OF APPLIED SCIENCES

SC R

DE BANJAARD AS COASTAL
PROTECTION PROJECT

Research report

Delta Academy

09-01-2023

Group 1



De Banjaard as coastal protection project

Report

Title:
Subtitle:
Report type:
Datum:
Auteur:

Supervisor:
Institute:
Client:

De Banjaard as coastal protection project
Building with nature in the voordelta
Research report

09-01-2023

Jelmer Appelo (Civil Engineering)

Jur Bosschaart (Aquatic Eco Technology)
Simone van Ginneken (Aquatic Eco Technology)
Bas de Nooijer (Delta Management)

Bart Wisse (Civil Engineering)

Carlien Nijdam

HZ University of Applied Sciences

Shared Concepts

Idco Duijnhouwer and Renée Bron-Slis
www.sharedconcepts.nl



Abstract

Through sea level rise, water is becoming an increasing threat to Zeeland. In 1960, the Eastern Scheldt
barrier was built to protect Zeeland and its inhabitants from the sea. But unfortunately, it cannot
withstand a sea level rise of one meter. Shared Concepts asked students from the HZ University of
Applied Sciences during the first semester of school year 2021-2022 to investigate the possibility of
raising De Banjaard, called phase 1. During the first semester of the 2022-2023 school year, the
students were instructed to go into the previous concept of phase 1 and elaborate further from their
own vision, called phase 2.

De Banjaard is a sandbank off the coast of Westerschouwen with the potential to protect Zeeland's life
from the sea. During phase 2, the possibilities for raising the island through hard measures combined
with ecological applications will be investigated. A concept has been drawn up in which the various
sides are discussed, with De Banjaard as a central point of view at all times.

Phase 2 describes a concept of creating a salt marsh protected by a breakwater dam, which is further
described in chapter 3. On the salt marshes there is an opportunity to experiment with aquaculture to
make De Banjaard profitable. Chapter 4 describes the ecological implementations, including the
possibility of experimenting with aquaculture but also where ecological implementations can help
strengthen the island against erosion and provide more biodiversity.
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1. Introduction

This project is a collaboration between three study programs: aquatic eco technology (AET), civil
engineering (CE) and delta management (DM). This will help students work together and work on a
project with students who have different viewpoints which can be a crucial experience in the future
when working on projects with several types of colleagues.

De Banjaard is not a new project. Multiple students have already worked on De Banjaard. An example
is university of Wageningen. They already came up with a plan on how and where the sandbank should
be implemented and what works the best. Further in this document there will be explained what their
idea was and how it will be used in this proposal.

De Banjaard is a project from Shared concepts. (shared concepts, 2022) Shared Concepts is a coalition
of people who think big and do small, always looking for new and out of the box ideas to cope with
modern day problems and create chances for people, flora and fauna to flourish in a safe and healthy
environment. Shared concepts challenges students from secondary schools, vocational education and
universities from various disciplines to join their quest, to do research, explore and thus enrich
everyone’s shared concepts.

1.1 Problem analysis

1.1.1 Sea level rise

Humanity is dealing with climate change and faster sea level rise as a result of growing CO; levels. As
a delta nation, the Netherlands must take action to adapt to these changes. On (limited) land, there is
a limit to how high and how massive dikes and dams can be built. The plan is to gaze out to sea because
the land can’t get higher. Before sea level rise reaches one meter, the Netherlands has roughly 30
years, or one generation, remaining to study and test this idea.

The Netherlands is currently shielded from powerful
storms and sea level rise by the delta works. These are
several unique storm barriers constructed between the
North Sea and the inland rivers and canals. A large area
of the Netherlands in the south-west, which is below sea
level, is protected by a storm surge barrier. This was
built in the 1960’s after a huge storm that caused a high
number of lives and massive destruction of properties.
There is only one issue with this storm surge barrier, it
was built with a sea level rise in mind of only one meter.
Nowadays there is a discussion if the storm surge barrier
needs to be redone on a bigger scale or helped with a
nature-based solution to withstand storms and sea level
rise.

et T R L S
Figure 1: Delta works in action during a storm (M, 2018)
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1.1.2 Erosion

Figure 2: Erosion at the coastline (Kustlijnkaart, 2022)

The coastline of Zeeland is dealing with erosion, particularly at Westerschouwen as can be seen in
figure 2. The red parts signify the area which is most affected by this erosion. Currently every year or
every few years dredging companies are hired to perform supplementation when the erosion comes
too far inland. With the extra effect of sea level rise, the erosion will become worse and grow over the
coastline. To prevent more suppletion’s and thereby higher costs, it is necessary to take erosion
preventing measures.

1.2 Last year’s plan

A couple of kilometres out of the coastline at Burgh-Haamstede, a sandbank exists already by itself
due to nature-based sedimentation. This sandbank is called De Banjaard. Over time this sand bank is
slowly moving upwards and fading due to sea level rise and erosion. To make use of De Banjaard and
make it into a natural barrier which keeps the coastline of Schouwen-Duiveland safe, more sand, silt
and stones will have to be added. These materials can be used to construct a protective dam, a more
resilient island and to withhold the sandbank from moving and eroding.
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Figure 3: Sketch of project idea from last year (Made by student 2022)

In figure 3, the foundation of this project, which was a creation of a team of students from the previous
year, is illustrated. This year’s project team will continue to build upon this idea by performing phase
2. Calculations will be made on the quantity of material and the sedimentation of the material.
Furthermore, various types of required material will be determined, and the idea will be expanded
upon with new innovative solutions. Flora and fauna will also play a crucial role, due to nature-based
innovations having the preference.

2. Stakeholder analysis

2.1 What are stakeholders
Customers, workers, community members, politicians, journalists, shareholders, suppliers, investors,
government agencies, regulators, adjacent firms, and locals can all be considered stakeholders. All of
these people:

e Possess independent aims and ambitions

e  Make critical choices that might impact your company.

e Whose lives might be impacted by the choices made by your organization

e Are linked to a larger network of individuals who are also impacted by any changes and actions

Are in a better or worse financial or physical situation when things change

(Hendricks, 2023)

Stakeholders are very important in a project, they can determine if the project can develop into further
stages or maybe change to come up to their expectations. Also, stakeholders may provide money for
the project and they need to be informed and taken into consideration when changes take place. They
are fundamental for a project.
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2.2 Important stakeholders.
For De Banjaard these are the stakeholders of interest:

One of the most important stakeholders is
Rijkswaterstaat, they are responsible for

waterways and water systems
(rijkswaterstaat, 2023). Because the

Banjaard is based close to waterways, Kennis Community Qosterschelde

Dredging companies
Rijkswaterstaat has a big influence in where Keep Informed Manage Closely
and what is possible. Natuurmenumenten Rijkswaterstaat
- : wnf The province of Zeeland
The province and municipalities are really 2 Local residents
L]
important, they may give funding to the = Mosselkwekers oosterschelde
project, and they can determine if the & Shared concept
project will be successful. =
= Tourists
Nature organizations are also very Mossellwekers Oosterschelde

important, they can have a big influence in
the project. They can say if it will be harmful
for the animals and ecosystems. But they
can also help by giving the project fundings
and publicity. Showing the world how good
and how well this project is.

Minimal Cofigagh restaurants

Stakeholder Influence

Shared concept is placed in the middle of the Figure 4: Stakeholder analysis applicable for De Banjaard. (Made by Bas de

stakeholder diagram. This is because they Nooier)
are the main client and they have of course
all four of the main stakeholder interests. And therefore, placed in the middle.

2.1 Regulations

De Banjaard is placed in a natura 2000 area. This brings extra regulations and extra things to keep in
mind when implementing this project. A network of critical habitats for rare and endangered species,
including certain uncommon natural habitat types that are protected in their own right, is known as
Natura 2000 (European Comission , 2023). On land and at water, it crosses all 27 member states of the
European Union. The network's goal is to protect Europe's most priceless and imperilled species and
ecosystems, which are classified under both the Birds Directive and the Habitats Directive.

3. Realisation
3.1 Dredgers

For the realization of the hook of the island dredgers have to be used. Dredgers are ships that can
extract sand, clay, silt or gravel from the bottom of the sea. There are 2 types of main vessels; cutter
suction dredgers (CSD) and trailing hopper suction dredgers (TSHD).

A CSD is a mostly stationary vessel that uses a rotating cutter head to loosen up the material in the
hard ground, whereafter its extracted through suction pipes behind the cutter head. The material must
always be pumped though pipelines, as a CSD doesn’t have its own hopper. One of the methods to
transport soil is a floating pipeline that can be used to pump its material to the designated location.
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Another method is using a sunken pipeline, which lies on the bottom of the sea. This method is used
to make sure any sea traffic will not be interrupted. However, the last method is not regularly used, as
its expensive and much work.

A THSD is a self-sailing vessel that is equipped with 1 or 2 suction pipes. These pipes have drag heads
that drag over the bottom of the sea, while it has large pumps that allows it to suck the material into
its own hopper. To unload the material, it can either be pumped away through pipelines, unloaded
though bottom doors or be rainbowed. Rainbowing is when the material is made as liquid as possible
and sprayed out via a nozzle at the front of the ship. (See figure 5) (Baggerproject surinamerivier
gegund aan Boskalis/de Boer, 2021)

-~

Figure 5: An example of a THSD rainbowing ( Baggeproject‘ surinamerivier gegund aan Boskalis/de Boer, 2021)
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For the creation of De Banjaard, material can be gathered in the North Sea (Zand-schelpdierwinning,
2022). In the North Sea an area has been dedicated for the extraction of sand and other soil materials.
In figure 6, this area is shown (Zandwinstrategie, 2018). The yellow blocks are area’s reserved for sand
extraction only. In these areas sandy soil can be gathered for the making of De Banjaard. (Het effect

van wind op zee op zand- en schelpenwinning,

reserveringsgebied zandwinning
zandlaagdikte 0-2 meter

zandlaagdikte 2-8 meter

zandlaagdikte 8-12 meter
reserveringsgebied schelpenwinning
reserveringsgebied beton- en metselzand
zandwinning vergund (ook suppletie)
bestaande kabels en leidingen

voorkeurstracés voor kabels en leidingen

SIIIEINIEN | I}

| DECEEE

aanlandingspunten kabels en leidingen
loswallocatie
windpark in bedrijf /in aanbouw

aangewezen windenergiegebied
beleidsvoornemen windenergie binnen de
12-mijlszone

scheepvaartinfrastructuur

ondergrond:

grens EEZ
........ grens territoriale zee (= 12-mijiszone)

i transitie} (WFDJ/EG definiti grep
= duinen

[ ===} zoetwater

[ Verdragsgebied Eems-Dollard

0 100 km \

Figure 6: A map of usable sand extraction areas (Het effect van wind op zee op zand- en schelpenwinning, 2023)

2023)
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In figure 7 is a close up of the project location in combination with the possible soil extraction areas.
These locations can be used for the gathering of soil material for spraying on to De Banjaard.

A4

Middelburg ASS Goes Bergen

Figure 7: Usable extraction area nearby project (Het effect van wind op zee op zand- en schelpenwinning, 2023)

Trailing suction hopper dredgers (TSHD) should be used in this project because they have their own
storage capacity. The TSHD can sail back and forth between the project location and sand extraction
area without interfering with the possible sailing traffic on the sailing routes. Cutter suction dredgers
(CSD) would use floating pipelines from the extraction area to the project location. However, because
this is a long distance and it interferes with sailing routes it is not recommended yet possible to use
CSD’s, so TSHD'’s are the best option for the project.

3.1.1 Method

Trailing suction hopper dredgers will extract sand from the designated areas, whereafter they sail to
the project location. Sand will be firstly sprayed on using the rainbow method. However, after a certain
amount of unloading’s the ships can no longer sail above and close by the Banjaard because the depth
has been decreased. Therefore, once a small part of the island is above water, a pipeline will be laid
down, connecting the island with a ponton. At this ponton the TSHD’s can moor and connect to the
pipeline. Using this method, the material will be pressed through the pipeline onto the island. By
placing shovels, and later dump trucks and cranes, on the island, the pressed-on material can be
spredded and form into the hook design.

3.1.2 Climate adaptation

To provide a project that takes climate adaptation into account, these TSHD's need to be modern with
the lowest possible emissions to be as environmentally friendly as possible. Therefore, the only TSHD's
that can be used for this project are vessels with a ‘clean ship’ certificate. This means that less fuel is
used compared to normal TSHD's and the emissions are limited. These vessels mostly use diesel-
electric motors, which is a combination of a normal diesel engine and an electric motor. This has the
effect of more efficient fuel usage. The emissions are caught in filters and partly reused in the engine.

7|Page



However, this project will most likely not be executed soon. This means; ships that will be built in the
future that are fully electric or run on hydrogen can be used. For example, an inland ship that runs
completely on green hydrogen is currently being build. The ship will be named ‘ms Antonie’ and is
scheduled to be finished in 2023 (Eerste binnenvaartschip op groene waterstof, 2022). This ship also
has the ability to turn hydrogen into electricity.

Furthermore, the offshore sector is investing in the use of hydrogen for new ships as well. Damen
offshore has ordered two new ships for the offshore windmill parks (Onderhoud aan windmolens met
schepen op waterstof, 2022). These vessels are CSOV’s (Commissioning Service Operation Vessels),
these ships transport and accommodate the personnel that services the windmill parks. These ships
use only hydrogen and should be completed in 2025. The CSOV is illustrated in figure 8.

Figure 8 Damen offshore ship on hydrogen (Onderhoud aan windmolens met schepen op waterstof, 2022)

Another invention is a ship that runs on only electricity. In September 2021, the first fully electric inland
ship came in use in the Netherlands (Eerste elektrische binnenvaartschip Nederland, 2021). This vessel
carries a container with batteries, which the ship can operate on for one full day. At night when the
ship is being unloaded the batteries get charged and the next day the vessel can sail emission free
again.

These innovations are the start of emission free sailing. There is already a plan to make inland sailing
completely emission free by the year 2050. Most likely these innovations will in the near future expand
to bigger ships such as dredging vessels. For this project it is essential to take the explored innovations
into account and use them for a better overall plan of approach.
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3.2 First design

Edges reinforced

Figure 9: First sketch (QGIS made by Bart Wisse)

Figure 9 shows the first sketch with the hook from last year, with new further ideas. As the current is
mostly north along the coast in the North-East direction, a breakwater dam will be built on the south
side of the island. The edges of the hook will be reinforced with (dump) stones, so the edges of the
island will stay intact and not displace. The reason to reinforce the edges is because if they are only
made of sand, the points can wash away easily and the hook loses its function. This will be critical
during big storms, for example; north-western storms. The rest of the hook will be constructed out of
sand. The hook will always be above water to make sure the salt marshes are protected.

Inside the hook, an area will be constructed for flora and fauna to settle and reproduce. As can be
seen in figure 9, the area is made of silt. However, this is only the top layer of 1 meter. Below the top
layer is sand due to sand being cheaper and easier to dredge and place. The inside of the hook will be
a slope. The part against the hook will be above water and it will gradually get lower. The slope will
be partly underwater. The reason for this is that sediment from the south will need to be deposited.
The place where this should occur is the inside of the hook, which can be a place to naturally fill up
by sediment and continue to grow and reach a higher elevation.

With these solutions the coastline is protected against erosion from the most occurring current due
to the breakwater. The coastline is protected from north-western storms due the top side of the
hook as well.

3.2.1 Breakwater dam

At the project location there is a relatively strong current, and during strong winds and storms the
waves can become quite high. These waves and the current in combination with the tides can affect
De Banjaard by moving a lot of sediment. The island will deform due to erosion and lose its potential
goal as coastline protection.
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To prevent deformation by erosion, a breakwater dam will be built southwest of De Banjaard. A
breakwater has already explained its function in its name, namely it breaks the water. These dams
are built from hard materials, like stones or special hydraulic building blocks. The foundation can be
made from sand, if the location of the dam is deep, this to prevent costs on stones or water building
blocks. The function is to protect the coastal area against tides, currents, waves and storm surges by
minimalizing the erosion. The strength of waves and currents are broken down so they reach the
island with less impact.

The dam Southwest of De Banjaard will protect against erosion, furthermore the dam will cause
sedimentation as well (Antonini, 2021). It will sand up at the south side of the dam as the current and
wind is mostly in the northern direction along the coast. Directly behind the breakwater, erosion will
occur, however by placing the breakwater far away enough from De Banjaard, the island will only
experience positive effects. Directly after the breakwater is a trench with a lot of current, coming
from the Eastern Scheldt dam. Here, erosion is already happening. Therefore, it is no problem for
erosion to occur directly after the breakwater. As can be seen in figure 10, the sedimentation from
the current will deposit a little after the breakwater. This will be the place of De Banjaard. The idea is
that the sediment will deposit inside of the hook creating a rich environment for both flora and fauna
in the form of salt marshes.

Deposttion

. Broakwater
Groins ‘l
| ~N -

11.7-Jones and Jones, 2003

Figure 10: Effect of a breakwater dam (Lueng, 2023)
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3.3 Final design

To make a drawing of the final plan, the sketch is finalized in AutoCAD. According to QGIS, the island
will be constructed at a location with an average depth of 5 meters. Therefore, in the side views a
depth of five meters is assumed over the full width of the island. The drawings show the topside of
the island and two side views. One sideview at the middle of the hook and one sideview at the
section where stones will be dumped, so at the top edge. In the side views the plants, reef balls and
oysters are drawn at the locations and heights where they grow the best. These drawings are shown
in next page and in the appendix.

In the side views the x and y scales varies. The x scale is far larger than the y scale. This had to be
done, to make a clear image, because otherwise the width of the island would not fit on any paper
and nothing would be clear to the eye.

To make an estimation of how many plants, reef balls and oysters can be used, AutoCAD has been
used. By using the locations and widths of the plants in the sideview and implementing them into the
top view, an estimation can be made of areas that are free for placing each type of plants, reef balls
and oysters. These areas are implemented into the cost and benefit analysis.
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Figure 11: Areas for ecological implementations (AutoCAD made by Bart Wisse)

In figure 11 the area is shown which is used for calculating the areas per subject.
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Figure 12: Side Views of the island (Autocat made by Bart Wisse)

Top View

Figure 13: Top view of the plan (AutoCAD made by Bart Wisse)
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The drawings are separately submitted in format A1, with the report for better quality.

3.3.1 Planning

To add both the costs and the planning a calculation is made for the total amount of materials, this is
done with the use of QGIS. This can be found in appendix 1 and 2. These sand works will take
approximately two years to complete when two TSHD’s are used. The stone works will take a bit
more than a year to complete.

For the planning (appendix 3), there are various different aspects to take into account. These aspects
are visualized in table 1. The planning is not filled in, this is due to the fact that the starting time and
the specifics of how the project will be undertaken are not currently known.

Table 1: Different aspects of planning (Excel made by Jelmer Appelo)

Work preparation Area
Ship folders Start of work notifications
Kick-off
Workfacilities Safety
Patterns Kick-off
Workplace inspections
Documents Toolbox
Certain delivery dates documents Audits
Implementation Presence
Soil measurements Leave
Mobilization required ships
Sand works

Stone works

Supply of equipment
Workfacilities on Banjaard
Ecological implementations
Reefballs

Subcontracting
Work of different companies

Table 2: Aspacts of planning (Excel made by Jelmer Appelo)

3.3.2 Calculation of shear stresses

It is critical to check if erosion will occur at the island. This can be calculated by underneath
calculations. Based on this, it can be concluded whether the breakwater barrier will erode or
sediment. When the critical soil stress is greater than the soil stress due to current and waves,
erosion will occur. If not, the island will sediment. The shown calculation is done together with group
2, therefore this part of the report is mostly the same.
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Figure 14:Wave direction Schouwen Duiveland (Made by Jelmer Appelo)

Tabel 3.1.26-3
Hydraulische randvoorwaarden
Schouwen Duiveland

Langs de Noordzee - dijken
Normfrequentie = 1/4000

Aansluiting SVKO dp 0,001 5,2 1,80 8,4 40

Figure 15: Hydraulische Randvoorwaarden Schouwen Duiveland (Hydraulische randvoorwaarden Schouwen-Duiveland,
2021)

Statistical wave distribution

significant wave height, Hs

Number of waves

90th percentile

1/3 of waves ———>

Wave height

Figure 16: Statistical wave distribution (-, 2014)

14 |Page




Table 2:Formulas soil stress due to waves (Made by Jelmer Appelo)

Soil shear stress due to waves

Quantity Symbol | Unit Formula
Soil shear stress due to waves fema | N/m? twmax = E'p'fw (UFm
Density p Kg/m3
0,2

hw f, = en <5,5 : (%) - 6,3)
Soil roughness ks M ks =100 x 0,00022

A 1 1
Area M2 A= H Sange
Wave height H m

k 21
Wavenumber mA-1 k= A
Wavelength L m
Water depth h m
Wavelength deep water Lo M Lo = 1,56T?
Wave period T S
maximum horizontal velocity Um
of a water particle just above
the bottom m/s Un=A4A*w
angular frequency W Degree
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ks =0,022m
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) sinh(kh)
Lo = 1,56T?

1,56 * 12,32 = 43,8 m

h/L, = 3/43,8
= 0,068
tabel - h/L = 0,112
L=268m
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k="

2n
26,8
=0,23m™!

2T
w=—

T
2T _ 118571
53 O

1
A=--098

0,66
2

"sinh(0,23-3)

fiw = exp(5,5 - (0,022/0,66)%% — 6,3) = 0,029
1
Ty, Max =z.p- fw- U2
Un=A4*w=066%+1,18 =0,78
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=%1025-0,029-0,782 =9,0—
2 m2

Figure 17: Average wave period (Golven, 2022)

See excel data for calculation From :
https://waterinfo.rws.nl/#!/kaart/golfhoogte/

Hs is the average of 1/3 of the highest waves.
Tp is the period with the highest wave energy.
Average water height is 3m.

Average flow rate: 0,37 m/s

Ks=100*D50 roughness of the bottom

Um= max. horizontal speed of a water particle
right above the bottom

Symbol Value | Unit
Average. significant Hs 98,1 om
waveheight
Corresponding waveperiods T 5,3 s
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Table 3: Formulas soil stress due to current ( Made by Jelmer Appelo)

Soil shear stress due to current
Quantity Symbol | Unit |Formula
C h
Chezy c=18- 10g<12 k_s>
Waterdepth h M
Soil roughness ks M ks =100 x 0,00022
Critical velocity u, m/s
Tau current (current) Tc
N/m? T, = py, - Uz
Water density Ow Kg/m?3
TC

h
=181 (12 —)
C 8 -log s

3 1
18 x log(12 -m) = 57,8 m?
U
U, =E' 1/9

0,37 m
— /9,81 =0,02—
57,8 S

— 2
Te = Py - U

n
1025 * 0,022 = 0,41 —;
m

1

Twe = E * Ty max T Tc

1
Twe =5 %9+ 037 = 487 N/m’

Table 4:Formulas critical soil stress (Made by Jelmer Appelo)

Critical soil stress

Quantity Symbol | Unit |Formula
Critical soil stress Ter Ter = P - ucr?

D* 3 A . g

D, = —-D

Critical shield parameter v

A A= Ps — Pw
Delta Pw
velocity v? m/s
Grain size D m
Critical velocity User | m/s Uyer = /Ocr-A-g-D
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2650 — 1025 _
1025

1<D*"<4

= 1,59

.0,00022 = 1,18

6., = 0,24/1,18 = 0,20

Uyer = JOcr-A-g-D

n
\/0,2 -1,59-9,8-0,00022 = 0,026 —;
m

n
Ter = p - ucr? = 1025-0,026% = 0,69 x —
Ter < Tye = 0,69 < 4,87

The critical bed shear stress at the location of 'De Banjaard' is 0.69. the bottom shear stress due to
currents and waves is 4.87. This means that erosion occurs.

If this is compared with the critical bed shear stress at the location of other sand motors, we see that
a critical bed shear stress of approximately 0.6-1.6 occurs there. This is much lower than 4.87. Yet

this can be explained, because the water depth at the location of other sand motors is much smaller
than at 'de Banjaard'. In addition, the sand motors are located against the coast. This does not apply

to the breakwater barrier.
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Figure 18: Examples of a sandmotor (Bruikbaarheid zandmoter, 2022)
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4. Ecological implementations

To give De Banjaard additional strength and function,
possible ecological implementations were investigated.
These implementations focus on strengthening the
island by means of plants on dunes and reducing
erosion by placing reef balls. These implementations
are not only expected to increase the strength of the
island but also to increase biodiversity. Yet more is
possible ecologically speaking than just strengthening

Figure 19: Example of breeding tables with BST

the |S|and Th|nk Of De Banjaal‘d from a CommerCIa| baskets (Se[p, Kamermans, Wa/[es/ & van den Br,nk,

point of view. De Banjaard can play a role in 2019)
experimenting with aquaculture. By looking into the

possibility of farming with sea vegetables and shellfish, De Banjaard could also become profitable in

the long run.

4.1 Oyster cultivation

An oyster is a bivalve mollusc (Thunberg, 1793). The two shell halves
are attached to each other with a muscle and this allows the oyster
to open and close the shell when it needs food. Oysters feed on
phytoplankton that they filter out of the water column (Bruyne,
Zeeuwse Oester (Ostrea edulis), 1994). Phytoplankton are
microalgae that are high in energy and omega-3, making them the
main food source for oysters (Oestercompagnie, 2021). Two
different methods are used for oyster farming, On-bottom and Off-
bottom farming. In the traditional way, On-bottom farming, oysters
are fished off the bottom on to ships and moved to another
cultivation plant. Due to setbacks within On-bottom oyster farming
including the Oyster Drill and a Herpes virus, there was high
mortality within oyster farming (Oestercompagnie, 2018). This large
amount of mortality caused oysters to be cultivated with off-bottom
systems in the Netherlands (Nederlandse oester vereniging, s.d.). In
this form of cultivation, the setups move which breaks down the
growing edges of oysters and this ensures a better shape of the shell,
and because there is water with phytoplankton around the entire
oyster, the oyster grows faster but above all, the oyster sector is less
affected by the Oyster Drill (Walton, et al., 2012).

Figure 20: Oyster cultivation bags on
an off-bottom breeding table (Photo
made by Simone van Ginneken)

Figure 21: BST baskets hanging on an
off-bottom breeding table (Photo
made by Simone van Ginneken)
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When looking at the possibilities of oyster farming at De Banjaard,
On-Bottom farming is immediately ruled out because it is not
possible to use ships for oyster farming. The depth of De Banjaard
will not be sufficient for fishing vessels to collect the oysters. For this
reason, combined with the advantages, Off-bottom cultivation was
chosen to experiment with. This method uses breeding tables made
of rebar, see figure 19. Various options for systems are attached to
these tables. Currently, bags, figure 20, and BST baskets, figure 21,
are most commonly used in cultivation. These will also be used for
research at De Banjaard. In addition, SEAPA baskets, figure 22, will Figure 22: SEAPA Hanging Basket
be experimented with to see if this is a system that produces good (Hartog, 2021)

quality oysters. There can be experiments with Grain Ocean rolling
baskets as well, figure 23. The Grain Ocean rolling cases are a
system that can be used the last four to five months of the
cultivation process. The rolling cases move sight up and down with
the tide this breaks down the oyster's growing edges which make X
the oyster mainly focus on the development of the flesh providing rig, e 23: Grain Ocean rolling cases
the oyster to get a deeper cup. A side effect is the oyster gaining a hanging on an off-bottom breeding
larger muscle which allows the oyster to stay fresh longer after tGa’_:ifeiPe’;‘;to made by Simone van
harvesting.

4.2 Consumption plant species on salt marshes

4.2.1 Sea Lavender (Limonium vulgare)

Figure 24: Picture of Sea Lavender (Landuyt, s.d.)

Sea lavender, figure 24, grows on sandy salt marshes. The habitat for sea lavender should not be too
muddy (Ecomare, 2022), but the plant does need salty water to stay alive (Veggipedia, s.d.). From late
July to early August, sea lavender has lilac-purple flowers. The flowers are arranged so close together
that it looks like a large umbel. These flowers are popular as dried flowers so they can be used for
example in dried flower bouquets (Ecomare, 2022). Besides the flowers, sea lavender belongs to sea
vegetables. They taste salty and go well with fish dishes. Sea lavender is available from the start of
April until the end of August (Veggipedia, s.d.).

For application at De Banjaard, sea lavender is interesting from a business perspective. It could be

investigated whether sea lavender could be cultivated at De Banjaard and then the flowers could be
sold during the season for dried flowers and the leaves could be sold as sea vegetables.
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4.2.2 Marsh Samphire (Salicornia)

Figure 25: Picture of Marsh Samphire (Ecomare, s.d.)

Marsh samphire, figure 25, is a tender, crunchy and slightly salty sea vegetable and is mainly combined
with fish. The plant is a pioneer species that is very resistant to salty conditions. Salt absorption during
growth gives the plant its salty taste. Marsh samphire grows best in rich, organic soil with plenty of
nitrogen. Think of a salt marsh that is regularly flooded because salt water is very important for the
survival of the plant (Veggipedia, s.d.).

There are two different varieties a short-eared (Salicornia Europea L.) and a long-eared (Salicornia
Procumbens L.) variety. The short-eared variety is a strong-branched marsh samphire that grows
mainly outside the dikes on salt marshes above the high-water mark. This species is under saltwater
once every few weeks during high tide.

The long-spined marsh samphire variety is more elongated and less branched than the short-spined
variety. This species grows outside the dike below the high tide line in areas that are flooded twice a
day (Blom & de Visser, 2013). Marsh samphire is available from the beginning of June until the end of
August (Veggipedia, s.d.).

As an application at De Banjaard, it is possible to experiment with the different species of marsh
samphire to grow. Marsh samphire is a sea vegetable and can be grown and sold as a consumer
product.

4.3 Plants on dunes
The purpose of plants on dunes filtering sand that is carried by the wind, causing the dunes to grow.
In addition, the roots of the plants retain the sand, stabilizing the dune and giving them a better
chance to grow and erode less quickly (Veltman, 2019). Plants on dunes are more resistant to various
climate factors. The salt sea ensures that more water
absorption takes place within the plants making them dry out
faster. The sand rubs against the plants, causing them to lose
their protective layer more quickly. And finally, plants must
have a strong root system so they are able to anchor
themselves sufficiently on the dry sandy soils, but also to be
able to provide themselves with sufficient amount of water.
Plant species with hairy-, greasy- or leathery-feeling leaves

generally survive best in the coastal region (Plant-info.com, e =
s.d ) Figure 26: Picture of Marram grass
(Ammophila arenaria) (Plantenweelde, s.d.)
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An example of a plant species that is common on dunes is
Marram grass (Ammophila arenaria), figure 26, also known as
dune grass. The plant species can survive without water for a
long time and protects itself against salt with a special fungus
species around the long roots. Marram grass grows in sunny
places where the soil is permeable, oxygen-rich, dry and
nutrient-poor (ZeelandPlant, 2022).

Another species commonly found on dunes is Biestarwegrass
(Elymus farctus boreoatlanticus), figure 27. This species is
mainly found on open beach plains between the sea and the
dunes. The plant is not only salt tolerant, but even needs salt

Figure 27:Picture of Biestarwegrass (Elymus
farctus boreoatlanticus) (Dahlia Anemone -
Urticina felina, 2021)

water to grow. The plant can make small dikes on open areas by capturing sand from the wind but
also make dunes grow and develop better (Flora van Nederland, sd).

4.4 Reef balls

4.4.1 What is a reef ball?

Reef balls are ball-shaped hollow
constructions made of the
combination concrete, silt and shells.
They are designed to mimic the
structure and function of a natural
reef. This results in a design which
has a neutral pH (About Reef Balls,
2020). These balls can reduce erosion
as well as provide a habitat for
numerous species, from corals and
anemones to fish, crustaceans and
oysters.

are ideal for Olympia oyster
larvae to latch onto.

Creating a new home for the Olympia oyster

100 reef balls were lowered into the shallow waters off Point Pinole Regional Park, creating a
man-made oyster reef. Here's how it will work.

© Reef ballsare created @ The hard textured surfaces € The artificial reef also creates
with a mix of concrete,
siltand shells.

an environment attractive to
other marine animals and
plants.

Figure 28: Evolution of Oyster reef ball (Artificial oyster reefs planted in San

Currently the reef balls are
implemented with big success. One

Francisco Bay to bring back the native shellfish, 2013)

such example is the artificial reef at New South Wales, Australia. Two years after the reef balls were
deployed research has shown that the richness of the artificial reef exceeded the natural one close
by. This can be explained by the physical complexity of the reef balls. While natural reefs have a
relatively low profile the reef ball allows the corals, anemones and sea weed to grow more vertical.
Besides providing a habitat for numerous species the reef balls reduce erosion as well. This is done
by obstructing the current and therefore weakening it (Artificial Reefs, 2023). One such example
occurred in 1993 when the Dominican Republic was hit by Hurricane Georges. The hurricane hit
shortly after installation, however after everything settled down the beach behind the reef balls
appeared untouched. The reef balls successfully acted as breakwaters, while no reef balls were

damaged or displaced (Barber, 2012).
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Reef Ball

Living Shoreline

Figure 29: Sketch of reef ball living shoreline (About Reef Balls, 2020)

4.4.2 Types of reef balls
Reef innovations offers various types of reef balls which all have different diameters. All these reef
balls are made of the same mixture of concrete, shells and silt. A goal of this project is to define
which type of reef ball is the most effective to both combat erosion as well as provide a habitat
relevant to the various species which might inhibit them. An aspect to consider is the effectiveness of
combating erosion. A larger reef ball will likely break more of the current compared to a smaller one.
To determine this, multiple types of reef balls could be implemented.

Table 5: Price Chart Reef balls (Product and Service Price List, sd)

BALL AVERAGE AVERAGE BASE AVERAGE AVERAGE SURFACE AVERAGE HOLES PRICE
HEIGHT DIAMETER WEIGHT AREA (INCLUDING TOP AND
(IN FEET / (IN FEET / INCHES) (IN POUNDS) (IN SQUARE FEET) BOTTOM)
INCHES)

Goliath Reef 410" 6'0" 5,000. 230. 35| $800
Ball
Super Reef Ball | 4'5" 6'0" 4,500. 190. 30 | $600
Supra Reef Ball | 4'3" 55" 4,200. 180. 30 | $550
Ultra Reef Ball 3'8" 5'0" 3,000. 150. 25 | s450
Reef Ball 357 6'0" 3,000. 130. 25| 450
Pallet Ball 2'9" 40" 1,300. 130. 17 | $265
Bay Ball 20" 3'0" 550. 40. 14 | %145
Mini Bay Ball 1'8" 255" 300. 29. 14| s110
Lo-Pro Ball 14" 20" 150. 16.6 12 $85
Oyster Ball 10" Lo 55; 73 6 $45
Large Model 0’5" 08" 6. 16 $15
Ball
Medium Model | 0'4" 0’5" 2. 15 $10
Ball
Small Model 02" 03" 0.5 " 38
Ball
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4.4.3 Life on reef balls

The reef ball is designed to mimic hard substrate of which there isn’t much in the Dutch part of the
North sea. Most of the locations where corals and anemones occur are sunken shipwrecks or the
base of a wind turbine (koralen in de noordzee, 2016). Aspects which are taken in consideration
when determining which species could settle on the reef balls are whether they can handle a strong
current, if the species can settle on hard substrate and if the species is native. The final consideration
was if the species could thrive on the depth where the reef balls would most likely be placed.

Corals

Various corals occur naturally in the North sea. These
corrals occur on hard substrates like rock, sunken
ships or oil rigs. The coral species need these hard
substrates to attach themselves to so they don’t get
detached from the ground and carried away by the
current. The amount of coral in the north sea has
decreased during the 1900’s due to fishing, however
government policies are in place to protect these
reefs nowadays (Van Duuren, et al., 2017). An = - - v »
example of a coral which lives in the north sea is dead  Figure 30: Dead Man's Fingers (Dead man's fingers, sd)
man'’s fingers (Alcyonium digitatum), this soft coral

lives on hard substrates and can cover large swathes of rocks. This corral occurs occasionally on the
lower shore and up to 50 m deep (Dead man's fingers, sd).

Anemones

Reef balls can be excellent habitats for anemones living in the North sea. Like corals they attach
themselves to hard surfaces. Examples of species of anemones which occur in the North sea are the
beadlet anemone, the frilled anemone and the dahlia anemone. The beadlet anemone (Actinia
equina) generally occurs high in the tidal zone, which means that it lives partly in the water and on
land. During low tide the anemone gets exposed, when the anemone gets exposed it folds in on
itself. The base of the anemone can grow up to 5 cm in width, while the tentacles are around 3 cm in
length. Generally the Beadlet anemone has a wider base relative to its length (Beadlet anemone
(Actinia equina), 2008).

The frilled anemone (metridium senile) is much bigger, they grow up to 30 cm in length with a base
diameter of 15 cm. Generally the frilled anemone is found on the lower shore and the neritic zone at
depth up to 100 meters (Plumose Anemone, sd). There are multiple types of frilled anemone, besides
the one described above a smaller variant exist. This species rarely grows larger than 2.5 cm
(Rawlinson, 2009).

The Dahlia anemone (Urticina felina) is found from the MTL (mean tide level) up to 100 meters in
depth. In deeper water the anemone grows noticeably bigger compared to shallower water. Shore
dwelling species can grow to a size 15cm while 12 cm is the average (Dahlia anemone (Urticina
felina), 2008).
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Figure 31: Beadlet anemone (Beadlet Anemones - Figure 4: Frilled anemone (Plumose
Species Spotlight, sd) Anemone, sd)

4.5 Seagrass/Green Seaweed

Ulva lactuca, commonly named sea lettuce, is a green seaweed
which occurs worldwide. In Europe Ulva lactuca can be found in
the littoral and sublittoral on shores all around the British isles,
France, Denmark and the Low countries (Broadleaf Sea Lettuce,
sd). The seaweed can grow up to 18 cm in length and up to 30
cm in width. The seaweed attaches itself to rocks or other algae
by a small disc-shaped holdfast. The species is green to dark
green in colour, there are various species of Ulva which are
similar to one another and difficult to differentiate (Sea lettuce,
2008).

One of those species is called “Breed darmwier” (Ulva linza).
Ulva linza is a littoral(exposed during low tide) and
sublittoral(always under water) species, Ulva linza can be
commonly found in the North Atlantic, North sea and the
Mediterranean sea. Despite both species belonging to the Ulva
genus they can be quite easily be differentiated. Ulva linza can
grow up to 30 cm in length with a small width. The edges of the
are frilled (Ulva linza Linnaeus, sd).

4.6 Shellfish
A species of shellfish which could thrive on the reef balls is the

Figure 333: Dahlia anemone (Dahlia
Anemone - Urticina felina, sd)

Figure 34: Sea lettuce (Ulva lactuca) (Ulva
fenestrata Postels & Ruprecht, sd)

Figure 35: Breed darmwier (Ulva Linza)
(Ulva linza Linnaeus, 1753 - Doubled
Ribbon Weed, sd)

Japanese oyster (Crassostrea gigas). The Japanese oyster is a non-native species in the north sea,
however after the introduction the species has thrived in the waters of the North sea. The species

settles firmly on a hard substrate in both the
intertidal area as well as sublittoral in depths
up to 40 m. Larvae attach to either hard
substrate or on to the shells of older oysters,
this can create multi layered oyster reefs.
Female species can deposit up to 200 million
eggs at once, therefore a large amount of
oyster larvae in the water column the species is

Figure 36: Japanese oyster (Zeeuwse creuses, sd)
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capable of colonising over a long distance. The lifespan of the Japanese oyster can be over 30 years
of age (Schrieken, 2022).

The North sea crab (Cancer pagurus) also called Brown crab is a common sight in the north sea. The
crab mostly occurs relatively close to the shore, while larger crabs are found in deeper waters. They
can be found on mixed coarse grounds, sand and mud from the shallow sublittoral to depths of
roughly 100 m. The North sea crab can be commonly found inhabiting cracks and holes of hard
substrate, while they occasionally occur in open areas as well.
Smaller specimens can be found under rocks in the littoral
zone. The carapace (the hard upper shell of a crustacean) of
adult brown crabs is a reddish to brown colour while younger
specimens have a purple/brown carapace. The width of the
carapace is typically around 150 mm with larger specimens
recorded. Length of the carapace differ in size between males
and females. Females are larger with a length around 100 mm
while males have a carapace of around 60 mm. The North sea
crab has a life span of about 25-30 years while individuals have
been recorded of roughly 100 years (Tonk & Rozemeijer,
2019).

Figure 37: North sea crab (Brown crab, sd)

4.7 Species comparison

In Table 6 below the species previously discussed have been made into a table to determine the
feasibility of these species occurring on the same reef balls. When looking at the location all species
can occur from the lower shore up to 20 meters in depth, while all non-crab species need a hard
substrate. The North sea crab doesn’t need a hard substrate, however even though the crab lives in
the open it prefers a sheltered environment. This means that even if it isn’t guaranteed for these
species to colonize the reef balls, they should all be able to thrive in the habitat/environment the
reef balls provide.

Table 6: Species comparison (Made by Jur Bosschaart)

Dead man's fingers (Alcyonium digitatum ) |Occasionally on lower shore, up to 50 m|Hard substrate, strong current Can cover large swathes of rocks
Beadlet anemone (Actinia equina) From lower to upper shore, up to 20 m |Hard substrate When exposed, it folds in

Frilled anemone (Metridium senile ) From lower shore, up to 100 m Hard substrate This species has multiple variants
Dahlia anemone (Urticina felina ) From lower shore, up to 100 m Hard substrate, strong current Shore dwelling species are smaller

Sea lettuce (Ulva lactuca) Both littoral and sublittoral Hard substrate Can attach to other algae

"Breed darmwier" (Ulva linza) Both littoral and sublittoral Hard substrate

Japanese oyster (Crassostrea gigas ) Both littoral and sublittoral, up to 40 m |Hard substrate, shells of own species Capable of colonizing over long distance
North sea crab (Cancer pagarus) Both littoral and sublittoral up to 100 m |Mixed grounds, sand/mud/hard substrate |Can live both sheltered and in the open
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5. Social costs and benefits

The social cost and benefits analysis is an overview of costs and benefits that the project has. In the
figure below it shows the costs of supplies and things needed to build De Banjaard. It is hard to know
the exact costs of everything because prices can vary and change fast. The figure also shows the
benefits of the project. Because nature has a different value for animals than it has for people there
is no amount of money that describes this value. In the long run this project will have for example a
big impact on coastline protection which has always been expensive for the Netherlands. With this
project it will help deduct these costs and protect the coast.

The social cost and benefit analysis has been made with the most optimal scenario in mind. The best
and most use of the project area. This will result in a high number of units for some data. The total
cost is therefore not completely reliable, but it gives an estimation of what this project may costs.

The cost analysis is based on the appendix and planning. This is an assumption about how long it will
take. This is without prejudice and not completely reliable.

Table 7: Cost analysis. Overview of costs. (Made by Bas de Nooijer)

Data: Amount Unit Price per unit Euro's
Sand suppletie 45000000|{m3 € 2.75 | €123,750,000.00
Reefballs large size 54989(unit € 450.00 | € 24,745,050.00
Reefballs middel size 69901 |unit € 265.00 | € 18,523,765.00
Breeding tables for oysters 4578|unit € 160.00 | € 732,480.00
Plants(marram grass) 1299833(m2 € 1.85 |€ 2,404,691.05
Stone 832000|ton € 15.00 | € 12,480,000.00
Excavator 612|days € 1,300.00 | € 795,600.00
Bullddozer 612|days € 1,300.00 | € 795,600.00
Bullddozer 612|days € 1,300.00 | € 795,600.00
Weelloader 612|days € 1,100.00 | € 673,200.00
Excovator plus platoon 388|days € 7,440.00 | € 2,886,720.00
Excovator plus platoon 388|days € 7,440.00 | € 2,886,720.00
Total €191,469,426.05
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Table 8: Social costs and benefit analysis (stowa, 2023) (sea master, 2023)

0 1 2 3 4 5 Discount rate 3%
Discount rate calculation 1 0,970873786 0,942595909| 0,915141659| 0,888487048| 0,862608784 1.03
Effects (net present value) Year1 Year 2 Year 3 Year 4 Year 5 Total costs

Present value
Costs
Sand suppletion € 61.875.000,00 | € 60.072.815,53 € 121.947.815,53
Reefballs € 24.024.320,39 | € 17.460.425,11 € 41.484.745,50
Stones for breakwater dam € 9.360.000,00 [ € 3.029.126,21 € 12.389.126,21
Plants(marram grass) € 1.400.790,90 (€  906.660,78 € 2.307.451,68
Oysterfarming baskets € 670.322,96 € 670.322,96
Machines (combined) € 4.416.720,00 | € 4.288.077,67 € 8.704.797,67
Benefits
Increase of biodiversity + + + + +
Protection of coastline + + + + +
Seaweed production + + + + +
Oyster farming + + + + +
Value nature + + + + +
Total € 187.504.259,56

Total result - Net present value NPV | € -187.504.259,56

The total estimated costs for De Banjaard project are: €187.504.259,56
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5.1 EFMZzZV

The European Maritime and Fisheries Fund (EMFF) focuses on the transition to sustainable fishing,
coastal communities broadening their economy, funding projects and making funding more
accessible (Rijksdienst voor Ondernemend Nederland, 2021). The project described in this report fits
well under the EFMZV framework. By experimenting with various methods and types of seafood and
the possibilities for farming them, De Banjaard is helping to obtain sustainable seafood products. This
knowledge will be shared through knowledge transfer and monitoring. This project will involve
collaboration between HZ University of Applied Sciences, various seafood farmers, the Dutch Oyster
Association and Wageningen Marine Research.

6. Conclusion

The purpose of the project described in this report is to design and raise an existing sandbar in the
Zeeland Voordelta to contribute to the protection of the Dutch coast.

The concept shown in figures 11, 12, 13 is considered the best design for raising the sandbar De
Banjaard. The concept is to create a hook-shaped dune. The hook-shaped dune was conceived in
phase 1 and in phase 2 it was designed to reinforce it with dune plants. The corners of the hook will
be reinforced with boulders to protect it as much as possible against erosion. The inside of the dune
is also included in phase 2 for the development of the island. This part will have various slopes and
depths so that the island can be used for different activities. For example, De Banjaard can be used
for aquaculture and experimentation with aquaculture in which the cultivation of sea vegetables and
oysters are the most obvious. Placing breakwaters on the south side of the island should protect it
from erosion. In addition, the breakwaters are expected to contribute to the suppletion of the island
as shown in the figure 10. Erosion can also be slowed down by installing reef balls, which will also aid
in the deposition of suspended sediment.

Considering the materials and equipment needed, the cost of the project is estimated at €188
million. This is based on 45 million m? of sand and 832.000 tonnes of boulders as quantities of
construction materials. The costs for the equipment is based on 612 days and the price expected per
tool per day. Based on the area, an estimation has been made for the quantities that can be applied
of the ecological implementations. These include materials for oyster farming, vegetation on the
dunes, sea vegetable farming and placing of reef balls. Employee expenses have not been considered
in this cost overview.

In conclusion, there are various possibilities for De Banjaard when it comes to both hard and
ecological measures. Hard measures have the aim of building up De Banjaard and protect it against
erosion. Ecological implementations can enhance erosion inhibition, increase biodiversity and make
De Banjaard a profitable concept on the long run when looked at over a yearly basis.
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1. Total amount and work rates of the sand works

Sand

Total Area Banjaard Above sea level Underneath sea level
Surface (m?) 17983001 2062785 15920216
Average height from NAP. (m) 2,5 2,5
Volume 5156962,5 39800540
Hoppervolume (m3): 10500 (Uitgaande van LNG sleephopperzuiger)
loadfactor: 70% 7350
Sailingdistance ca. 20 km 90 (minutes based on sailingspeed of 25 km/h)
loadingtime 90 minutes
unloadingtime 90 minutes
Cycle 270 minutes
cycles per day 5,333333333
cycles per day 5 round off to whole number
Average dayproduction 36750
number of vessels 2
total dayproduction 73500
total workdays sand dumping 612

2. Total amount and work rates of stone works

Dumpstone
North South Total (m?3)
Surface (m?) 150000 10000
Average height from NAP. (m) 2 2
Volume 300000 20000 320000
Total tons stonework 832000
Tons per ship per week 7500
Total ships 2
total workweeks stonework 55
total workdays stonework 388

Total (m)

44957503

Total (Tons)

832000
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3. planning table

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 Week 12 Week 13 Week 14 Week 15 Week 16 Week 17 Week 18 Week 19 Week 20 Week 21
Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen Algemeen
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