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FOREWORD

Dear reader,

Itis atrue pleasure for me to presentto you the Bergenmeersen
Project Book. Bergenmeersen lies at the heart of our municipality,
close to our town haii. From the very first plans, our municipality
has therefore been closely involved inthe development ofthat
unique area. This involvement obviously has to do with protecting
againstflooding, but also with Bergenmeersen's many strengths.
Local residents have also made many proposals for utilising these
strengths.

The factthatthere were also critical voices contributed to further
modifications. Thus, any obstacle associated with the gradual
rewilding was addressed. Both the municipal authorities and the
promoters, Waterwegen en Zeekanaal NV (Waterways and Sea
Canal) and the Agentschap voor Natuur en Bos (Agency for Nature
and Forest), handled these concerns with the utmost respect.

The results speak for themselves: nature is developing rapidly. Afew
weeks after the opening, the area was already attracting numerous
species offish. And the walkway is also being used intensively by our
residents and interested visitors from outside our municipality.

adom3idod
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This bookgives you aglimpse behind the scenes of this unique
project. Hopefully it can inspire and challenge you to integrate
river management and social factors to achieve outstanding
results. You are always very welcome to visit Wichelen and see the
Bergenmeersen project up close and personal. Itis most definitely
worth your while.

Kenneth Taylor

Mayorof Wichelen



INTRODUCTION

Bergenmeersen isone ofthe subsectors ofthe Kalkense Meersen
Cluster, which Inturn forms part ofthe updated Sigma Plan. This plan Is

an update ofthe original 1977 Sigma Plan, and Isan ambitious projectto
Improve water safety and nature around the tidal rivers of Flanders.

Authors: Dominiek Decleyre (Agency for Nature and Forest) and Michael De Beukelaer-

Dossche (Waterways and Sea Canal)

Where is Bergenmeersen?

The Kalkense Meersen Cluster consists of
the subsectors Kalkense Meersen, Wymeers
(parti and 2), Bergenmeersen, Paarde-
welde and Paardebroek. These areas ex-
tend along both banks of the Scheldton the
territory of the municipalities of Wetteren,
Laarne, Berlare and Wichelen.

Bergenmeersen lies on the right bankofthe
Scheldt, on the territory ofthe municipal-
ity of Wichelen. The area sits Ina meander
ofthe Scheldtadjacentto the centre of
Wichelen.

Kalkense meersen

wetland

Use tailored to water safety
and nature

Bergenmeersen was already afunction-
ally flood control area (FCA) that could
accommodate water Inthe eventofastorm
surge. As partofthe updated Sigma Plan,
Bergenmeersen was reorganised as aflood
control area with controlled reduced tide
(FCA-CRT).

Berlare

Bergenmeersen

rCA-CRT- tidal nature

uuijmeers |
FCA-wetland t

Poordeweide

FCA- wetland
Paardebroek
wetland

Wijmeers Z
‘emoval of polders - tidal nature

Figure 01 Location ofKalkense Meersen Clusterand the various subsectors
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Figure 0.2. Bergenmeersen at low tide Figure 0.3. Bergenmeersen at high tide

Figure 0.4. Bergenmeersen at spring tide Figure 0.5. Bergenmeersen at storm tide

How does an FCA-CRT work?
References

An FCA-CRT isavariantofan FCA. Itcombines the
safety role of aflood area with the restoration of rare
tidal nature. Waterflows into and outofan FCA-CRT
twice aday to the rhythm ofthe tides.

Flood control areas as an opportunity
to restore estuarine habitat T Coxet
al. (2006), Ecologicalengineering: the
JournalofEcotechnology - 28:1, p. 565-63
. . . L m Natuurontwikkeling in het
The area isflooded at each high tide. A limited amount ) X
. . . . Lippenbroek. Herstel van estuariene
of waterflows in through the inlet sluice. Inthis way
the tide is "reduced". When the tide ebbs, the water

flows back into the river through the outlet sluice. The

natuurvia een gecontroleerd
gereduceerd getij. (Nature development
. . . . . Inthe Lippenbroek. Restoration of

natural action of atidal river isthus mimicked. The .

estuarine nature through a controlled

reduced tide). T Marisetal (2008),

Natuur.Focus 7(1): 21-27] www.rlrl.be/

rivlerkenner/Images/lippenbroek_2008

pdf

area effectively becomes partofthe Scheldtecosys-
tem and a system oftidal marshes can develop.

The CRT principle was developed by Professor Patrick
Meire (University of Antwerp). Before applying iton a
large scale, an experimental CRT was constructed: the
Lippenbroek trial project. The development and ef-
fect of tidal nature were tested here over recent years.
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PREFACE

This book is designed to fill agap in communication within the Sigma
Plan. Inthe project-based development ofthe Sigma Plan, various
channels were developed to communicate with the local actors. This
communication Includes thematic folders, project-related newsletters,
Information boards and the Sigma Plan website (www.sigmaplan.be). In
addition, there are the highly specialised studies and scientific articles
by universities and research Institutions. However, there has been no
Intermediate level to date.

This iswhy, when completing the Bergenmeersen FCA-CRT, the idea
arose of documenting this new concept in hydraulic engineering and
nature development in a "project book". The substantive objective: to
explain the various aspects ofthe construction ofthe FCA-CRT, from
the initial conception. The target public for this book was defined as in-
terested professionals. The task ofthe authors was therefore to explain
their specialist area and its application inthe creation ofthe Bergen-
meersen FCA-CRT for colleagues from other specialist areas.

The number oftopics discussed has become fairly extensive. In
addition to the construction and operation ofthe Bergenmeersen
FCA-CRT, anumber of more generalaspects ofthe Sigma Plan are also
outlined. The book therefore goes further than the ordinary folders, but
still remains lighter than a scientific article, which means it satisfies the
objective. An attempt has also been made, through a modern layout
and the many illustrations, to make it an attractive work.

Atthe time the first draft of this book was completed (June 2013),
Europe was battling with floods in several places. Making room for rivers
isone ofthe solutions. With the development ofthe CRT concept, the

Sigma Plan provides an innovative response to this problem in Flanders.

The authors

3OoVd43dd
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CONTEXT

For centuries, the Scheldt and its tributaries have ensured awell-
watered country bursting with dynamism. But tidal rivers may also
bring agreat deal of water-based misery. Protecting Flanders more
effectively against flooding by the Scheldt and lIts tributaries Isthe
main objective ofthe Sigma Plan. All at once, the wonderful nature of
the Scheldt will be restored In numerous places. Thousands of walk-
ers and cyclists can then enjoy it to the fullest. The Sigma Plan also
has an eye on the economic role of the Scheldt as one of Europe's
busiest rivers.

In this chapter, you will find out all about the work in Bergenmeersen,
asubsector ofthe Kalkense Meersen Cluster Sigma Project. You will
discover how the Sigma Plan originated and how that progressive
plan evolved into asmart project for the future that goes far beyond
flood management.

Authors: Michael De Beukelaer-Dossche (Waterways and Sea Canal) and Erika Van den

Bergh (Research Institute for Nature and Forest)

11 Leactingfigureinthe Up to Ghent, it is known as the Upper

Sigma Plan: the Scheldt Scheldt; after Ghent its name changes to the
Sea Scheldt. From this point on, the riveris

111 The Scheldt and its tidal infact already part sea. Afterall, unhindered
area by any barrage or dam, the tides can be felt

160 km inland as far as Ghent. Past Antwerp,
the Scheldtflows into the Netherlands; there
itis known as the Western Scheldt. At Bath,
the riverarcs in a large bend before emptying
into the North Sea at Vlissingen. The effect of
the tides can also be felt in the Durme, Rupel,

The Scheldt originates in northern France,
on the Saint Quentin plateau. Itisa small
spring, which firstforms a brook and is fed
by other brooks and tributaries. All these

brooks and rivers thatflow into the Scheldt
Senne, Dyle, Kleine Neteand Grote Nete

rivers. Together with the Sea Scheldtand the
Western Scheldt, these tributaries ofthe Sea
Scheldtform the Scheldt estuary, the tidal
area of the Scheldt.

togetherform the Scheldt basin, along with
the main river itself.

1X3I1WOD
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Gt
Gentbrugge-Melle Sea Scheldt

@ff "

KingLanai

Kalkense WWeersen

Hedwige-
Rosper Project
LilloPotpolder
Fort Sint-Filips - Noordkasteel
Antwerp
AntwerpScheldt Quays
Rruibeloe-Kazel-Hupeimonde
Lippenbroek
Vlassenbroek Lyleestuary
Wal-Zwijn Meihéan

Figure 11 Map o fthe Sigma Planproject areas

11.2 The Scheldtas an economic
artery

As one of Europe's busiest rivers, the

Scheldt plays a prominent economic role.

The riveris a major shipping route, which

carries millions oftonnes of cargo to and

from the ports of Antwerp, Vlissingen,

Terneuzen, Ghent and even Brussels each

year. Via the Leie and the Upper Scheldt,
the Scheldt links Flanders and the Nether-
lands with France. Past Antwerp, ships can

join the Albert Canal eastwards, towards

the Meuse river basin and beyond. Count-

less businesses are based in the ports and

on the banks ofthe Scheldt. These employ

tens ofthousands of people and have ade-

cisive impacton the economy ofthe whole

of Flanders.

Upper Dyle

Figure 1.2 Inland navigation on the Scheldt

DenierValley



FLANDERS IN EUROPE

The Belgian federated entity, including Flanders, can act inter-
nationally with regard to their respective competences. They
are active on international and European forums and can
conclude treaties. That substantial right to conclude treaties
is unique, as is the central position in Europe.

The European Union isa major influence on Flemish policy. After atl Flanders is
also responsible for approving European treaties (such as the Treaty of Lisbon)
and implementing European directives thatconcern Flemish powers. Flanders'
foreign relations are also far-reaching. For example, Flanders enjoys bilateral
relations with neighbouring countries and regions and signs treaties. Flanders
also cooperates with multilateral organisations such as UNESCO, the OECD, the
Council of Europe, UNAIDS, the International Labour Organisation and the World
Health Organisation.

The central position and accessibility of Flanders are also extremely impor-

tant. The portof Antwerp on the Sea Scheldt, for example, isone of the largest
sea ports in the world. Brussels Airportisone of Europe's main airports for the
transport of cargo and passengers. Flanders also has adense network of railways,
motorways and waterways. The various transport options make Flanders the ideal
gateway to Europe.

But Flanders is more than agateway to Europe. It jsan economic engine with the
world as its market. Around 75% of Belgian exports, or more than 150 billion euros,
come from Flanders. Most of these exports are destined for the European market.
What is striking is the sharp increase in exports to the new EU Member States, the
BRIC countries (Brazil, Russia, India and China) and various other emerging econo-
mies. The chemical, pharmaceutical and automobile sectors traditionally account
for a major share of Flanders' total exports.

The large volume of economic activity around the Scheldtseems irreconcilable
with a rich and valuable inter-tide policy. However, through close cooperation
between port companies, waterway managers and the environmental sector,
Flanders is playing a pioneering role in estuary management. Invarious European
projects, this Flemish expertise is being exchanged with actors involved in the
integral management of estuaries in the rest of Europe.
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11.3 Floods: also part of the
Scheldt

The Scheldt Valley Is no strangerto floods.
They are the resultof heavy storm surges
Inthe North Sea, which send massive tidal
bores up the river. As early as the Middle
Ages, villages and estates along the Scheldt
were permanently wiped from the map by
severe storm surges. Forolder residents,
the floods of 1953 and 1976 are still fresh In
the memory. During the lastfloods, an area
of 800 ha In Flanders lay underwater. The
municipality of Ruisbroek was particularly
badly affected.

Figure 13 Ruisbroekin 1976

1.2 The Sigma Plan:
an integral plan for
aversatile Scheldt

Following the catastrophe Invillages such as
Ruisbroek, the Belgian authorities launched
the Sigma Plan In 1977. This plan was
Intended to offer Flanders better protec-
tion againstfloods from the Scheldt. The
1977 Sigma Plan focuses purely on safety, by
creating taller, strongerdykes (also known

as Sigma dykes or dykes at Sigma height)
and flood control areas.

Since then, around 500 km of dykes have
been brought up to Sigma height, the
agreed height of dykes along the Scheldt.
Twelve flood control areas (FCAs) have now
been proving their worth for years. These
temporarily catch the water Ifa storm surge
rushes up the Scheldt. The flood control
area of Krulbeke-Bazel-Rupelmonde, the
lastflood area from the original Sigma Plan,
will be operational by 2014. The strategic
location and large capaclty of thatflood
area make the Sea Scheldt basin consider-

Figure 14 Scheidtwater flooding overthe overflow dyke
in the Paardeweide FCA

ably safer all at once. Meanwhile, the entire
network of dykes Isgradually constructed.

The areas of Bergenmeersen and Paarde-
weide were laid out as flood control areas
within the Kalkense Meersen Cluster Inthe
1980s, as part of the original Sigma Plan.

The Sigma Plan was updated In 2005. The
update was needed to shore up the Sigma
Plan against any future consequences of



climate change, increases in sea levels,
increasing tidal intrusion and heavier rainfall.
Meanwhile, insight into the estuary's many
functions has deepened and the vision
ofthe water manager has developed to
encompass a more integrated approach.
Insofar as is possible, planned measures
now take into account all aspects of the
workings of the estuary.

A river needs room to flow and flood, but also
to allow its ecosystem to function health-

ily. Safety measures can go hand in hand
with the development ofthe nature thatis
needed for this purpose. These principles
are now specifically defined in the updated
Sigma Plan. After all, overthe past150 years
agreatdeal of valuable nature has been lost
along the Scheldt. Measuresare being taken
in the Sigma areas to restore this special na-
ture. Firstly, tidal nature is being developed by
moving dykes landward (de-poldering) and
creating flood areas with controlled reduced
tides (CRT), as in Bergenmeersen. Secondly,
wetlands are beingdeveloped in the natural
flood areas, some ofthem in FCAs that also
absorb storm surges and reduce the impact
ofthe rising water. European habitats are
beingdeveloped in these wetlands, such as
valuable grasslands, marshy areas and alder
carrs, which provide a habitatfor numerous
species.

You can also enjoy the wonderful Scheldt
landscape. The new cycle paths and trails,
bird-watching hides and viewpoints beingcre-
ated by the Sigma Plan will make visiting the
Scheldtan even more intense experience.

The Sigma Plan also takes into considera-
tion the farmers who have suffered from
the creation offlood areas. The Flemish

Governmentdeveloped a programme of
mitigating measures for these farmers.

Figure 1.5 Recreation on the Scheidtdyke

The updated Sigma Plan is beingimple-
mented in several phases. The promoters
wantto have completed the update by
2030.

1.3 Arrangements with the
Netherlands: framework
for the Sigma Plan

The updating of the Sigma Plan also fits in
with the Scheldt Estuary Long-Term Vision
(LTV) (see box, p. 17). Both processes, the
Sigma Plan and the LTV, influence each
other and exchange information with each
other. Various preliminary investigations
and supporting studies have given shape
to the Sigma Plan in recent years. These
preliminary studies have provided vital in-
formation to draw up and evaluate workable
alternative plans.

The environmental impact assessment
plan (EIA plan) and the social cost/benefit
analysis (SCBA)ofthe updated Sigma Plan
were carried out parallel to and interacting
with similarstudiesforthe 2010 Develop-
ment Outline (OS 2010) (see box, p. 17).



THE SIGMA PLAN:
WHO ISWHO?

The Sigma Plan is the initiative of
Waterways and Sea Canal (Water-
wegen en Zeekanaal, W&Z), which
manages the navigable waterways In
western and central Flanders. Flood
protection Isone ofthis agency's main
objectives. The Agency for Nature
and Forest (Agentschap voor Natuur
en Bos, ANB)Isa key partnerofthe
Sigma Plan. This government agency
is responsible for the development of
nature within the Sigma Plan.

The Implementation of the Sigma

Plan is centred on a multifunctional
approach. W&Z and the ANB are
therefore utilisinga large numberof
partners. Flemish administrations and
the Flemish Land Company (Vlaamse
Landmaatschappij, VLM) and the
Department of Spatial Planning, Hous-
ing Policy and Immovable Heritage
(Ruimtelijke Ordening, Woonbeleid en
Onroerend Erfgoed), as well as local
authorities, agricultural organisations,
environmental associations, hunters,
fishers, and the tourism and hotel and
catering sectors are actively involved
In Implementing the plans. Research
institutions such as Flanders Hydrau-
lics Research (Waterbouwkundig
Laboratorium, WL), the University of
Antwerp (UA), the Research Institute
for Nature and Forest (Instituut voor
Natuur-en Bosonderzoek, INBO) and
the Flemish Institute for Technologi-
cal Research (Vlaamse Instelling voor
Technologisch Onderzoek, VITO), con-
sultantfirms such as IMDC, Tractebel
Engineering, Antea, and hydraulic engi-
neering contractors have all worked on
that ambitious, innovative plan.

This meantthe Sigma Plan, which is aimed
at protecting Flanders from floods from the
Scheldt, was optimised atan early stage.
The general principles of this - in essence
the maximum application ofthe "Room for
the River" concept - were therefore carried
over Into the 2010 Development Outline
produced bythe project organisation
ProSes.

However, the 2010 Development O ut-

line goes further, integrating the pillars of
"safety”, "natural quality" and "accessibility"
ofthe Scheldt Estuary LTV. The firsttwo are
closely linked In Flanders because the river
needs room for both, a scarce commodity
Inadensely populated region. Therefore,
the same areas are often eligible for safety
measures and nature development. The
Flemish Governmenttherefore decided

to incorporate the "natural quality" pillar
ofthe 2010 Development Outline into the
updated Sigma Plan. This gave the plan two
similar objectives: safety and natural quality.

Figure 1.6 Het Verdronken Land van Saeftinghe (the Drowned Landof

Saeftinghe) nature reserve (the Netherlands)



1.4 From safety planto
integral project

In 1977, the Sigma Plan was defined as a reac-
tion to the heavyfloods ofthe previous year.
Fora longtime, the plan was aimed solely at
providing adequate safety againstflooding as
aresultofstorm surges from the North Sea.
"Hard" Infrastructure, such as dykes, flood
control areas and a storm surge barrier, were
pushed to the fore as solutions.

Inthe meantime, however, adeeper Insight
developed Into the estuary's manyfunc-

tions, and the concept of Integral water man-
agementemerged. The safety Issue remains
prominent, but there has been a noticeable
shift towards a more sustainable approach.
The essence: respect the various functions
ofthe water system, avoid negative con-
sequences forthe environmentand seek
added value and synergies. This philosophy
Isexpressed Inconcrete terms Inthe safety
concept "Room for the River": provide better
protection againstflooding by giving the river
more room to breathe.

INCREASINGLY INTENSIVE FLEMISH-DUTCH
COOPERATION IN RELATION TO THE SCHELDT ESTUARY

Cooperation between the Netherlands and Flanders in relation
to the Scheldt estuary has come a long way In past decades.
Even though Interests do not always converge, this cooperation
has become Increasingly Intensive.

The Joint Scheldt Policy and Management were accelerated by the development of
the Scheldt Estuary Long-Term Vision atthe end ofthe lastcentury. The LTV - drawn
up by the Technical Scheldt Committee (Technische Scheldecommissle) - outlines
an Integral vision for, on the one hand, the safety, natural quality and accessibility of
the estuary, and on the other hand the cooperation between the Netherlands and
Flanders on policy In the estuary.

To achieve these ambitious targets by 2030, the "2010 Development Outline for the
Scheldt estuary"” was produced between 2002 and 2004. This development outline
Indicates ata strategic level what projects and measures must be Implemented to
make the Scheldt safe, accessible and natural by 2030. The FlemlIsh-Dutch Project
Managementfor the Scheldt Estuary Development Outline (ProSes) prepared the
outline.

Setting up the successorto the Technical Scheldt Committee, the FlemIsh-Dutch
Scheldt Committee (Vlaams-Nederlandse Scheldecommissle, VNSC), was a key step
Inthe communication and cooperation between Flanders and the Netherlands. The
VNSC Isfocused on developing the Scheldt estuary as "a multifunctional estuarine
water system that Is used sustainably for man's needs". Thejoint objectives are pro-
tection againstflooding, optimum maritime access to the Scheldt ports, malntalninga
healthy and dynamic ecosystem and establishing common scientific research.

www.vnsc.eu
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141 The preferred scenario for
safety

The General Methodology was applied to
estimate and predict extreme watercourse
conditions. This was developed by the
University of Leuven (KU Leuven) Incollabo-
ration with Flanders Hydraulics Research.
Based on flow-duratlon-frequency relations
(FDF), high water-duratlon-frequency rela-
tions (HDF) and wind Intenslity-duratlon-fre-
quency relations (IDF), so-called composite
hydrographs, limnigraphs (water level
recordings) and windstorms are produced.
Standard composite edges were produced
fora total of 12recurrence Intervals (In
years): 1,2,5,10,25,50,100,500,1000,
2500,4000 and 10,000. Using hydrody-
namic simulations with the one-dimenslon-
al water movement model Mikeli, the water

Figure 17. The Western Scheldt (the Netherlands)

level associated with the recurrence Inter-
vals studied was then able to be estimated
at each location Inthe Sigma area.

The (Flemish) risk methodology: input
for the social cost/benefit analysis

The goal ofthe updated Sigma Plan Is no
longer protection againstexcessive water
levels. The focus Is now on limiting possible
damage Inariskapproach Inwhich risk =
probability Xconsequence. The updated
Sigma Plan alms for an "acceptable" flood
risk along the Scheldtand Its tributaries. The
acceptable flood risk was determined by a
social cost/benefit analysis (SCBA). Creat-
ingeven more flood control areas could
contribute significantly towards protecting
the entire Sea Scheldt basin. This emerged
In2002 from calculations with the hydraulic
model (Mikeli) for the Sea Scheldt basin,



Overschelde (linking channel)

Figure 1.8 Some alternative pians

performed as part ofthe update study for
the Sigma Plan by the University of Ghent
and Flanders Hydraulics Research. These
calculations substantiated whetherthese
areas could be reserved and organised for
that purpose. These studies revealed 182
potential flood areas (PFAs) coverings total
area of 15,700 ha.

The intention was obviously notto convert
the entire 15,700 ha Into FCA. The PFAs were
evaluated uslngan environmental criteria
analysis (ECA). Together with all the other
components that lead to greater safety, they
were then Incorporated Into a new hydraulic
model ofthe Sea Scheldt basin. With the
help ofthat model, various scenarios were
studied, with differentcombinations of PFAs
and lower/higher dykes. Storm surge barriers
and an "Overschelde", achannel between
the Western and Eastern Scheldt, were also
considered.

The result was approximately fifteen differ-
entalternative solutions to the flood prob-
lem, or put simply, alternative plans. Each
ofthese alternative plans consists ofone

or more components and leads to greater
safety up to acertain level (among others,
1/1000,1/2500,1/4000 and 1/10,000 years).

Tallerdykes

Storm surge barrier

The advantages ofthese alternatives were
compared with each otherinan environ-
mental Impact assessment (EIA plan) and
an SCBA.

The SCBAforthe updating ofthe Sigma Plan
estimates Investment costs, avoided flood
risks and costs and benefits relating to the
impact ofthe alternative plans on, among
other things, agriculture, the environment
and recreation. Using these figures, the costs
and benefits ofthe various alternative plans
were able to be weighed up for the situations
in2000 and 2100, a process thatalso pro-
duces that so-ca lled "optimalsafety level".
This Isthe level of safety againstflooding that
offers the mostfavourable ratio between
social costs and benefits.

The risks offlooding will Increase significantly
overthe nextcentury as a resultof rising sea
levels. The safety benefits ofthe various al-
ternative plans will therefore be great enough
to earn back these Investments. The alterna-
tive plans do not all have the same cost/ben-
efit ratio, or the same environmental Impact.
Both the "taller dykes" and the "room for the
river" alternative plans havea bettercost/
benefit ratio than the "storm surge barrier"
and "Overschelde" alternative plans.
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Figure 19 The alternative pians were compared with each otherin an SCBA.

A large partofthe avoided risk offlooding
that Isachieved by a storm surge barrier Is
obtained through the combination of local
taller dykes and extra flood control areas, all
ata much lowercost (Investment + main-
tenance). The optimum solution therefore
consists ofacombination of local taller
dykes and extra flood control areas.

The "storm surge barrier" and "Overschelde"
alternative plans therefore no longerap-
peared to be partofthe solution to the
problem regarding protection againstflooding
Inthe Sea Scheldt basin, either Inthe shortor
medium term.

Optimising "safety" usingthe SCBA
method

The best possible solution, "taller dykes and
room for the river", was now known. The so-
cial costs and benefits of the many possible
variants were gradually and systematically
compared.

To this end, the study area ofthe Sigma Plan
was divided Into five zones, each charac-
terised by Its own flooding problem. The
optimum solution Is being soughtfor each
zone, starting with the zone situated further
downstream.

Zone 1:the Sea Scheldtfrom the
Belglan-Dutch border to the mouth of
the Rupel

Zone 2: the Sea Scheldtfrom the mouth
ofthe Rupel to Dendermonde, the
Rupel and Durme

Zone 3: the Dyle between the Rupel and
Mechelen

Zone 4: the Sea Scheldtfrom Dender-
monde to Ghent, which also Includes
Bergenmeersen

Zone 5: the restofthe study area
(Kleine Nete and Grote Nete, Dyle and
Senne)

CRT1000
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Figure 110 The study area o fthe Sigma Plan Isdivided Into five zones, each
characterised by its own floodingproblem.

Ineach case, the optimum solution for a par-
ticular zone was Included Inthe optimisation
ofthe nextzone upstream. The optimum
Sigma Plan equates to the combination of
optimum solutions from the five separate
zones. This optimum solution was then sub-
jected to a sensitivity analysis, which exam-
ined how robustthe results ofthe optimum
solution are In relation to other assumptions
ofcrucial parameters (e.g. rising sea level,
economic growth, etc.) and Inrelation to
methodological choices (modelling of the
formation of breaches).

The risks In each zone must be limited

and spread as uniformly as possible. This
Involved seekingout the most profitable
cost/benefit ratio, which In practice means
reducing the risks Inthe so-called damage
centres In particular. Damage centres are
municipalities, towns or areas where there
are major risks Inthe zero alternative, In
which no additional safety measures are
taken. In principle, many safety benefits

(major risks avoided) can be achieved In
these damage centres. Greater Invest-
ments Insafety are therefore justified. To
put It Inanother way: from a cost/ben-
efit standpoint, It Is logical to first try and
protectthe damage centres as much as
possible.

The optimised "safety" Sigma Plan devel-
oped on the basis ofthe method described
above consists of:
The zero alternative (Sigma Plan from
1977) Iscompleted.
The 24 km of additional taller dykes In
the vicinity of Antwerp Iscompleted:
the flood barrier In Antwerp Is raised
to 9 m, the rest of the dykes between
Oosterweel and the flood control area
of Krulbeke-Bazel-Rupelmonde (KBR)
(on both the left and right banks) to
9.25 m and the section on the right bank
between the northern border of KBR
and Hemlksem to 8.75 m.
1,325 ha of additional flood areas are
created.
1.4.2 "Natural quality" in
the Sigma Plan

The Flemish Government approved the
2010 Development Outline and the main
objectives of the updated Sigma Plan at Its
meeting on 177 December 2004.

However, In an evaluation by the University
of Antwerp (UA) and the Research Institute
for Nature and Forest (INBO), the measures
proposed for the "natural quality" compo-
nent Inthe 2010 Development Outline were
deemed Inadequate to help achieve the
objectives of the Scheldt Estuary Long-
Term Vision. On the Flemish side, It was felt
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that this negative assessment cou Id change
ifthe updated Sigma Plan can also contrib-
ute optimally to the ecological recovery of
the Sea Scheldt. This can be achieved by
efficiently integrating the measures for pro-
tection againstflooding and for ecological
recovery for example when organising the
flood areas.

On 17 December 2004, the Flemish Gov-
ernmenttherefore decided that the "natu-
ral quality”" componentofthe Scheldt Estu-
ary Long-Term Vision on Flemish territory
would also become an intrinsic part of the
updated Sigma Plan. This also means that
the nature development projects that have

to be implemented in accordance with the
2010 Development Outline in the Kalkense
Meersen, the Durme Valley and the Prosper
Polder are partofthe updated Sigma Plan.
Investigations were also carried out to see
which added nature development would
best reach the natural quality objectives
ofthe Scheldt Estuary Long-Term Vision.
Buildingon the Scheldt Estuarine Nature
Development Plan that was produced for
the 2010 Development Outline (NOPSE),
the Sea Scheldt nature recovery plan, the
EIA plan, the SCBA, the agricultural impact
assessments (AlAs) and other studies, the
UA and the INBO are carryingoutaneco-
logical multi-trail investigation.
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Figure 111 Flood borrler on the Soh.eidt quays In the olty ofAntwerp
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Figure 112 Thezones o fthe nature developmentplan

The starting point was the functional ob-
jectives for the estuary, as proposed in the
NOPSE: remedial measures for the chemi-
cal, physical and biological weaknesses in
the functioning of the estuary. These are
aconditio sine qua non fora robusteco-
system and for achieving a sound ecologi-
cal position for the EU Water Framework
Directive. In addition, those Natura 2000
and regionally important habitats were
selected for which the Sea Scheldt s
Important. The possibility of achieving Eu-
ropean conservation objectives (COs) for
these biotopes was explored. An Inventory
was drawn up of the current natural values

of the valley areas and It was determined
where these could best be strengthened.
Atthe same time, ecological models were
used to Investigate where, based on abiotic
site characteristics, potential existed for
whattype of nature and what needs there
were for nature connections. Finally,
specific configuration requirements were
also added to create asuitable habitatfor
the protected (bird) species for which the
Sea Scheldt Is Important. This process was
also based on the expertise in the field and
visions ofthe Agency for Nature and Forest
(ANB) and other land managers In relation
to the areas managed by them.



Selection of project areas and their
organisation

The areas defined by the Flemish Govern-
ment Decree of 17 December 2004 were first
examined to select project areas for nature
development. These are the nature devel-
opment projects inthe 2010 Development
Outline ofthe Scheldt Estuary Long-Term
Vision, supplemented by the flood areas and
reservation areas as defined inthe optimum
"safety" Sigma Plan defined inthe SCBA. The
existingflood control areas were added to
these before the listwas finally completed
with the additional nature development
projects required.

Toselectthe mostdesirable type of organisa-
tion foreach projectarea (removal of polders,
FCA-CRT or wetland), a habitat analysis was

carried out by combining various approaches
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and instruments. The aim ofthis approach: to
uniformly assess, in addition to the estuarine
ecological functions, the dyked and undyked
natural values and potentials, with due regard
forinternational and national nature policy.
Public supportforthe proposed measures
was also taken into consideration.

The results ofthe various approaches were
broughttogetherin atotal analysis and
weighed up against each other. The final
resultisa listof projects, with a proposal for
organisation and habitattargettype(s)for
each projectarea and an overall picture for
the entire study area thattakes the differ-
entapproaches intoaccountas much as
possible. Habitat requirements for specific
species were notincluded inthe provisional
analysis, butwere added to the scenario that
wasfinally putforward ata later stage.

Table 11

Prioritisation o fobjec-
tivespersubsector.
Atthe top are the
zone codes forthe
entire Scheidtestuary.
Bergenmeersen is si-
tuatedin zone 7 (zone
between Dendermon-
de and Ghent).

++=veryimportant
+=important

0 =lessimportant
blank = unknown



The functionalapproach is based on the
ecological functioning ofthe estuary and
indicates for each project area what organi-
sational form would bestcontribute to all the
estuarine processes. Todo this, use was
made ofthe ecological functions from the
NOPSE and their relative importance per
zone (Table 1.1). Foreach area, the table shows
the elevation inthe tide window and the as-
sociated flood pattern, as well as the location
along the longitudinal axis ofthe Scheldt, with
the associated location Inthe concentration
profiles of relevant parameters.

The distribution oftidal energy and drainage
energy along the longitudinal axis was also
taken Into consideration. This information
Indicates where the emphasis must be
placed on estuarine or non-tidal nature,
based on the energy distribution. For each
project area, each function was given a
score (0,1 or 2) perorganlsatlonal form (re-
moval of polders, FCA-CRT or wetland). In
each case, the organisation must make the
greatest possible contribution to the most
priority functions for a specific zone.

The determination o fpotential for the

developmentofdyked nature types was

estimated using athreefold approach:
Current habitats: the area of Natura
2000 habitats and regionally Impor-
tant biotopes (RIBs) was calculated for
Flanders, the project area (PFAs), the
whole of the NDP zones and the habitat
guideline area within.
Habitat quality: based on the existing
plant varieties, maps were drawn up
that show the level of development per
ecotope type for the kilometre grid cells
Investigated.

Potential habitats: the areas were char-
acterised ablotlcally using the POTNAT
model of the INBO. The potentials for
developing Natura 2000 habitats and
RIBs were evaluated for each area.

Prioritisation o fhabitat types: based on the
area available, an analysis was carried out to
determine howlmportanta habitatguide-
line area isfor the habitattypes for which

It was reported: relative to Flanders and,
where known, also on a European scale.

Connectivity in the NDP zones: fragmen-
tation of natural habitats is one of the
major threats to biodiversity worldwide.
The formation of networks in which
smaller core areas are linked by a system
of connecting elements (corridors,
stepping stones, etc.) Isone alternative
for preserving large habitat entitles. The
structural connectivity ofa number of
general habitats was visualised and ana-
lysed to estimate the scope of potential
connectivity problems.

Four major habitat units or core areas are
distinguished: (1) the salty grassland area
inzone 4, (2) the core area of carrin zone
5, (3) the freshwater tidal habitat in zone
5-6-8, and (4) the tail oat-grass/marsh
marigold grasslands Inzones 7 and 8. The
connecting network Issupported by smaller
habitat elements, mixed and spread out
along the river. On theone hand, a buffer
analysis shows that most places within the
four habitat types are less than 1to 2 km
from each other. On the other hand, there
isat leastone Interruption of 5 km or more
for each type. The buffer maps provide a
spatial picture ofthe main interruptions.



Managementvisién:\nareas where nature
will be strengthened, land managers are
active who previously drew up nature
targets and management visions for their
area. A "manager vision" path was therefore
developed with these managers. This exam-
ines where and to what extent the existing
independent visions agree with or differ
from the vision ofthe Sigma Plan.

Main objectives ofthe Sigma Plan
"natural quality"

From the borderto Burcht, the focus ison
energy dissipation and filling in the gaps in the
estuarine habitat asfaras possible along the
steep salinity gradient. The removal of polders
and the recovery of undyked waste dumps
are the main measures in achieving this. The
zone around Antwerp will require perma-
nent attention to improve connectivity. The
increasing use of dyked area on the right bank
threatens the overtide options for waterfowl.

Between Burchtand Temse and on the Rupel,
additionalestuarine habitatis required for en-
ergy dissipation, aeration and the silicon cycle.
However, the polders around Hingene also
hold the mostimportantcore ofaldercarrs
(91EO)for the Scheldt Valley, a priority Natura
2000 habitat. Organisational measures focus
on optimising both aspects. Upstream from
the old lock at Wintam, the continuity of mud
flats and marshes isa pointofinterestforthe
entire Rupel basin.

Between Temse andDendermonde, the main
areas offocus remain aeration and the silicon
cycle. ltisalso the core zoneforfreshwater
tidal areas inthe Sea Scheldt. The potentials
for developing land-based habitats are cur-
rently small.

From Dendermonde to Ghent, the main focus
must be on buffering upperflow rates to
reduce wash-out of pelagic populations. Itis
importantto limitflooding ofa regionally im-
portant core quaking bog (7140) behind the
dykes in Weymeersas much as possible, and
there are good potentials forforming cores for
tail oat-grass/marsh marigold grasslands (RIB,
6150). The lackofcontinuity inthe undyked
habitatisalsoanarea that requires attention.

Thepotentials forthe Durme and its valley
are considerable for optimising estuarine pro-
cesses, for developing marsh marigold grass-
lands and low-lying meadows and for creating
gradient situations. Sticking points are the lack
of surface drainage and the sedimentation in
the river. To optimise estuarine processes, itis
importantthatestuarine habitatisexpanded
through appropriate phasing: from the mouth
to Lokeren, notvice versa.

1.4.3 Three synthesis proposals
for greater safety and
natural quality

A synthesis proposal was able to be drawn
up based on the existing preferred "safety"
scenario and the knowledge of the areas
and their organisation from a "natural qual-
ity" perspective. Atthe request ofthe agri-
cultural sector, notone butthree synthesis
proposals were developed. This would leave
severalchoices and the sector cou Id pass
comment based on balancing its interests.

Each ofthe three synthesis proposals satis-
fied the following conditions:
Interms of net safety benefits, they are
comparable with the optimum safety
alternative.



They each meetexpectations interms
of "natural quality" (l.e. offer aguaran-
tee of robust nature Inthe estuary and
meet European nature targets for the
estuary), albeit In different ways.

Each ofthe alternative plans obtained
through this systematic approach isaco-
hesive whole that is difficult to split up. The
alternative plans musttherefore be viewed
as one single project (consisting of sub-
projects). Fortechnlcal reasons, decisions
about projects automatically also involved
largely defining the other sub-projects. It
was, however, clearly possible - and indeed
the intention - to indicate Inthe memo to
the Flemish Governmentof 1July 2005
which sub-projects would be implemented
on the ground first.

The characteristic features of each ofthe
three synthesis proposalsare briefly sum-
marised below:

e Scenario 1:as regards nature, this alterna-
tive pianassumes the greatest possible
separation ofthe nature function on the
one hand and the functions ofagriculture
and recreation on the other. Inthlsap-
proach, the necessary area for nature was
kept as small as possible and localised in
optimally organised nature cores, prefer-
ably around existing recognised nature
reserves or natural areas on the regional
plan. Otherzones were avoided, espe-
cially areas with a high agricultural and/or
recreational value. From a nature point
of view, this approach is strong, since It
avoids disru ption, for exam pie th rough
fragmentation, as much as possible, and
because larger nature cores also lead to
greater biodiversity.

Scenario 2: this alternative plan opts

forestuarine nature of lower quality, but
over agreater area. Among other things,
this translates into the creation of more
FCA-CRTs Instead of removing polders.

e Scenario 3: this alternative plan Is also
known as the Interweaving scenario. Init,
the interweaving can be both functional
(e.g. basic waterlogging is organised that
still allows marginal or suboptimal agri-
culture) and spatial (e.g. three quarters
ofthe area become natural, one quarter
remains agriculture). This alternative
plan Involves a larger area, which also
Includes all the priority areas for agricul-
ture.

For each of the th ree synthesis proposals,
three tests were performed: a nature test,
asafety testand an agriculture test. These
tests were carried out by experts Ineach of
the three sectors and boiled down to rank-
ingthe three synthesis proposals according
to relative preference.

The tests revealed that both the agriculture
sector and the nature sector preferred
scenario 1because ofthe separation

of functions, the higher quality for both
agriculture and nature and the fact that, in
netterms, less farmland had to be taken

up. Where possible, additional comments
from the agricultural sector regarding the
choice of Individual areas were also taken
into consideration when producing the final
Most Desirable Alternative (MDA). This MDA
forms aderivative of the original scenario 1.
The conversion of Bergenmeersen from
FCAto FCA-CRT isadirect consequence of
the choice for scenario!
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1.4.4 The Most Desirable
Alternative

The following isa map ofthe most desirable
alternative plan finally proposed, which was
produced usingthe method outlined above.
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Figure 113 Map o fthe MostDesirable Alternative for the Sigma Plan, showing the areas that satisfy the safety and nature objectives
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2. PUBLIC SUPPORT

Inadensely populated area like Flanders, space is a scarce com-
modity, with many interested parties and stakeholders. In such an
environmentthe projects ofthe updated Sigma Plan have atremen-
dous impact. Todevelop and supportthe Sigma projects in a rational

manner, a process and project structure was drawn up. Such a project

structure was also devised and implemented for the Kalkense

Meersen Cluster Sigma project.

This chapter examines the project structure, the various stakehold-
ers and interests in the Kalkense Meersen Cluster project and dealings
with the agriculture targetgroup. Finally, it provides an overview ofthe

various procedural steps gone through.

Authors: Michael Van Rompaey ( Tractebel Engineering) and Dominiek Decleyre (Agency for

Nature and Forest)

21 Atailored consultation
structure

The consultation structure developed
specifically forthe updated Sigma Plan is
twofold. On the one hand, there isconsulta-
tion atthe coordinating level. Atthat level,
the global principles for all Sigma areasare
defined and feedback is also provided on
the developmentofthe various projects and
clusters. The policymakers at Flemish level
are represented in this consultation. Togeth-
erwith interestgroups from the Flemish level,
thematic workgroups examine a number of
topics more closely and reach agreements
inthat regard. These are the agriculture and
nature organisations, touristic stakehold-

ers and various federations, such as fishing
clubs, hunters, weekend homes, etc.

In addition, a consultation structure isiniti-
ated at project level for each cluster. This
consultation structure, the project-based
workgroup, consists of a representation
ofthe municipal authorities involved and
the province, and the main local stakehold-
ers, such as polder authorities, agricultural
organisations, nature associations, etc. For
specific topics, thematic sub-workgroups
are set up. Inaddition to the local authori-
ties, these include the local associations of
relevance to that topic. Bilateral consultation
isalso organised on specific subjects.
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Figure 21. Consultation structure o fthe updated Sigma Plan

2.2 The consultation
structure applied to
the Kalkense Meersen
Cluster

Various consultation sessions for the
Kalkense Meersen Cluster, of which the
Bergenmeersen project is a part, were held
with the municipalities concerned. Atan
Initial exploratory meeting Inspring 2006, the
Flemish Government's decision regarding
the updated Sigma Plan was explained and
the Most Desirable Alternative (MDA) pre-
sented. The flanking policy for agriculture, for
which the Flemish Governmentalso made

Thematicworkgroupcom mum cation
Communication and process support

adecision, was also examined. That flanking
policy includes asetof measures to mitigate
the effects ofthe project on the agricultural

sectorand the farmers involved as much as
possible. Tothatend, work began on the ag-
ricultural Impactassessment (AlA) in 2006

(see Section 2.4). The results ofthe AlAwere
presented to the municipalities in May 2007.

Between June and December 2007, inten-
sive talks were held with the project-based
workgroup and the various thematic work
groups, during which the organisational
proposal was discussed and developed.
Wherever possible, existing weaknesses and
opportunities were also included.



In November 2007, the members ofthe vari-
ous workgroups were invited to aguided visit
ofthe Lippenbroek trial projectin Hamme.
This allowed them to become acquainted
first-hand with the conceptofaflood control
area with controlled reduced tide (FCA-
CRT). This conceptisalso applied in the
(existing) FCAat Bergenmeersen.

The land use plan was presented to the
general public atan info market in Berlare
in December 2007. More than 300 visitors
learned about the various projects ofthe
Kalkense Meersen Cluster.

In spring 2008, the land use plan was brought
closerto completion. Preparations also
began for the first formal procedural step,
the drawing up ofthe environmental impact
assessment. Section 2.4 examines each
formal procedure more closely.

Figure 2.2. Guidedvisitofthe Lippenbroek trialproject

2.3 Stakeholders

The municipality of Wichelen, the polder
authority ofthe Bergenmeersen polder,
the farmers and agricultural organisations
involved, nature organisations, as well as
local residents (district of Nederkouter) are
all stakeholders inthe project. Representa-
tives of each ofthese were included in the
consultation structure (see Section 2.1).

2.4 Agriculture and
expropriations

241 The impactonthe
agricultural sector

By definition, the Sigma areas on the Scheldt
and its tributaries mostly lie in the former
winter bed. Since the river was dyked in during
the Middle Ages, farmers have converted the
winter bed into farmland, often inthe form of
hay meadows. On the one hand, the value of
this land to modern farming hasfallen sharply
because the plots are relatively small, often
with a high groundwater level. On the other
hand, due to the scope ofthe Sigma Plan, a
large area ofthis land lies within the project
areas.

To limit the take-up offarmland, it was
decided to assign atthe same time a na-
ture and a safety objective to mostofthe
projectareas in the Most Desirable Alterna-
tive (MDA). However, a number of safety
measures, such as the removal of polders or
FCA-CRTSs, are incompatible with agriculture.
The concentration of nature measures into
so-called hard nature cores also leads to the
loss of farmland. This is because some types
of nature objectives, such as the creation



of reed-land and forests, do not allow any
further agriculture. Otherzonesare being
organised as wetand/or rough grasslands,
where aform of nature manage me ntwl fbe
applied that can only provide limited profits
for agriculture.

The choices Inthe MDA therefore mean that
economic, Intensive agriculture will become
Impossible Inthe projectareas. Concentrat-
ingthe measures leads toa smaller take-up
offarmland, butalso to agreater Impact for
the farmers concerned. The drop Invalue for
the owners and users of this land Isso great
that expropriation Isan appropriate step.
Due to the scope ofthe Sigma Plan, a large
numberoffarmers are affected, some more
thanothers. Afianking agriculturalpolicy was
therefore developed parallel to the updated
Sigma Plan. This flanking agricultural policy
was approved by the Flemish Government
along with theMDA.

The flanking agricultural policy Is based on
expropriation and freehold purchasing, and
sets outa number of measures to soften the
Impact. Some ofthese measures are exist-
ing schemes; others have never been used
before and were developed Inthe course of
the process. The Kalkense Meersen Cluster
Isacting as atestarea for developing these
new measures since the area contains a
large proportion offarmland.

2.4.2 Aboutexpropriation and
freehold purchasing

Various steps precede expropriation, such as
the production ofa regional spatial Imple-
mentation plan (gewestelijk ruimtelijk uit-
voeringsplan or GRUP) and an environmen-
tal Impactassessment (EIA). When produc-

ingthe MDA, the governmentassigned a
"great social Interest" to the updated Sigma
Plan, as well as compulsory timing. Using
these elements an expropriation order was
drawn up and approved by the Flemish
Government.

Expropriation IsImplemented by the
Purchasing Committee, which Is partofthe
Federal Government. In Belgium, ItIs not the
expropriated ownerofa plotofland who
pays the land user. As a result, the Purchasing
Committee has to negotiate with both par-
ties to reach an agreement. This makes the
expropriation process complex, especially If
It Involves large areas with acomplex owner-
ship structure and many users.

For Bergenmeersen, there are approximately
40haoflandandaround125 plots that are
being expropriated. A significant part of this
Isalso leased to farmers.

Afarmerwho uses land without owning It Is
generally covered by the Farm Lease Law. In-
stead of expropriation, the phrase "freehold
purchasing" Istherefore used. The tenant
farmer Initially receives an "amicable" offer
forthe purchase of hisfreehold. The Pur-
chasing Committee applies standard rules
here, which evaluate the Importance ofthe
piece offarmland concerned within the farm
Inquestion and assign a monetary value to It
the freehold purchase allowance.

Ifthe tenantfarmer agrees with this allow-
ance, this Is known as an "amicable free-
hold purchase". Ifacompromise cannot
be reached, acase Is brought before the
cantonaljudge. This case may concern
theamountoftheallowanee, butalsothe
need for the expropriation. Inthis last case,



thejudge can declare the expropriation or Table21.Age distribution in the Kalkense Meersen Cluster

freehold purchase Invalid. This creates a in2007

stalemate, which can seriously delay the pro-

ject. This Iswhy an amicable expropriation

Isextremely Important. The elements of the Unknown 1 1

flan king agricultura Ipolicy aid Inthis process. <35 1 8

2.4.3 Measures of the flanking 36-45 36 26
agricultural policy 46-55 37 27

56-65 37 27

Agricultural impact assessment

The Flemish Land Company (VLM) Inves- >65 15 f

tigated the effect ofthe Sigma Plan on Total 137 100

agriculture. It did so both at plan level and for
the varlous sub-projects within the Sigma Table2.2. Proportion o ffarms as main occupation in the
Plan. The agricultural sensitivity analysis Kalkense Meersen Cluster

mapped out the sectora fimpact at pian level

and helped determine the choice of project

areas. The Impactfor Individually affected Main occupation 84 61
farmers In a specific area Is Investigated Inan . .
. Side occupation 10 7
agricultural Impact assessment (AlA).
Hobby 5 4
The VLM produced the agricultural Impact Retired 14 10
assessmentforthe Kalkense Meersen
Cluster In2007. All farms (In the broad Notsurveyed 24 18
sense) were surveyed. According to this Total 137 100
study atota lof 137farms are affected
within the Kalkense Meersen Cluster (Table
i Table2.3. Size o fthe affected farms in the Kalkense
21). The AlA shows thatthe average size of Meersen Cluster

farmsinthisarealsfalrlysmallandthe age of

the farmers fairly high. Converting the data

from 2007 to 2013 (+6 years) Indicates that <10 ha 32 23
the average age offarmers Inthe Kalkense

Meersen Cluster Is a little over 55. Fewer than 10-20 ha 24 18
40%offarmsare blggerthan40 ha 20-40 ha 43 31
(Table 2.3).

40-80 ha 35 26
A personal Info sheet was drawn up for each 80-150 ha 1 1
farmer with the location of his or her plots >150 ha 2 1
and adescription ofthe characteristics of
the farm. This makes the agricultural Impact Total 137 100

assessmentone ofthe most detailed ever



produced. Thanks to the report, farmers can Perimeter adjustments

also be monitored individually. Based on the detailed Information for each
farm,a numberoffarmsand house plots

Bergenmeersen isa small subsector within located on or by the edge ofthe project

the Kalkense Meersen Cluster. Intota |, fifteen areas were able to be removed from the

farmers are affected. Most ofthese farms
Table2.4. Percentage o fthe farm affected by the

are losinga relatively small proportion of their developmento fBergenmesrsen

land (<20%); however, thatflgure Is more
than 20%forfourfarms (Table 2.4). That loss

will be felt all the more so because co-use <20% 8

Inconnection with nature managementls

not possible on land where an unmanaged 20-40% 3

estuarlnearea Is being developed. 40-60% 1
>60% 0

AIA Kalkense Meersen
Cluster - Sigma Plan

Client:

Department Waterways and
Sea Canal

April 2007

Map 10: Dependence
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Figure 2.3. Dependence o fagriculturalplots In the perimeteroftheprojectarea as shown In the AIA



project perimeter. This measure can make a
big difference for afarm, but also has a major
impact on the projectitself Each perimeter
adjustment (often ashrinking ofthe project
perimeter) has to be tested againstthe
safety and nature objectives. Ina number

of cases, aremoval can be offset by extra
extensions to the project perimeter. Inthe
Kalkense Meersen Cluster, the perimeter was
adjusted significantly in favour offive farms.
In netterms, the projectshrank by around

25 ha (2.5%).

No perimeter adjustments were possible
for Bergenmeersen because the area had
already been dyked as an FCA In an earlier
phase. The borders were therefore already
established.

Land bank and land exchange

The VLM was tasked with setting up a land
bank with the aim ofacquiring land that
could subsequently be made available as
exchange land. However, pressure on the
land in the region Isgreat. This isdue to
advancing urbanisation, hobby farmers (e.g.
horse owners) and Intensive land use Ina
number of sectors (e.g. arboriculturists and
farmers themselves). The effect ofthe land

Figure 2.4. Phasing according to the GRUP

bank Istherefore rather small. The land bank
managed to acquire far less land than the
area to be expropriated. The land from the
land bank was assigned to those farmers
most affected, taking into account their age,
absolute loss (In ha) and relative loss (in %),
usinga formula for apportionment.

Financial incentives

A number offinancial Incentives were devel-
oped to make the voluntary acquisition of
land bythe land bankpossible. Both owners
and users of land can utilise these Incentives.

There isa reinvestment allowance of20% for
the owner. This compensates for the notarial
fees associated with Investing In new land.

For the user, there is - besides the standard
freehold purchase allowance - a leaver's
Incentive of 2,000 euros per hain the case
ofan amicable freehold purchase. This isa
new Incentive developed specifically for the
Sigma Plan Inconnection with the flanking
agricultural policy.

Farm relocation
The most radical measure Isthe relocation
ofafarm. This can be applied ifthe farmer

tID If1t>10
11/2011
I B noiooij
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candemonstrate thatthe project affects his
or her business to such anextentthatitcan
no longer be viable.

One farm Inthe Kalkense Meersen Cluster
was relocated. This freed up a significant
numberof plots Inthe project areas, as well
asa numberof plots of exchange land.The
process was fairly difficult, and it became
clearthatthe methodology forthe "farm
relocation" measure had notyet been fully
worked out.

Following this case, a protocol for relocating
farms was subsequently drawn up. This pro-
tocol describes the conditions the departing
farmer must satisfy and what compensation
the responsible authority must provide in
return. The protocol will be incorporated into
other major projects of the Flemish Govern-
ment.

Phasing

Because ofthe scope ofthe updated Sigma
Plan, It Is Impossible for all expropriations in
a project area to take place simultaneously.
This process takes several years. This means
acertain amount of control is possible:
some plots are needed straightaway (e.g.
for building dykes), while other parts can be
expropriated and purchased ata latertime
(the bulkofaflood area). Thanks to this
phasing, a numberoffarmers gain several
years' respite.

The Kalkense Meersen Cluster was the first
area for which such phasing was Intro-
duced. The phasing was incorporated Into

all relevant processes, Including the GRUP.
As a result, some farmers gained five years'
respite. Given the age ofthe farmers, thatlsa
significant intervention.

Service covenants

The Flemish Government's decision on the
updated Sigma Plan also included the devel-
opment of "service covenants" for affected
farmers. This new instrument was further de-
veloped and applied Inthe Kalkense Meersen
Cluster. ItIsan entirely new jdea within the
flanking agricultural policy.

The measure includes atransitional arrange-
ment, with a twofold objective. Firstly, itis
assumed that the farmer needs a certain
amountoftime eitherto adapt his business
or buy other land with the money from the
freehold purchase. A transitional arrange-
mentis therefore desirable.

Secondly, within the context of nature
developmentand apartfrom one ortwo
exceptions, attempts are made to make the
soil poorer ("diminishment"). The desired
types of nature only develop in circum-
stances where the concentrations of nitro-
genand phosphorusare much lowerthan
on intensively managed agricultural plots.
Nature developmentis therefore preceded
by diminishment management. Here, too, a
transitional arrangement is desirable.

The diminishmentis achieved through mow-
ing management (the cutting ofgrass). Once
fertilisation is stopped, production isthen
expected to drop. The "sweet spot", where
for nature managementthe diminishment

is taken far enough to initiate specialised
management, coincides with the time at
which the yield for the farmer becomes sub-
economical. ltisestimated thatthis happens
after approximately five years.

Based on that starting point, affected farmers
are offered an extension on the use oftheir



plots for a period offive years. Mowing man-
agementisimposed with the aim of removing
as much plant material as possible from

the plot. In return, there is a limited financial
compensationofupto355eurosperhaper
annum (or1,675 euros per ha overflve years).

This measure has been very successful in the
Kalkense Meersen Cluster, butis not being
applied in Bergenmeersen. This is because
thearea is being developed asanestuary,
with no room for mowing management.

Easeof payment

Farmers who lose land they formerly leased
can offsetthat loss by buying new land.
However, the amountthey receive for the
leasehold purchase is less than the costofa
new, equivalent plotof land. This means the
farmerisforced into making an extra invest-
ment. This investment is partly offset by an
"ease of payment" scheme (low interest,
deferred payments).

Lease acceptance incentive

Another measure developed in connection
with the Sigma Plan is the lease acceptance
incentive. This incentive is paid to owners of
free land who are willingto acceptatenant.
This measure encourages tenantfarmers
to relocate. The allowance isthe same as
the leaver's incentive (2,000 euros per ha).
In this case, however, no leaver's incentive
is paid (the tenantfarmer is relocated, but
does not lose any land). The measure does
nottherefore cost any extra.

In practice, however, little use is made of
this measure. This is probably because
little lease-free land is available, due to the
demand for land.

Compensation for loss of production
Farming remains possible in a limited
number of project areas, for example in an
FCAwith no specific nature objectives. The
frequency offlooding is low (from once to
twice ayearto once every 50 years). Inad-
dition, these FCAs are generally active in the
winter period. Inthat case, the agricultural
activity is largely unhampered. Compensa-
tion is paid for any da mage suffered.

2.5 Procedures and
participation

Various steps are required to implement
the projects of the updated Sigma Plan on
the ground. Sections 21 and 2.2 describe
how and with what parties the land use
plan was drawn up that gives substance

to the objectives in relation to safety and
nature. That land use plan formed the cor-
nerstone of an initial, informal phase. After
all, up to that point, no formal procedure
had been begun or completed.

Inasecond phase, various formal proce-

dures were followed:

* production ofan environmental impact
assessment (EIA),

» production of a regional spatial imple-
mentation plan (GRUP),

* production ofan expropriation plan,

* application for an urban development
permit.

Participation is possible in each ofthese
procedures. This means thatthe pointat
which the public can inspect the plans and
also knows when participation is possible is
laid down in law. In addition, Waterways and
Sea Canal and the Agency for Nature and



Forest have produced project brochures
and project newsletters to provide regular
Information aboutthe planned project and
the current situation. Each formal participa-
tion was alsocomplemented by an acces-
sible Info marketfor the generalpublic.

The environmental Impact assessment
mapped the project's expected environ-
mental Impact. Inaccordance with the

EIA procedure, the notification was made
available In June 2008 for Inspection at the
municipal authorities. The aspects to be
Investigated and the methodology used
for each discipline were also described.
After the period of participation, the EIA
Service of the Flemish Government bun-
dled the advice and comments from the
public together Into guidelines. Based on
these guidelines, the team of EIAexperts
produced the actual EIA. The EIA was ap-
proved by the EIA Service on 11June 2010.
The GRUP adapts the legal purpose of the
Kalkense Meersen Cluster, so thatthe land
use plan can be Implemented. Inaccord-
ance with the law, the preliminary draft RUP
(spatial Implementation plan) was submit-
ted to allgovernment bodies Involved for
advice. The draft RUP was subjected to a
public Inquiry (June-August2009). Dur-
ing that public Inquiry, an Info market was
organised on 19 June 2009. The RUP was
finalised by the Flemish Governmenton 26
March 2010.

The technical aspects of the various Inter-
ventions ofthe land use plan, which formed
the basisforthe environmental Impact
study and the spatial Implementation plan,
were subsequently developed further.
Based on that technical design, an applica-
tion was made for an urban development

permit (25 June 2010). A public Inquiry was
also held, and an Info marketfor the general
public was organised on 17 June 2010.

The expropriation plan for Bergenmeersen
was published Inthe Belgian Official
Gazette on 23 January 2008. In April 2013,
Waterways and Sea Canal had acquired
almost all the plots In Bergenmeersen. After
the urban development permitfor Ber-
genmeersen was Issued (4 February 2011),
preparations for carrying out the work could
begin. Thus, a specification for carrying
outthe work was drawn up and a call for
public tenders was Issued In 2010. In 2012,
the work was assigned to the contractor
Herbosch-Klere from Antwerp.

2.6 Flankingrecreation
policy and less nuisance

During the various participatory sessions,
both the public and local authorities raised
anumber ofweak points. Solutions to these
points were sought during the planning
phase ofthe project. Aspects of better
recreational services and mitigating meas-
ures for the public were both considered.
The chosen solutions often appeared to
encompass aspects of both problems.
They are therefore dealt with together here.

2.6.1 Mosquito ridge

For Its organisation as an FCA-CRT, the land
had a profile In which the lowest-lying parts
were located close to the ring dyke. With
these land conditions and an operational
CRT, the deepest water would be close to
the ring dyke and therefore close to homes.
If pools were left behind between tides,
these could become breeding grounds for



mosquitoes. This seemed to be a genuine
fearfor severalpeople from the neighbour-
ing area.

This was addressed by extensively altering
the land profile of the FCA-CRT. Stagnat-
ing water by the ring dyke was avoided by
creating a raised zone againstthe toe of
the dyke. This structure was quickly named
the "mosquito ridge". The mosquito ridge
is sufficiently high so that it Isonly flooded
during the most extreme tides. Stagnating
water by the dyke isthus a thing ofthe past.
As a result, the homes are further from the
water and the threat of mosquitoes has
been removed.

2.6.2 Supply of earth during
the work

The reinforcement ofthe existing ing dyke
to Sigma standards Involves raising and
widening the dyke. To do so, a large amount
of construction material (sand, heavy soil) Is
needed. Transport by road with many hun-
dreds of lorryjourneys would place a severe
burden on the surrounding villages, and
local authorities lodged protests against

it. The construction of an extra mosquito
ridge made the problem even worse. A
request was made to make as much use as
possible oftransport by water or obtain soil
locally to avoid transport by road.

The solution was found in the creation of
the onsetofacreek system (see Figure
4.3). Achannel was dug by the CRT sluice
that can serve as main creek when the CRT
isoperational. Diggingsuch acreek onset
facilitates the outflow of the water and
promotes the establishmentofa pattern of
creeks. Excavatinga broad, deep channel

could provide a large volume of soil and
avoid road transport.

However, the archaeological study revealed
thata numberofzones in the area should
be better saved because ofthe presence
of artefacts (see Chapter5). As a solution,
acreekonsetwas designed with awestern
and eastern branch. The archaeologically
sensitive parts ofthe area were thus avoid-
ed. The western channel was dug broad
and deep, allowing as much construction
material as possible to be obtained for the
creation of dykes and the construction of
the mosquito ridge.

2.6.3 Walking infrastructure

Together with the design ofthe stream
source, thought was also given to the area's
accessibility. Experience with the Lip-
penbroek trial project teaches us that, on
the one hand, a working CRT sluice has a
high amenity value for passers-by. On the
other hand, local residents Indicated that

Figure 2.5. The walkway in Bergenmeersen with bridge
overthe eastern stream arm



they perceived the view to be had from
the raised ringdyke into their homes and
gardens as a breach oftheir privacy

A plan was drawn upforthe recreational
aspect, in which all forms of recreation were
kept away from the ringdyke. However,
walking and cycling on the overflow dyke
remain possible, and Is being strengthened.

A walkway was planned Inorder to make the
area accessible to walkers. This follows the
eastern stream from the eastern cornerof
the FCA-CRT (link to Wichelen churchyard)
to the CRT sluice and crosses the eastern
stream via a bridge. Opposite the sluice,

the walkway opens onto a platform; from
there, the Incoming water can be observed
and there is a panoramic view ofthe CRT
(see Figure 3.9). Recreation is therefore
concentrated around the CRT sluice and
the eastern stream. This creates the neces-
sary quiet in the centre of the area for any
breedingorforagling birds, which in turn
could actas a new magnetfor bird-lovers
(see Chapter 8).

The walkway was designed to be wide, and
creates a monumental impression. It Isalso
accessible to wheelchairs from Wichelen.
Very soon after the walkway was built, It
seemed to be greatly appreciated by the
local population, birdwatchers and the
municipal authorities of Wichelen. Thanks
to Its unique character, the FCA-CRT can
be an added attraction for the municipality.
Intime, a learning path will be created here,
with information aboutthe area's nature
and safety functions. A bird-watching hide is
also one ofthe options.

2.6.4 Cyclinginfrastructure

The overflow dyke forms partofrecrea-
tional routes along the Scheldt, but Isalso
heavily used as afunctional link-up between
Wichelen and Wetteren, for example by
children going to and from school.

The link with the N416dld not exist before
the reorganisation as a CRT; bicycles had to
be pushed upa steep setofsteps. This cre-
ated a serious bottleneckfor cycling traffic.

The construction ofthe new ringdyke
provided a new cycle ramp, so that the road
alongthe Scheldt nowjoins the N416 at Uit-
bergenbrug. This Isa considerable Improve-
mentfor cycling through-traffic. Intime, an
uninterrupted cycling link will be created on
both the left and right banks for functional
and recreational purposes.

2.6.5 Trash screens

The Scheldt contains floating material of
varied origin: reed stems, branches and
unfortunately also rubbish (plastic). Mostof
this material Is notwanted Inthe FCA-CRT.
Branches, for example, can block the sluices
and affect the operation ofthe CRT. For
safety's sake, they must be kept out. Local
residents also Indicated that they found
floating plastic and other "pollution" to be

a real nuisance. They did notwant a "trash
can" attheir backdoor.

Trash screens were therefore fitted to both
sides of the sluice. The width ofthe open-
ings Isacompromise thattook accountof
the need to hold back the rubbish, avoid
blockages and allow fish to pass through.
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CONCEPTUAL CHOICES

Flood areas are sophisticated, strategically chosen places. After all,
not every point along ariver Is suitable to be organised as aflood
area. The location ofthe flood area must ensure that the area makes
an efficient contribution towards safety. The Impact on agriculture,
local residents and the economy must also be keptto a minimum.

The Flemish Government established the contours ofthe Sigma
areas In 2005 and 2006 Inthe Most Desirable Alternative.

This chapter outlines the contours of the Most Desirable Alternative

for the Kalkense Meersen Cluster and the various sub-projects. It

then explains how this Sigma project contributes towards the safety

and nature objectives. Finally, It looks Ingreater detail at how the

project satisfies the concerns of users ofthe areas In question and

Interprets the land use plan and the GRUP for this Sigma project.

Author:

31 Most Desirable Alterna-
tive for the Kalkense
Meersen Cluster

311 Situation of the Kalkense
Meersen Cluster and the
various sub-projects

Chapter 1describes how the Most Desirable
Alternative came Into being. The Kalkense
Meersen Cluster Is part of that, and belongs
to the group of projects for which imple-
mentation must have begun by 2010 at the
latest. The Kalkense Meersen Cluster and
the sub-projects in this cluster contribute

Michael Van Rompaey (Tractebel Engineering)

significantly towards the safety and nature
objectives of the Most Desirable Alternative.

The purpose of the safety functions is to
keep the riskofflooding Inthe Scheldt
basin toa minimum. Dyke heights are being
Increased along the entire length of the
Scheldt. In addition, there are various types
of construction - some ofthem tempo-
rary- to help buffer high water levels. The
area around Wjjmeers, Bergenmeersen and
Paardewelde Isone of the most strategic
points for absorbing extreme high waters In
acontrolled fashion within the Sea Scheldt
basin. Populated areas behind the dykes are
thus better protected againstflooding.

45
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Wymeers 1, Bergenmeersen and Paarde-
weide will function as flood control areas
(FCAs), absorbing water from the Scheldt
via overflow dykes in the eventofastorm
tide. Ringdykes at Sigma height protect
the hinterland behind the incoming water.
When the tide ebbs, the water will flow
back into the Scheldt. Table 31 provides an
overview of the different subsectors of the
Kalkense Meersen Cluster.

The other subsectors, Kalkense Meersen
and Paardebroek, will function as wetland.
Wetlands are wetareas of significant natural
value. They can be wetgrasslands, marshy
areas orwet forests. Safety is not the
primary function of wetlands. They do not
accommodate water from the Scheldt. The
drainage of upstream areas is, however, an
important safety aspect. A higherground-
water level is needed for the development
ofwet nature.

Wijmeers 2 is being de-poldered, as a result
of which the area will again come under the
influence of the Scheldt's tides. This means
the area will be watered on a daily basis.

The operating principles of the various sub-
sectors are illustrated in Figure 3.1.

Kalkense Meersen: wetland

The aim in the Kalkense Meersen subsector
isto raise the groundwater level by rais-
inggroundwater tables in reservoir basins.
Because the subsector is already a natural
basin and the adjoining zones are higher,
damming up in the area has no effect out-
side the subsector. The level of the Kalkense
Vaart, which is responsible fordraininga

Table31. Overviewo fthe differentsubsectors o fthe
Kalkense Meersen Cluster

Bergenmeersen 41.37 ha FCA-CRT

Kalkense Meersen 606.16 ha Wetland

Paardebroek 27.77 ha Wetland
Paardeweide 84.73 ha FCA-wetland
Wijmeers parti 158.75 ha FCA-wetland
Wijmeers part 2 27.85 ha Removal of polders
Total 946.63 ha

Rirwdyke Overflow dyk®

f c & A
-Outlet sluice
Riverdyke or

Ringdyke overflow dyke

- Outlet sduice
— Inlet sluice

River dyke or
Ringdyke overflow dyke

Brroch or excavation

Figure 31. The operating principles o fan FOA, FCA-CRT
and the removal o fpolders



significant area of hinterland, is being cut off
from the reservoir basins. Adjustable weirs
are being installed in the side basins and
channels that open into the Kalkense Vaart.
The drainage of the Kalkense Vaartitselfis
controlled by the pumping station.

The purpose of this projectis to raise and
strengthen the dykes to +8 m TAW (Tweede
Algemene Waterpassing - Second General
Levelling) instead ofthe current +7to 7.5 m
TAW. The raised Sigma dyke willform part of
the reference situation.

Wijmeers 1: FCA-type wetland

For Wijmeers 1,the ring dyke already
constructed around the de-poldered
Wijmeers 2 area will partly be converted into
an overflow dyke. To do this, the dyke will

be lowered from +8 m to +6.8 m TAW and
reprofiled (overflow dykes have a shallower
profile). Outflow constructions will be builtin
the existing Scheldtdyke to the Scheldt, but
there will be no direct outflow constructions
to the de-poldered area. A new ring dyke will
be constructed around Wijmeers 1at Sigma
height (+8 m TAW). The ringchannel is being
built to ensure the drainage of Wijmeers 1for
development as an FOA. This ring channel
will be shoaled or partially filled to create

the rewetting that is required for the desired
nature developmentin Wijmeers 1. Acom-
partmentalising dyke will be constructed in
the Wijmeers 1area at +5.5 m TAW between
the eastern and western sections.

Bergenmeersen: FCA-CRT

The existing Bergenmeersen FOA is being
converted into an FCA-CRT. The area will
flood daily in a controlled manner at high

tide. A limited amount of water will be let

into the area at each high tide via a new inlet
construction in the dyke. At low tide, the
waterflows backintothe Scheldt via the
low outlet pipes. This creates a CRT in the
polder. When water levels in the Scheldt
are normal, the inflow of water is extremely
limited. This isthe only way the desired mix
of mud flatand marsh can be created.

The existing ring dyke (+7.6 to 7.8 m TAW)
is being raised to Sigma height (+8 m TAW).
The height of the existing overflow dyke
(+6.4 to 6.5 m TAW) will be retained. The
area will continue to serve as an FCA in
extreme storm tides.

Paardeweide: FCA-type wetland

The existingfunction of Paardeweide as an
FCA will be retained, but will be adapted to
the stricter safety standards. To this end,
the existing ring dy ke wi 1be raised to +8 m
TAW. No changes will be made to the exist-
ing overflow dyke along the Scheldt. The
FCA becomes operational ifthe level of the
Scheldtexceeds +6.3 to 6.5 m TAW. Cal-
culations by Flanders Hydraulics Research
show that statistically, this flood area will be
operational once a year.

Paardebroek: wetland

The objective inthe subsector of Paarde-
broek is rewetting. This is possible due to
the existing reliefand without waterlogging
the areas upstream, just as in the Kalkense
Meersen.

Wijmeers 2: polder removal

This polder removal is being implemented
as the first sub-project, as a result of which
there are two different implementation situ-
ations: the situation as ade-polderingarea



without an adjacent FCA, and the situation
with an adjacent FCA.

In afirst phase, the existing Scheldt dyke will
be locally breached, allowing the Scheldt
water to flow freely into the area at high
tide. A new ring dyke at Sigma height (+8 m
TAW) will preventthe waterfrom continuing
into the area behind. Drainage of the dyked
areas is being ensured by the construction
ofa ring channel. This will partly follow the
current course ofthe Sompelbeekand the
Oeverbeek, with a new section of ring dyke
being constructed in between. This brook
will drain into the Scheldt atthe Bellebeek
outlet sluice. The adjacent ring channel will

be modified so that the nature objectives
can be achieved.

3.1.2 Contribution ofthe
Kalkense Meersen Cluster
to the safety objectives

The following paragraphs outline the
frequency offlooding for each subsector.
The effect on the rise in the water level if
the flood areas are not created isdescribed
for several recurrence intervals (T10, T100,
T1000, T2500 and T4000 (situation in
2000)), without takinginto accou nt the
possible formation of breaches. Ineach
case, the planned interventions within a clus-
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Figure 3.2. Longitudinalprofile o fthe Sea Scheldt, maximum water levels during a storm with a recurrence interval of 10years
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ter were rectified in the synthesis model. All
calculations were performed without taking
into accountthe function as an FCA-CRT.

Frequency offlooding

The flood control areas of Bergenmeersen
and Paardeweide will come into operation
during a storm with a recurrence Interval
ofone and two years respectively. Only the
eastern section of Wijmeers 1will be filled
via the overflow dyke for storms with recur-
rence intervals longer than 25 years. The
western section ofthe Helsbroek FCA, Wij-
meers 1, will be fully protected from flooding
up to a regurrenee intervalof 100 years
(T100). AtTIOO, only the compartmentalis-

ing dyke between the eastern and western
sections will overflow. At T500, both the
compartmentallsingdyke and the actual
overflow dyke ofthat section of Wijmeers 1
will overflow.

Increase in the water level if the

Wijmeers FCA is not putin place

Figures 3.2 to 3.7 show the longitudinal

profile ofthe Sea Scheldt with the maxi-

mum water levels for different recurrence

Intervals.

* Because the Wijmeers 1FCAandthe Heis-
broek FCAonlyflood in storms with are-
currence Interval longerthan 25 years, the
disconnection ofthe Wijmeersflood zone
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Figure 3.3. Longitudinalprofile o fthe Sea Scheldtmaximum waterlevels during a storm with a recurrence intervalo f 100years



(through the de-poldering of Wijmeers 2)
only has a limited Impacton the water level
inthe Sea ScheldtatT10.

However, ifthe Kalkense Meersen Clusteris
disconnected, the water level inthe Scheldt
will riseatTIOO.The maximum water level
inthe Scheldt will rise by approximately
8cm at Wijmeers and Bergenmeersen, and
by approximately 6 cm at Paardeweide.
The rise inthe maximum water level in

the Scheldtwillonly continue to a limited
degree, upstream to Melle, downstream to
just before Vlassenbroek |. At Vlassenbroek,
the (expected) increase will be completely
absorbed bythe extrafillingofthe FCAs.

The Vlassenbroek | FCAIn particularwill
then receive more water (lowestoverflow
height).

In storms with longer recurrence intervals,
this rise will increase further, as will its range.
Upstream, the rise will always continue as
farasthe edge ofthe model area. Down-
stream, itwill continue tojust pastVlassen-
broekatT500, where It will always continue
furtherfor longer recurrence intervals, as
farasthe mouth ofthe RupelatT4000.
AtVlassenbroek, the Increase Is partially
absorbed bythe extrafillingofthe FCAs.
AtT500, the maximum water level in the
Scheldt will rise by approximately

Longitudinal profile Sea Scheldt-Western ScheldtT500
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Figure 3.4. Longitudinalprofile o fthe Sea Scheldt, maximum water levels during a storm with a recurrence intervalof500years



10 cm at Heisbroek, Wijmeers and Ber-
genmeersen, and by approximately 8 cm
at Paardeweide.

AtTIOOO, the maximum water level in
the Scheldt will rise by approximately

M cm at Wijmeers and Heisbroek, and by
approximately 9 cm at Bergenmeersen
and Paardeweide.

AtT2500, the disconnection ofthe
Kalkense Meersen Cluster will cause a rise
inthe maximum water level in the Scheldt
ofapproximately 32 cm at Heisbroek,
Wijmeers and Bergenmeersen, and of
approximately 27 cm at Paardeweide. Ina
storm with a recurrence interval of 2500

years, the water level will remain below
+7.5m TAW ifthe Wijmeers flood zone
is putin place. Butifthe Wijmeers flood
zone is not established, the maximum
water level at T2500 will be higherthan
+7.5m TAW, where +7.5 m TAW is the
design water level to be held back in the
area around Wijmeers.

AtT4000, the maximum water level in
the Scheldt will rise by approximately
27 cm at Heisbroek and Wijmeers, by
approximately 33 cm at Bergenmeersen
and byapproximately35cmat Paarde-
weide.
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Figure 3.5. Longitudinalprofile o fthe Sea Scheldtmaximum waterlevels during a storm with a recurrence intervalo f1000years
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Figure 3.6. Longitudinalprofile o fthe Sea Scheldt; maximum waterlevels during a storm with a recurrence interval o f2500years
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3.1.3 Contribution of the
Kalkense Meersen Cluster
to the nature objectives

The Sigma Plan approaches the Scheldt
Valley in all its aspects. The aim is to restore
as much ofthe riveras possible in the
most sustainable way possible. This will be
achieved by restoring the contact between
the river and the valley creating wetlands
and, where possible, once again increasing
the intertidal zone and the opportunities
forestuarine nature.

Forthe "natural quality" aspect, integrated
European nature objectives (conservation
objectives) were established for ecosys-
tem functions, habitats and species. Thus,
all legal requirements (the Habitats and
Birds Directive and the Water Framework
Directive) are satisfied without conflicting
with each other. Ingeneral terms, these
objectives encompass developing wetland
types and estuarine nature within the
Kalkense Meersen Cluster.

Estuarine nature: Bergenmeersen and
Wijmeers 2

The Flemish Government has selected a
number of areas that are favourably situ-
ated to once again be brought underthe
influence ofthe tidal pattern ofthe river.
This is achieved by reducing the action of
tides or by removing polders. By establish-
ing the right preconditions in these areas
for optimal ecological development, as
dynamic a system as possible is sought,
with nature itselfas the main controlling
factor. After all, tidal action is the driv-
ingforce behind the developmentofan
ecosystem with mud flats and marshes. A
pattern of creeks will develop along which

the water will flow in and out. Inthe lowest-
lying zones, which flood daily, mud flats will
be created. Inthe higher zones, which flood
less often, marshes will develop in which
unique vegetation will quickly spring up.
This new landscape is known as "estuarine
nature" (see also Chapter 4).

Bergenmeersen

The Bergenmeersen subsector has been
organised as an FCA. Thanks to a sophis-
ticated inletand outlet system, the area is
brought underthe influence ofacon-
trolled reduced tide (CRT). The influence
of the tidal dynamic creates mud flats

and marshes. In particular, itisthe imita-
tion of the spring neap tide variation that
makes a difference in mud flat and marsh
habitats and leads to adiverse, functional
ecosystem (see Chapter4). The estuarine
nature that will develop here will contrib-
ute towards the conservation objectives
for the Scheldt estuary defined within the
contextofthe European Habitatsand Birds
Directive.

Atthe new low-lying inletand outlet struc-
tures, a main creek onset has been dug

at mean low water level (MLW level). The
connecting drainage channels ensure that
the area can drain sufficiently, for example
in the event ofthe design storms.

Based on further studies, certain zones
were excavated to provide a sufficient
open water area.

Wijmeers 2

Wijmeers 2 is being de-poldered, which will
bring it under the influence of the Scheldt's
tidal pattern. Here, too, estuarine nature
willdevelop that will contribute towards the
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Figure 3.8. Nature objectives according to the Most Desirable Alternative for the Kalkense Meersen Cluster

European nature objectives for the Scheldt
estuary.

Wetland: Kalkense Meersen, Wijmeers 1,
Paardebroek and Paardeweide

The updated Sigma Plan aims to restore
more space to the typical and water-rich
river landscapes. The plan capitalises fully
on ecological potentials by applying the
mostappropriate forms of management
for the differenttypes of wetland.

Inthe contextofthe Sigma Plan, "wetland"
is a collective name for water-rich natural
areas notinfluenced by the tide. Here, wa-
ter levels follow a natural path, with higher
levels inthe winter than in the summer.
Wetlands can form widely varying land-
scapes. Forthe Kalkense Meersen Cluster,

this involves different types of grassland,
open water, reed vegetation and wet wood-
land. The final type depends on the form of
management applied.

By definition, wetlands are situated on
lower-lying land in the valley. Some areas
are naturally so low-lying that they are per-
manently wet (without artificia lwatering)
and provide adequate opportunities for
nature to develop. Surface water from the
surrounding area is then drained to these
zones via brooks and channels. Other
zones were too heavily drained in the past
to still be able to develop into ecologically
valuable wetland. Inthese areas, weirs can
be used to raise the groundwater level in
relation to the surrounding area, where
drainage remains guaranteed at all times.



Figure 39. Waiiwoy tri Bergenmeersen

Finally, the deep ponds of little natural
value - mostly created by peat or soil
excavations - can befilled Inagain, creating
opportunities for marshes and hydrosere
vegetation. By managing the areas Ina
natural way (grazing, mowing, zero manage-
ment, etc.), rare plantand animal species
will be attracted once again.

The rewetting Isachieved by Increasing the
base level throughout the entire area as
well as building weirs or digging channels
and making the brooks shallower locally.

(5]
(3]
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3.2 Reconcilingdivergent
interests

When drawing up the land use plan for
Various points for attention were discussed Bergenmeersen, consideration was given
during consultations with the project-based to various concerns of the municipality of
workgroup and the differentthematic work Wichelen (see also Chapter 2). Besides re-
groups. The following paragraphs describe organising the existing FCA as an FCA-CRT

how these points for attention were ad- by bulldinga new Inlet/outlet construction,
dressed when drawing up the land use plan the existing ring dyke was also brought up to
for Bergenmeersen. Sigma height (+8 m TAW).

JO | Info &accessto the area A Viewing platform H fj Raised walkway Pumping station

. . Bridge
Visit ki ishing pi s F

m isitor parking 8Flsh|ng pier ey Comfortably laid-out paths

& 1 Bird-watching hide H  Fish pond Boat ramp Trails

B B B ff Sundrygrasslands Brushwood Estuarine nature

L—ZI Wet/marshygrassland Grassland with copses and SLEs Open water

TF T Grasslandwiththornythickets inEfiEffSI Marsh Forest

Figure 3.10. Land useplan for the Kalkense Meersen Cluster Sigmaproject



Figure 311. Detail o fthe land useplan for
Bergenmeersen

Figure 312 Extract from the regionalplan (a)
and the "Kalkense Meersen Cluster" GRUF (b)

When designing the raised and broadened
ring dyke, the current landwards-facing toe
of the dyke was retained. The necessary
raisingand broadening were carried out
along the river side ofthe FCA. In this way
the impact ofthis workon nearby homes in
the district of Nederkouter could be limited:
the distance between the ringdyke and the
nearby homes has not changed.

The area was designed so that the higher
parts ofthe flood area are on the edge of
the built-uparea of Nederkouter. In this
way - as requested - sufficient distance
was retained between the built-uparea and
those parts that regularly flood as a result of
the reduced tidal action (see Section 2.6.1
and 2.6.2).

The ringdyke was made inaccessible to
recreational users further to the request
from the municipality of Wichelen. This
prevented people from looking into and dis-
turbing the homes in Nederkouter. However,
walkers and cyclists can obviously use the
existing overflow dyke to move along the
Scheldt. A walkway was also constructed
along which walkers can explore the area.
The same walkway also allows visitors to ad-
mire the inlet sluices and the Scheldt water
flowing in at high tide from close up.

3.3 Landuse plan and
spatial implementation
plan

The land use plan for the Kalkense Meersen
Clusteristhe resultofagreatdeal of re-
search and consultation (see Figure 3.10).
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Figure 313 "Kalkense Meersen Cluster" GRUP, finalised by the Flemish Governmenton 26 March 2010, shows the regionalplan around the

cluster.

The Bergenmeersen FCA-CRT is part of
that land use plan. Figure 311 shows a detail
ofthe flood area. The various dykes, the
inlet/outlet construction and the source for
the formation of streams are also shown.

As mentioned above, a regional spatial
implementation plan (GRUP) was produced
forthe entire Kalkense Meersen Cluster.
This GRUP changed the designated use of
mostofthe plots to nature areas.

For Bergenmeersen, this meantthat its des-
ignation as a rural area of ecological inter-
est, rural area, nature area and residential
area was changed to nature area.

To mitigate the effects for the agricultural
sector, the GRUP provides for a phased
conversion to nature area (see also Section
2.4.3). For Bergenmeersen, the conversion
to nature area began on 1January 2012. Fig-
ure 3.12shows an extractfrom the graphic
plan ofthe original regional plan and the
new designations according to the GRUP.



Figure 3.14. People walking on the walkway

3.4 References

Ecosysteemvisie Cluster Kalkense Meersen
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4. NATURE

The sluices ofthe Bergenmeersen FCA-CRT were opened for the first

time on 25 April 2013. Atthe time of writing, the natural development of

the area was still in a primordial stage. Therefore the actual observed
nature developmentin Bergenmeersen could not be described in this

book (although some actual results are given in Chapter 8). Therefore,

this chapter explains the expected nature development with relation
to similar environments along the river Scheldt.

The nature target scenario was defined in the objective ofthe updat-
ed Sigma Plan. Inthis plan,just one coordinating objective was set out

for Bergenmeersen: the development of40 ha of estuarine nature.

Whatthis precisely implies is described below.

Authors: Dominiek Decleyre (Agency for Nature and Forest), Tom Maris (University of

Antwerp) and Gunther Van Ryckegem (Research Institute for Nature and Forest)

41 Freshwatertidal area:
adynamic environment

Freshwatertidal mudflatand marshareas
are among the rarest habitats in Europe.
Many estuaries have been cut offthrough
the building of sluices and dams. Important
area losses have occurred as a resultof
ever more intensive polder building. Inthe
Scheldt estuary, however, remnants of these
freshwatertidal mudflatsand marshes still
remain. Thanks to the Sigma Plan, the area
is being extended through the creation of
FCA-CRTsand managed re-alignmentor
managed dike retreat. The Bergenmeersen
FCA-CRT willdevelop into such a rare and
ecologically valuable freshwater tidal area.

Freshwatertidal areas differsharplyfrom the
image the general public usually has oftidal
areas. They are not the low grassy vegetation
or vast treeless areas ofthe saltwater Zwin or
the brackish Drowned Land of Saeftinghe. In
the freshwater partofthe Scheldt, the tidal
areas tend to develop into extremely struc-
tured vegetation, leading ultimately to the
developmentoftidaIforestasthe determin-
ingfocal element.

This chapter describes the dynamic environ-
mentinfreshwatertidal areas. Anumberof
basic processes are outlined, such as nutri-
ent exchange and the succession of plant
communities and their inhabitants. Where
possible, they are compared with existing

iCj
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areas alongthe Scheldtand developments
Inthe Lippenbroek trial project. This shows,
for example, thatthe managementofthe
CRT sluice can determine to a large extent
the morphological and ecological develop-
ment Inthe area (see "Llppenbroek pilot
project”, p. 80).

4.2 Morphology of
the terrain

4.2.1 Mud flats and tidal marshes

Mud flats develop Inthe lowest parts of
the tidal area, which are flooded by the
Scheldtat each high water. Few plants can
withstand the stress of this flooding, so
mud flats are generally barren. The higher-
situated marshes only flood duringspring
tides and have plantgrowth according to
the frequency offlooding. The elevation
determines this frequency offlooding and
consequently the habitatthat Isfound

there. Forthe developmentofadiverse
mud flat and marsh ecosystem, ItIsthere-
fore vital that the differentiation Inflooding
frequency Iscomparable to that of natural
mud flat and marsh areas.

Inthe highest parts ofthe mud flats, some
plants nevertheless manage to putdown
roots, such as common algae (Vaucheria
sp.), water speedwell (Veronica ariagallis-
aquatica ssp. ariagallis-aquatica), marsh-
pepper knotweed (Polygonum hydropiper)
and bogyellowcress (Rorippapalustris). As
soon as these plants establish themselves
there, the mud flat has evolved Into a tidal
marsh. The siltto which these plants attach
themselves gradually Increases In height,
opening the way to further colonisation.

Thanks to their higher location, the marshes
are no longersubject to dally flooding.
Young marshes experience the highest
flooding frequency. These young marshes
gain In height because they always retain

Figure41.
Freshwater tidal
mud flats and
marshesin the
Scheldtestuary



Figure 4.2. Arialphoto o fthe pattern ofstreams

sediment. This lowers the flooding frequen-
cy, and eventually, they only flood during
spring tides.

Marshes are interwoven with channels along
which the water flows in at high tide and
flows out again when the tide ebbs. These
channels create a distinct relief. When

the water, loaded with sediment, leaves

the channels at high tide, the heaviest
sediments are deposited right nextto the
channel: the sand. This creates sandy bank
walls. The lighter sediments, the silt, are only
deposited further away in the lower-lying
and wetter basins (or stream ridges). This
therefore notonly creates variations in
flooding frequency, but also in soil compo-
sition.

4.2.2 Imitating the natural
tidal dynamic

Tointroduce atidal mud flatand marsh
ecosystem into an FCA-CRT, a specific sys-
tem ofsluices is required thatfirstly enables
the daily exchange of Scheldt water, and
secondly, still ensures thatthe area can store
sufficient water. On the one hand, the sluices
must therefore dramatically reduce the
inflow of waterto ensure the funotion as an
FOA (tide storage). On the other hand, they
must guarantee an essential daily variation in
water levels (the tide), maintaining a variation
in level between springand neap tides.

The sluices ofan FCA-CRT consistofa
system with high inlet sluices and low outlet
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Figure 4.3. CRTsluice and stream source

sluices, which can also be adjusted by stop-
logs. This system can reduce the tide while
maintaining the spring/neap tide variation.
However, the tide curve Is no longer sinusoi-
dal, but experiences a stagnant phase (see
"Llppenbroek pilot project”, p. 80).

Setting the righttidal dynamic Isthe decisive
factor when developing tidal marshes.
Hydrology Is, after all, the main driving force
behind physical, biological and chemical
processes Intidal areas.

4.2.3 Sedimentation and erosion

Sedimentation Is necessary to allow marsh-
es to develop. The Input of fresh sediment

helps establish a typical marsh morphology
(with among other things, stream ridges)
and the typical marsh soil. These encourage
the establishment ofestuarine vegetation
and benthlc organisms. Hard polder clay
does not contain the same organisms as
awell-developed marsh soil. Furthermore,
numerous biochemical processes occur In
such marsh soil that are Importantto the
functioning of the Scheldt ecosystem, such
as the nitrogen or silicon cycle.

Overly fast sedimentation Is not desirable.
Ifalluvial deposits build up too quickly, this
can create a poorly draining, seml-liquld,
silt mass. In contrastto adeveloped mud
flat teeming with benthos, liquid silt Is



Figure 4.4.
Colonisation in
the Lippen-
broek

unattractive to nature. Also because of the
safety function in the FCA-CRT, excessive
sedimentation must be avoided, as this
leads to a loss of water-storing capacity,
which Inturnjeopardises protection against
flooding. Because an FCA-CRT Is entirely
surrounded by dykes, It Is less dynamic and
there Is more chance of sedimentation. On
the other hand, the high inlet sluice only
lets the top ofthe high-water wave In, which
contains fewer suspended solids.

Besides sedimentation in and erosion of
the polder area, thegeomorphological de-
velopment of channels is also anticipated.
Despite the reduced tidal dynamic, adense
system of streams Isexpected to develop
spontaneously (see "Llppenbroek pilot pro-
ject", p. 80). As usual, an onsetfor the main
channel was dug by the sluice construction
in Bergenmeersen. This facilitates the Inflow
and outflow of water Inthe Initial phase and
will control, to some extent, the formation
ofchannels away from archaeologlcally
Important sites.

Interms of sedimentation, FCA-CRTs differ
fundamentallyfrom natural marshes. In

a natural marsh, a low elevation ensures

a higherfrequency offlooding, and thus
greater silt deposits. This raises the heightof
the marsh, resulting in fewer alluvial depos-
its. This is known as negative feedback: the
system will limit the alluvial deposits itself. In
an FCA-CRT, the tide is not so much deter-
mined by the elevation, but by the sluices.
The amount of waterflowing through the
sluices Into the area does not change Ifan
FCA-CRT Is raised.

Monitoring of all sedimentation and erosion
processes will show whetherthe area's tide
storage changes significantly. Varying the
inletand outlet heights by adjusting stop-
logscan help guide the process. This can be
done depending on both the tide-storing
capacity (safety) and the developmentof
the natural dynamic in the area (natural
quality).
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4.3 Vegetation

4.3.1 Initial succession

Before the work, Bergenmeersen was an
agricu lturallandsca pe consisting mainly of
intensively farmed grasslands. After the con-
struction phase, some ofthese grasslands
remained, in addition to a large area of bare,
churned-up earth in the worksite zones.

The expected development ofvegetation
implies adramatic shift towards hydrophyllic
species .The firstsummer Bergenmeersen

1 Schematic depiction o fthe vegetation on
a saltwatermarsh. Onlysalt-tolerantplant
species are found: mud colonisers (glasswort,
common cordgrass), levee species (sea
wormwood, seapurslane, seablite) and tidal
soil species (sea lavender, sea aster, sea
plantain, seaside arrowgrass).

2. Schematic depiction o fthe vegetation on
abrackish marsh. Werecognise the same
mud colonisers as on the saltwater marsh:
glasswortand common cordgrass. Bulrush
and reeds grow on the tidal solis, with sea
couch andspearscale on the levees. Once
sufficient alluvial deposition has taken place,
and In the absence ofgrazing, an extended
reed land will emerge.

3 Schematic depiction ofthe vegetation on a
freshwatermarsh. Here, we find exclusively
salt-averseplant species: mud colonisers

are benthic algae and rushes, afterwhich
brushwood herbs appearon the levees, with

reeds and other hardy marsh plants appearing

on the tidal soil. Once sufficient alluvial

deposition has taken place, a willow shrub and

eventually willow wood will develop.

may retain the aspectofa (flooded) grass-
land. Eventually the grassland species and
with a slight delay, also the more stress-re-
sistant species such as stinging nettle (Urtica
dioica) and hairy willowherb (Epilobium hir-
sutum) will be replaced by genuine wetland
species. In line with the succession observed
inthe Lippenbroek, colonisation isexpected
by purple loosestrife (Lythrum salicaria),
broadleaf cattail (Typhalatifolia), speedwell
(Veronicasp.),common reed (Phragmites
australis) and willow (Salixsp.). Inthe more
frequently flooded zones, the vegetation
cover will make way for mud flat zones.

Figure 4.5. Schematic depiction o fvarious marsh vegetations



4.3.2 Climax vegetation ina
freshwater tidal marsh

The saltcontent in the saltwater and brack-
ish partofthe river Istoo high to allow trees
to germinate. There, the marsh vegetation
Istreeless.

Inthe freshwater to slightly brackish part of
the river, however, willows are able to ger-
minate on the marshes, as they are highly
resistant to widely varying water levels.
Without management (mowing or grazing),
freshwater tidal marshes therefore evolve
Into willow shrubs and woods. The willow
tidal forest forms the climax vegetation on

Figure 4.6. The undergrowth o fa tidal forest

freshwater marshes. However, the willows
on the boggy marsh soil rarely grow Into tail
trees: they are easily blown over Ina storm,
although they will continue to grow undis-
turbed. Freshwater marshes therefore look
like mangroves: an Impenetrable tangle of
branches and channels.

The willow woods along the Scheldt natu-
rally consist mainly of white willow (Salix
alba) and crosses with crack willow (Salix
fragilis). Along the Scheldt, the composition
of willow wood Is also subject to a heavyan-
thropogenlc Influence. The dome-shaped
willow shrubs were often the product of the
historical cultivation of willow twigs, used
for wicker-making. These willows generally
produce seeds with less germlnative power
than the species thatform trees. On natural
marshes, the dome-forming species, such
as sharp-stlpule willow (Salixmollissima)
and basket willow (Salix viminalis), spread
mainly through roots that wash up and
sprout. This Input Is much less expected In
an FCA-CRT with trash screens. Therefore
It Isexpected that the willow shrub will tend
to evolve towards a sprouting type of wood
with the species specific to the area.

The undergrowth consists of marsh plants
and brushwood herbs, such as rough
bluegrass (Poa trivialis), common com-
frey (Symphytum officinale), hedge false
bindweed (Calystegiasepium), large blt-
tercress (Cardamine amara), wild chervil
(Anthriscus sylvestris), cleavers (Galium
aparine), spider marsh marigold (Caltha
palustris ssp. araneosa), angelica (Angelica
sp.), touch-me-not (Impatiens noii-tan-
gere), European water plantain (Alisma
plantago-aguatica), European marshwort
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(Apium nodiflorum), bitter dock (Rumex
obtusifolius), cowparsnip (Heracleum sp.)
and figwort (Scrophularia sp.). Specific
mosses grow on the regularly flooded root
base ofthe willows in the willow thickets and
woods. These mosses prefer this dynamic,
food-rich and muddy environment.

4.3.3 Spider marsh marigold:
the tidal freshwater
marsh specialist

The spider marsh marigold (Calthapalustris
ssp. araneosa) is a subspecies of the "ordi-
nary" marsh marigold. The ordinary marsh
marigold (Calthapalustris ssp. palustris’) is
afairly common species on well-developed
wet grasslands. The spider marsh marigold,
conversely, isone of our rarest species,

Figure 4.7. Thespidermarsh marigold

bound to the freshwater marshes along the
Scheldtanda numberofother rivers.

Whatis remarkable aboutthe spider marsh
marigold is its adaptation to the action ofthe
tides. Itis, for example, much hardier than
the ordinary marsh marigold. Germination
isdifficult due to the daily fluctuations in the
tidal zone in that environment. The variety
has therefore specialised on vegetative
reproduction. Young leaves with their own
roots develop on the buds and in the leaf
axils of old leaves. The rootsjoin together in
a ball, makingthem look much like a spider.
These "spiders" are released inthe autumn,
carried away by the tidal flow, and can
develop into a new piantin another loca-
tion. The spider marsh marigold therefore
makes ingenious use of tidal movements to
propagate itself.

4.3.4 Timingofoperation as
adetermining factor

The initial situation and the time at which the
sluice isopened for the firsttime are very
importantforthe developmentofacom-
plete vegetation succession. Experience in
otherareas (mainly de-poldering) shows
that a long period between completion
ofthe work and the onsetoftidalflooding
gives willows ample time to germinate. An
extremely dense willow wood very quickly
develops on the fallow ground. Once estab-
lished, the willows continue to grow - even
after the tide has been letin. As a result, her-
baceous marsh vegetation has less chance
to develop, and the complete succession
pattern isshortened. The woody plants
anchor the bottom with roots, thereby
restricting the dynamism ofthe formation
of streams. This is also a missed opportunity



forjoint use by benthos (animal life on, in or
nearthe soil) and birds.

Work in Bergenmeersen was completed
earlyinthe springof 2013. Toallow natural
succession to take place as much as pos-
sible and avoid rapid colonisation by willows,
the sluice ofthe FCA-CRT was opened as
quickly as possible, on 25 April 2013.

4.3.5 Forests in Bergenmeersen

The proportion offorest in the area isde-
termined by controlling the inletand outlet
sluices, as these determine the ratio of mud
flatto marsh. The project stipulates that the
maximum flooding may be around 80% at
springtide. On the remaining 20% flooding is
only expected during extreme weathercon-
ditions and can therefore be characterised
as high marsh.The bare ground leftafterthe
workformsan ideal germination bed for wil-
lows. Willow woods are expected to appear
quickly on this 20%. Iffurther marshesare
formed, this may extend to more than 50%
ofthearea (inthe longtermeventoaround
75% or 30 ha offorest).

In a little afforested region as Flanders (with
only around 10% forest cover), the develop-
ment ofseveral dozen hectares offorest is
extremely welcome. Forthis same reason,
the project developmentaims to preserve
the total wooded area in the project cluster.
In connection with the EIA (see Chapter 1),
aforest audit was produced that monitors
the wooded area for the Kalkense Meersen
Cluster as awhole.

During the work, trees unavoidably had to
be felled for dykes to be constructed, but
also to allow nature to develop. Overthe

years, many (often small) plots ofgrassland
were planted with poplars. These poplars
will be felled to restore the former grassland
biotopes. The deforested area will be fully
restored within the project cluster. The

30 ha of willow tidal forest in Bergenmeersen
represents the main positive contribution
to the forest audit (alongside an alder carrin
Wijmeers of approximately the same size).

Biodiversity increases with forest size. A rule
ofthumb isthatagenuine forest environ-
mentonly exists from a minimum size of

10 ha. Consolidating the many small areas
offorest (on average less than 1ha) into
one largerforest of several dozen hectares
therefore represents significant added
value for the forest ecosystem. Moreover,
the willow tidal forest thus created is also

a seriously threatened type offorest and
therefore highly valuable. This means that
Bergenmeersen's importance also lies in
the formation offorests. This may seem
surprisingas an image of atidal area, but it is
a normal evolution in afreshwater marsh.

4.3.6 Diatoms

Algae form the basis of the entire estuarine
food chain. They capture the energy of the
sun and use it to accumulate sugars through
photosynthesis. The algae thus form a
source offood for many small organisms

Figure 4.8. Diatom
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inthe water column (Zooplankton) and the
soil (zoobenthos), which are in turn eaten by
higher trophic levels, such as crustaceans,
fish or birds.

However, not all algae are equally suited as
asource offood. Diatoms take precedence.
These single-cell algae have a special
skeleton that offers them extra protection.
This skeleton is made from silicon. Dissolved
silicon istherefore an essential food source
for diatoms. Since diatoms are an important
basis ofthefood pyramid, the available
silicon plays an important role in the aquatic
ecosystem (unlike terrestrial ecosystems).

4.4 The nutrient cycle
441 Eutrophication

Oneofthe main problems thatcoastal
zones and estuaries faced in recentdecades
iseutrophication, or over-fertilisation. Un-
treated waste waterfrom agriculture, indus-
try or households carries large amounts of
the nutrients nitrogen and phosphorus into
the Scheldt estuary via watercourses. How-
ever, silicon has notincreased, which has led
toa majorchange in the ratio between the
nutrients silicon, nitrogen and phosphorus.

The changing ratio between the basic nutri-
ents can lead to "silicon limitation". Diatoms
grow until all the silicon has been used up.
Ifthere isthen still a surplus of nitrogen and
phosphorus, other unwanted algae can take
itover. These so-called pestalgae resultin

a massively negative phenomenon: among
other things, foaming, anoxic water and toxic
water masses. Because diatoms form the
basis ofthe estuarine food chain, eutrophi-

cation and the associated silicon limitation
can cause the collapse of the entire food
chain.

4.4.2 Exchange processes inthe
tidal areas

The processes in an FCA-CRT and other
tidal areas can have a major influence on
the composition of the water. Bacteria in
the mud convert nitrogen into nitrogen gas
through the process of nitrification/denitrifi-
cation (see "Lippenbroek pilot project"”,

p. 80), which allows nitrogen to escape from
the water. Asa result, tidal areas play an im-
portant role in reducing the pollution load.

Conversely, almost no phosphate conver-
sion takes place. Only a small fraction is
absorbed by plants.

Oxygen-enrichmentofthe water occurs
physically through the operation ofthe
sluices, the sharp rise in the surface area of
the waterand the primary production ofthe
plants in the FCA-CRT. Results from the Lip-
penbroek show thatthe amount ofdissolved
oxygen in the water increases enormously
after it has spenttime inthe FCA-CRT.

A less well-known aspectisthe release of
dissolved silicon into the marshes, which is
ofgreatimportance to the growth of dia-
toms (see Section 4.3.6).

4.4.3 Silicon cycle

In particular, common reeds (Phragmites
australis) absorb dissolved silicon (DSi)
(H4 Si04) through the roots. Once the
silicon has been absorbed by the plant,
itisfixed in highly silicon-rich structures:



Figure 4.9. The silicon cycle

phytoliths (biogenic silica or BSi). The fixing
of silicon can give a plant various competi-
tive advantages compared with other spe-
cies: greater resistance to plant diseases,
damage from herbivores and metal toxicity,
and greater strength. Reeds stack up silicon
during their growth: higher concentrations
of silicon are found in the longest-living
plants, at the end of the growing season.
Oncea dead reed stem has fallen over (e.g.
knocked over by wind or water), the silicon
can dissolve into DSiand become asource
of silicon.

Besides dead reed stems, there are other
potential sources of BSifor marsh sedi-
ments. At high tide, agreatdealoffloating
material such as sediment, dead and live
phytoplankton and other plant material is
carried In by the water. Some ofthis material
settles onto the surface ofthe marsh. The
BSifrom the decaying organic material is
also stored Inthe sediment.

The BSlin the sedimentgradually dis-

solves Into DSI in the interstitial water. This
means the concentrations of dissolved S

in freshwater marsh interstitial water are
much higherthan the concentrations In
flood water. During the frequent floods, the
BSlthat has dissolved into DSi can easily be
exchanged with flood water. BSi also dis-
solves relatively quickly when itcomes into
contact with water with low dissolved silicon
concentrations. Therefore, the Scheldt wa-
terthatflows outofthe CRT Isenriched with
silicon compared with the incoming water.
Marshes form rich reservoirs of silicon within
the estuarine ecosystem, which IsImportant
for the growth ofdiatoms and the supportof
the food pyramid.

Inshort, the Bergenmeersen FCA-CRT will
play a role Inthe enrichment ofdissolved
silicon and oxygen, and inthe reduction of
the nitrogen load. It Isexpected thatthere
will be at leasta local positive impacton the
ecosystem ofthe Scheldt.

4.5 Highertrophic levels
45.1 Fish

Importance ofthe Scheldt estuary

to fish

Estuaries serve as nursery grounds for many
young marine and freshwaterfish and are
atransitand spawning zone for migratory
fish. Inthe Sea Scheldt, on the one hand,
marine fish species flourish to upstream of
Antwerp; some species even swim further
to past Dendermonde. On the other hand,
freshwaterfish are sometimes seen down-
stream of Zandvliet. Agreat many ofthe spe-
cies offish known In Flanders can thus occur
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in the Sea Scheldt. In 2012, sampling revealed
41 species offish inthe Sea Scheldt. These
figures are considerably high than in the
past. The return of migratory fish in particu-
larillustrates the benefitof the efforts made
to reduce the pollution load in the river and
increase oxygen levels.

The FCA-CRT as fish habitat

Within the estuary, the mud flat and marsh
areas play an important role as an incubat-
ingandforagingarea. Research into the fish
communities in the Lippenbroek show that
fish can also make use of an FCA-CRT. The
area is less dynamic than the estuary and
the diversity of habitats ensures that differ-
entspecies come into their own at different
stages of life. Overthe years, the number
of species and individuals has increased in
everytype of habitat studied. Atotalof 20
species were observed.

The fish community in the Lippenbroek
initially consisted mainly of pioneer species
and introduced species such as the three
spined stickleback (Gasterosteus aculea-
tus’), the Prussian carp (Carassiusgibelio)
and the stone moroko (Pseudorasbora
parva). Over the years the fish community
evolved differently according to the habitat,

Figure 4.10. Common roach

with mainly European smelt (Osmerus
eperlanus) in the stream, common roach
(Rutilusrutilus) in the reservoirand three-
spined stickleback in the permanent pools.

Species such as the Prussian carp, the stone
moroko and the common roach complete
theirentire life cycle in the Lippenbroek.
Migrating species such as the European
flounder (Platichthys flesus), the European
smeltand even the European seabass
(Dicentrarchus labrax) use the Lippenbroek
asa nursery area (see "Lippenbroek pilot
project", p. 80). Predatory fish such as the
European pikeperch (Stizostedion lucio-
perca) mainly forage in the reservoir.

Itisexpected that the creation ofthe Ber-
genmeersen FCA-CRT can contribute sig-
nificantly to the fish community of the river
ecosystem. This could be directly, through
the creation of habitat in the flood area, and
indirectly, by improving conditions in the
river (see Section 4.4). Initial fish monitoring
has produced highly encouraging results
(see Chapter 8).

Eel inthe FCA-CRT

The importance ofthe Lippenbroekas a
foraging area for the European eel (An-

Figure 4.11. Eel



guilla anguilla) was recently investigated.
The question was whetherthe FCA-CRT is
importantas aforaging area for eel and if
so, how the eel's diet in the FCA-CRT differs
from thatin the Scheldt.

Comparison ofthe stomach contents of
eels from the Lippenbroek and the Scheldt
revealed that the diversity of prey in the
Lippenbroek isaround four times greater
than in the Scheldt. Inthe Lippenbroek,

eels feed more on terrestrial prey such as
earthworms, caterpillars and otherinsects,
in addition to fish, fish eggs and other ben-
thic organisms. The energy value ofthe prey
taken in both cases was calculated using
information from the literature. This showed
that the value inthe Lippenbroek was
around twice as high as in the Scheldt.

Although a health index reveals approxi-
mately equal values, it was demonstrated
statistically that eels caughtin the Lippen-
broekare significantly heavierfor a given
body length than the examples caughtin the
Scheldt. It has therefore been shown that
FCA-CRTs are an important habitat for the
eel and contribute towards the recovery of
the eel population.

Figure 4.12. Twaite shad

The return ofthe twaite shad

Until the end ofthe nineteenth century, the
Scheldt was an important spawning area
for various species of migratory fish such as
the twaite shad (Alosa fallax) and European
smelt (Osmerus eperlanus). The popula-
tions ofthese species were large enough

to allow commercial fishing. The Scheldt
became so polluted during the twentieth
century thatananoxic zone was created
and parts of the river were de facto biologi-
cally dead. Considerable efforts have been
made to improve the ecological quality of
the Scheldtsince the end ofthe twentieth
century. Inthe first place, efforts to treat
domestic waste water play an important
role. The Sigma Plan is continuing to improve
the ecological quality (habitat, nutrientcy-
cle) and by increasing the area of estuarine
habitatthrough the removal of polders or
the creation of FCA-CRTs.

As aresultofthese efforts, fish stocks are
recovering. One species that has made a
remarkable comeback in the Scheldt is the
twaite shad (Alosa fallax). The twaite shad
isa memberofthe herringfamilyandcan
grow toa length of 60 cm. Because ofthe
spots on its sides, it is also known as the
spotted giant herring. Another local name is
the Mayfish, because itis caughtin the tidal
zone of major rivers in the spring (May). The
twaite shad isan anadromous fish: it lives in
the sea, but spawns inthe mouths of rivers.
Ifthe temperature rises above 11°C, the fish
swim upstream. Where the tides are more
pronounced, they lay their eggs in more low-
dynamic zones with gravel and/or sand.

Until afew years ago, twaite shads were
no longerfound in the Scheldt. Now both
adults and juveniles are being found, which
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points to successful reproduction. The
lower limit of dissolved oxygen for twaite
shads is 3 mg/l. The presence oftwaite
shads istherefore an Indication ofgood
water quality. Ifthe water quality continues
to improve, the twaite shad could herald the
return of other species.

4.5.2 Birds

General

Freshwater tidal areas maintain particularly
large and diverse bird populations. The
Scheldtisof International importance for

21 species of waterfowl. Approximately 100
species of bird use the estuary to breed or
when passing through. This iswhy almost all
ofthe tida larea of the Sea Sche Idt was desig-
nated asa Habitatsand Birds Directive area.

The Scheldt between Ghentand Den-
dermonde ischaracterised by a narrow
navigable channel and very little mud flat
and marsh areas. The waves created by
ships make it impossible for birds to lookfor
food along the water line In peace. Wa-
terfowl numbers are therefore also much
lower. Where there are still mud flats and
marshes of reasonable size, such as in the
tidal arm by Ghent, the population of reed
birds and waterfowl is more diverse and
more extensive.

Figure 4.13. Bluethroat

The relationship of several bird groups to
the developing environmentisoutlined be-
low. Not all species and groups are covered.
The focus is on bird groups that are likely to
be encountered In Bergenmeersen.

Songbirds

Depending on the proportion of willow shrub,
two groups of songbirds can be distinguished
on the freshwater marshes. The first only
breeds in relatively broad and fresh reed
vegetation without thickets. Typical species
are the sedge warbler (Acrocephalus schoe-
riobaerius') and the common reed bunting
(Emberiza schoeniclus).

Asecond group consisting ofthe Eurasian
reed-warbler (Acrocephalus scirpaceus),
themarshwarbler (Acrocephalus palustris)
and the bluethroat (Lusciniasvecica) not
only breed In pure reeds, but Incoarse reeds,
brushwood and thickets. They also breed
easllyln relatively narrow, linearstripsofreed
vegetation.

Bergenmeersen will remain unmanaged, and
overtime a large partofthe FCA-CRT will
evolve into willow tidal forest. The settings of
the sluice ofthe FCA-CRT will determine the
evolution ofthe proportion of mud flatand
marsh and thus also the breeding area ofthe
second group of reed birds in particular.

Herons

The nature objectives ofthe updated Sigma
Plan include a limited number of breeding
pairs for colony-forming thicket-and tree-
breeders, such as black-crowned night-
herons (Nycticoraxnycticorax), Eurasian
spoonbills (Platalealeucorodia) and purple
herons (Ardeapurpurea). Creatingopportu-
nities for these species consists of providing



Figure 4.14. Purple heron

suitable breeding locations close to good
foraging areas.

The purple heron iscurrently nota breeding
bird in Flanders. It is relatively flexible in its
choice of nesting location. Key preconditions
are tranquil environmentand a nesting place
thatisdifficultfor predators to reach. They
nestin reeds or dense scrub (willow and
alder thickets) as well as high in the trees. The
foraging habitatofthe purple heron consists
mainly of marshy areas and ditches in
grassland areas. The birds forage exclusively
by day actively walkingalong the banks. Their
food consists offish, mammals, amphibians
and large water insects.

There is considerable potential for the pur-
ple heron in the Kalkense Meersen Cluster,

Figure 4.15. Common teals

thanks to the combination of suitable forag-
ing habitats: wet grasslands, marshes, reed
land, combined with the development of
willow tidal forests of which Bergenmeersen
can become the primary example. Thiscom -
bination makes the clusterone ofthe most
promising zones for the purple heron along
the Scheldt.

Bergenmeersen could become important
asa breeding location fora numberofother
species of heron. A condition isthatgood
spatial complementarity is established at
cluster level between Bergenmeersen as

a breeding area (breeding colony) and the
rest of the Kalkense Meersen Cluster as a
foraging area. At the same time, Bergen-
meersen could become attractive as afor-
aging area to species such as the Eurasian
spoonbill and genuine "marsh herons" such
as the night heron.

Waterfowl

Large groups of ducks are mainly found in
the freshwater part ofthe Sea Scheldt. For
the common teal (Anas crecca), the area
inthe zone upstream from Dendermonde
isvery important. During the winter, up to
1,000 overwintering common teals are
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counted. With up to 300 individuals, the
Northern shoveler (Anas clypeata) is ap-
proaching the Ramsar norm here (1%ofthe
population of north-western Europe). The
larger mud flat and marsh areas, such as the
tidal arm by Ghent, are home to up to 70
mute swans (Cygnus olor). The Importance
ofthe mud flats and marshes becomes
even greater Intimes offrost, when other
freshwater areas Inthe vicinity freeze over.
The tidal areas alongthe Scheldtthen form
an area for rest and foraging that helps
maintain populations In adjacent areas.

The different species of duck depend on
mud flats and open waterfor their food.
Common teals (Anas crecca), gadwalls
(Anasstrepera), common shelducks
(Tadorna tadorna) and mallards (Anas
platyrhynchos) filter mud, looking for seeds,
earthworms (Oligochaeta) and other
benthlc organisms. Common shelducks are
known to eat small crustaceans, snails and
diatoms. Common pochards (Aythya fe-
rina) and tufted ducks (Aythya fuligula) dive
Inthe waterfor their food. The ducks look
forfood and shelter Inthe relatively open
marshes when water levels are higher.

The action ofthe tide In Bergenmeersen Is
creatingadynamic system that will reach a
state of equilibrium Ina numberofyears or
decades (see "LIppenbroek pilot project”,

p. 80). The Initial situation will include a large
proportion of mud flats and open water,
which means mainly ducks and waders

are expected atthe onset. Asthe marshes
evolve and become covered with reeds and
willows, reed birds and thicket-breeders can
colonise the area.

4.5.3 Mammals

General

The number of mammal species expected

In Bergenmeersen Isqultea bltsmallerthan
the number of bird species. Forseveral spe-
cies adapted to the water, however, the area
could provide a habitat Intime.

Watershrew

The water shrew (Neomys fodiens) isfound in
water-rich biotopes with rich bank vegetation
and structurally rich banks. In addition to the
banksofstreams and lakes that are nottoo
steep, the flood zones of rivers, marshy areas
and reedy borders also form the biotope
ofthis species in Flanders. Wooded areas
are also possible (temporary) habitats. The
water shrew Isagood swimmer and looks
foritsfood - all mannerofinvertebrates and
small fish - Inthe water. The shrew Isa mobile
species thatisfound in the Scheldt basin and
could possibly colonise the flood area.

Figure 4.16. Water shrew

Beaver

The common otter (Lutra lutra) and Eurasian
beaver (Castorfiber) are on the rise in Flan-
ders, and are therefore significantly Inter-
esting Bergenmeersen is not expected to
become asuitable area for otters, butthings
may well be differentfor the beaver.



Figure 4.17. Beaver

The ecolégicalamplitude ofthe beaveris
considerable: thespecies can be found in
flowing highland streams, lowland marshes,
butalso in tidal areas. In principle, the beaver
needs adequate open water to build a lodge,
channels to move about without leaving

the water and sufficientfood. Beavers are
uniquely able to adapt circumstances to
theiradvantage. They do this, for exam pie,

by buildingdams or digging small channels to
extend their range. This iswhy they are also
known as "ecosystem engineers". Beavers are
strict vegetarians: thanks to special bacteria
intheircaecum, they can digestwoody plants
withoutany problem. They prefer soft varie-
ties ofwood, such as poplar, willow and birch,
ofwhich they eat the bark, twigs and leaves.
They alsoeatavariety of waterand marsh
plants, including the roots.

Studies in Canada indicate that the density
of beaver lodges is nowhere greater than in
untouched estuaries ortidal forests. The area
required by afamilyof beaversisthus relam
tively small in afreshwater tidal area. There-
fore Bergenmeersen could be bigenough to
house a beaverfamily.

Beavers became extinctin Flanders inthe
nineteenth century, butare now gradually
colonising Flanders again after being reintro-

duced in Wallonia. Itis therefore notimpos-
sible that the beaver will soon also appearin
Bergenmeersen.

4.6  Sluice settings as
guiding factor

The setting of the sluices in an FCA-CRT is
decisive for the development ofthe area.
This is because the sluices determine the
tide, and the tide isthe determining factor
in estuarine areas. In Bergenmeersen,

the aim is to develop such an estuarine
area and to give the natural succession as
many opportunities as possible. Adaptive
sluice managementwas chosen in order to
anticipate on the developments in the area.
This isdescribed in Chapter 8, where the
relationship with other requirements (such
as safety) is also discussed.

The basic requirements for sluice manage-

mentin favour of nature development can

be summarised as follows:

1. Allow tidal floodingas soon as possible
afterthe completion ofthe construction
works. This prevents the land from be-

coming quickly and permanently wooded.

2. Inan initial period (the transformation
phase), afairly high tidal dynamic should
be created to begin the formation of
channels and deposit afirst layerof sedi-
ment. The former agricultural area is con-
verted into an estuarine area as quickly
as possible, with as large a proportion as
possible of mud flats.

3. Inthe subsequent, possibly rather long
period (the succession phase), the
sluice management should be carefully
controlled to allow mud flats to gradually
evolve into marshes and the succession
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to reed vegetation and willow tidal forest
can take place.

4. Once the desired mud flat/marsh ratio
has been achieved, the sluices can be
given their permanent settings (stable
phase). The global picture of the area
Isthen more or less established; It now
consists of up to 75% willow tidal forest.
Inthe longterm, however, the reliefcan
be altered by sedimentation and erosion
such thatthe flooding frequencies differ
from the desired final picture. Atthat
point, minor adjustments to the sluices
may be required.

4.7 Conclusion

The conceptofan FCA-CRT Isa recentone.
Bergenmeersen is the firstfull-scale FCAof
this type inthe world, after the Lippenbroek
pllotarea. Compared with de-poldering,

the situation is highly controlled. After all,
the sluice ofthe flood area and the sluice
settings will determine the dynamics and
succession of mud flats and marshes.

Current knowledge ofthe tidal areas in the
freshwater part of the Scheldt, including the
Lippenbroek, give us an jdea ofthe future de-
velopmentofthe Bergenmeersen area. The
final picture is a willow tidal forest of approxi-
mately 30 ha and amud flat area of approxi-
mately 10 ha, cut through by tidal channels.
The whole guarantees exceptionally diverse
fauna and flora, the expected elements of
which are more or less known. However,
surprises cannot be ruled out, given the size
ofthe area and recentdevelopments in the
Scheldt basin. The influence ofthe new ar-
rangementon the local river ecosystem will
be subjectto close monitoring.

Figure 4.18 Tidal forest
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PILOT PROJECT

THE LIPPENBROEK

The concept ofthe flood control area with controlled reduced

tide (FCA-CRT) is being applied for the firsttime on a large scale

in Bergenmeersen. But it was previously tested extensively in the
Lippenbroek pilot project (Hamme). There, various universities

and institutes, such as the University of Ghent, the Free University
of Brussels, the Research Institute for Nature and Forest, Flanders
Hydraulics Research and the Royal Netherlands Institute for Sea
Research, headed by the University of Antwerp, are investigating the
operation ofthe concept. The key question for the Lippenbroek:
can sustainable ecological structures and functions develop in
FCA-CRTs that are qualitatively and quantitatively similar to those of
undyked mud flats and marshes?

Author: Tom Marts (University o fAntwerp)

The Lippenbroekisaformer polder area of 10 ha along the left bank ofthe Scheldtin
Hamme. It was atypical Scheldt polder used for agriculture, with maize and potatoes as the
principal crops and a small poplar plantation.

The Lippenbroek lies in the freshwater tidal area ofthe Scheldt, some 10 km upstream of
Rupelmonde. Intimes offlood, this meantthat the area received part of the pollution load
of the city of Brusselsand experienced high nutrient concentrations and a low oxygen satu-
ration when the waterflowed in. Because the intention was to measure the area's contribu-
tion to the recovery of the quality of the estuary's water, this was not seen as a problem.
Water treatment in Brussels (and throughout Flanders) has since advanced considerably,
and the quality ofthe Scheldt water has improved significantly.

In 2004, work began to convert the area into an FCA-CRT. This involved building the new
ring dyke, lowering an overflow dyke on the side of the Scheldtand constructing a new inlet
sluice to create the reduced tide. Drainage is through a separate sluice construction with a

non-return valve.

A low elevation, +2.5 to 3 m TAW, istypical of such an area. By way of comparison: the un-
dyked marshes before the Lipenbroek lie at +5.5to 6 m TAW. The ingress of water into the
flood area mustensure that the tide in the lower-lying polder approaches that of the river



Figure 4.19. Arialphoto o fthe Lippenbroek

as closely as possible. The inlet sluices were therefore fitted with stop-logs. Experiments
with "trial water ingress" helped find the most suitable sluice configuration.

The sluices were opened permanently in March 2006. An extensive monitoring programme
was begun to see how the organisation ofsucha flood area leads to the development of
mud flats and marshes.

Tidal cycle

Modelling showed that, thanks to the system of high inlets and low outlets, it is possible

to vary the frequency offlooding considerably. However, the inlet construction must be
sufficiently high (+4.7 m TAW in the Lippenbroek). Only then is there sufficient difference in
water ingress duration and volume to create the desired significant variation in water levels
in the polder.

Measurements ofthe water level in the Lippenbroek and De Plaat reference marsh show
that the sluice construction reduces the high water level by around 3 m, without affecting
the variation between neap tide and springtide. The slack tide is reduced to the level of
the polder. Asa resultthe Lippenbroekis notflooded daily, but experiences awide range
offlooding frequencies. These are mainly determined by the sluice configuration and no
longer by elevation in relation to the level of the Scheldt. This provides opportunities for
marshes to develop in low-lying areas.



Figure 4.21 Tidal variation
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Figure 4.22. Tidalmodelling

Detailed measurements of individual tidal cycles show, as already indicated by the model-
ling, that the shape ofthe tide is altered. The tidal curve is no longer sinusoidal. The tidal cycle
in the FCA-CRT now has three phases: flood, stagnantand ebb. As soon as the level of the
Scheldt exceeds the high ingress level, a powerful flood occurs. Following ingress, the stag-
nant phase begins. The ebb phase can only begin when the level of the Scheldtdrops below
the water level in the Lippenbroek. The stagnant phase, which lasts an average of 2to 2and a
half hours, is a key artefact of an FCA-CRT. Fora similar flooding frequency, such flood areas
therefore experience an extended period offlooding. The possible ecological implications of
this are being investigated in the Lippenbroek.

Sedimentation and erosion

Sedimentation is monitored closely due to its considerable importance for the ecosystem

and safety. The results are clear: the Lippen broek exhibits sedimentation speeds that are
comparable with those of natural marshes. Atthe lowest points these are high, up to

10 cm ayear. The higher parts hardly silt up atall, withjustafew millimetres a year. Asa result,
the lower parts increase in height more quickly and the area levels off: we geta marsh plateau,
cut through by large and small channels. Somewhat unexpectedly, these channels form
quickly and easily in the Lippenbroek. The hard polder clay and the sluice constructions do not
preventthe tide from cutting out numerous new channels. Obviously this process takes time,



Figure 4.23. Network o fstreams in the Lippenbroek

but afterjust six years, a clearly branched network of streams has begun to emerge. The
existing polder ditch was also affected by the tide. This ditch became wider and deeper
towards the mouth; it is silting up into a narrow channel atthe back ofthe area.

Water quality

Water that leaves the Lippenbroek is clearly of better quality than waterthat flows into it.
Passing through the sluices and spending time in the area ensure significant oxygen enrich-
ment.

One important characteristic of natural tidal areas is that they remove nitrogen. The inflow

and outflow of nitrogen in the Lippenbroek was therefore closely monitored during various

tidal campaigns. With each tidal movement, the Lippenbroek removed approximately 10 kg
of nitrogen from the Scheldt water. Thatisa lot, but the area of FCA-CRTs will never be large
enough to reduce the current nitrogen load in the Scheldtto an acceptable level. Measures
atthe source are therefore required, such as water treatment plants and restrictions on
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the use offertiliser. Tidal areas have the job of removing the remaining diffuse influx that
evades the water treatment plants.

Phosphorus was not initially removed from the Lippenbroek, on the contrary. There was an
outflow of phosphorus during the first few years, probably a legacy of years of fertilisation
inthe former arable land. In recent years, however, the trend has reversed and the Lippen-
broek is now also absorbing phosphorus.

The exportofsilicon isa more subtle story. When there are no shortages in the estuary, the
Lippenbroek absorbs dissolved silicon. Ifthere are shortages, it isexpected that dissolved
silicon will be released: this is how natural marshes work. And initially, this was indeed what
happened inthe Lippenbroek: large amounts of dissolved silicon were released from the
mud flats and marshes. Buta large part ofthat silicon will probably be consumed in the
Lippenbroek itself. The channels and tidal pools that are permanently under water are hot
spots of biological activity. The released silicon strengthens the function ofthe Lippen-
broek as a rich food area, but the export ofdissolved silicon to the Scheldt has decreased.

Fauna and flora

Fora habitat to recover successfully, complete fauna and flora developmentis needed to
form a stable food chain. Vegetation, zoobenthos and fish have been monitored system-
atically since March 2006; the bird population has been monitored since autumn 2006.
These observations are dealt with in Chapter 4.

What is remarkable for the Lippenbroek is the influence ofthe separate inflow and outflow
of water on fish migration. Targeted basket weir catches show that the fish are not entering
the polderin large numbers via the water inlet. Rather, afairly limited passive migration was
noted via this route. Nevertheless, the fish do find their way in and out of the flood area,
via the outlet sluice. Perhaps the fish are attracted by the oxygen-rich lure flow that leaves
the polder as the water flows out. This means the fish are migrating against the outflowing
water, from the Scheldt to the polder. Itis expected that outlet sluices will also be mainly
responsible for fish migration in otherareas.



Conclusion

The Lippenbroek shows that estuarine recovery in low-lying polders can be made to
proceed very quickly by developing FCA-CRTs. Thanks to the creation of suitable tidal
conditions, spontaneous rapid evolution follows towards afunctional mud flat and marsh
ecosystem. Oxygen enrichment and nutrient cycling were demonstrated in the Lippen-
broek. The prolonged flooding period of an FCA-CRT does not seem to presentan obstacle
to colonisation byfauna and flora.

The effects of the Lippenbroek on the water quality of the Scheldt Itselfcannot be meas-
ured. This is because the pilot project Istoo small to have an Influence. However, model
calculations show that large FCA-CRTs such as Bergenmeersen nevertheless make a
significant contribution to the Scheldtecosystem. The updated Sigma Plan provides for
the creation of hundreds of hectares ofthattype offlood area, thereby giving the Scheldt
estuary awelcome boost.

Figure 4.24. Theyellow iris growsprofusely in the Lippenbroek.
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5. PREPARATORY
INVESTIGATION

Agreat deal of preparatory investigation preceded the organisa-
tional work at Bergenmeersen. This was necessary to gain an insight
into soil quality and structure and the archaeological richness of the
project area, since these elements influence the design and costs of
the project.

This chapter describes the results ofthe environmental, geotechni-
cal and geophysical soil survey and the archaeological survey. It also
examines the model trials ofthe inlet and outlet sluices. Itis through
these sluices that the Scheldt water will flow into and out of the flood

control area with controlled reduced tide (FCA-CRT).

Authors: Erwin Meylemans (Flanders Heritage Agency), Koenraad Haelterman (Geotech-

nical Department), Michael De Beukelaer-Dossche (Waterways and Sea Canal)

andPatrik Peeters (Flanders Hydraulics Research)

5.1 Environmental soil survey

To allow earth to be moved Inaccordance
with Flemish legislation, atechnical report
was produced. Duringthat environmental
survey, the OVAM (the Public Waste Agency
of Flanders) guidelines, Inthe form of codes
ofgood practice, were followed. The ac-
credited soil remediation expert Talboom
NV was called on In this connection within
the context of an ongoing framework agree-
ment.

Adrilling plan was drawn up, resulting In

52 mixed samples. These mixed samples
were analysed on the standard package for
earth-moving and 5 mixed samples for the
water bed. GradIngs were alsotakenof 24

soil samples, to allow an Initial estimate of
structural quality to be made. The fieldwork
and analyses were carried out In mld-Sep-
tember2010.

Because Bergenmeersen Isan historical
polder where controlled flooding has al-
ready been taking place for three decades,
acertain Increase compared with back-
ground values was to be expected. This

Is because the Scheldtsediment Is still
enriched by historical Industrial (discharge)
activities. The survey revealed that reuse
of the soil within the same cadastral work
zone was possible from an environmental
perspective. As a result the transportation
of soil and the hindrance that comes along
with It were significantly reduced.
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5.2 Geotechnical and
geophysical survey

5.21 Geotechnical survey by the
Geotechnical Department

Ina preparatory phase, the Geotechnical
Department was commissioned to carry
outathorough survey of the subsoil. The
Departmentfirst reviewed the Information
that was already available Inthat area. Old
maps (Ferraris (1771-1778), old topographi-
cal maps, etc.) were studied, focusingon
things that might have disturbed the
subsoil, such as wheels, dyke breaches, old
channels and meanders. During this phase,
the Investigators also looked at which geo-
technical tests were previously conducted
Inthe area based on the Database of the
Subsoil of Flanders (DOV).

Figure 51.
Resultsof

the environmental
soilsurvey

A soil study programme was drawn up
based on the available Information. This
study was split Into fieldwork and lab work.

Eleven eone penetration tests (OPT) were
performed Inthe zone of the ring dyke

and at the site of the future structures In
the existing dykes, on average every 50 m.

In eone penetration tests, steel pipes are
forced Into the ground using hydraulicjacks.
The resistance of the soil Is measured every
2 cm, allowing an Initial diagnosis of the
subsoil to be made.

Based on the results ofthe eone penetra-
tion tests, It was decided at which locations
bore holes would be useful. Atotal of4 bore
holes were drilled to adepth of between
15and 30 m. During this process the soil
was loosened; Intotal, 17 Intact samples
were taken, which were then tested Inthe



laboratory. An extensive series of lab tests
(diagnostic tests, determination of weight
by volume and water content, compres-
sion tests and CU triaxial tests) allows the
composition of the soil to be accurately
determined, In addition to a number of
specific properties such as slide resistance
and compressibility.

Based on the soil survey, a layer structure
was produced over the entire course (Fig-
ure 5.2). The subsoil was divided Into layers
and the calculation parameters that would
enable the stability calculations to be made
were determined. At the ring dyke, the sub-
soil consists of a series of weak layers 5 to

6 m thick, followed by clay and sand alter-
nately. Ata depth of10to 15 m Isa stronger
sandy subsoil layer.

5.2.2 Non-destructive geo-
physical test by G-Tec/IMDC

In addition to the geotechnical study by the
Geotechnical Department, G-Tec/IMDC
carried outa non-destructive geophysical

Figure 5.2. Layerstructure o fthe ring dyke

testofthe Scheldtdyke. This consisted

of ageophysical diagnosis using electro-
magnetic measurements and diagnosis via
resistance tomography.

Electromagnetic measurements are de-
signed to plotthe electrical conductivity of
the body of the dyke and the subsoil. The
primary electromagnetic field generated by

Figure 5.3. Equipmentused for non-destructive
geophysical tests
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the equipment willdevelop asecondary elec-
tromagnetic field in the vicinity. The phase
displacement ofthe resulting field provides
information aboutthe apparentconductiv-
ity of the shallow soil. Variations in soil type,
moisture content and electrically conducting
objects will lead to variations in recorded ap-
parent conductivity.

Sluice

Figure 5.4. Results o fthe non-destructive geophysical test

Breach/road

The use of resistance tomography is in-
tended to provide an indication aboutthe
material from which the dyke is constructed
or of which the subsoil consists. Here, the po-
tential is measured between two electrodes
under the influence ofa currentfield created
between two other electrodes. In practical
terms, hundreds ofcombinations are meas-
ured with aset-up of several electrodes.
Figure 5.4 shows an extractofthe results.

Sluice/breach
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Figure 5.5. Step-by-stepplan o fthe geotechnicaland geophysical tests



5.2.3 linteraction of geophysical
survey with classic

geotechnical survey

Following a study by Flanders Hydraulics Re-
search, a step-by-step plan was developed
(Figure 5.5). Inthe future, other projects will
therefore begin with the geophysical survey,
consisting of electromagnetic and geo-
electrical measurements. Once these have
been evaluated, the geotechnical survey
can be continued on atargeted basis.

5.3 Exceptional archaeo-
logical heritage

From early prehistory, the evolution of the
landscape in Bergenmeersen was dominat-
ed by the behaviour ofthe Scheldt. Since
the end ofthe last lee Age, around 12,000
years ago, mankind always found its place in
that changing landsca pe.

The archaeological survey in Bergen-
meersen therefore firstly mapped the
earlier landscape, through ground samples
and historical maps. This allowed several
zones to be identified that seemed very well
suited to the presence of archaeological
sites. Usingground samples and so-called
geophysical prospecting, archaeologists
went looking for possible sites.

The original construction plans were par-
tially adapted, so that severalarchaeologi-
cal sites were spared. Two other locations,
where the threat offuture erosion could not
be avoided, were excavated in 2012. All this
information, perhaps only the archaeologi-
cal tip of the iceberg, shows an area rich in

Figure 5.6. Remnants o fan impressive river system
in the subsoil o fthe Kalkense Meersen Cluster

DTMalternate
and adjacent depressions
HeightTAW

Figure 5.7. The channels flank a striking ridge.

archaeological sites, from prehistory to the
present day.

A dynamic landscape

The structure and evolution ofthe land-
scape in Bergenmeersen can only be un-
derstood from a broader regional perspec-
tive. After all, the subsoil of all the zones in
the Kalkense Meersen Cluster contains the
remnants of an impressive river system, the
main river of which was 100 m wide and up
to 9 m deep (Figure 5.6).

This channel is also present in Bergen-
meersen; itis now full of peat and clay
and is invisible on the surface. A small side
channel still runs to the south-east of this
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channel. These channels therefore flank a
striking ridge, which formed a "peninsula"
throughout early prehistory (Figure 5.7).

The study offossii pollen grains and radio
carbon dating of the Infill ofthese channels
give agood picture ofthe changing environ-
ment and the speed at which the system
silted up. Thus, from the end ofthe last lee
Age, we see the evolution towards adensely
wooded landscape, first with blrchand pine,
and latertowards a highly diverse deciduous
forest, with oak, lime and hazel, among oth-
ers. Byaround 6,000 years ago, however, the
system ofchannels had completely silted up
and the area became very boggy. Alder and
later willow were the dominant tree species.
From this period on, the Bergenmeersen
"peninsula" gradually disappeared beneath
peatand clay. The Scheldt river system
evolved towards a pattern of smaller rivers
thatwound through the carr.

ltwas only around 3,000 years ago that, at
the start ofthe Iron Age, a river of signifi-
cance was again cut: the current Scheldt.
Bergenmeersen's subsoil still shows numer-
ous traces of this river's activity, Inthe form
of small side channels and lobes of sandy
flood deposits. All these relics of the earlier
Scheldt are covered by a layerofclay, flood
sediment mainly deposited Inthe Roman
period to after the Middle Ages. Historical
sources point to the factthat polders were
only created at Bergenmeersen fairly late
on, Inthe eighteenth or nineteenth century.
Before this period, the sources only mention
small summer dykes. Majorfloods of the
area are therefore reported until Into the
seventeenth century. One last noteworthy
change Isthe straightening of the Scheldtat
the end ofthe nineteenth century, when the

eastern meander bend was cut off (Figure
5.8). This brought a large number of Impor-
tantarchaeologlcalfIndsto light.

Archaeological sites

Even before the archaeological fieldwork,
earllerfinds Inthe Bergenmeersen zone
showed that the area probably contains a
great many archaeological sites. When the
Scheldt was straightened at Paardewelde In
1892, for example, one ofthe largest coilec-
tions oftools made from bone and antler
was collected by a lawyer, A. Moons (Figure
5.9). A large number ofthese finds entered
the collection ofamateur archaeologist
Georges Hasse through a public auction In
1922. Inthe mld-1930s, Hasse devoted two
articles to "Wichelen préhistorique"” on the
basis of the finds.

Study has revealed the location ofthe finds
to be no surprise. After all, the straight-
ened section crosses the earlier loop of
the Scheldt perfectly (Figure 5.8). Inall
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Figure 5.8. Map from 1905drawn byA. Moens, with
the locations o fthe straightened meanderbend
and theprehistoric finds



Figure 5.9. When the Scheldtwas straightenedat Paar
deweide in 1892, one o fthe largest collections o ftoots
made from bone and antlerwas collected.

likelihood, the objects come from encamp-
ments of prehistoric hunter-gatherers on
the banks of this channel. Radiocarbon
datings of several tools indicate that various
periods of habitation are covered by the
collection, ranging from around 5,300 to
3,800 years ago.

The 2009 bore-hole survey confirmed

the area's appeal for prehistoric man. A
relatively large numberoffinds (flint tools)
were unearthed on the ridge between the
two old Scheldtchannels. These show that
the location was visited regularly during the
Stone Age. The excavations in 2012 also
uncovered prehistoric finds. Some ofthe
excavated finds (more flint tools) can be as-
signed to the startofthe middle Stone Age
(early Mesolithic, around 8,500 to 7,500
years ago).

Figure 5.10. Digital heightmodel o fthe central ridge
in Bergenmeersen, indicating archaeologicalground
samples. The ground samples containing prehistoric
finds are shown in red.

Various finds and traces were unearthed
from the Iron Age and Roman times, such
as several channels, drains and post-holes.
However, it is not clear what precisely these
finds mean. The traces are probably situ-
ated on the edge offarming settlements
from these periods.

Historical sources pointto the fact that
Wichelen was an important centre in the
early Middle Ages, more specifically in
the tenth century (Carolingian-Ottonian
period). However, finds from this period
remain rare.

During earlier dredging work in the Scheldt
near Wichelen, several cloak pins from this
period were found, among other things.
During the excavations in 2012, finds from
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this period were limited to one or two
shards. Perhaps the centre of early Middle
Ages Wichelen lies outside the Bergen-
meersen area, on higher and dryerground.

One ofthe most remarkable finds In Ber-
genmeersen comes from the later Middle
Ages. Based on historical sources, the
presence of a medieval "castle" had long
been suspected in the area (Figure 5.11). In
one ofthese sources, a plot was Indicated
with the name "motte". That led people

to suspect that this could be the site of

a medieval castle. In 2009, geophysical
measurements indicated that the subsoil
ofthat plot could Indeed contain a broad
circular moat, which was confirmed by the
excavation In 2012.

The moat, approximately 12m wide and
2 m deep (Figures 5.12and 5.13), surrounds
aclreular"lsland" approxImately40 m In
diameter. Unfortunately, the centralem-
bankmentofthatisland appeared to have
been completely excavated, which meant

no structures ofthe earller edifice remained.

One or two natural stone blocks and frag-
ments of brick dumped on the Inside ofthe
moat recalled the presence of stone struc-

tures. Thanks to the other waste in the moat,
mainly pottery, the site was able to be placed

Inthe thirteenth to fourteenth century.

The remains of a bridge, a brick pillar and
several wooden beams were found Inthe
eastern partofthe moat. This construction
Is probably more recent. Dating studies

on the wooden beams will confirm this.
Together with the location ofthe former
church of Wichelen (In the current church-
yard,just outside Bergenmeersen), the late
medieval structure undoubtedly forms one

Figure 511 General excavation pian o fBergenmeersen.
The moatfrom the castle site isin the north-west.

Figure 512 A section o fthe medieval moat

ofthe core elements of medieval Wichelen.
The erection of this type of castle site, cir-
cular structures with adiameter of approxi-
mately 40 m, Istypical of the thirteenth and
fourteenth century.



Figure 513.A section o fthe medievalmoat

However, most traces date from the post-
medieval period, more specifically from the
sixteenth and seventeenth centuries. Finds
from this period can most likely be associat-
ed with the presence ofthe "Hofter Zeype",
which appears on historical maps from the
eighteenth century (Figure 5.14).

Historical sources already show a substan-
tial farmstead at this location in the six-
teenth and seventeenth century. The traces
mainly concern anumberof channels,
drains and holes. The precise significance
ofthese traces isyet to be explained.

Conclusion

Although the excavation results are still
being processed, it can be concluded from
all the information thatthe Bergenmeersen
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Figure 514. The Hofter Zeype appears on historical
maps from the eighteenth century.
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project area contains exceptional archaeo-
logical heritage. Numerous finds have

been made from prehistory in particular,
which suggests that the area was a choice
spotfor hunter-gatherers for thousands

of years. From later periods, the presence
of a late medieval "motte" is particularly
noteworthy.

5.4 Model tests of the inlet
and outlet sluice

The combined inletand outlet sluice isa
keyelementinthe conceptofthe FCA-
CRT. Flanders Hydraulics Research carried
out a hydraulic revision of the desktop
design ofthe combined inletand outlet
construction of Bergenmeersen. Water-
ways and Sea Canal outsourced the design
ofthe construction itselfto Tractebel
Engineering in collaboration with IMDC NV.
The hydraulic functioning of the construc-
tion was tested by means of a scale model
study.

Totestthe combined inletand outlet
constructions of several FCA-CRTs with a
single scale model, a very simplified 2DV
scale model was designed. 2DV means that
the model is built into achannel; only the
flow in atwo-dimensional vertical plane is
studied. The scale model has ageometri-
cal scale of 1:8. The model zone is 0.56 m
wide, 1m tail and 15 m long. The geometry
ofthe constructions undertestisformed
by flat plates, secured to movable scissor
lifts. With this arrangement, notonly can
constructions easily be changed, geomet-
ric adjustments can also easily be made.
Figure 5.15 shows the possibilities for
adjusting the scale model.

Figure 5.15. Possibilities for adjusting the scale model

The following recordings were made in the
scale model:

* level upwards and downwards,

+ rate of flow through the construction,

* near-bottom speed,

+ length of fall,

+ level of drainage shaft,

+ visual recordings of flow pattern.

The difference in level over the construc-
tion isgreater when water is being let in
than during drainage, which means propor-
tionally more energy has to be dissipated.
The scale model study therefore limited
itselfto inflowing water.

When water isflowing in, the energy is dis-
sipated via a hydraulicjump. Forthe dura-
bility of the construction, the supercritical
flow after the falling stream mustimmedi-
ately be converted into a subcritical flow
via a hydraulicjump. To make this hydraulic
jump possible, a sufficiently high level is
needed in the FCA-CRT. The minimum
level at which the hydraulicjump occurs



immediately after the drop isthe "corre-
sponding" level. The required correspond-
ing level increases the higherthe level of the
Scheldt. Figure 5.16 illustrates the situation
with a water level thatistoo low on the left
and the situation with the corresponding
level on the right.

Figure 5.16. The situation with a water levelthatistoo low (left) and the
corresponding level (right)

Ifthe water level in the flood area is too low,
the water flows into the area: the so-called
supercritical flow. Inthe flood area, this is
only converted into a subcritical flow via a
hydraulicjump. Such a situation leads to
unacceptable flow speeds above the gabi-
ons,and possibly to scouringatthe pointof
the hydraulicjump downstream from the
constructions. Ifthe water level is equal to
or higher than the corresponding level, the
hydraulicjump occurs immediately after
the drop (in the construction itself). Since
the construction is made of concrete, that
isnota problem.

Itfollows from comparing the correspond-
ing level with the simulated levels in the area
that the hydraulicjump will always occur
immediately after the drop.

To adjustthe incoming volumes depend-
ing on the tide, stop-logs are placed in the
inlet shaft. After the stop-logs, the inflowing
water in the inlet shaft can accelerate to
supercritical speeds. The influence of stop-
logs on the course of the falling stream,

the occurrence ofa hydraulicjump and
near-bottom speeds were investigated. It
followed from these investigations that the
configurations with stop-logs are less criti-
calthanthe configurations without stop-
logs because ofthe lower rate of flow.

Todimension the soil protection consist-
ingofgabions on the side ofthe flood area,
the near-bottom speed above the gabions
and the length of the hydraulicjump were
measured.

To obtain a stable falling stream, the litera-
ture recommends aerating the space below
the stream. To investigate the need for
aeration, tests have been carried out with
both aerated and non-aerated streams. Air
isadded where the falling stream comes
into contact with the water surface. The air
in the drainage shaft is also sucked in below
the falling stream. This creates an under-
pressure in the drainage shaft ifthe falling
stream is not aerated. This underpressure
aspirates the falling stream and raises the
level in the drainage shaft. No influence was
noted of the (non-)aeration on the occur-
rence ofa hydraulicijump and on the near-
bottom speed above the soil protection. No
unstable course or vibrations were noted
with a non-aerated falling stream.

Eddies with an air core can occur atthe
point when the ceiling above the stilling pool
isflooded. The combination of Scheldt lev-
els and the levels of the FCA-CRT at which
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Figure 517. Results o fstandard configuration: polderlevel Y2depending
on the levelo fthe Scheldt

eddies occur merits the necessary atten-
tion. Itisinferred from the simulated levels
thataflow pattern involving eddies with an
aircore occu rsonly exceptionallyand so
does not presentadangerto the durability
ofthe construction.

Itcould be concluded from the hydraulic
revision that the design of the engineer-
ing firm forthe combined inletand outlet
construction is hydraulically adequate.
Important insights were gained. These are
significanton theone hand for evaluating
the construction when it isoperational, and
on the otherforcombined inletand outlet
constructions still being designed for other
Sigma areas.

n Standard -Y2
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TECHNICAL DESIGN

To convert Bergenmeersen from aflood control area (FCA) to a
flood control area with controlled reduced tide (FCA-CRT), the
existing dykes were modified and a new inlet and outlet construc-
tion was built. This chapter outlines the hydraulic and geotechnical

design. This encompasses raising the existing ring dyke around the

area, the new stability calculations and the modified dyke revetment
along the water and land side. The inlet and outlet structure is also

described. The hydraulic boundary conditions are extremely impor-

tant to the design.

Authors: Ronny Van Looveren and Stoffel Moeskops (International Marine &

Dredging Consultants - IMDC), Cathy Boone (Tractebel Engineering), Patrik

Peeters (Flanders Hydraulics Research) and Dominiek Decleyre (Agency for

Nature and Forest)

6.1 Hydraulic boundary
conditions

These hydraulic boundary conditions are
importantfor the design: water levels, water
velocities, wind waves and ship induced
waves.

6.1.1 Water levels

Forthe updated Sigma Plan, the dyke (crest)
heights are fixed. They were determined for
the entire Sigma area on the basis of a study
of social costs and benefits. Itfollows from
the assumptions ofthe update study for the
Sigma PlanthatdykesalongtheSea Scheldt
and tributaries must be water-retaining to
water levels equal to 0.5 m below the crest of
the dyke. Non-water-retaining infrastructure
such as overflow dykes and inletand outlet

constructions may notfail structurally at
these water levels. In concrete terms, this
means that the constructions are designed
for a high water level of +7.5 m TAW for
Bergenmeersen.

No unique return period was assigned to the
water level to be retained (or the design wa-
ter level). Because the updated Sigma Plan
isbeing implemented on a phased basis,
safety will gradually increase in the period
2010-2030 (or the probability ofthe design
water level will decrease). The interplay of
climate change, economic and ecolégicall
developments and additional measures will
then maintain the risks offlooding at socially
acceptable levels.

Inaddition to the maximum water level of
+7.5 m TAW, the variation ofthe level is also
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Figure 6.2. Windwave load on the dykes o fBergenmeersen

extremely important. A rapid fall or rise in
the water level, for example, leads to high
flow speeds through the outlet structure. If
the water level remains more or less con-
stantfor a longtime, the load on agrass
covering on the dyke increases. Allowance
was therefore made for different variations
in level. In total, 15 different hydrographs
were taken into account in each case.
These hydrographs were determined on
the basis ofathorough statistical analysis
of water levels in the Scheldt. Figure 6.1
shows two extremes. Both are character-
ised by the same maximum water level of
+7.5 m TAW, but the variation of the levels
differs significantly.

6.1.2 Watervelocities and waves

In addition to the design water level, the
load on the hydraulic structures is also
caused by water velocities, ship induced
waves and wind waves. The water velocities
were determined on the basis of one-
dimensional hydrodynamic simulations of
the Scheldt; the ship waves were calculated
using the DIPRO method. As with the water
levels, no return period was assigned to the
design ship waves and water velocities.

Wind waves, on the other hand, were esti-
mated for various return periods. They were
calculated using Wilson's empirical formula,
given the wind direction, wind speed and
fetch length, and then combined with the
design water levels.

Figure 6.2 shows an example of the wind
wave load on the flood area side of the
overflow dyke and the ring dyke. The east-
ern dyke segments clearly experience a
greater load than the western segments.



slidingoflandslope

piping

6.2 Dykes: calculation
method and safety

6.2.1 General

Bergenmeersen is surrounded by dykes
with a total length of 3.2 km, comprising

2 km of overflow dyke and 1.2 km of ring
dyke. The crestofthe overflow dyke is at
+6.4 m TAW, the crest of the ring dyke at
+8 m TAW. The slopes are relatively gentle,
with a gradient of 12/4 on the Scheldt side
and 16/4 on the land side.

The dykes are inspected for macrostability
(sliding of the land or riverslope), uplifting
ofthe water-retaining layer (microstabil-
ity/and seep erosion (pipingand heave)
beneath and along the dyke.

$ - .

micro(in)stability

NIEKE

erosionoflandslope

erosion ofriverslope

Figure 6.3. Failure mechanisms investigated

The land side ofthe overflow dyke is loaded
by the high flow speeds ofthe overtopping

water when the flood area isfilling. The land
side ofthe ring dykes can be loaded by

overtopping water as a result of wind waves.

A suitable revetment must prevent erosion
ofthe land slope as a consequence of this

phenomenon. Every effort was made to
find an ecological solution.

The waterside ofthe ring dyke is loaded
by the impact of wind waves. Once again,
arevetmentthatis suitable but preferably
as natural as possible protects the dyke
against possible erosion of the riverslope.

Strictly speaking, settlement is not afailure
mechanism. However, settlement cal-
culations were carried out to be able to
determine the initial settlement allowance
of the dykes.

6.2.2 General stability

To checkgeneral stability, both stationary
(with constant values for the water levels)
and non-stationary calculations (with
variable water levels) were carried out. The
calculations were carried out with the Plaxis
finite element package and in Geostudio.

An undrained calculation was also carried
out in Plaxis. This allows the implementation
period ofthe various construction phases
to be taken into account. Stability in Plaxis
was determined using the (p-c-reduction.
Within this calculation, the tan gpand cohe-
sion c ofthe ground are gradually reduced
until (part of) the structure fails.

For the interim phases (such as the con-
struction ofthe sand core), a minimum
safety of 11 was required; for the final phase
(construction of final dyke profile, possibly
fully consolidated), a minimum safety of
1.3. This value was achieved for all dyke seg-
ments. Figures 6.4 and 6.5 show two typical
results of this modelling.
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6.2.3 Uplifting

To avoid uplifting, it was checked whether
the upward water pressure below the Im-
permeable layer on the land side isgreater
than the dead weightofthe earth package.
Ifthat isthe case, earth will be pushed up
anda leakwlllappearonthe land side. Ifthat
phenomenon occurred, further checks were
performed to see whether the resulting flow
through the dyke remains limited. No prob-
lems with uplifting were found for the dykes
of Bergenmeersen.

6.2.4 Seep erosion

Twotypes of seeperosion playa role: pip-
ingand heave. Pipingdevelops alongthe
underside ofthe structure, more or less in a
horizontal direction. This forms an erosion
channel. Heave Is vertical, and Isassociated
with the disappearance of the effective grain
pressures. The grains of sand are picked

up and rinsed away by the water, as It were.
The critical (outflowing) hydraulic gradient Is
limited to 0.5.

Piping is irrelevantfor dykes on permeable

and coheslonless subsoil. No piping can occur
if materialinses outattheln nertoe ofa dyke.
This Isbecause the hole Immediately caves

in, since sand iscoheslonless. Fordykes on a
subsoil that iscohesive and poorly permeable
(clayand peat), piping willonly occurifthe
earth can be lifted up outwards from the dyke.

Ifthe dimensions satisfy one ofthe follow-

ing criteria, there Is no danger of piping:
Ag/Aw>1

« L/18>AH-0.3d

No seep erosion problems were found for

Bergenmeersen.

Figure 6.4. Example ofsliding at the GEO-08/228-S7testbore (out-
wards LWlinear, Geostudio)

Figure 6.5. Example ofsliding at the GEO-08/228-S7 testbore
(consolidated LW Plaxis)

Figure 6.6. Flowatthe GEO-08/228-S7 CRT. There is flow below the dyke, but
the hydraulic gradientat the outflow does not exceed the critical value.

Figure 6.7. Verticalmovements at CRTS5, consolidated condition
(Plaxis, maximum 13cm)



6.2.5 Settlement

Even after the dykes have been construct-
ed, further settlement occurs. Settlement
was checked using Plaxis and verified by
manual calculations (according to Ter-
zaghi). Based on the soil characteristics and
layer structure, achoice was made before-
hand of where the minimum and maximum
settlement Isexpected (based on the CPT
numbers).

The settlement was checked Indrained and
undrained conditions. Forthe undralned
condition, a realistic estimate was made
ofthe minimum Implementation periods
for the different phases. In this way, the ex-
pected consolidation ofthe materials was
taken Into account.

The settlement of the ringdyke Is3 to
13cm.lt was proposed that this dyke be
constructed with a settlement allowance of
15cm atthe crestand thatthe settlement
allowance be decreased to 0 cm towards
the toe ofthe dyke.

6.2.6 Erosion ofthe land slope
The waterthatflows overthe overflow dyke Is
moving at high speed and can cause erosion
ofthe slope and the toe ofthe dyke on the
side ofthe flood area. To avoid dyke Instabl -
tles, slope protection and soil protection at
the toe are provided.

The supercritical flow overthe slope changes
to asubcrltical flow downstream from the toe
ofthe dyke. This occurs with a hydraulicjump.
To position the hydraulicjump above the

soil protection, an energy disslpater (stilling
bassin) Is Installed at the foot ofthe overflow

dyke. This takes the form ofa lined channel
that notonly drains water, butalso acts as a
disslpater.

Todimension the energy dlsslpater chan-

nel, a software program was developed that
calculates the water levels and water velocities
from the crest ofthe overflow dyke, overthe
slope and Into the channel, as far as the flood
area. The calculations took accountofthe
filling of the area behind. The result: achannel
with adepth of 0.5 m,abottom widthof2m
and 8/4 slope gradients Issufficientto fix the
hydraullcjump.

The maximum waterspeed overthe overflow
dyke Isreached between the startofthe over-
flow and the maximum level Inthe flood area.
The maximum water velocity for Bergen-
meersen Is6.3 m/s. Inthat case, the most
suitable slope protection on the dyke Isopen
stone asphalt (OSA). The open structure
prevents water overpressures from the dyke
actingon the revetment. To prevent erosion,
the channel also has to be lined with OSA.

S2water surface profile

fto» 0 11 Ul
distance (m)

Figure 6.8. Calculation o fthe hydraulic gradientline over the

overflow dyke

distance (m)

Figure 6.9. Speeds o fthe flowing waterover the overflow dyke
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Land side

Existing ground level

+ topsoil;4=0.05 m
+ open stoneasphalt; d= 0.12

seeding
top soil;d=0.05m
open stoneasphalt; 4= 0.12

+ topsoil removal; d= 020 m

Figure 6.10. General structure o fthe covering o fthe overflow dyke

This lining is continued in the direction ofthe
polderover adistance of2 m.

The land side ofthe nngdyke canalso be
loaded by the flow ofthe water. The ringdyke
Is higherthan the overflow dyke and therefore
cannotflood directly However, wind waves
can overtop the dyke In highly exceptional
situations. The wave overtopping flow rate
was ca lculated. Agood grass coverlngap-
peared to suffice to preventerosion through
overtopping.

6.2.7 Erosion ofthe water side of
the ring dyke

In principle, this Isthe failure mechanism of
erosion ofthe riverslope. Forthe slope of

the ringdyke on the side ofthe flood area,

the most Important load is caused by wind
waves. These wind waves were calculated
with Wilson's empirical formula. The final wave
height can rise to 0.32 m fora return period

of 100 years and 0.39 m for a return period of
4,000 vyears.

ltwas first investigated whethergrass with a
good layerofclay beneath ItIssufficientasa
revetmentforthe dyke. Forgrass, the duration
ofthe load isvery important, as well as the

wave height. The lowersectlon ofthe dyke In
particular experiences long-term loading from
wind waves. Figure 6.11 lllustrates this for one
ofthe calculated hydrographs.

Agrass revetment by itselfdid notappear
sufficientfor the lowersections ofthe dyke.
Acombination of rip rap and grass was
therefore sought as revetment. Calculations
show thatadequate strength Isobtained Ifthe
bottom 1.5m ofthe dyke Iscovered with rip
rap (layerthickness 45 cm with standard sort-
ingfrom 5to 40 kg) and the top 3 m with good
erosion-resistant grass.

so

40
1 3
load duration (hours)

Figure G611. The total load duration o fwind waves at
differentlevelson the slope ofthe ring dyke



6.3 Inlet and outlet sluice

6.3.1 General

Astructure was chosen in which the inlet
openings are situated above the outletopen-
ings. The advantages ofthis configuration
have already been discussed above. Six Inlet
openings were installed, each with awidth of
3 mandahelghtof2.2m.The desired sill level
foreach opening can be further adjusted with
stop-logs. Three openings are required for
outletflow. These are also 3 m wide, but only
11 m tail.

Figure 6.12 The Scheldt
side ofthe inletand
outletstructure. The
3drainage shafts are
visible at the bottom
(each shaftconsists of
2 sections), and the 6
inletshafts at the top
(also each consistingof
2 sections).

Figure 6.13 Side view
ofthe inletand outlet
structure

Figure 6.14. Thepolder
side ofthe inletand
outletstructure. A
number o fthese shafts
areinletshafts only.
The central shafts are
usedas both inletand
outletshafts.

6.3.2 Dimensioning

The dimensioning ofthe drainage structure Is

based on European standards and directives.

The following loads acton the construction:

+ Dead weightofthe structure and Itscom -
ponents.

» Earth pressures.

+  Water level ofthe Scheldt: the water
pressure on the construction Iscalcu-
lated according to the design level (7.5 m
TAW). To be certain that the situation with
the worstimpact Istaken Into account,
various scenarios were studied. There
are four types of load: water pressure on
the even openings, on the odd open-
ings, water pressure on the Scheldt side
and on the side ofthe flood area. All load
combinations were combined with each
other.

*  Water pressure during heave: the worst
scenario for heave was studied. This
occursjust before the flood area isfilled.
The ScheldtIsthen as high as the over-
flow dyke, the flood area Isdry and the
non-return valves are closed. The water
pressures were Investigated according to
the design level.

Traffic loads on the crestofthe dyke: the
traffic load on the dyke road was deter-
mined according to standard ENV1991-3
(2002). Althoughjust one theoretical
lane is required on the Bergenmeersen
roadway, ltwas decided to study two
theoretica llanes. Thatscenariocan
occurifappurtenances are installed or
maintenanee work Iscarrled out with two
vehicles standing alongside each other
on top ofthe construction. Two scenarlos
were considered that are the mirror im-
age ofeach other. Ineach ofthe sce-
narios, the lanes are loaded with a UDL
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(uniformly distributed load) and a convoy.
The convoy was positioned atdifferent
places in the lane to obtain the most
negative loads. UDL1 wasalsoappliedto
the side walls ofthe construction to be
able to withstand any loads alongside the
construction.

+ Overloads: the wire-floors and accessible
zones were calculated with an overload of
300 kg/m2

The various load conditions were merged
into combinations. Three major situations
were examined. The first situation encom-
passes the earth pressure and the overload
on the roadway. These combinations took
accountofthe different positions ofthe con-
voys. The second situation encompasses
earth and water pressures. These combina-
tions took account of the various water level
scenarios. The third situation encompasses
earth and water pressures combined with
the uniformly distributed overload on the
dyke road.

The foundation characteristics are based
on the study of the dyke bodies. The con-
struction was calculated on an elastic bed.
Characteristics for earth that is reloaded
were assumed.

The environmental class and ambient class
were setat XC4 and EE3 respectively.

The construction (concrete structure and
steel girders) was calculated with the SCIA
Engineerfinite element package. The results
ofthe computational model were used to
calculate the reinforcement. This calculation
was carried outon the basis of EN 1992-1-1
(2005) and separately for each element
inthe construction. The maximum capac-

ity for the elements was determined with a
standard net. Where overruns were found,
additional reinforcementor a modified net
was determined.

When checking heave, settlement and con-
tact stresses, settlementof between 1and
10 mm was still found in the worst scenario
for heave. The relative settlement was finally
limited to 5 mm, which is within the accept-
able limits.

6.4 Modifications to the
design

6.41 Feedbackfrom public
consultation

The original design was submitted to various
services within the Flemish Government. The
public was also given the opportunity to view
the plans. The purpose: to create supportfor
the plans and adaptthem where necessary.

As indicated by the service that will be
responsible for managementand mainte-
nance, further modifications to improve the
safety and accessibility ofthe structure were
applied. Thus an extra entrance was added,
as well as a staircase. Itwas also ensured that
the trash screens can easily be removed. An
anti-theft system prevents the screens from
being removed.

The residential area in question and the
action committee set up there were con-
cerned aboutthe effect of litter. This could
flow into the area through the sluice when
this isoperating daily. The trash screen was
therefore narrowed further (from a gap of
10cm to 5 cm), butwithout makingthe con-
struction impassable to fish.



6.4.2 Optimization forfish migration

Due to Benelux and European directives, any
sluice has to be maximally adapted for fish
migration. This was achieved in Bergenmeer-
sen by the optimization ofthe stilling basin.

At low tide fish can actively swim upstream
into the CRT or passivelyoutofthe CRT, as
long as the outletgates are open (of Lippen-
broek). As the length ofthe culvertisconsid-
erable, there is the riskofstranding by the end
ofthe low-tide. By extending the stilling basin
into the CRT area, the water body inside de
sluice is made continuous with the CRT creek
and provides a permanent and safe passage
way. Juveniles and larvae, on the other hand,
are expected to enterthe CFA passively
trough the inletsluices, possibly dropping
onto the floor slab. The addition of a stilling
basin breaks theirfall and again provides a
connecting water body to the CRT creek.

Preliminary data in Chapter 8 already dem -
onstrate that fish migration for larvaeand
adults isindeed possible through the Ber-
genmeersen CRT sluices, suggesting migra-
tion through both inletand outlet culverts.

6.4.3 Sedimentation pond

Special interestgoes to the amount of
sediment entering the system each tide and
partially remaining entrapped within a CRT-
area. Intensive monitoringatthe Lippenbroek
shows thatthe suspended solid concentra-
tions (SSC) entering the Lippenbroek are
related to the amountofsedimentinthe
Scheldt, but clearly smaller in absolute quanti-
ties. Following two different kinds of monitor-
ingtechniques, yearly sedimentation heights
ranging between 2 and 3 cm are found.

Although excessive sedimentation will
have adverse effects, it should be stressed
thatin orderto obtain awell-functioning
freshwater intertidal habitat, settlement of
sediment is a necessity. A high inlet sill to-
gether with the implantation of the sluices
somewhat more landward (Figure 7.4)
create aself-maintaining sediment pond
on the riverside, limiting the sediment load
entering Bergenmeersen. In addition, itis
believed that yearly sedimentation heights
will diminish after years of functioning (e.g.
due to consolidation and subsidence).
Moreover, when the amountofsedimenta-
tion becomes too high in terms of safety,
appropriate action will be taken.

6.5 References
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7. WORK

After the preparatory investigation and the design, the implemen-

tation of the project was on the schedule. Before the first spade

touched the soil, a specification was drawn up and the necessary
permits and licences obtained. Work began on 14 March 2012: the

earthworks, the building ofthe combined inlet and outlet sluice,

the construction of the walkway and the digging of the dissipation

channel. During the work, close attention was paid to the Impact on

farmers and local residents.

Authors: Michael De Beukelaer-Dossche (Waterways and Sea Canal) andStany

Vanremoortele (Herbosch-Kiere NV)

71 Preparingthe work
711 Drawing up the specification

Tocarryoutthe projecta specification was
drawn up, consisting of four sub-contracts.
These were to be viewed as separate as-
signments described in accordance with
two Flemish standard specifications, SB230
and SB250. Because acomplete design had
already been produced, and because there
isconsiderable experience ofthat type of
work in Flanders, It was decided to putthe
work out to public tender. This means the
contractor Ischosen on the basis ofone cri-
terion: price. Obviously minimum require-
ments were imposed thatthe contractor
had to satisfy in order to be selected. The
four sub-contracts were divided as follows:

¢ Sub-contract 1groundworks: the work
to reuse local earth to raise the ring dyke.
The earth was obtained Insuch away
that the archaeologlcally rich zone In
the centre of the area was not touched.

Earth was also brought Inand a local
depression near the residential area had
to befilled Inand raised.

Sub-contract 2 inlet and outlet sluice:
the demolition of the existing drainage
slulceand the buildingofa newcom-
bined Inlet and outlet sluice. The work
encompasses all aspects to complete
the work, from Installing the construc-
tion pit, the foundations, reinforcement,
shutterworkand concreting to complet-
ingthe construction with non-return
valves, gates, stop-logs, etc.
Sub-contract 3 digging overflow
channels and lining with open stone
asphalt (OSA): to protectthe existing
overflow dykes from landward erosion In
heavier storms, dissipation channels were
constructed at the heelofthe dyke (land
side). These channels were also lined with
erosion-resistant materials, namely open
stone asphalt. This allows agrass matto
take root (through the open structure).
This improves the appearance, the natu-
ral value and the strength ofthe dyke.
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e Sub-contract4 building a walkway: to
guarantee public support, the educa-
tional function and recreational use, a
comfortable walking path is being built
through the nature area, with views of
the unique inletand outlet sluice. The
path is made from FSC (Forest Steward-
ship Council) wood.

To allow as much competition as possible,
the contract was published throughout Eu-
rope for 52 days. Finally, seven offers were
received from contractors, three of which
were chosen for assessment. Ofthese bids,
the submission of Herbosch-Kiere NV of-
fered the bestvalue.

7.1.2 Permission to start work

The following were required so that work

could actually start:

¢ Anurbandevelopment permit: the
Flemish Government issued this permit,
thereby granting permission to carry out
the work described in the plans. The per-
mit refers to the project EIA (environmen-
talimpactassessment) and other advice,
such as that regarding the archaeological
survey. The permit was obtained on
4 February 2011.

¢ Authorisation to begin work on the
sites: because notall the sites inthe area
were owned or managed by Waterways
and Sea Canal, use had to be made ofthe
Flemish ParliamentActon Flood De-
fences. This provides for authorisation to
carry outwork - for infrastructure of public
interestand to protectthe population - on
third-party land. The authorisation was
signed by the competent minister. Authori-
sation was obtained on 4 November 2011.

Work finally began on 14 March 2012, after
astart-up meeting had been held for local
residents and stakeholders. This took place in
the presence ofthe contractor, the engineer-
ingfirm, the Purchasing Com mittee carrying
outthe expropriations and the Flemish Land
Com pany (VLM), which supports farmers
during expropriations, and the client. During
and after the presentations, those present
could put questions to the representatives.

A leafletwas also handed outinthe area.
Dozens more questions and comments were
answered by telephone and e-mail.

7.2 Carryingout the work

721 Earthworks

Protection againstflooding is the primary
objective of the updated Sigma Plan. Work
therefore began with the ring dyke. This ring
dyke had to be raised and widened. The
removal of plantgrowth was the first step.
Access roads to the area were closed and a
site hut erected nextto the area.

The contractorchose notto provideany
additional protection againstflooding
during the work on top ofthe relatively low
overflow dykes. A pilot level was therefore
setat +6 m TAW with Flanders Hydraulics
Research and Waterways and Sea Canal
(approximately 40 cm below the crest of
the overflow dyke). The predictive model
used could then warn three days in advance
when the waterlevel reached more than
+6 m TAW. The site management was then
automatically notified by text message.



Figure 7.1 Earthworks: start o fexcavating the channel source

Figure 7.2. Earthworks: raising and widening the ring dyke

Figure 7.3 Earthworks: end o fexcavating the channelsource

The dyke was constructed according to a

number of steps:

» strippingthe turffrom the dyke,

* removing the covering layer in heavy soil,

» reprofilingand compacting the raised
core ofthe dyke,

* applying heavy soil,

» applying dyke strengthening to the toe of
the dyke with quarry stone (to counter
washout),

» applying sub-foundations and founda-
tions for the towpath,

» creating asemi-metalled towpath (mix-
ture of rubble and sail),

» seedingthe towpath and the sides ofthe
dyke with an ecological grass mixture.

To carry out the earthworks and site profil-
ing correctly, the cranes and bulldozers
were given a 3D map. This was linked to the
GPS in the equipment.

In addition to this work, in sub-contract 1
the depression by the residential area also
had to be filled in. The contractorchose to
do this using the material from the chan-
nel source to be excavated around the
archaeological island. This choice had to
do with the high groundwater level and
the lower quality of the material from a
soil-mechanics pointofview(a heterogene-
ous mixture of peatand heavy soil). Extra
operations to reuse the material expertly
as a covering material on the primary flood
defence were thus avoided. In netterms,
the following materials were used:

supply of core material,

supply of heavy soil,

reuse of heavy soil from the excavation,

quarry stone,
» grass seed.
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The contractor used these machines atthe

same time:

« Hitachi 350 crane,

* Liebherr 925 Long Reach crane
(finishing),

+ Caterpillar D6 bulldozer,

* Volvo D25 dumpers,

* 40 tonne trucks,

« steamroller,

+ etc.

The dyke was constructed in phases, but
with a significant overlap between the
various phases. Because machines were
continuously used, time was saved and ef-
ficiency increased.

7.2.2 Combined inletand
outlet sluice

Atthe same time as modifying the existing
dyke, work began to demolish the existing
sluice in order to avoid the stormy season
between Octoberand February. Ifthe work
started in the spring, by October nofurther
inconvenience would be caused by the
operation ofthe existing FOA. The FOAcur-
rently has the chance of becoming opera-
tional from 1to 2fills a year. This approach
also benefited the manager Waterways and
Sea Canal and the Agency for Nature and
Forest (ANB), as it allowed afinished safety
and nature area to be implemented more
quickly.

A sheet pile wall was first builtas a construc-
tion pitfor the work. Based on the calcula-
tions ofthe contractor the piles were driven
in. Once the riverside of the construction
pit was ready, however, itemerged while de-
molishing the sluice that an older sluice was
presentin the dyke, partly beneath, partly

alongside the existing sluice. This made
demolition much more difficult.

In addition, the condition ofthe ground in
the layers between +0 m and -5 m TAW

did notappearto correspond fully with the
analysis of the eone penetration tests. For
example, the expected continuous layers

of clay were not continuous, which meant it
was not possible to seal the construction pit.
This resulted in aconstruction pitwhere a
"breakdown" occurred alongthe bottom on
the riverside. As a result, the pitcould not be
pumped dry and the sheet pile wall became
distorted. Both the municipality and the
Agencyfor Nature and Forestwere notified
ofthese problems.

The best solution was subsequently soughtin
consultation with the contractor and the de-
sign office. These solutions were considered:

1. Modify the existing construction pit
(deeper pileframe reinforcement):
this option did not appear viable due to
the extra cost. Thus, the existing sheet
piles were inadequate, with the result
that longer and heavier sheet piles were
needed. In addition to the cost, this solu-
tion also meanta major delay, because
the sheet piles could only be delivered
after approximately three months.

2. Move the sluicefurther up onthe
overflow dyke: this option would reduce
the demolition work on the existing
sluices. However, a real risk would remain
of similar problems for breakdown, de-
spite a marginally better stratification. To
be certain ofthis, extra eone penetration
tests were required. The costand time
of additional sheet piles also had to be
factored in for this solution.



3. Build the new sluice on the land side
and then free up a linkto the Scheldt
afterwards by locally movingthe over-
flow dyke: this solution required only a
limited construction pit, which was more
beneficial. It also enhanced planningand
time management by afairamount.

Finally the third option was chosen. Once
work had begun to build the new sluice, the
municipal authorities rightly asked whether
thatdid not Imply a change to the work as
provided for in the urban development
permit. Because the structure had been
moved by around 30 m, an additional urban
development permit was applied for. This
was quickly obtained thanks to the involve-
ment ofthe municipality, local residents and
theANBInthe project.

Inthe end, therefore, no construction pit
was needed to build the sluice itself. This
Improved the safety and accessibility of the
sluice.

The following materials were needed to
build the sluice:

« 600 m3ofconcrete,

* 67,800 kgofreinforcing steel,

* 79,000 kgofsteel sheet piles,

* 6 non-return valves,

* 12 HDPE gates with rubber seals,

* 24 gratings,

* aluminium stop-logs.

The following machines were used to build

the sluice:

« Sumitomo cable crane,

» trucks and concrete mixers for the sup-
ply of materials.

A permanentteam ofconcrete pourers (6
people), a pile-driving team (3 people) and
ateam of steel fixers (4 people) worked on
the construction of the sluice.

7.2.3 Constructing the dissipation
channel

To prevent erosion, a dissipation channel was
dug. The channel was lined with open stone
asphalt and a layeroftopsoil, which was then
sown. This means the energy offlooding
water Is broken up Inadissipation chan-

nel. Inthe winterfollowingconstruction the
floodarea became operational, asa resultof
which the topsoil was washed away and the
open stone asphalt was slightly damaged.

Investigations revealed, however, that the
damage was infact to the overflow dyke
(builtinthe 1980s) and notto the newly
constructed layer. To apply the open stone
asphalt to the same thickness, a steel frame
was used that Isequal to the profile ofthe
channel.

7.2.4 Arecreational walkway

As described above, awooden walkway
was constructed through the area. The
walkwaywas built In various phases. Firstly,
foundation piles were driven Inevery 32 m to
establish the route. Next, 2 rows offounda-
tion piles 3 m apart were driven inevery 2 m.
Then the substructure was Installed, and
following checks by the contractor it was
decided to Install two additional support-
ing beams underneath the wooden floor to
limit sagging.



To reduce production costs, the contractor
opted for prefabricated walkway modules
in Kallo. The modules measured 3 x3 m and
could easily be installed in situ. After the
walkway had been assembled, the planks
appeared to sag more than expected on
the basis of the calculations. To prevent
the planks from breakingata later pointin
time, the contractor ultimately installed a
second layerof planks. The extra support-
ing beams and the additional layerof planks
were unscheduled work and to be charged
in addition to the tenderamount.

The following materials were used to build
the walkway:

Forthe inflowand outflow construction,
see plan C9373-B13w to B19w

Figure 7.4. The altered location o fthe sluice

* wooden piles witha diameterof22cm
and length of4 m (walkway) and 6 m
(bridge over channel source),

* beam-supporting structure,

* 2layers ofgrooved planks 2 cm thick.

These machines were used to build the
walkway:

+ crane,

» trucks for the supply of materials.

These teams worked on building the walk-

way:

» fixed team for assembly (2 people),

+ pile-drivingteamforthe wooden piles
(3 people).

Modification with regard to the permitted
situation ré£SV.BP/4276/464gs dated 04.02.2011

Quarry stone layer,
thickness=0.50 m



Photo report of the progress of the
construction of the sluice

Figure 7.6. Floorslab and sheetpiles against seepage

Figure 7.8 Formworkand reinforcemento fthe intermediate
plate o ftheinletandoutlet

Figure 7.10 Installation o fthe framework infrastructure

Figure 7.5 Formwork and reinforcement o fthe walls

Figure 7.7. Concreting the walls

Figure 7.9. Formworkand reinforcemento fthe superstructure

Figure 7.11. Finished sluice
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7.3 Public support

While the alteration work was being carried
out, use was made of the flanking agricul-
tural policy. Forexample, arrangements
were made with farmers who wanted to
continue using their agricultural plots in

the work zone. In consultation with the
contractor, plots were selected where that
was possible. These were plots that were
not affected bythe actualconstruction
work. The advantage was that the area was
maintained even during the work at no extra
cost, while the farmers were able to benefit

from one or two extra mowings.

Toguarantee safety, arrangements are in
place regardingtransports by the con-
tractor and those of the farmers. These
arrangements were formalised in revocable
agreements between Waterways and Sea
Canal and the farmers.

Local residents also received due attention.
During periods of sunny weather ground
particles could fly upwards, creating adust
nuisance for local residents in theiradjoin-
inggardens. To limit this dust nuisance, the
contractor imposed strict speed limits on
drivers. During rainy weather on the other
hand, the ground became muddy as a
result of the earth carried by trucks around
the site all the way on to the public roads.
So regular cleaning was carried out by a
specialistcompany in consultation with the
municipality.

Rgare Z2 Condnudianafdisspdtion chnme withqoensareasatatt

Figure 7.13 Starto fthe walkway
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Figure 7.14. A completed FCA-CRT
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8. MONITORING

As aflood control area with controlled reduced tide (FCA-CRT),
Bergenmeersen is expected to make a significant contribution to
natural quality inthe Scheldt estuary. Via a sophisticated sluice
construction with combined inlets and outlets above each other, a
reduced tide is introduced into the polder, while retaining the spring/
neap tide variation. The purpose: afunctional mud flat and marsh
ecosystem. A monitoring programme was developed to examine
whether these nature objectives are actually being achieved and to
make adjustments where necessary.

Authors: Tom Marts (University o fAntwerp) and Patrik Peeters (Flanders Hydraulics

Research)
. i i Isone such research monitoring project,
81 MONEOS: a coordinating g proj
monitoring programme In which knowledge is gathered for the

developmentofother FCA-CRTs, of

L - which Bergenmeersen is one.
Acoordinating monitoring programme, 9

MONEOS, was drawn up for the Scheldt es-

tuary. This programme describes three types * Project monitoring. During the first

of monitoring: system monitoring, research three years afterthe area starts up, a pro-

monitoring and project monitoring. ject monitoring programme examines the

extentto which the area Is meeting the
« System monitoring is a long-running set expectations and whether itisevolv-

programme that monitors all the basic ing In the rightdirection. Keeping afinger

parameters for the smooth operation of on the pulse allows possible problems to

the Scheldt ecosystem. This Includes, be detected earlier. This makes adaptive

among other things, standard measure- managementand adjustment possible.
Project monitoring is the besttool for this.
The MONEOS reportdescribes project

monitoring as monitoring that is carried

ments of the water quality Inthe Scheldt.
System monltoringalso covers water
levels and the safety-related functioning
ofthe FCAs inthe Scheldt basin, such as
Bergenmeersen.

out - Inaddition to regular system moni-
toring - to measure certain parameters
with an Increased frequency, limited in
time and space. After a period of three

* Research monitoring encompasses

the detailed monitoring of pilot projects years, an evaluation is carried out. Ifeve-
to gain greater insight. The Lippenbroek rything is progressingasdesired, project
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monitoring can be rundown and the area
included in the regular system monitoring.

8.2 Mostsuitable tide

Accurately setting the most suitable tide is
vitally important to the successful develop-
mentofan FCA-CRT. After all, for estuarine
nature, thattide is the drivingforce behind
ecological development. The volume of wa-
ter (and suspended material) exchanged,
the flooding frequency, duration and height,
will be decisive for the developmentofthe
area. The success ofthe Bergenmeersen
projecttherefore depends entirely on set-
ting the right tide. Initial monitoring activities
focus entirely on setting the tide, during
which the desired final picture and the pre-
vailing preconditions are taken into consid-
eration. As an extra framework condition for
Bergenmeersen, special attention is being
paid to the sandfly Issue.

First, an improved digital height model
(DHM) needs to be created. Based on that
DHM, the water heights and flooded areas
can be estimated for different inflow vol-
umes. The inflow and outflow volumes for
average, neap and springtides on the Upper
Sea Scheldt were calculated by Flanders
Hydraulics Research when determining the
sluice dimensions.

The sluice configuration thatfollowed from
the modelling study forms the starting
polntforfurther refining the heights of the
stop-logs. Specifically, experience from the
Lippenbroek shows that minor discrepan-
cies between model and reality, for example
inthe DHM, can produce differences In
flooded area. The Inflowing water volume
can be adjusted by raising or lowering

Figure 81. SETmeasurement

stop-logs, and therefore also the flooded
area. Particular attention Is paid here to the
differences in flooded area between spring
and neap tide. These differences determine
the frequency offlooding and are decisive
forthe development ofadiverse ecosys-
tem.

As well as setting the right tide, It Isvital that
sedimentation Is steered Inthe rightdirec-
tion. More water means more sediment
flowing in. The most suitable tide will be a
compromise between atide that Issuf-
ficientfor nature development and atide
that limits sedimentation as much as pos-
sible. Speclficallyfor Bergenmeersen, mud
flat zones near the residential area must
also be avoided to combat sandflies. The
sluice configuration ofan FCA-CRT Isthere-



fore not static. Itforms partofthe manage-
ment with which the various objectives of
the area will be aligned with each other over
the coming years.

Producing a good digital height model
Agood, up-to-date digital height model
(DHM) is needed. Inthe land study, the
morphology (also depth) of the channel
system is also surveyed. This is necessary
to accurately monitor silting-up in the chan-
nels during the start-up phase. The land
surveys are carried out usingan RTK (real-
time kinematic) GPS to obtain an accurate
picture ofthe topography. Such an RTK-GPS
determines its position through ten satel-
lites plus correction factors continually sent
through by a reference station. This allows
the position to be determined accurately to
within afew centimetres.

Multiple level measurements are needed to
monitor the tide during the start-up phase,
but also to manage the sluices at a later
stage according to the developmentofthe
area. In Bergenmeersen, the water level will
be recorded every 10 minutes at5 locations
during the start-up phase. One gauge will be
located nearthe sluice complex. The others
will be spread over the site. This allows the
duration, heightand frequency offlooding
to be determined in large parts of the area,
which inturn enables slow-draining parts
and parts with a high flood duration to be
properly mapped out. This isextremely
importantfor monitoring sandflies, for
example.

SET measuring set-ups (surface elevation
table) are recommended for monitor-
ing sedimentation. Five SET set-ups are

installed. A SET set-up allows changes in the
bottom level as a result of sedimentation

or erosion to be accurately measured (to
within 1mm). The set-up is useful during the
start-up phase, but especially to continue
to track sedimentation closely in the years
that follow. A SET set-up consists of afixed
pole inthe ground. To this isattached a
level movablearm. Usingten or so verti-
calrods, the distanee from the bottom of
the marsh to this arm is measured. The
distance measurement is repeated with

the arm in 4 different directions. The SET
measurement is repeated every 2 months.
This allows the slightest change in bottom
level around the SET pole to be accurately
recorded. To avoid changes in the reliefat
the SET through walkingon it, 2 benches are
used. By carryingout measurements from
on these benches it is possible to avoid
disturbing the soil.

8.3 Starting up the
flood area

Before the sluices are opened when the
flood area starts, the threshold levels in
these sluices must be selected. Determin-
ingthe correct threshold level requires at-
tention. The tide must be set as favourably
as possible to be able to achieve the objec-
tive of the FCA-CRT as much as possible: a
functional intertidal area that contributes
to the operation ofthe Scheldtecosystem.
The area must also be managed sustain-
ably and must not cause any nuisances for
local residents (sandflies). Finally, the safety
function as an FCA must never bejeopard-
ised. All of which imposes clear precondi-
tions for the (reduced) tide.
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With the new DHM and the information from
the preparatory study and the model output
(based on previousand new sluice calcu-
lations), an estimate can be made ofthe
flooded areas for different tidal levels in the
Upper Sea Scheldt. Based on this, an Initial
stop-log configuration ischosen. Stop-logs
are inserted to the desired level and the
sluices are opened for afew tides. The tide Is
monitored and evaluated at various places In
the polder. Does the tide meet the require-
ments? Where is adjustment needed? Is
there any significant sedimentation? With
the knowledge from measurements taken
with this first stop-log configuration, a new
configuration is drawn up. This Isrepeated
several times in an iterative process to reach
the most suitable configuration.

As soon as a potentially suitable configura-
tion has been obtained, the newly set tide will
be monitored closely for afew spring/neap
tide cycles. Considerable attention will also
be paid to sedimentation and erosion pro-
cesses. Based on detailed measurements, a
forecast will be made for the morphological
evolution ofthe area. Detailed surveys ofthe
thalwegofcreeks, ofa numberoffixed ditch-
es and SET measurements are designed to
help map out sedimentation and erosion. A
numberoftargeted thirteen-hour measure-
me nts are also carrled out, paylng particular
attention to the Inflow and outflow offloating
material to then draw up waterand sediment
balances. If necessary, the sluice configura-
tion isfurther adjusted on the basis ofthese
insights.

After the start-up phase there are two pos-
sibilities: either afixed tide is chosen that is
maintained without being changed, ora tide
Ischosen that Isadapted overtime.

8.3.1 Unchanged sluice
configuration

As soon as afavourable tide isfound during
the start-up phase, the tide Issetand main-
tained. Thatisthe option that was applied
Inthe Llppenbroek. There, the stop-log
configuration remained unchanged from
the startofthe flood area. However, choos-
ing unchanged sluice parameters does not
mean that changes to the sluices are never
required. Through the action ofthe tide, the
morphology of the area will change. This
has an influence on the tide. Minor changes
to the sluices may therefore be required

to maintain the same flooding frequencies
despite achanging morphology.

8.3.2 Adaptive management

Ina new FCA-CRT it may be desirable to
allow more tidal influence atthe onset. As a
result, morphodynamic processes such as
sedimentation and erosion can playa bigger
role. Thus, the area may evolve more quickly
towards the desired mudflatand marsh
area. Creeks may be formed more quickly,
depressions may be filled In more quickly,
and compact polderclay may be covered
more quickly with a layeroftypical marsh
sediment rich In benthlc life. After such an
Initial period of strong tidal action, as acon-
sequence of which the area has undergone
afirst series of rapid morphological changes,
the tide can be modified. After all, maintain-
ing atidal travel that Istoo large can lead to
excessive slliting-up ofthe area Inthe long
term. The tide mustthen be further reduced
to atypical controlled reduced tide.

Because ofthe sandfly problem in Bergen-
meersen, water-saturated mud must be



avoided nearthe ringdyke. Itis therefore
better to avoid an overly strong tidal action
in the initial phase. However, increased wa-
ter levels during average or springtides do
not lead in and of themselves to more mud
flatzones nearthe ring dyke. Itistherefore
worth considering setting the tide a little
stronger at the start, to promote faster
creek development. After all, ifthe drainage
of certain parts ofthe flood area is not run-
ning smoothly enough at the start because
ofthe lack of awell-developed, branched
system of creeks, this could encourage the
proliferation of sandflies.

8.4 Project monitoring
in the initial phase

On the one hand, starting up the FCA-CRT
requires detailed monitoring of the tide, to
be able to choose the desired stop-log con-
figuration. On the other hand, monitoring

of sedimentation and erosion, vegetation,
nutrient exchange, development of benthic
life and fish isrecommended. After all, the
flood area has multiple nature objectives.
Among other things, specific habitats with
associated species are sought. Ecological
functions are also linked to the area, such as
nutrient cycling (see Chapter 4).

Below you will find an overview of all moni-
toring efforts.

Sedimentation and erosion

Fourtimesa year, the soil level is monitored
by means offive SET set-ups. Twice ayear
the development ofcreeks is monitored, as
well as afew ditches, with Total Station
and/or RTK-GPS.

Vegetation

Three times ayear, permanent squares are
measured by the five SET set-ups. Inaddi-
tion, a vegetation map covering the whole
area is produced each year.

Benthos

Twice a year the benthos issampled in at
leastfive locations (certainly the five SET
locations). Benthos sampling is useful for
monitoring the quality of the intertidal area
as a suitable habitat.

Thirteen-hour campaigns

To monitor the area's functionality in terms
of water quality, there are four thirteen-
hour campaigns each year. During such
acampaign, the water quality issampled
every hourforacomplete tidal cycle. The
following parameters are determined:
floating materials, chlorophyll a, biochemi-
cal oxygen demand, nitrogen (ammonium,
nitrate, nitrite, Kjeldahl nitrogen), phospho-
rus (phosphate and total phosphorus) and
silicon (dissolved and biogenic). Oxygen,
pH, conductivity, temperature and turbid-
ity are continually monitored during the
campaigns. These parameters will also be
continually monitored for afew days before
and after each campaign.

Based on the thirteen-hour campaigns,
mass balances will be produced for the
various substances. This allows the area's
contribution to general water quality in the
Scheldtto be estimated. This is intended to
show whether the objectives set within the
framework of European nature objectives
are being achieved.
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Table 81. Results offish monitoring In Bergenmeersen (May 2013)

Common roach 0
Stone moroko 2
Flounder (larvae) 165
Three-spined stickleback 79
Prussian carp 0
European chub 1
Common rudd 0
European smelt (larvae) 3
Ten-spined stickleback 84
6
331
Chinese crab 1

Fish monitoring

During the project monitoring phase, the ex-
tentto which the area is being used by fish
will be monitored. This monitoring Is carried
out by the Research Institute for Nature and
Forest (INBO).

In April 2009 the baseline assessment was
carried out. Fish were caught Inthe central
channel In Bergenmeersen, one ofthe few
water-retaining channels. At the time, only
two species were caught: three-splned
stickleback and ten-splned stickleback.

In May 2013, approximately one month after
the area became operational, fish were
caught electrically in the creek. Two traps
were also placed for a period of 24 hours.
Atotal of 9 species were caught. The pres-
ence offlounder larvae (on average

2.3 cm) Indicates that this species is using

7 0
12 2
1 0
130 13
2 1
0 0
1 0
0 0
10 1
7 4
163 17
3 14

the area as nursery habitat (incubator
function). Several European smelt larvae
were also caught. Table 81shows the results
(number of Individuals perspecies). Clearly
the pioneer species Prussian carp, stone
moroko and common roach have very
quickly found their way to the new area. The
presence of European chub Is remarkable.
This species was caught only once in the
last 10 years In the Sea Scheldt.

Figure 8.2. Young flounder



Bird monitoring

The agricultural area that Bergenmeersen
was until recently was home to only a
limited numberofsummer bird species.

An inventory in 2008 recorded several ter-
ritories of reed birds (Eurasian reed warbler,
bluethroatand common reed bunting)

and meadow and farmland birds (northern
lapwing and grey partridge).

From the start of the work in April 2012, and
certainly in the spring of 2013, the work zone
attracted many waders (such as common
redshanks, spotted redshanks, common
greenshanks, common snipes and little
ringed plovers) and afew waterfowl (such
as northern pintails). Inthe first few weeks
after the FCA-CRT became operational, the
area also became very attractive to (transi-
tory) waders and waterfowl. In addition to
the species mentioned above, there were
also black-tailed godwits, whimbrels, pied
avocets, ruffs, red knots, common ringed
plovers, wood sandpipers, northern shovel-
lers, garganeys, blackternsand little gulls.

The first inventory of summer birds in
Bergenmeersen (23 May 2013) recorded
breeding attempts by northern lapwings
and little ringed plovers. The first regional
breeding attempt by com mon redshanks
was also recorded, the first "new" summer
bird after the CRT had been operational for
justone month.

Changes in the (summer) bird community
will be monitored by the Agency for Nature
and Forest overthe coming years.

Flow rates through the sluices
By measuring flow rates and sediment at
the inlet and outlet sluices, water and sedi-

ment balances can be drawn up and the
amountofsedimentthat remains in the
area estimated. The remainingquantities of
sediment can be converted into sedimen-
tation heights using sediment densities
measured in situ and then compared with
SET measurements.

Monitoring for sandflies

Because the area is close to habitation, a
suitable programme for monitoring sand-
flies isadvisable. No traps will be used. On
the one hand, there is no evidence of the
need to catch sandflies. On the other hand,
the use oftraps for monitoring d raws too
much attention to a problem that may not
even exist. The suitable habitat is therefore
monitored, linked to monitoring of sandfly
larvae. This allows the potential ofthe area
for sandflies to be estimated. Measures
against sandflies, such as the raised ridge
against the ring dyke, and measures for
tide and drainage can also be evaluated.
This allows better planningand more ef-
ficient managementoffuture FCA-CRTSs. If
there are problems in Bergenmeersen, the
measurements will help adapt manage-
ment better.

8.5 References

MONEOS. Geintegreerde monitoring
van hetSchelde-estuarium. (Integra-
ted monitoring o fthe Scheldtestuary.)
P. Meire etal. (2008), ECOBE Report 08-
R-113. University o fAntwerp/ www.vliz.
be/imisdocs/publications/136078.pdf
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9. GENERAL EVALUATION

The creation ofthe Bergenmeersen flood control area with con-
trolled reduced tide (FCA-CRT) was a major operation. To learn les-
sons from the project with a view to future large-scale projects, the
path followed was thoroughly evaluated. Despite various unforeseen
circumstances, the high level of involvement ofthe local community
and even one or two conflicts of interest, the partners involved suc-
ceeded in cooperating flexibly and efficiently. In this way the Bergen-
meersen project developed into a socially valuable project, without

tampering with the vision defined at the outset.

Author: Michael De Beukelaer-Dossche (Waterways and Sea Canal)

91 Concept: adjusting the
land use plan

When it was announced that the Bergen-
meersen area would be selected as part
ofthe updated Sigma Plan, it was clear
that large-scale social involvement would
playa part. Forexample, local residents
ran campaigns during the initial presenta-
tion ofthe plan to the municipal council.
Later on, an organised action committee
made Itself heard, with press articles and
campaigns during information sessions.
From the design phase, a resolute decision
was therefore taken to adapt the area as
much as possible to the wishes ofthe local
residents, obviously within the chosen type
Interpretation.

This finally led toa much-altered land use
plan to satisfy the concerns of local resi-
dents. This was possible due to the devel-
oped projectand process structure and the
close cooperation between, among others,

the engineering firm Tractebel Engineering,
the Agency for Nature and Forest (ANB)
and the client, Waterways and Sea Canal.

All subsequent steps were therefore
completed without much resistance. The
extensive consultation in the project and
process structure ensured thatfew unex-
pected aspects emerged during public par-
ticipation sessions. The expected aspects
were absorbed by preparation, study and
reasoning from the preliminary phase.

9.2 Studies as the basis for
the design

During the preliminary study, the precondi-
tions for developing the area were defined.
In this regard it was possible to make flexible
use ofanumberofframework contracts
and cooperation agreements with the
various firms of experts. This provided the
opportunity to promptly reactto certain
needs thatemerged while the plans were
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being developed, without having to work
through new contracts in each case as per
government legislation. This madeforfaster
working, and kept the additional administra-
tive burden to a minimum.

Trouble-free cooperation with the advi-
sory bodies, such as the Flanders Heritage
Agency and the ANB, made it possible to
adaptthe plan on the basis ofthe results of
the preliminary study.

All these preliminary studies were then
used byTractebel Engineering as the basis
fordevelopinga design. The only thing that
could not be completed intime was the
model tests. This was compensated for by
atheoretical calculation based on empirical
formulae. As a result, the design was ready
intime. Afew points for attention came to
light:
The siting of the structure must be
better prepared on the basis of soil
surveys. Specifically this involves a
survey ofthe impermeable layers. After
the experience in Bergenmeersen, the
land-inwards location isto be chosen
as defaultfor FCA-CRTs too when de-
veloping Sigma projects. This offers the
possibility of letting in less sediment and
reducing construction costs.
The wooden structure must be de-
signed to be more solid and more use
must be made ofthe expertise ofe.g.
the ANB. Greater exchange of experi-
ence during the design phase seems
advisable.
Retrievingold plans (and archiving
them) and better knowledge of the land
could predict additional costs, allowing
the design to be adapted accordingly.

9.3 Flexibility during
implementation

During implementation, solutions were in
each case sought constructively with the
contractor, Herbosch-Kiere NV, and the
engineering firm Tractebel Engineering. The
parties displayed a certain flexibility. This
made certain modifications possible, which
resulted in a better-quality project:
The reuse of local earth (excavated
channel source to protectthe archaeo-
logical heritage in the centre ofthe area)
was limited to raising the depression in
the area. As a result, technically better-
quality material was delivered to cover
the dyke, in addition to recovery ofthe
material present on the existing dykes.
The position ofthe sluice was moved
further inland. This provides significant
benefits for the implementation and
operation ofthe area.
The walkway was strengthened and
moved slightly to have a better view of
the operation ofthe combined inlet and
outlet.

During implementation this flexibility,
together with provision of large amounts
ofequipment by the contractor, proved
decisive in achievinga trouble-free imple-
mentation. The various sub-contracts were
implemented simultaneously. As a result, it
was possible for the area to become opera-
tional two years earlier than planned.

9.4 Full operation

What really counts are obviously the results
ofthe intensive cooperation, studies and



Implementation work. From the momentof
coming into operation on 25 April 2013, the
result appeared excellent. Withinjustafew
days the first videoclips from birdwatchers
were appearing on YouTube, showing the
remarkable increase in foraging birds. The

9.5 Info sheet

Coordinating plan Updated Sigma
Plan - decided by the
Flemish Government

on 22 July 2005

Project title Bergenmeersen

Function ofthe area FCA-CRT

70% willow tidal
forest, 30% mud flats
and open water

Expected climax
vegetation

Water-storing 1,500,000 m3
volume of area

Surface areaofarea 41.37 ha
Length of ring dyke 1,185 m

Length of overflow 1,970 m

dyke

Average polderlevel 3.75 m TAW

Total estimate for
2005

EUR 3,550,000

Costofstudy work EUR 112,192

Costofwork EUR 1,887,552

Costofextra work
and price adjust-
ments

EUR 200,130.76

Costofland acqui- EUR 967,117
sition and flanking

agricultural policy

walkway is already being heavily used by

visitors and locals. Inshort, from now on the

river and its nature will have room to show

themselves off to their best, incomplete

safety.

Total cost of project

Engineering firm

Contractor
Numberofspecifio
governmentcon-

tracts

Numberofframe-
work contracts used

Estimated start and
end date

Preparation period

Duration of proce-
dures

Duration of imple-
mentation

Operational

EUR 3,584,846
(EUR 2,957,460.41
2005 price level)

=100.98% ofthe
estimate in 2005
=83.31% based on
2005 price level

Tractebel
Engineering

Herbosch-Kiere NV

3

1July 2009-1 July
2015

2.5 years

3.5 years

1year

25 April 2013
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Specification 16E10531 Land use
Publication of specification 0531
Study 0531

Specification 16E10830 Design
Publication of specification 0830
Study 0830

Specification 16E11041 Works
Publication of specification 1041
Works 10/41

Procedures

AIA

Expropriations

Flemish ParliamentAct
on Flood Defences

GRUP

BAproject

SBvV

SBV2
Workgroups
Project-based WG
SubWG Nature
SubWG Agriculture
SubWG Agriculture
SubWG Recreation
SubWG Recreation
SubWG Water

Info sessions

Info land use plan
Info GRUP

Info SBV

Info Works

775d

56d

719d

1235d

40d

1160d

1806d

414d

283d

1806d

259d

1364d

164d

201d

531d

161d

80d

1247d

1247d

102d

lid

Sep 20,2005
Sep 20,2005
Dec 7,2005
Jul9,2008
Jul9,2008
Oct22,2008
May 15,2006
Oct6,2010
Mar 15,2012
May 15,2006
May 15,2006
Jan 23,2008
Mar 22,2011
Jun 19,2009
Juni, 2008
Jun 25,2010
Aug1,2012
May 10,2007
May10,2007
Oct9,2007
Nov 29,2007
May10,2007
Oct16,2007
Apr15,2008
Oct10,2007
Dec 13,2007
Dec 13,2007
Jun 19,2009
Jun 17,2010

May 23,2012

Sep 8,2008
Dec6,2005
Sep8,2008
Apr2,2013
Sep2,2008
Apr2,2013
Apr 15,2013
Nov 16,2010
Apr15,2013
Apr15,2013
May10,2007
Apr15,2013
Nov4,2011
Mar 26,2010
Jun 11,2010
Feb4,2011
Nov 20,2012
Feb 17,2012
Feb17,2012
Feb27,2008
Dec 13,2007
May10,2007
Oct16,2007
Apr15,2008
Oct10,2007
May 23,2012
Dec 13,2007
Jun 19,2009
Jun 17,2010

May 23,2012

* ok ok ok
[ B B BN )









10. GLOSSARY

Agricultural impact assessment (AlA): by surveying farmers and horticulturalists,
the Flemish Land Company (VLM) investigates the possible effect on Individual busi-
nesses Ifland Istaken out of use and what the possible flanking measures are.

Birds Directive: European Directive (1979) on the conservation of bird stocks on the
European territory of the Member States of the European Union. This Directive relates
to the protection, management, regulation and exploitation of these species. Europe
requires Its Member States to designate special protection zones for certain species
that are listed in Annex lofthe Directive. These zones are known as Birds Directive
Areas, or SPA-B for short (special protection areas within the framework of the Birds
Directive).

Database of the Subsoil of Flanders (DOV): lists and Interprets data on the subsoil
and also makes these available. All data belong to one offour sub-types, namely geol-
ogy, geotechnology, groundwater and pedology. The purpose of DOV isto Improve the
accessibility and quality of these data. Besides the Internet Viewer at http://dov.vlaan-
deren.be there is also an intranet viewer on which the various partners can conduct
extensive consultations.

Environmental impact assessment (EIA): includes plotting the environmental con-
sequences ofadecision, before that decision is taken. The study results are published
Inthe environmental Impactassessment (EIA). An ElAis produced for activities and
projects that could have a major Impact on the environment.

Flanders Hydraulics Research (WL): a centre of expertise that carries out scientific
research into the effects of moving water. It Investigates the influence of human activity
and nature on water systems and the consequences of this for shipping and water-
based infrastructure. The Flemish Government supports the research, but private
Institutions and international organisations also make use of this specialised knowledge.
Flemish Land Company (VLM): as an external privatised agency, forms partofthe En-
vironment, Nature and Energy policy area ofthe Flemish Government. Countryside and
Fertilizer Policy, Fertilizer Bankand Project Implementation are the core departments
ofthe VLM.

Flood control area (FCA): aflood area in which a river Isgiven extra room to flood
within defined contours. Because a quantity of waterflows into the flood area, there is
also less pressure on the dykes. This therefore reduces the chance ofa dyke burst-

ing. An FCA only floods during astorm tide. This combination of aspringtide and an
extreme north-westerly storm occurs around once or twice a year. Ifthe water level Is
high, the water flows over the overflow dyke and Into the flood area.

Flood control area with controlled reduced tide (FCA-CRT): Insome flood areas
safety Iscombined with nature. Inthese areas the daily tides are allowed Into the flood
area Intempered form. This creates unique tidal nature (mud flats and marshes). We
also referto an FCA with reduced tide or CRT.

Habitats Directive: European Directive (1992) on the conservation of natural habi-
tats and wild flora and fauna on the European territory ofthe Member States of the
European Union. Member States are required to designate special protection zones for
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certain habitats and species of Community interest, which are listed in Annexes land |l
ofthe Directive. These zones are known as Habitats Directive Areas, or SPA-H for short
(special protection areas within the framework of the Habitats Directive).

Natura 2000: European network of protected nature areas on the territory ofthe
Member States of the European Union. This network forms the cornerstone ofthe EU's
policy for conserving and restoring biodiversity.

Recurrence interval (Tx): the average time that lapses between two natural phenom-
ena of similarintensity. The phrase "recurrence interval" istherefore used to designate
the intensity of e.g. astorm orflood: the more extreme the storm orflood, the greater
the recurrence interval and the smaller the frequency with which it occurs. Thus, a
storm with a recurrence interval of 500 years isastorm that is so intense that on aver-
age itonly occurs once every 500 years.

Regional spatial implementation plan (GRUP): a plan in which the government
defines the use ofthe land in a particular area. Based on the urban planning regula-
tions from that GRUP, permits can be issued forthe construction or modernisation of
infrastructure.

Scheldt Estuarine Nature Development Plan (NDP): the NDP must specify in spe-
cific terms where and why what measures must be taken in or along the Scheldt estuary
inthe medium term (to 2010) to be able to achieve the 2030 targetfor natural quality.
Tweede Algemene Waterpassing (TAW, Second General Levelling): the reference
height against which height measurements in Belgium are expressed. A TAW heightof
0 mis equal to the average sea level at low tide in Ostend.



