100,000 m3/yr  in  any case.  In
such a situation the tide driven transport (additional to the wave driven sediment
transport) is expected to contribute significantly more to the total sediment transport.
More on tide driven transport in Section 4.3.

4.3 Tidal sediment transport

Tidal flow velocities are the main driving factor for sediment transport on the shoals and
in the tidal channels. To provide insight into the potential sediment transport capacity in
the tidal channels and on the shoals of the Eastern Scheldt delta (which is relevant for
‘Question 3’ in Chapter 5), a point model was used. With this model an estimate has
been made of the sediment transport capacities for 69 locations in the Eastern Scheldt
delta (see Figure 4.4), which gives an impression of the local sediment transport and
transport directions. Furthermore, a part of the delta was segmented with lines, along
which the computed sediment transport was integrated to obtain an indication of the
sediment transport through the segments.

Morphological point model
The point model used in this study is the SPCM model, which has been used in other
projects and contains similar sediment transport formulae as in Delft3D. Such a point
model computes the sediment transport (both suspended and bed transport) at a
certain location on the basis of the local hydraulic conditions. The results provide an
estimate of the local sediment transport capacity, although these transports should not
be mistaken for the actual transports. As the following is assumed in the model:

• Stationary flow (same flow velocity over a significant distance)
• Small bed level gradients (almost flat bottom)
• Unlimited availability of sediment
• Sediment already in suspension
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For the Eastern Scheldt delta it is expected that the model can give a good indication of
sediment transport capacity in the tidal channels and on the tidal flats, as these  inter-
tidal flats and channels are generally quite large (compared to the water depth) and
have mild slopes. On the transition between a flat and a channel (with steep slopes) the
computed sediment transport capacity may differ to some extent from the actual
transport. As the transport capacity on the transition slopes may in some cases be
influenced by accelerating or decelerating flow and/or local turbulence as a result of bed
level gradients. Furthermore, their will be some uncertainty in the results near to the
Eastern Scheldt barrier due to local turbulence and large bed level gradients. However,
despite the drawbacks of such a model it is expected to provide results that are
sufficiently accurate to assess the questions in Chapter 5. In Figure 4.4 the 69 locations
that where investigated with the point model are presented.

Model setup
In the point model the ‘Van Rijn 1993’ transport formula has been used, which is a
commonly used formula for morphological computations (Van Rijn, 1993). In the model
the following data were used:

• Tide data were derived from the operational tidal flow model ‘MATROOS’,
which is discussed in Section 3.3.

• For the sediment a median grain diameter (D50) of 250 ɛm was used.
• Wave data for each location were derived from the wave model with the 1999

‘MATROOS’ bathymetry discussed in Section 3.2. For each wave condition
the local sediment transport for the whole timeseries was computed, which
were afterwards combined by taking a weighed average on the basis of their
durations.

Sediment transport capacity
The results of the computations are presented in two ways:

• Sediment transport capacity at the 69 locations (for 10° directional sectors)
• Integrated sediment transport through the segments (input for a sediment

balance)

From the computed sediment transports (per timestep) from the SPCM model the
magnitude and direction of the net sediment transport capacities were computed. A way
to present the sediment transport for each location is to bunch the sediment transport
capacities in different directional bins. In this case 36 directional bins were made for
which the (gross) transport was computed. In Figure 4.5a a map overview of the local
sediment transport capacities and transport directions for all locations is provided. It is
stressed that this figure does not present the actual sediment transports, but the
transport capacity if sufficient sand is available, which is for example not the case at the
barrier itself. Note that a number of typical transport roses can be distinguished (see
Figure 4.5b), as for some locations the transport is in all directions (due to a wide
variation in flow directions). This occurs most often on the shoals while in the channels
the transport capacity is directed in one or two (often opposing) directions.

To obtain an indication of the sediment transports through channels or on shoals, a part
of the delta was segmented with lines along which the sediment transport was
integrated (see Figure 4.6). In this way the net sediment transport from one section to
another can be estimated. For this purpose, about 5 or 6 computations were made on
each line segment. For each of the computations the component of the net transport
that is normal to that segment was computed. These were integrated by multiplying the
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sediment transport (m3/m/yr) by the length of the segment (m). In Figure 4.6 the
computed integrated net transport for each of the segments is presented. It should be
noted that some of the computed net sediment transports on the shoals (dashed
arrows) are expected to be somewhat smaller than computed with the model.

4.4 Interpretation of transport capacities

On the basis of the computed sediment transport capacities in Figures 4.2, 4.5a and 4.6
an interpretation was made of the sediment transport patterns in the Eastern Scheldt
delta. This interpretation is presented in Figure 4.7. Note that at some locations only the
direction of the sediment transport was estimated, these estimates are presented with
dashed arrows. The main (interpreted) aspects of the sediment transport pattern in
Figure 4.7 are:

¶ Indication that the barrier is an obstruction for sediment transport
Note that close to the storm surge barrier the sediment transport capacity is
generally away from the barrier, which is expected to be due to the
asymmetry of the horizontal tide (the flow velocities are larger away from the
barrier than towards the barrier, see also Figures 3.8a and 3.8b for an
illustration of the jet ‘downstream’ of the barrier). Although some physical
aspects (like local turbulence, bottom gradients and limited availability of
sediment at the hard structure of the barrier) were not included in the point
model, it is still regarded as a strong indication that sediment transport
through the storm surge barrier is significantly hindered. Furthermore, in
reality there is no sediment available locally at the barrier and the steep
slopes will hinder sediment transport even more, which makes the
hypothesis that the barrier blocks the sediment stronger. The computed
sediment transport capacities at the barrier itself should therefore not be
regarded to be ‘actual’ transports, but potential transports if sufficient
sediment was available. Although this will have to be verified with more
detailed modelling (2DH and/or 3D morphological model) in a later stage.

¶ Sand entering the Roompot is expected to be transported to the North-West
As no significant part of the sediment is expected to move through the
barrier, it is expected that there is a net sediment transport along the
northern coast of Walcheren (shores and tidal channels) which ends up in
the Roompot. From the Roompot this sediment is expected to move in
north-western direction. Where it is expected to be moved further northward
or onto the shoals. Note that a large capacity to transport sediment away
from the barrier was also found at the scour hole on the inner basin side of
the Roompot (from the scour hole into the inner basin), although it can be
smaller than computed due to the effect of the slope of the scour.

¶ Sediment transport at Hammen and Schaar is much smaller than for the
Roompot

Sediment transports at the Hammen and the Schaar are expected to be
smaller than for the Roompot and generally directed away from the barrier,
which may result in a slow increase of the local scour holes.

¶ A significant part of the sediment that is transported along the coasts moves
offshore in the Eastern Scheldt outer delta. Note that the Eastern Scheldt outer
delta can benefit from this sediment and that at other locations sand is
transported towards the coast.

For this purpose the observed coastal changes (dashed red or green lines)
in the ‘Kustlijnkaarten’ (2007) were compared to the modelled sediment
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transports. On the basis of modelled sediment transports alone accretion
would be expected at the shores of Vrouwenpolder and Onrustpolder
(Northern part of Walcheren) and Westenschouwen, which is not the case.
Therefore a significant part of this longshore transported sediment is
expected to be moved in offshore direction at these locations (see Section
4.2).

For a large nourishment in front of the Walcheren coast, for example a ‘zandmotor’ at
the Banjaard (RWS-Zeeland, 2008), the following is expected to happen:

• Most sediment is expected to be transported (by the tide) towards the
Roompot even for large nourishments, although a part of the sediment for
very large nourishments may be transported to the West. As the flow and
morphological patterns may change to some extent.

• For the current situation it is expected that most of the sediment at the
Roompot is transported in north-western direction and not through the barrier
(see Figure 4.7). If more sediment is transported (in the case of a large
nourishment at the ‘Banjaard’) still most of the sediment is expected to be
transported to the North-West.

• Note that even for a seriously altered coastline orientation the wave driven
longshore transport is not expected to supply more than 100,000 m3/yr of the
sediment along the coast of Walcheren (as the wave energy is limited). This
is an order of magnitude smaller than the sediment demand of the Eastern
Scheldt (approximately 400 to 600 million m3; WL | Delft Hydraulics, 2007).
Therefore the tidal flow will have to move most of the sediment, which will be
transported to the tidal channel and seaward scour hole of the Roompot.



February 2009 Z4581 Sand demand of the Eastern Scheldt

24 Deltares

5 Analysis

5.1 Introduction

This chapter deals with the questions raised in Section 2.4. Sequentially an assessment
is made of the causes for the sediment transport blockage due to the barrier (Section
5.2), measures that may improve the situation (Section 5.3), the potential to transport
(or provide) sediment in the Eastern Scheldt outer delta (Section 5.4) and an
assessment of remaining questions and required work to proceed. The assessment in
this chapter is based on the hydraulic and morphologic model results which were
provided in Chapter 3 and 4. Which aspects restrict the import of sand through the
Eastern Scheldt barrier?

5.2 Question 1 : Aspects that restrict the import of sediment at the barrier

Two causes can be discerned for the constraint of sediment import at the barrier:

• The sediment transport capacity, which is already limited in the natural
situation (see Section 5.4).

• Blockage of sediment transport due to the Eastern Scheldt barrier

In this section the current hypothesis on the blockage of sediment by the Eastern
Scheldt barrier is discussed. This hypothesis is based on a couple of physical
processes that give a strong indication for the blocking of sediment transport by the
Eastern Scheldt storm surge barrier. These processes can be subdivided in three
categories:

• Asymmetry in flow velocities during ebb and flood tide
• Turbulence generated by the vertical elevation of the barrier
• Effect of the slopes at both sides of the barrier

Tidal flow asymmetry
For a long estuary with a relatively small entrance (compared to the tidal prism), the
flow velocities directly seaward of the entrance can be smaller during flood than during
ebb. The reason for this is that during flood the water will flow from all directions
towards the entrance (Figure 5.2a), while during ebb it is jetted out of the entrance over
a smaller area (Figure 5.2b). This was also observed in the tidal flow model results from
‘MATROOS’ in Section 3.4. Figures 3.8a and 3.8b showed that flow velocities at the
seaward side of the barrier are smaller during flood than during ebb.

Eastern
Scheldt

Sea

Eastern
Scheldt

Sea

Figure 5.2a    Small flow velocities during flood              Figure 5.2b     Large flow velocities during ebb
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This may be a potential cause for (partial) sediment blocking as the water has less
capacity to transport sediment if the flow velocities are smaller. Furthermore, it is known
that a scour hole exists on both sides of the Eastern Scheldt barrier. Due to this scour
hole even less sand may pass through the barrier, as sediment will fall to the bottom of
the scour hole (with low flow velocities) during flood and will be pushed back to sea by
the large flow velocities that occur during the ebb tide.

Turbulence and slopes
Another aspect that may play a role is the sill at the barrier structure. At ebb tide the
flow jets over the sill and creates large turbulence that will erode the scour hole (Figure
5.3). It is expected that during flood the sediment will fall into this scour hole, as the
sediment will not be able to move over the steep slopes of the scour hole and the sill of
the barrier. At ebb tide this sediment will be transported away from the barrier again.

Figure 5.3  Potential flow during flood (left) and turbulence behind structure during ebb tide (right)

5.3 Question 2: Measures that improve sediment import

5.3.1 Possible measures

As mentioned in Section 5.2.2 there are strong indications that the Eastern Scheldt
barrier currently blocks (most of) the sediment transport. However, it can be beneficial
for the Eastern Scheldt basin if sand is imported through the barrier. Provided that
enough sand is available or is nourished in the Eastern Scheldt outer delta. A couple of
measures to make the Eastern Scheldt barrier more ‘morphologically open’ are
therefore discerned and discussed.

On the basis of the work of ‘Tom Jongeling’ (WL | Delft Hydraulics, 2007) a couple of
potential measures that can improve the sediment import through the Eastern Scheldt
barrier could be discerned:

• Filling one or more scour hole(s) at the seaward side of the Eastern Scheldt
barrier and protecting them by means of (rock) filter layers.

• Adjusting barrier structure to reduce the hydraulic resistance.
• Opening the dams at the landward sides of the barrier.
• Manipulation of the opening and closing timeframes of the gates of the barrier

during a tidal cycle (operation of the Eastern Scheldt barrier).
• Directly or indirectly (by means of a pipeline from the barrier sluices to the

scour hole(s) at the basin side of the barrier) nourishing sediment into the
basin.
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