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ABSTRACT
The world is still rife with wastelands, i.e. old textile factories, gas plants, dismissed industrial waterfronts etc. They represent a rift in the contemporary
landscape.
In the past, wastelands were located along waterways and industries dictated
their land organization and reshaped their natural shoreline.
Nowadays, wastelands have lost their relationship with water. Together with
a fast-growing urbanization, new land uses, and infrastructures development,
wastelands seem to have exacerbated the landscape fragmentation. This urgent issue challenges current landscape strategies of wastelands reclamation
and calls for new approaches in the exploration of the environmental potential
of these areas.
This master thesis contributes to this search by developing a set of design
tools and a supportive framework for the development of adaptive design solutions able to enhance landscape connectivity at the land-water edge of inert
wastelands. By working together with the water dynamics occurring at such
edges, these design solutions support ecological functions so as to enable the
integration of wastelands into the spatial network of green-blue infrastructures.
As a matter of fact, the framework does not provide final solutions: it serves
the purpose to inspire and guide landscape designers in the design process
of implementing solutions suitable for the various site-specific situations. The
structured organization of the tools and framework process helps in unravelling the complexity of the land-water edges and provides a way to systematically understand related problems taking a different perspective.
This study is based on four study cases: Blue Heron (Oregon, USA), Stormpolder (The Netherlands), Petroelum Zuid and Ile Monsin (Belgium). These
sites extend along three national rivers, respectively the Willamette River, the
Meuse/Nieuwe Maas and the Scheldt.
Finally, this thesis aims at providing landscape architects with new tools for
connectivity in the reclamation of wastelands and enriches the set of components of green-blue infrastructures by adding reclaimed wastelands as new
tesserae in its spatial network.
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PREFACE
The topic of wastelands transformation has been of my personal interest since
many years. As an architect, I explored this subject with regard to the heritage
value they embody, their unique architectural characteristics and the contribution of their reuse to a sustainable development. However, this is only one
perspective.
During my master studies in the Landscape Architecture Program at Wageningen University, I had the opportunity to explore a different perspective. The
studies made me aware of the complexity of time in landscape and grew interest on the environmental impact of design. Various water-related issues
increasingly attracted me and I strove to gain more expertise on water responsive approaches in landscape architecture. The association with water-related
wastelands as field of investigation became quickly evident. This thesis is the
outcome of these intense and enriching studies.
To achieve the goal of this research I visited various wasteland areas in Belgium, Nederland, and previously the USA, during which I meet or corresponded with numerous experts on hydrology, land contamination, wasteland reclamation and ecology. I would like to thank all these persons for their time, fruitful
conversations and for the materials they provided me.
I wish to thank both my thesis supervisors’ dr.ir. Rudi van Etteger and Roel Dijksma, from Wageningen University for their time and support. Their expertise
and interest on my research topic provided me invaluable insights and inspiring feedback throughout the development period of this work.
My thanks go also to the University of Eindhoven, Department of the Built Environment, for granting me financial support in carrying out these studies for
the master degree in Landscape Architecture.
Finally, I would like to thank Antonio, Silvana, Ludovica, Simona and Sabina
for their continuous support to accomplish this work.
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Fig. 1 The Blue Heron Mill
area, Oregon City, Oregon,
USA
Image courtesy of R. Ribe

Introduction

1. Wastelands as a theme
The end of the last century saw a dramatic change in the industry face all over
the world. Economic globalization has promoted the free and cross-border
movement of goods, capital and services, and many cities went through economical and social crises due to transformation of the industrial production. At
the same time and due to cheap labour costs, globalization has caused the
relocation of many poles of manufacture from the western world to more affordable and faraway countries.
Consequently, vacant and polluted areas were left abandoned as the process
of de-industrialization progressed.
Old gas plants, textile factories, dismissed industrial waterfronts and ports,
closed landfills, decommissioned airfields, etc. fall into the category of ‘wastelands’.
All over the world these areas are countless just as the variations in their
definition, which range from ‘blank space’ (Jackson, 1997) to ‘ derelict land’
(Oxenham, 1966), from ‘liminal space’ (Endsjo, 2000) to ‘drosscape’ (Berger,
2006), from edgeland’ (Farley and Roberts, 2011) to ‘brown fields’ (Hasse,
2000).
Internationally, the huge and on-going inventory of wastelands shows a heterogeneous mixture, mostly based on their level of contamination and hazard.
According to the Environmental Protection Agency (EPA, 2018), in the US
there are over 450,000 brownfields in the country classified in six main types
(1) . Similarly in Europe, figures show that the existence of approximately one
million such sites within the EU countries. According to the project report by
the Concerted Action on Brownfield and Economic Regeneration Network
(CABERNET, 2006), the collected data show a dramatic difference among
countries (fig.1) and even a lack of data in some member states.

(1): The site types are: superfund; brownfields; treatment, storage and disposal
facilities regulated under
the Resource Conservation
and Recovery Act (RCRA);
Underground storage tank
(UST); federal facilities and
state sites.
See: https://
www.epa.gov/enforcement/
types-contaminated-sites.
Retrieved on July 01, 2018.

From the landscape viewpoint, abandoned areas are vast ‘gaps’ into the continuity of the landscape. They break its character and cohesion. Therefore,
wastelands contribute to the increase of landscape fragmentation, together
with accelerated urbanization and infrastructure development. The global
magnitude of the phenomena poses one of the greatest threats to biodiversity
conservation (EEA, 2011, 9).
Since the 1970s, the rise of environmental concerns and the availability of
these large areas have opened a lively debate in Europe, concerning the future of wasteland areas and the unrivalled opportunities that they might represent for prospective development.
In fact, in the past industrial terrains were located on the outskirts of the city or
in isolated areas. Nowadays, the urban growth has absorbed them, thus deter1

Fig. 2 Variety of wasteland
definitions and relationship
with their functions and
transformation approaches
Source: adapted from EPA
classification (2018) and
Van der Velde, R., ‘Transformation in Composition’
(2018), p.91

Fig. 3, 4 Emsher park,
Duisburg, Germany, and industrial canal zone in Breda,
The Neterlands
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mining a new strategic position in the settled city. In short, wasteland areas are
part of the so-called ‘Middle Landscape’ (Rowe, 1991) that characterises the
metropolitan suburban development, where paradoxically ‘romantic imagery’
(landscape design) conceals ‘rational excess’ (planning) (Rowe, 1991).
Generally, these areas are regarded as ordinary and valueless places; they
are physically isolated or forbidden; neglected places within the mental map
of the city, or ‘terrain vague’ (Sola-Morales, 1996). On the contrary, industrial
wastelands are extremely important reminders of our industrial landscape heritage; significant and culturally rich layers of our history that shaped the identity
of large territories; their materiality and decay processes offer diverse ways of
relating to the site’s past history (Edensor, 2005; van der Hoorn, 2007). They
are spaces of exploration, self-discovery and adventure (Almarcequi, 2008
and 2014). Many studies prove that industrial wastelands strongly contribute
to biodiversity; they are species-rich and are main drivers of biological invasion (Wittig, 2010).
In short, they are unique landscapes.
The rehabilitation of these areas usually fulfils two needs: necessity and resource.
‘Necessity’ refers to the reclamation of polluted whose contamination represents a threat to the site and the surrounding areas. The solution is usually
provided through an engineering approach to the site.
‘Resource’ refers to the potential benefit, both environmental and social, that
a well-advised reuse of such large portions of territory may provide to the city
and the region.
This master thesis focuses on the latter asset, i.e. the environmental benefits to which wasteland areas can contribute through their regeneration. This
might sound paradoxical because industry has always exploited the environment since the beginning of its development.
In general, urban design strategies of wasteland areas concentrate only on
giving organic sense to the different parts of the area (both physical and functional) so as to form one scenario with an attractive image for the users. Landscape design is mostly required to be supportive of this approach and the work
is limited to making a recognizable public space that is ‘beautiful’, ‘safe’ and
‘playful’. Therefore, those newly re-modelled sites look deceivingly as if they
were part of the nearby city or natural landscape. However, they miss the inherent complexity of both the landscape and the architectural viewpoints. As
a matter of fact, wastelands still remain isolated areas.
From the landscape architecture field, there are numerous projects showing
the multiple strategies adopted to embrace the complexity of the ‘Middle Landscape’. Landscape designs have developed important armatures for on-going
landscape processes; they ‘have led to the advancement of ecological restoration methods within the field, as well as a new regard for emergent management and cultivation techniques’ (Corner, 2007: 12). Landscape designs
have focused on the physical and cultural character of these sites as well as
their experiential appeal. Moreover, designs have opened a new discussion on
post-industrial landscape aesthetics by producing alternative images to pastoralism, while asking designs to carry more meanings, an ‘ethical agenda’.
(Meyer, 2007: 80).
However, the problem remains: regenerated wastelands are still isolated
3

COUNTRIES

AREA

SITES

1
2

Austria
Belgium

No data
9,000 ha (Wallonia) 5,500 ha (Flanders)

2500
58,000

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Bulgaria
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
Ireland
Italy
Latvia
Netherlands
Poland
Portugal
Romania
Slovak Republic
Slovenia
Spain
Sweden
United Kingdom

No data
30,000 ha
No data
No data
20,000 ha
128,000 ha
No data
No data
No data
No national data 1260 ha (Milan Province)
No national data 1900 ha (Riga only)
9,000-11,000 ha
800,000 ha
No data
900,000 ha
No data
No data
No national data: 7930 ha polluted; 482 ha ruins
> 5000 ha
65,760 ha (England); 10,847 ha (Scotland)

No data
10,000
30,000
20,000
200,000
362,000
No data
No data
2,300
9,000
No data
120,000
3230
2000
No data
No data
No data
9,800
40,000
105,000

Fig. 5 Extent of wasteland
areas in Europe.
Table based on ‘Sustainable Brownfield regeneration: CABERNET network
Report (data 2005)

Fig.6 Brownfield density
within European countries
Graph: Oliver et al. (2005)

Fig.7
Diemerpark, former landfill
area in Amsterdam.
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Image: De Diemerzeedijk:
Diemerpark. Van stoortplaats naar stadspark. Milieudienst Amsterdam, p.6;
photo by De Jong Luchtfotografie

‘green’ areas. To put it simply, they are recognizable and exceptional large
oasis (or public parklands especially in urban areas) within the natural or builtup landscape, but they are disconnected from any spatial network of existing
natural or semi-natural elements that surround them.
On the one hand, we can say that landscape architecture in wastelands transformation has greatly contributed to the city’s ability to adapt to changed circumstances; on the other hand, the strategies adopted tend to overlook the
potential of these sites beyond their boundaries. As a matter of fact, potential
for integration of wastelands areas through landscape design is still an unexplored field.

The blue-green infrastructure and wastelands integration

A blue-green infrastructure is termed as the network of natural, semi natural
and restored landscape elements, including water bodies, green and open
spaces that are around, within and between urban areas. (Ghofrani et al.,
2017). A green-blue infrastructure is considered an umbrella concept and is
closely related to the notion of ‘Green Infrastructure’ and also Ecological Infrastructure (Unesco,1984 as in Cardoso da Silva et al, 2017), Greenway infrastructures (Ahern, 1995) and Ecological Network (Jongman & Pungetti, 2004
as in Ghofrani et al., 2017).
During the 1990s, these terms were used interchangeably and they referred to
a variety of different approaches in landscape conservation planning.
The green-blue infrastructure has several aims, such as to conserve biodiversity, to enable adaptation to climate change and to deliver a wide range
of ecosystem services. (Cardoso da Silva et al., 2017). Therefore, it provides
multiple functions such as flood control, wetland areas for wildlife habitat, water storage; it also maintains natural ecological processes, etc.
In this sense, the role and meaning of a green-blue infrastructure is very close
to an ecological infrastructure, a recent definition of which refers to as ‘the
structural landscape network that is composed of the critical landscape elements and spatial patterns that are of strategic significance in preserving
the integrity and identity of the natural and cultural landscapes and securing
sustainable ecosystem services, protecting cultural heritages and recreational
experiences’ (Yu et al.1218).
Connectivity is the key concept of a green-blue infrastructure. In fact, the benefits it provides can be achieved only through the interconnected network of its
components (Cardoso da Silva et al., 33). Moreover, a green-blue infrastructure functions across legal boundaries and exists at various geographic levels:
from the region to the city-region, from the urban to the site specific. Accordingly, it can be planned at multiple levels and in various planning contexts such
as urban, peri-urban or regional ones, etc.
The concept of green-blue infrastructure stems from the need to provide an
answer to the increasing rate of landscape fragmentation and habitat loss
worldwide. In the last decades in Europe, destruction and degradation of natural habitats for resource extraction, urbanization, industrial development and
agricultural uses has occurred at a pace that is unprecedented (EEA, 2011).
Land use changes have reduced the amount of landscape habitats or have
highly fragmented them. Consequently, new land uses have modified landscape features of fundamental importance to species and ecological functions. Within these terms, abandoned post-industrial sites, landfills, harbours,
dismissed infrastructures represent a rift in the landscape which exacerbates
landscape fragmentation.
5

Fig.8
Disconnection
of
wastelands from their surrounding environment

Fig.9 Wastelands ase potential areas in the network
of green-blue infrastructures
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However, within every problem there seems to be an opportunity. On the one
hand, wastelands are considered vast gaps that break the character of the
land and its cohesion; on the other hand, wastelands may represent unrealised resources to commence landscape integration, ecological restoration
and regeneration. In fact, if we consider the complex landscape of waste on
a territorial scale, wastelands could be considered as a paradigm of a future
network to be linked to the net of the green-blue infrastructure.
Therefore, the following questions arise:
- What does ‘connection’ involve?
- By which means can this connection be achieved?
- How can connectivity be initiated?
In design terms, this implies the making of ‘landscape connectivity’ as a focus
in wasteland reclamation. Therefore, it is necessary to understand which elements of wasteland areas have the potential for connectivity and how they
should be connected to the spatial network of the green-blue infrastructure.
This requires studying the inner characteristics of wastelands components,
their interactions and changes that inscribe these sites in a new system where
the landscape connectivity is proposed as a re-activation device of natural
dynamics/processes.
To achieve this purpose, it is necessary to take a different understanding of
wastelands. They should be considered as ‘in-between’ areas (Curulli, 2014):
- In-between city and landscape: they are both gaps and interme
diaries between the two entities.
- In-between the consolidated urban fabric: they are apparent ‘voids’ in
the city.
- In-between state of decay: industrial structures are not considered
historic ruins but contemporary ruins in an unstable state that can be
either transformed or absorbed by nature.
- In-between potential: their functions are undetermined and may be
come anything at anytime
- In-between water and land: their edge can be a sharp limit or a blurred
line where contamination occurs.
Therefore, wastelands are not isolated post-industrial spaces as commonly
named, but overlapping zones of different fields.
Landscape architecture design plays a crucial role in these numerous overlaps. If we regard wastelands differently, we can formulate a set of counter
discourses that can help reveal ecological insights and unique elements of
wastelands. These represent special opportunities for landscape architecture,
thus transcending the merely speculative and utilitarian potential associated
with these sites.
To this aim, the boundaries of wastelands can offer many opportunities for
landscape integrative approaches. Edges are places of complex overlaps, of
interaction and connection that recovery strategies may rethink innovatively.
Considering the landscape as a process (or an activity), and that recovery
means bringing forward lost, devalued or forgotten things with renewed vitality (Corner, 1999: 10), strategies of landscape recovery for integration require
creative solutions as synthesis of environmental contingencies, landscape
sensitivity and ecological/natural dynamics.
7

Fig.10
Simplification of the landwater edge by industrial development
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1. 2. Research rationale
Why investigate the land-water edge of wastelands?
Throughout the history of industrial development, water has been an essential
component of industry: water was used for energy source; essential component in the manufacturing process, and was used to move bulks of goods
across the territory. Accordingly, rivers and canals formed the backbone of
industry and the relationship between industry and water was indissoluble.
The concentration of industries during the first and second industrial revolution would have not been possible without the presence of water. Not only
did industry depend on water but claimed the land along it. In order to control
waterpower, industries occupied large areas along waterways and dictated the
land organization. Water-fronts became an industrial property.
Two were the consequences of this land occupation: firstly, water became
polluted and stinky; secondly, the land-water edge was transformed. Rivers
and canals were considered the easiest and economically convenient places
to discharge all form of industrial by-products, thus turning them into dustbins
for industry.
To fulfil the needs of industry (transport, control of water power, etc.) the land
along the water was slowly remodelled and encroached by industrial premises: pipes, turbines, jetties, dockyards, etc., shaped the new image of the
edge. The organic, soft and natural border along water was turned into a hard
edge that sharply divided land from water. The result was an over simplification of the edge. It lost its natural complexity and the relevant biological growth
almost disappeared.
Nowadays, it is sad to see that water has lost its strength in regenerative projects. In fact, water often appears to be an aesthetic component of the design
of transformation and the land-water edge is thus remodelled to welcome a
new appearance of public space, especially within urban environments. The
worldwide range of waterfront designs realised in the past years show how the
edge and ‘public space has become an unconstrained exercise of forms and
images.’ (Sola-Morales, M., 2010: 27). Water has become the mirroring image
of architecture. As a result, the land-water edge becomes an inert borderline.
On the contrary, the land-water edge can be considered a unique and highly
dynamic ‘landscape structure’ of wasteland areas. According to the European
Landscape Convention (Council of Europe, 2017, 230), ‘landscape structures’
are those characteristic features of a given landscape (or landscape units)
resulting from forces and pressures of transformation, such as natural, social,
economic or symbolic ones.
As a matter of fact, the land-water edge is a vulnerable and critical area resulting from changes caused by human and natural forces. Dimensionally,
the land-water edge is the predominant element within the land organization
of industrial wastelands and natural forces of water (its dynamics) pressure
its changes. Furthermore, the land-water edge and the water corridor (rivers,
canals, etc.) within which it is embedded, is a crucial element in establishing
the relationship with the natural, artificial and semi-natural components forming the spatial network of green-blue infrastructures. We should not forget that
water flow directly applies to the concept of connectivity and promotes many
sorts of interactions. (Ahern, 2007)
This research builds on this line of thinking and explores the (re-)design of
water- related wasteland boundaries within a context of landscape integration
9

Fig. 12 Current design tools
of green-blue infrastructures
Image Green-blue infrastructure elements: adapted
from Victoria State Government (2017). Planning a
Green-Blue City. Department of Environment, Land,
Water and Planning and
E2Designlab; p.16-17

Fig.13 Water dynamis on
various types of edges of
wastelands. Technical solutions are usually applied to
respond to water impacts.

HW
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HARD EDGE + FLOOD MANMADE
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NATURAL HARD EDGE + EROSION

AN MADE MIXED EDGE + FLOOD

and environmental protection. When looked at as a whole, border conditions
and surroundings create complex interacting systems that require a holistic
approach in order to restore environmental health of ‘disturbed’ sites and
promote processes of integration. ‘[…]‘disturbed’ captures the effects as well
as the character of dismissed and polluted landscapes and it resonates with
ecological disturbances and ecosystem dynamics. (Meyer, 2007: 59). This research relates to this concept. It redefines wastelands from an integrated landscape planning position that is based on interdisciplinary action and boosts
ecological objectives. Ultimately, this concept fosters the activation of natural
processes for landscape connectivity.

The green-blue infrastructure design ‘gap’
To date, many projects and public institutions have built a good understanding
of the contribution of open spaces, urban forests assets and water management for the quality and future needs of our cities and environment.
Works carried out in the past years show an established understanding of
both the opportunities and constraints affecting delivery of the green-blue infrastructure at manifold levels. However, the opportunities are most commonly
examined with regard to a single outcome, e.g. stormwater management, water security, flood management, tree health, recreation needs or biodiversity.
To achieve these results, each discipline has developed specific design principles and elements that fulfil the set goals. However, there are no design principles to explore synergistic opportunities for integrated greening and water
dynamics with regard to polluted and highly damaged industrial wastelands.
Regardless of the scale, from buildings to neighbourhood or to regional features, all the typical design elements of a green-blue infrastructure regard
green roofs, walls and streets, gardens, etc. (in the urban realm); or green corridors, forests (in peri-urban areas); ponds lakes and wetlands (open and natural landscape). The latters are often used as a means of dealing with flooding/
extreme weather. Therefore, the main concern is about the open spaces next
to rivers used for water storage (detention for agriculture and industry), nature
conservation, cleaning polluted water, or for suitable recreational activities.

HW

LW

HARD EDGE + FLOOD MANMADE

More specifically, the edge between land-water is mostly regarded as a physiAN MADE MIXED EDGE + FLOOD
EDGE + EROSION
cal matter to be dealtNATURAL
withHARD
engineering
techniques that aim at limiting soil/slope
erosion or reducing flood impact or soil remediation.
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LW

MANMADE HARD + SOFT EDGE
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SOFT EDGE + TIDES

11

This is exactly the approach taken in the reclamation of water-related wasteland areas. On the contrary, the water edge is a structural component of the
area and a potential ground for an ecological approach in synergy with water
dynamics. It will play a crucial role in the integration of wasteland areas.
Therefore, the lack of an appropriate ecological-oriented approach for landscape connectivity of land-water edge represents a knowledge gap in landscape architecture design. By developing a framework for the re-design of future landscape scenarios of land-water edges, this research aims to fill in such
knowledge gap. Accordingly, the developed tools for the framework would add
and expand the current list of blue-green infrastructure design instruments.
Therefore, the advantages of this work will be twofold: firstly, this research will
provide useful insights for the professional field; secondly, it will pose the landscape design for connectivity as an essential subject in wastelands regeneration so as to include them in the spatial network of green-blue infrastructures.
In so doing, it aims to contribute to the landscape architecture research by
widening the scope of regenerative design.
Goals and research questions
The goal of this research is to integrate dismissed industrial areas into the
spatial network of existing green-blue infrastructures by rethinking their unique
land-water edge. Learning from water dynamics at the edge between land and
water, this research will investigate how ‘water’ and ‘green’ can become design components of landscape strategies that initiate natural and dynamic processes (introduce landscape dynamics) at the edge of inert wastelands. Thus,
wastelands will become linking tesserae of spatial configurations of green-blue
infrastructures, where the edge between land and water is a means of connection that supports a set of ecological functions and enables the integration of
wastelands into the surrounding landscape.
Proceeding from these objectives, the main research question is:
By what means the landscape reclamation of the land-water edge of industrial
wastelands can help their integration into to the spatial organization of greenblue landscape infrastructure?
Sub-questions include:
- Which features of the edge between water and land can apply in re
covery strategies of wasteland sites? How can they serve this pur		
pose?
- To what extent can the landscape design of the land-water edge ac
commodate hydrological changes and environmental factors with sitespecificity of wastelands?
A set of preliminary enquiries background the research questions:
-

What is landscape connectivity and which functions does it serve?
What does landscape integration of wastelands mean?
What does wastelands complexity involve in landscape reclamation?

Critical study cases in landscape architecture research
This thesis is based on case study research and focuses on four specific cases of investigation. As amply discussed by Simon Swaffield in Van den Brink
et al. (2017, 105), case studies are widely used in landscape architectural research, since they are very useful for the investigation of complex phenomena
12

such as designed landscapes.
In learning terms, according to Flyvbjerg ‘case studies produce the type of
context-dependent knowledge that is essential to develop knowledge from a
rule-based beginner to expert’(Flyvbjerg, 2006, 4).
In particular, I have selected the Blue Heron Mill (OR), Stormpolder (NL), Ile
Monsin (B) and Petroleum Zuid (B) as ‘critical cases’. (Flyvbjerg (2006, 15).
They typify the most significant characteristics of land-water edge remodelled
by the industry and show a wealth of critical elements that affect the edge condition of former industrial wastelands. Their different location and land-water
edge characteristics allow me to acquire very important information on the variety of circumstances/factors and processes underlying their changes. In spatial terms, these cases are significant ‘gaps’ in the landscape network of existing green-blue infrastructures and finally, the land-water edges show different
conditions of vulnerability to water dynamics due to changing water level as
consequence of climate change. In this research I use these four study cases
as both to generate and test the research hypothesis (Flyvbjerg (2006, 13). In
fact, the analysis of these critical cases allows me to logically deduce those
specific factors that contribute to the activation of landscape dynamics along
the land-water edge for potential integration/connection of land-water edge
into the landscape elements of a green-blue infrastructure and to elaborate
a set of alternative types of land-water edges that I test on these four cases.
In chapter 3 I explain in detail the reasons for the choice of these study cases
and the results from their in-depth analysis.
This research engages with theories and concepts derived from literature on
green- blue infrastructure and redevelopment (regeneration) of industrial terrains, and also on journals and websites discussing the selected study cases.

Research outline
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Research outline
In order to answer the main research question ‘By what means the landscape
recovery of the land-water edge of industrial wastelands can help their integration into the spatial organization of green-blue landscape infrastructure?”
the research needs to investigate and elaborate on a few aspects separately.
In Chapter 2, I have stated a few background questions that help me in two
ways: first, to understand what does it mean landscape integrative approach;
secondly to explain the key characteristics related to the concept of landscape
connectivity and wastelands complexity in literature; thirdly, to narrow down
the research issues to the specificity of the land-water edge.
The answers to these background questions allow the knowledge acquisition
for the research objectives and build for the next step on the case studies.
Then I start with the study of the four selected cases (Chapter 3, stage 1 and
2). Their analysis, through desk research and site visits, allows me to detect
different types of land-water edges as well as to identify the set of variables
of Rittel’s theory (performance, design and context variables). Moreover, the
analytical steps in each study case points out the characteristics, levels of
interaction and limits of these variables with edge types. This is in answer to
the question: How and which features of the edge between water and land can
apply in recovery strategies of wasteland sites?
It follows the cross-comparison among the cases. The recognition of their
main differences/similarities allows me to set a typological classification of the
land-water edges and to identify the prominent variable for each study case.
Afterward, I can start reviewing the commonly used elements of green-blue
infrastructure in order to highlight those edge-related ‘missing’ design tools for
wastelands integration. Extending from this, I firstly add to the commonly used
elements of Green-blue infrastructure three tools that are currently used as
technical solution of land-water edges; secondly, I test the variables, inferred
from the in-deep analysis, through synthetic design proposals of land-water
edges in the four case studies (Chapter 3-stage 3). In so doing, I am able to
understand the strengths and limits of the proposed tools when dealing with
local environmental factors. This is in answer to the question: To what extent
the landscape design of the land-water edge can accommodate hydrological
changes and environmental factors with site-specificity of wastelands?
Finally, I can exstract from the design sketches a set of land-water sections (as
design guiding principles) that interact with the typologies of land water edge
and suggest the framework, where each edge profiles can combine with sitespecific variables. (Chapter 3-stage 4). In so doing, new natural vegetation
processes would be activated and the connectivity of the site with the greenblue infrastructure would be achieved. This is in answer to the main research
question.
In Chapter 4, I discuss the findings and the contributions of this research to
landscape reclamation field and I conclude with recommanations and personal reflection in Chapter 5.

14

2. Landscape integration of wastelands
2.1. Three key concepts
In order to fully understand the landscape integration of wastelands, it is essential to agree upon the vocabulary and the identification of some key issues.
In this section I will provide a brief definition of the terms: integration, connectivity and complexity in wastelands, which I have been using throughout this
thesis.

Integration

In social sciences, the concept of integration is associated with the term ‘assimilation’ (Park et al., 1969, p.735). Integration occurs through a dynamic and
structured process in which a dialogue among people helps to achieve and
maintain peaceful social relationships. However, the interpretation of ‘assimilation’ can have opposite meanings to people: on the one hand, it is positive and
has an ‘inclusionary’ goal because integration involves improving life chances;
on the other hand, it is negative because increasing ‘integration may conjure
up the image of an unwanted imposition of conformity’ (UNRISD, 1994).
This thesis considers integration as the ‘assimilation’ of something or someone
in order to make them become part of a whole. Thus, integration requires the
‘adaptation’ of parts to the whole. In these terms, landscape integration should
be regarded as a strategy of intervention that aims at guiding transformations
into adapting them to the landscape used as reference.
This approach implies ‘adjusting’ spaces/structures to the specific characteristics of a given landscape or to some of its components. Accordingly, five
alternative adaptation strategies to achieve this scope can be defined (Merida
Rodrigues et al., 2011, 456):
- Adaptation to the landscape unit where transformation is inserted;
- Adaptation to the existing landscape components. It is an approach
of mimesis or concealment;
- Connexion to the existing landscape by establishing a ‘dialogue’ be
tween elements/objects and landscape, meant as a stage prior to the
full adaptation;
- Connection to the components of the existing landscape;
- Connection to the landscapes or landscape components of historical
heritage value.
Although these strategies refer to the integration of architectural structures
into the landscape, they can be adopted in landscape architecture for the recovery of degraded landscape. In fact, If we consider the architectonic structure in a broader sense, namely a set of components into the components of
15

the landscape, I think that these strategies can help define various models
of landscape approaches for integration that go beyond the field of architecture. As in Ahern ‘strategic thinking’ (Ahern, 2007, 274), the landscape integration of wastelands could be considered equal to an ’offensive strategy’. It
reintroduces Abiotic, Biotic or Cultural functions by employing restoration, or
reconstruction, or re-building landscape elements in previously disturbed or
fragmented landscapes.
In this research, the land-water edge is the (landscape) component and means
to achieve integration. In this regard, its ‘adaptation’ (for assimilation) is the basis for creating the network of connections with the surrounding environment.
Therefore, the degree of adaptation of the land-water edge provides the measure for the level of integration, namely the level of interaction and connectivity
in the network. In particular, the land-water edge should be considered the
carrier element in the adaptation process of wastelands integration. Accordingly, it initiates natural landscape dynamics and guides towards landscape
connectivity, which is the second key term of this chapter.

Landscape connectivity

Landscape connectivity expresses the ‘degree of which a landscape supports
or limits the flow of energy, materials, nutrients species and people across the
landscape’ (Ahern, 2007, 270). Connectivity is an inherent property of landscapes and it is both structural and functional. Structural functionality refers to
physical characteristics of a landscape (topography, hydrology, land use patterns, etc.) that ease or impede movement of species; functional connectivity
expresses how the movement of species occurs within the composition and
configuration of the landscape (Rudnick et al., 2012, 2).
Thus, landscape connectivity is a dynamic property of landscape and provides
‘a measure of closeness, links and degree of spatial continuity of a corridor
and network of patches’ (Douglas, 2015).
The above-mentioned flows occur also at the land-water edge. Hydrologic
dynamics generate and transport nutrients, land morphology provides sinks
for sediments, fluvial continuity and hydro-morphology of the river shape the
presence of biological communities along the edge. Water flow is about movement and connectivity. I intend to argue that the land-water edge should be
considered similarly to a structural and functional element of connectivity. The
linearity of the edge and the movements it facilitates makes it comparable to a
landscape corridor. In fact, corridor is a linear habitat that connects two or more
larger blocks of habitat and enables movement between patches, according
to the definition of the term in ecology (Beier et al. 1998, 1242). Thus, corridor
provides structural connectivity and fulfils functional needs of animals that use
the linear space to move among the various patches. Furthermore, habitat
corridors are frequent tools used in conservation to preserve and maintain
landscape connectivity. This means that any design aiming at the reclamation
of the land-water edge contributes to the conservation and enhancement of
landscape connectivity.
However, connectivity is also a key concept for blue-green infrastructures. In
fact, the benefits it provides could not be realised without the interconnectivity
among the natural and semi-natural areas that compose its network (Faggian
et al., 2009 as in Ghofrani, 2017). Connectivity of green-blue infrastructure im16

plies the existence of different linkage scales that evolve over time. The same
applies to the land-water edge. Its linkage characteristics make the edge a
potential area of interrelation and physical connection between landscape elements at multiple scales, such as at regional, city, or district levels, etc. Accordingly, an approach of reclamation of the land-water edge should acknowledge
these multiple scales of interaction together with the complexity and internal
connectivity of the edge itself. Therefore, the reclamation should embrace the
gradual development of the edge and guide its adaptation to environmental
changes, and possibly anticipating such changes.
In order to visually represent the concept of connectivity in wastelands, the
‘graph theory’ seems the most appropriate means. This is used by ecologists
to represent landscapes and is well developed in geography (transportation
network, routing issues, etc.) and computer science (network optimization, circuits, etc.). Accordingly, a ‘graph represents a landscape of habitat patches as
a set of nodes (points) connected to some extent by edges between nodes’
(Urban et al., 2001). The edge is a path connecting various nodes, where ecological flows occur.
In this light, the land-water edge is part of a path between nodes and waterrelated wastelands are episodes/incidents along this path. Therefore, a design
intervention on the land-water edge has an influence on the landscape connectivity between patches.

Fig. 1 Representation ofgraph theory.
a, b, c, d, f = set of nodes
ab, bc, bd, cd, de, df, ef
= edges
Image: Urban, D., Keitt,
T. (2010) Landscape
Connectivity: A GraphTheoretic Perspective.
In Ecology, Vol. 82, No.
5 (May, 2001), pp. 1206

Fig. 2 Edges of wastelands within the graph
theory. Accordingly, the
edge between nodes implies the existence of an
ecologycal flux between
the nodes (dispersal or
material flow)

node C

node A

node B

wasteland
edge
node E

node D
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Complexity in wastelands

Complexity can be defined as ‘a network of many components whose aggregate behaviour is both due to, and gives rise to, multiple-scale structural
and dynamical patterns which are not inferable from a system description that
spans only a narrow window of resolution’ (Parrott and Kok, 2000 as in Parrot, 2002, 2). Accordingly, several phenomena occur within the system: local
interaction between components, appearance of unpredictable and non-linear
dynamics/patterns, feedback between processes occurring at different scales.
Ecosystems and economies are typical examples of complex systems.
I intend to argue that wastelands should be regarded as complex systems and
that they belong to the complex (eco)system of cities and landscape. These
are the reasons.
In literature, the complexity of industrial sites usually refers to the multiple
functions assigned to the area, with respect to both its reclamation as well as
to its relationship with the built-up or natural landscape. It also refers to the
variety of functions they can perform, thus ensuring heterogeneity. Complexity
is also meant as time-layers in the construction of these ‘parts’ of cities. But
complexity refers also to the unpredictability in the dynamic of transformation
of wastelands: it is difficult to individualize common rules on how these sites
have fallen into a dismissed area from previously being a very active industrial
complex. Their change can be considered a ‘natural’ phenomenon belonging
to the physiological evolution of a city. Therefore, wastelands are not isolated
fragments but components of a larger and slow process of transformation of
cities. In urban planning terms, they are constituents of the sprawl model of the
contemporary city (Secchi, 2007)
But complexity is also a quality and a characteristic of both city and landscape. Cities are complex multi-layered systems that interact and coevolve in
response to economical, natural and social changes. The same applies to the
landscape. The dynamics of this complex system are inherently unpredictable
as a wide range of relations, factors and processes determine its complexity
as well its changes (Parrott, 2012, 382).
According to Portugali, the complexity embodied by both city and landscape is
equal to that one of an ecosystem (Portugali et al., 2012).
Thus, one can conclude that wastelands should not be seen as fragments in
the landscape but as parts of a complex ecosystem that undergoes unforeseen changes.
A well-known facet of ecosystems is the edges: the boundaries or transitions
from one ecosystem to another, which is characterised by a high level of species richness. In our specific case, this transitional area is the land-water edge
which interacts and responds to a multitude of water-related features forming a complex eco-system. At the land-water edge, landscape processes are
highly interrelated and interdependent and human and natural change can
generate unpredictable effects.
The diagram below is a typical conceptual model of a complex system (as in
Parrot, 2002) that visualizes wastelands complexity effectively. The interaction between the heterogeneous components of wastelands, initiated by the
landscape processes at the land-water edge, together with their combined
behaviours, gives rise to emergent landscape patterns. These act at many
scales, from the local to the city or the region landscape, and having returning
effects on wastelands.
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Fig. 3 Hierarchy of organizational levels in a
complex system. Locally
interacting components
give rise to emergent,
higher–level
entities,
whose
existence, in turn, affects
the behavior of the lower–level entities.
(image: Parrott, L. 2002,
2)

The task of landscape architects is to design within these complex systems.
Therefore, the design for the reclamation of wastelands should not escape
from the understanding of its inner complexity; on the contrary, it should embrace it and question the current design approaches.

Traditional approach

As illustrated in the previous sections, strategies of wasteland reclamation
mostly focus on prioritizing the cleaning of contaminated soils and are applied
independently of a design strategy of reuse.
Accordingly, these remedial operations apply on site with environmental constructions, engineering technologies and biological systems that ‘manufacture’
the materials of the site itself. Through encapsulation, dispersal, movement or
treatment of the soil, etc. they treat and reshape earth and create new (and
questionable) ‘artistic’ landforms. (Kirkwood, 2001, 7). These methods represent a conventional way of dealing with the clean up of industrial sites and
their focus is the short-term solution.
They have one simple objective: to simplify the complexity of wastelands.
Alternatively, green technologies acknowledge the important role of natural
processes in mitigating environmental contamination. Their use is on the increase and includes bioremediation, phytoremediation processes, ecological
reclamation, etc.
Both conventional and ‘green’ technologies can be regarded as physical actions with a dual meaning. One concerns the actions, such as the forming of a
‘new layer’ of the site that adds to the previous one: this layer has valuable and
beneficial qualities that a designer must recognize and accept as a component
of an on-going change. The other interprets this layer as a flexible design
framework (Kirkwood, 2001, 10) for future actions: remediation establishes a
physical structure on-site, which it is an essential supporting structure, and is
adaptable at the same time.
This approach is consistent with the complexity theory. It is ‘inclusionary’ and
as in the complex theory ‘provides a framework in which the relationships be19

tween constructs, at different hierarchical levels, can be accommodated’ (Parrot, 2002, 383). The land-water edge is one of the ‘constructs’ of this framework. By using the landscape as reference for its adaptation, new windows of
opportunity will arise for the integration of wastelands into the broader scale
of the landscape.

The need for a landscape integrative approach

In the previous section, I explained three crucial concepts for the landscape
integration of wastelands, and I also illustrated opportunities and challenges
that these concepts may offer in the reclamation of water-related wastelands.
The focus on the land-water edge showed its inherent complexity and the
potential of this transitional area for the interrelation and physical connection
between landscape elements on multiple scales.
Complexity of wastelands is mostly considered a discouraging difficulty and
a limit in the reclamation of wastelands. Therefore, standardised engineered
solutions are adopted, which unfortunately are short-term and obliterate the
past of the area.
On the contrary, the acknowledgement and incorporation of complexity into
reclamations is a valuable addition to the design of sustainable landscapes
for the future. Seeing the land-water edge as an interrelated and mutable system encourages landscape integrative approaches that maintain and boost
the complexity of wastelands and implicitly of the (eco) system of city and
landscape.
Finally, by incorporating complexity and connectivity into reclamation landscape, architects will be challenged to find new distinct ways of interacting
with elements and processes that shape the complexity of wastelands.
To conclude, I think that new design approaches for the landscape integration
of wastelands are necessary if we want to offset the impact of landscape fragmentation and habitat loss.
Spatial planners, urban planners and landscape architects should focus on
landscape plans that are based on both long-term strategies and the multiple
scales of connectivity and ecology. These plans should activate local dynamic
interactions that can trigger the emergence of natural processes or (vegetation) patterns at larger scales.
To this aim, the re-design of the land-water edge of wasteland areas should be
considered as one possible instrument for the landscape integration of these
areas into the wider network of the landscape. The land-water edge, meant
as corridor for landscape connectivity, incorporates cross-scale linkages, non
linear-dynamics and the design can trigger the emergence of a new landscape
process. These are the key attributes of complex systems (Parrot, 2012, 382)
and they can help shape resistant and robust landscapes in the increasingly
human-dominated environments.
The set of assumptions described in the three concepts of this chapter underpins the design framework elaborated throughout this thesis.
The drawing (next page) illustrates the goal of this thesis.
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Fig. 4. Complexity and
connectivity of the edge
as as key principles for
integration

WATER EDGE AS ACTIVE DEVICE

Fig. 5. The edge as an
active device for integration
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2. 2. Method
This research is carried out through a four-stage approach that is based on
two methods: Research for Design (RFD) and Research through Designing
(RTD). It is important to note that I also include in the first method the so-called
performance model developed by the design theorist Horst Rittel.
Rittel is well known for having coined the term ‘wicked problems’ and for the
influence on design theory methods (DTM) that usually applies to planning
processes and the design of buildings.
Rittel’s defines three interactions between research and design, namely: research on design; research in design and research for design. In the first one,
observing the designer is the focus; in the second one, research focuses into
the specific knowledge needed for a particular design problem; in the third one
the aim is to ‘research on generalizable knowledge which the designer can
use to control innovation’ (Rittel, 2010, 51). This research adheres to this latter
category. Accordingly, research outcomes can either inform the design results
or can structure the design process. (Lenzholzer et al., and 2017, 55).
In this thesis, RFD has a trifold use: firstly, to identify possible study cases pertaining the topic of this research; secondly, for the in-depth analysis of ‘critical
cases’; thirdly, to structure the design process. In particular, the RFD method
consists of desk review of literature and sites specifics, and field studies of four
areas that aimed at to obtaining necessary data, and to structure them, for the
design phase. To these terms, I have conducted the research process based
on the Rittel’s performance model, which is based on two models. One regards the object model, which represents only those elements that are subject
to design; the other one is inclusive of the context of design. The performance
model relates the two models to each other in order to find the best possible
configurations of design variants under given circumstances. The goal is to
obtain the ‘optimum’, which does not mean ‘absolute’. (Rittel, 2010,115)
The performance model is based on three sets of variables: performance,
design and context variables. The first one refers to the desired characteristics
of the object; the second one regards the range of choice available to the designer; and the third one considers the factors affecting the object. From the
designer’s position, this means that the performance variable express the features that he/she would like to achieve; while the design variables are those elements/factors that the designer decide to affect; finally, the context variables
are those elements that the designer decide to accept. The latter includes
also ‘disturbance’ variables (as snow, wind, etc. that the designer cannot influence. (Rittel, 2010,113)
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Fig. 6. Horst Rittel’s
systems analysis
Image:
Rittel,
H.
(1972) On the planning Crisis. Systems
Analysis of the „First
and Second Generations”, IGP, Universität
Stuttgart, Germany

Fig.7. Variables
wastelands

in

Performance variables
(goals)

Accessibility

Design variables
(tools)
Soil bio-remediation
/phytoremediation
Structural soil

Preservation/identity

Cleansing wetlands

Pollution types

Connectivity

Water Retention/detention

Edges types

Water quality

Riparian vegetation

Historical structures

Complementary use

Erosion prevention methods
Swales

Interaction

Unity

Context variables/design parameters
site
surrounding
Decay levels

Land use

Waterbody

Land price
Natural features
(parks, protected areas, etc.)
Risks (flood exposure, fire,
resettlement, etc.)
Recreational infrastructure
(bike paths, trails, etc.)

Material types
Surfaces next/along
Hydrology

Regulations
Manmade Infrastructure

Fig.8. The three set of
variables as in Rittel’s
performance model
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It must be said that Rittel’s approach refers to the iterative process of planning,
designing and decision making in urban planning and aimed at systematizing
this complex process to a level that a set of structure could be revealed and
applied elsewhere. Therefore, in order to apply to landscape design I had to
adjust it by introducing new features into the set of variables he proposed.
Specifically, I introduced ecological features and environmental factors that
are specific to wasteland areas.
I have used the RFD method for the step 1 and 2 of this thesis.
In step 3 and 4, I adopted the second research method, namely research
through designing (RTD). This method ‘covers all the research processes that
actively employ designing as research method’ (Lenzholzer et al., and 2017,
56). I used it to create landscape architectural designs for landscape integration of six land-water edges located in the four critical study cases. Moreover,
RTD allowed me to add an in-depth understanding to reclamation theories on
wastelands; to deduce key land-water factors for landscape integration and
to closely reflect on their strengths and weaknesses; and finally, to translate
research into practice by generating new knowledge and expertise for design
(tools and framework).

A four-stage approach
This study used a four-stage approach to carry out the investigation.
The first stage regards the identification of a short list of study cases (8 out of
20) through literature reviews and literature on projects and sites.
The second one is an analytical and deductive process. It starts with the indepth analysis of 4 study cases in order to gather information on the sets of
variables, as in Rittel’s model; it continues by deducing from these data the
key variables for landscape integration, including their importance and mutual
influences.
The third phase is inductive and develops four sketch designs that apply and
test the distinct variables (predominant variable) identified in the previous step.
Finally, the fourth phase elaborates on the performance of the sketch designs
in order to single out the design tools that are missing in the list of elemnts of
blue-green infrastructure and to develop the framework.
The word ‘performance’ should not be considered as a measurement value
but it expresses the appropriate qualities of an object/element for achieving
a defined/specific objective. In our case, they are the characteristics/physical
properties of the land-water edge, which purposely re-design is a mean to connect wastelands with existing green-blue infrastructures.
Finally, the adoption of Rittel’s performance model and the above mentioned
steps aim at the rationalization of the work (systematically thinking) and objectification of the results. In fact, through an explicit description/illustration of the
elements and criteria for the design choices, this work should allows others to
follow the same process and to achieve the same result within different locations. This is the final aim of this research.

24

Research strategy
Fig.9 The four stages of
the research strategy.
Drawing adapted from
ECLAS Conference Proceedings Greewich, London, 2017

study cases
Synthesis

Principles

Framework

sections
variables

1

Fig. 10 Research priocess showing the knowledge acquisition in each
step of the process.
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2

3

4

Research process
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BLUE HERON, OREGON CITY, OREGON
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ILE MONSIN, LIEGE, BELGIUM

STUDY CASES
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3. Four Study Cases
In this chapter I will explain the four stages undertaken for the development of
this research. These sequential stages lead to the formulation of the design
framework for the landscape reclamation of the land-water edge of wastelands
as a mean of integration with the landscape elements of green-blue infrastructures. Each stage describes the systematic reasoning and the procedural
actions carried out throughout the specific phase and it concludes with a synthesis of the results achieved through it.
The figure below provides an overview of possible land-water edge conditions
based on the geographic location of wastelands and their relationship with
waterways. Accordingly, I defined three categories:
- urban: wastelands are situated within the urban context and waterway is
at the edge or transects the wasteland area
- peri-urban: wastelands are located at the edge between city and (natural)
landscape; waterway connects the two entities; or is a buffer be-tween city
and landscape (and viceversa)
- landscape: wastelands are positioned into the open landscape; waterway
sits in-between various wastelands or is a buffer between natural and cultivated landscape.
From this basis started the search for appropriate study cases within European countries and North American states.

Fig. 1 Variety of land-water edge consitions
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3.1. Stage 1

Study cases selection
Through literature reviews and literature on sites/future projects where identified 8 study cases. Their selection was based on their relationship with different types of waterways (canals, rivers, etc.), type of location (urban, peri-urban,
landscape), length of water edge, dimension of the area, density of the built/
un-built area and edges extent. Moreover, geographical location, data availability and access, and possibility to visit the sites were important factors in the
selection process. All sites were analysed according to different environmental
classes of parameters based on the EPA guidelines (Environmental Protection
Agency, 2007) for EIA (Environmental Impact Assessment) and from FAO
(Food and Agriculture Organization). These parameters were grouped in: blue
, brown and green data as specified in the drawing below.
This stage led to a short list selection of 4 study cases.
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3.2. Stage 2

Study cases analysis
The second stage refers to the in-depth analysis of the four study cases. Their
different characteristics well illustrate key elements of former wasteland terrains in their relationship with water. Three sites are located in Europe and
one in North America. The four cases show high diversity among them, with
regard to: land-water edge types; industrial activity performed on the site; water dynamics and types of water impact (not tidal and delta type); and their
current industrial state (dismissed or in transition).
Common to all the selected study cases is their location along rivers and that
each river is characterised by specific national conservation programs that
aim at reducing flood risks and at safeguarding/restore typical riverine/riparian nature. The programs are, respectively: the Willamette River with the Willamette Greenway Program; the Nieuwe Mass and the Meuse River with the
Rijn-Maas Delta Program and the Meuse Action Plan; and the Scheldt River
with both the Sigma Plan and Scheldt Estuary Program.
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Shipbuilding and ship repair use toxic chemicals including chromium, copper, nickel, and lead (pb).
Cleaning and coating activities use chemicals that include heavy metals, solvents, copper, and hazardous or flammable materials.
Engine maintenance requires handling engine fluids such as oil, antifreeze, and hydraulic fluids.
Shipbreaking can involve removing hazardous materials, such as preservatives, paints, fuel and cargo residues, and insulating materials, including asbestos.
Paper mills pollutants:
Mills effluents are mixtures of known and unknown complexes and changing compounds, and because environmental conditions (like dissolved oxygen, pH,
temperature…) can widely alter the sensitivity of organisms, chances are high that toxicity will remain a topical subject for a longtime.
Pulp mills contribute to air, water and land pollution. Discarded paper is a major component of many landfill sites, accounting for about 35 percent by weight
of municipal solid waste (before recycling).
Stormpolder and pollutants (source file: Stormpolder_voorontwerp_bestemmingsplan vers.2-2761-002bestemmingsplan.pdf p.96)
NB: ‘blauwgrasland’ in Donkse Laagten (that is a vogelrichtlijngebied in Alblasserwaard= humid and wet grasslands) p.97 of the above-mentioned document.
Overstrooming: 1 or less per year , thus nitrogen depositions (stikstofdepositie)

The analysis is carried out through a ‘multimethod approach’ (Francis, 1999,10)
that combines observational, archival, historical, and quantitative methods.
The examination of water is based on its physical characteristics (salinity, flow,
heights and climate specific conditions) and according to the ecological-environmental, functional, aesthetic and cultural impact on the specific study case.
The backbone of the methodology is a cross-case comparison approach that
provides the most powerful understanding of variation (Gerring, 2004 in Van
den Brink, 2017, 110). Thus the goal is to understand the different conceptual
perspectives and to explore different temporal dimensions, besides the spatial
one. To this scope, the research data are collected and arranged according to
a specific template (Francis, 1999) that forms the basis for a consistent way of
reporting and compare the different study cases. (Swaffield, 2017, 106).
From the comparison among cases and the typological classification of the
findings begins the theoretical generalization of this research.
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The study starts with the analysis of the Blue Heron Mill in Oregon City (OR),
followed by Stormpolder area in Krimpen aan de Ijssel (NL) and the two cases
in Belgium, namely Petroleum Zuid in Antwerp and Ile Monsin in Liege.
I visited each site during the spring period and made photo records of the current situation of each edges. For historical information, maps and drawings
were gathered from local archives and books from various libraries. The same
is for soil and geologic data. For the cases of Stormpolder, Petroleum Zuid
and Blue Heron area there are currently studies on their redevelopment to
new uses. The related local authorities provided me with technical information
on the existing conditions and on pollution, habitat and water resources. For
water levels and flow characteristics I retrieved data from well-known and reliable sources as NOAA and USGS (USA), Rijkswaterstaat (NL), waterinfo.be,
voies-hydraulique vallonie; AGIV (Flanders), vlaamse hydrographie . To acquire data about soil, topography, pollution, etc. I used the following sources:
Geopunt Vlaanderen, Geoportail Wallonie, Geolocket Zuid Holland, Onroerend Erfgoed Belgium, Geopunt Belgium,
Each study is presented through a set of fact sheets that illustrates the following site characteristics: existing history and site character-current situation,
edge conditions, and built-up structures and three categories of data: the Blue,
the Green and the Brown. The Blue data regard the hydrological information,
such as precipitations, rivers regime, water qualities, etc.; the brown data include geologic, soil and pollution data; the Green data regard the local habitat
and the existing network of open green-blue spaces.
The analysis of each selected study case provides information on site- specific
problems, local environmental factors, as well as their interaction and limits.
They are the object variables as in Rittel’s model. These results are presented
at the end of the analysis of each study case.
For validation of the research study, I have been in contact with experts, public
officials and researchers of the areas in question. Of particular attention where
the subjects of hydrology, geology, and habitat, on which these experts helped
me to gather in-depth information and to better understand problems and opportunities of each case. Lastly, this added knowledge helped the confirmation
of my personal findings.
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Fig. 4 Charateristics of
the land-water edges
of the 4 selected study
cases

1

The Blue Heron Mill area, Oregon City, OR, USA

Location: 45.3511° N, 122.6193° W

Existing conditions
The site stretches along the right bank of the Willamette River, the main river
of Oregon (USA); it is downstream to the Willamette Falls, the largest waterfall
by volume in the Pacific Northwest, and is limited by the railroad. It extends
over 65,000 m2 and is characterised by a riprap shoreline with several tailraces, a dam (Portland General Electric, PGE), a lagoon, clarifier and numerous
historical buildings.
The site context is spectacular and its topography, a series of terraces cut by
the river over time, provides unique scenic views on the landscape. The name
Blue Heron is a reward for the well-known wading bird typical of the region;
moreover, the site serves as a linkage to other natural areas in the lower Willamette and is situated on the Pacific Flyway, which is the major north-south
flyway for migratory birds in America.
Visually, the Blue Heron Paper Mill area appears as one complex, large and
contiguous industrial development, where buildings seem to have little difference or separation from each other. Indeed, the 57 buildings identified on the
site form a complex network of structure that interlock with the steep topography. Twelve of these industrial structures are eligible for the National Heritage
Monuments list. The site has a notable role in Oregon’s history and strong connection to the Willamette River and Willamette Falls. Since the 1830’s, the site
has been occupied by large industrial uses including a flourmill, sawmill, brick
production, woolen mill and, since 1908, a paper mill. All factories took benefit
from the strategic location and exploitation of the waterpower of the Falls.
After over 100 years of paper manufacturing on the site, the Blue Heron Paper Mill ceased operations in 2011, leaving a large vacant industrial space for
future redevelopment. In 2017, the Oregon City Commission approved the
‘Riverwalk Masterplan’ (proposal by Snohetta/Mayer/Reed, Dialog) that envi33
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sions new uses for the site and providing its public access and experience of
the Fall long denied by the industrial activities.
Not all area can be adapted to new uses due to several manmade constraints,
such as the intake basin and clarifier along the shoreline, and natural ones,
such as the frequent inundations by the Willamette River. In fact, the southern
portion of the site is mapped within the 100-year floodplain of the Willamette
River and roughly half of the southern portion of the site was inundated during
the 1996 flood event.
Soil and pollution
The main soil on the site is basalt, which is the same type reported along the
entire course of the Willamette River. Specifically, the Newberg series: silt
loams to gravelly loams that presumably developed on the regionally extensive Missoula Flood backwater sediments. In fact, the soil formation is the
result of two sequential events: the Columbia River Basalt Flows, that poured
over Oregon about 15 millions years ago, and the Missoula Flood that followed
an ice dam breach, giving shape to the Willamette Falls. This geological template has undergone to only slight changes caused by landslides, erosion and
deposition by the Willamette River and anthropocentric activities.
The Hydrologic Soil Groups are predominantly types “D” and “C,” which indicate very slow infiltration rates (high runoff potential) for these shallow soils of
silty sandy deposits over the low-permeability basaltic material.(1)
With regard to contamination and hazardous building materials on site, the
report on the Existing Hydrological Conditions of the site (2) states that the
level of contamination of sediment on the site is unknown. However, ‘the site
is not a superfund or officially-designated brownfield according to the State of
Oregon, but as a former industrial site it is considered a brownfield by other
definitions’.(3)
Considering the industrial use of the site and the age of the buildings, it is likely
that there are hazardous building materials, such as asbestos, lead-based
paint and heavy metals. These materials were found in the eight low-pressure
steam producing boilers, which are currently on the site.
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Fig. 1.1
Sanborn Insurance Maps
showing the changes of
the shoreline
Image: The Sanborn Library, LLC

(1) Willamette Falls Legacy project, Appendix
A-Baseline Habitat Conditions report. Prepared
for Metro by Stillwater
science, October 2017,
p.2-3.
(2)
Willamette
Falls
Legacy project, Existing
hydrological conditions.
Prepared for Metro by
ESA, August 2012, p.9.
(3) Catalytic Value of the
Willamette Falls Project.
A report on the impact of
transformation of Oregon
City’s former Blue Heron
Mill site. By Metro, 2012,
p.7.

Edge land-water
The 1,37 km shoreline is largely impervious. It is interspersed with tailraces,
backwater intake basin, two outfalls, two pump stations and a clarifier tank.
Industrial uses have modified the naturally steep shoreline, and tailraces were
filled in or walled in with brick and concrete. (4) In some parts, shoreline was
lined with several structures.
In short, industrial development has strongly reduced shoreline complexity.
The sequence of Sanborn Insurance Maps dated respectively 1888,1900 and
1925 and the aerial pictures dated 1936, 1956 and 1973 show the transformation of the water edge overtime.
The shoreline can be distinguished in two parts: a natural-looking one, on
the southern side, where native plants grow on a varying topography; and a
fully remodelled shoreline, where industrial structures overhang on the natural
cliffs. Moreover, the shoreline still shows traces of three former natural channels or tailraces (used for power generation, water supply, waste discharge
and supply of raw materials during the 19th century) and four intakes are still
located upstream. In the past, these four intakes provided directly from the
river the water supply for the operations of the industrial processes. The excess of water was discharged through the tailraces. Finally, on the southern
end of the site, close to the dam, water is impounded in an embayment. It is
a shallow pool (1,80m) named ‘lagoon’ where water doesn’t circulate much
and its temperature can easily increase; therefore algae may grow (5). This
6 hectares pool was used to collect logs to be floated downriver and then it
became a basin for three intakes for the Heron Paper mills operations.
Indirectly connected to the shoreline is the ‘Grotto’, located at the end of tailrace 1. It is a hole measuring 6x6 meters with shallow water at the bottom that
acts as a storm water catchment with drainage piped to the shoreline.
Seven industrial structures encroach on the steep topography or overhang on
the water, supported by piles foundations. Of particular impact, either physical or visual, are the pipe tunnel and the clarifier. The first one is a concrete
case (1967) that bears directly on the rock layer and extends for 115m on the
shoreline and its rooftop extends inland as a large terrace/slab on which stand
numerous facilities of the mill; the clarifier is an open concrete tank (60,60m
diameter) on basalt bedrock terrace, which was built in 1964. Both structure
were part of the complex mill’s water treatment facilities system.

(4) Habitat and Water
resource opportunities
report. Prepared for Metro Regional Service by
ESA, October 2012, p.5

Water velocity, in combination with seasonal variations in flow levels, has a
strong impact in shaping the shoreline and its current condition shows how
flow paths has been altered to respond to economic benefits, only. However,
water velocity can play a crucial role in increasing shoreline complexity. Its
indirect effects, such as inundations due to backwater, flashing flow, debris accumulations, eddies transporting sand in suspension, sedimentations, etc. can
help creating vertically and horizontally complex river margins.
Therefore, the identification of flow paths and patterns is critical and at the
same time challenging in creating a diversified habitat.

(5) Habitat and Water
resource opportunities
report. Prepared for Metro Regional Service by
ESA, October 2012, p.14
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Hydrology
The site is located at 18,28m above the sea level and is characterised by two
main natural elements: the horseshoe shape of the Willamette Falls, which is
the largest waterfall by volume in the Pacific Northwest; and the Willamette
River that has a very low gradient below the falls and is restrained by the effects of backwater of the Columbia River.
Furthermore, the Willamette Fall locks are on the opposite side of the Blue
Heron. They were built in 1873 and were a crucial gateway between the two
sections of the river. In 2011 the locks were closed.
The Willamette River has average flow rates of 874 m3/s and with big rate difference (9 times) between winter and summer period.
High water velocity and volume have a strong effect on the site as they shape
the shoreline and provoke extensive floods. I will discuss the effects of water
velocity in relation to the land-water edge in next paragraph. With regard to
flood events, the southern portion of the site (about 5 hectares) is within the
100-year floodplain of the Willamette River. As a matter of fact, approximately
half of the southern portion was inundated during the floods in 1996 and 1964,
when water reached the level of 14 meters (6) .
More recent crests occurred in 2012 and repeatedly during 2006. Although
of moderate level, these floods had many detrimental effects and stopped the
industrial activity for several months. 2/3 of the existing buildings stand on the
designed flood area.
In particular, the analysis of the changing water levels of the Willamette River
for the years 2012-2017 and of the precipitations for the same period, show
the correlation rising picks of water levels of the river during winter/early spring
ranging from 15-25 ft (4,5-7,5m) lasting for about 3 months. This water excess
is an essential element for the design strategy for the land-water edge envisioned in the sketch proposal. It has an important effect on reducing flood impact as well as nurturing semi-natural riparian vegetation and habitats/refugia
for anadromous fish species.

Flow ranges
Extreme flood (flood 1996)
Typical flood (2year flood)
High flow
Low flow
Extreme low flow
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cfs
384,000
122,000
53,3000
11,700
3,400

m3/s
10.873,00
3.454,00
15.092,00
331,30
96,27

Flood categories
Levels
ft
Major flood stage
40
Moderate flood stage
35
Flood stage
27
Action stage
25
Low stage
0

m
12,19
10,66
8,22
7,62

Fig. 1.2 Yearly average
water levels of Willamette River, below the
Falls, in 2014 and 2015
Graph: USGS Water

(6)
Willamette
Falls
Legacy project, Existing
hydrological conditions.
Prepared for Metro by
ESA, August 2012, p.6.
This document is included in the Willamette Falls
Legacy Project. Site
Stabilization and building Assessment Report
(2013).

Fig.1.3 Flow rages of the
Willamette River
Source: NOAA

Historic crests
Year
ft
1996-09-02
46.04
1964-25-12
48.10
1923-09-01
47.80
1890-05-02
50.50
1861-05-12
48.00

m
14.03
14.66
14.56
15.39
14.63

Fig. 1.4 Stormwater, existing conditions
Source:
Walker|Macy,
Existing Conditions Report, 2013

Historical modifications of the industrial operations and method of discharge
over time make the entire intake, distribution and discharge system of water
highly complex and with widely varying components. Within these terms, it is a
crucial implication to understand how the existing drainage and the site relate
to the 100-year flood elevation.

(7)The program was
initiated in 1967 and
became operational in
1976. The Department
of Land Conservation
and Development took
the initiative for it and
extended the principles
of the Greenway to the
entire length of the river.
The program is available
at:
http://www.oregon.
gov/L CD/ doc s / goals /
goal15.pdf retrieved on
February 20, 2018.
(8)Baseline Habitat conditions report (2017), op.
cit. p.11
(9) Habitat and Water
resource
opportunities report. Prepared for
Metro Regional Service
by ESA, October 2012,
p.4. Available at: http://
www.rediscoverthefalls.
com/wp-content/uploads/2015/06/Habitata n d - Wa t e r - R e s o u r c es-Opportunities.pdf
;
retrieved on July 8th,
2013.

Currently, the stormwater management is carried out through two on-site
pump stations that collect the water from the tailraces and from a private storm
sewer system; then, water is directed towards a pipe tunnel located along the
shoreline and, finally, water is sent to the clarifier installed in 1995 in order to
treat both process water and storm water prior to discharge. However, there
are some runoffs from the site that directly discharge to the Willamette River.
Seepage below outcrops and spillways are additional hydrologic characteristics of the site. Groundwater, obtained from aquifers in the terrace deposits is
relatively shallow.
Water quality of site discharges is expected to improve due to potential opHabitat
The site serves as a linkage to other natural areas in the lower Willamette and
is located within The Willamette River Greenway Program (1976) (7), which
proposes a public 46m buffer zone (Greenway) from the river edge to inwards
in order to protect the land and prevent erosion and habitat loss.
Currently, fish and wildlife habitat on the site is relatively limited and fragmented due to its proximity to two main infrastructures (railroad and highway) and
to some urbanized areas. Moreover, historic fill and grading of the site have
further decreased the amount of natural habitat available at the site.
Six main major habitats types can be identified at the site: riparian basalt;
riparian forest; in-channel river; off-channel alcove; upland forest; and oak
woodland and savannah. To the scope of this research, the first four are of our
interest.
The first one, riparian basalt, regards the basalt outcrops and rocky substrate
along the shoreline, especially the northern and southern side were rocky habitats occurs. A diversity of native plants characterises the area upstream of the
site, while in shallow depression of the basalt layer that hold water there are
unique wetland habitats.
The second one, riparian forest, consists of few small patches that are associated with alluvial soil and springs and seeps emerging from the site.
The third one, in-channel river habitat, regards scattered islands of basalt rock
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formed at low water and located at the northern end of the shoreline.
The fourth one, off-channel alcove, is the area of the clarifier that provides a
shallow habitat.
Although the site is highly altered, a survey carried out in 2015 reported sixteen plant species rare to the Portland metropolitan area (8).
With regard to fish and wildlife along the shoreline, the Willamette Falls were
an impassable barrier to upstream movement for all fresh water species. In
particular, Chinook Salmon, Steelhead Trout, Pacific Lamprey, Coho Salmon
and White sturgeon traverse the Willamette River and both water velocity and
the falls affect their migration and spawning opportunities.
Moreover, Green Heron and Great Blue Herons might be wading and foraging for fish or aquatic invertebrates in the water or sediments. Along the rocky
riparian basalt, ledges may provide nesting habitat for cliff-dwelling species.
The size and the fragmentation of the five identified types of habitat make
them vulnerable to the edges effect as well as to the island effect (influence on
reproduction) (9). To reconnect these areas is critical and complex too.
Built-up structures
Oregon’s State Historic Preservation Office indicates that 14 of the buildings
located on site are contributing historic structures and that are potentially eligible for listing on the National Register of Historic Places. The master plan
aims at incorporating some of these historic structures into the future development plans.
Accordingly, the master plan identifies two sets of historic structures. The five
primary historic structures regards the buildings named: De-Ink, Mill O, Hawley, Paper Machine n. 4, and Woolen Mill Foundations. They are particularly
important for the history and identity of the site; therefore, they should be preserved or adaptively reused.
The second tier of historic structures consists of less prominent buildings that
are also difficult to adapt to contemporary needs. These structures are the
Digesters, the Sphere, Paper Machine n.1, Boilers, the Oregon Flour Mill foundations
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1: Image adapted from Google Earth

1832 - first sawmill
1860 - first papermill
1890 - flood
1908 - W. P. Hawley opens the Hawley Pulp and Paper Mill in Oregon City, Oregon.
1909 - introduction of the sulphite process
1916 - new groundwood plant was built; its capacity was dependant on the low and high rise of the River
1923 - fire takes out the company’s first machine.
1928 - the company installs the largest and fastest newsprint manufacturing machine in the western United States.
1948 - change of ownership
1964 - flood
PORTLAND
1975 - introduction of the de-inking process
1975-1980 - reduction of chemical discharges
1986 - new ownership and violation of water quality
1996 - flood
2000 - new ownership, Blue Heron Paper Company’
2011 OREGON
- closure CITY
2014 - framework plan and vision report for the area by the Oregon City Commission
2015-17 - Riverwalk masterplan
2018-2020 - project completion

DEVELOPMENT FACTS

Oregon City, OR, USA

BLUE HERON PAPER MILL

LOCATION

40

4

3

2

STUDY CASE 1

5

5

7: image adapted from Google Earth

1

3
6

2
4
1

- 9,3 ha
- saw mill, flour mill, woolen mill, paper mill
- 57 structures (6 bldgs considered of
heritage value)

Surface:
Former functions:

Buildings on site:

6

- next to the Willamette Falls

Location:

EXISTING CONDITIONS
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STUDY CASE 1
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Images: Sanborn Insurance Maps
Images: Sanborn Insurance Maps
(Source: The Sanborn Library, LLC)

Shoreline in 1880 and 1900

- downstream Willamette River

- natural
- basalt-riprap shoreline
- tailraces
- dam (Portland General Electric, PGE),
- lagoon
- clarifier
- historical buildings
- floods

Type:
Materials:
Artefacts:

Influences:

Image: Courtesy of Clackamas County Historical Society of Oregon
City)

The Willamette waterfront before 1981.

- 1,37 Km

Lenght:

Construction period: - 1832

Location:

THE EDGE LAND-WATER
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Source images
1.Stillwater Sciences (2017) Technical report-Willamette Falls
Legacy ProjectBaseline Habitat Conditions
2. Courtesy of Clackama County Historical Society of Oregon City
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- no superfund area, although hazardousbuilding materials has been found on the
site (asbestos, lead-based paint and
heavy metals)

Pollution:

0

+18,28 m SL

Height:

10

-silty sandy deposits over basalt

Soil:

20

- basalt, the Newberg series

Geology:

40

BROWN DATA

25

43

2

3

BLUE DATA

2014

2017

2013

2016

2015

Floodplain of the Blue Heron Paper Mill

6

- 122m/85m (on site)
-rain-fed river
-yearly average 874 m3/s

River measures:
River regime:

Courtesy of Clackama County Historical Society of Oregon City

Flood on the site in 1996

- Willamette Fall Locks (1873-2011)
composed of 4 locks (1,097 m
length)

Locks:

WILLAMETTE RIVER-

2012

Monthly average of high and low water of the Willamette River _below the Falls

WILLAMETTE RIVER-below the Falls

Source: NOAA: https://water.weather.gov/ahps2/hydrograph.php?gage=orco3&wfo=pqr

1

STUDY CASE 1
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PRECIPITATIONS_Oregon City

OREGON CITY-PRECIPITATIONS

STUDY CASE 1

Source of both images: www.worldweatheronline.com

2

Average cloud and humidity_Oregon City

1

Average rainfall amount and rainy days_Oregon City

BLUE DATA

PRECIPITATIONS-
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Sheer stress

Current speed

STUDY CASE 1

 The highest shear stresses along
the shoreline exist in front of the
Mill H Reject Plant where shear
stresses are approximately 200
Pa.

 Typical shear stresses along the
shoreline in front of the
Willamette Falls Legacy Site are
between 1 and 10 Pa.

 The spatial distribution of shear
stress closely mimics the
velocity distribution with the
lowest shear stresses coincident
with the lowest velocity zones
and vice versa (shear and
velocity are directly related).

Water depth

Sheer forces

Riverwalk Project, Willamette Falls Legacy Site

FIGURE 19
February 2017, ~ 2-year flood, 122,000 cfs
Shear Stress Characteristics – 90% concept Design

Riverwalk Project, Willamette Falls Legacy Site

FIGURE 12
February 2017, ~ 2-year flood, 122,000 cfs
Velocity Characteristics – 90% concept Design

 Close-up views of the shoreline
in front of the Willamette Falls
Legacy Site are shows in Figures
13 – 17.

 Low velocity zones are good
refugia habitat for juvenile
salmonids but they may also
cause sedimentation.

 There are eddies at the head of
each alcove with quiescent
zones on the backside of the
eddy.

 Low velocity zones exist in the
intake basin and in alcoves along
the shores of the Willamette
Falls Legacy Site.

 Mainstem velocities are
generally too high for juvenile
salmonids (>2fps in most areas).

BLUE DATA

cfs
384,000
122,000
53,3000
11,700
3,400

m3/s
10.873,00
3.454,00
15.092,00
331,30
96,27

Riverwalk Project, Willamette Falls Legacy Site

FIGURE 18
February 2017, ~ 2-year flood, 122,000 cfs
Depth Characteristics – 90% concept Design

Source images:
CH2M (2017). Hydraulic modeling of 90-percent Conceptual designof
the Willamette Falls Riverwalk
Project. Technical memorandum. .
(www.willamettefallslegacy.org)

 Water depths upstream of the
falls are much shallower than
those in the tailrace. Typical
depths upstream of the falls are
5’ to 15’ during a 2 year flood.

 Water depth in the mainstem
tailrace are very deep (>90 feet
in some areas).

 CH2M
Water (2017).
depths increase
rapidly
Source:
Riverwalk
project, Willamette Falls Legacy Site
near the shoreline because the
river banks are extremely steep.

Flow ranges
Extreme flood (flood 1996)
FIGURE 19
Typical flood (2year flood)
February 2017, ~ 2-year flood, 122,000 cfs
Shear Stress Characteristics – 90% concept Design
Riverwalk Project, Willamette Falls Legacy Site
High flow
Low flow
Extreme low flow

WILLAMETTE RIVER WATER VELOCITY

 The highestcal
shearand
stresses
at along
the same
the shoreline exist in front of the
Mill H Rejecthabitat.
Plant where shear
stresses are approximately 200
Pa.

Therefore, the identification of flow paths and patterns is crititime challenging in creating a diversified

ing
flow,
debris
accumulations, eddies transporting sand in
 Typical shear
stresses
along
the
shoreline insuspension,
front of the
sedimentations, etc. can help creating vertically
Willamette Falls Legacy Site are
and horizontally complex river margins.
between 1 and 10 Pa.

Water velocity, in combination with seasonal variations in flow

 The spatial distribution of shear
levels,
stress closely
mimics thehas a strong impact in shaping the shoreline and its
velocity distribution
with
the
current
condition
shows how flow paths has been altered to
lowest shear stresses coincident
respond to economic benefits, only. However, water velocity
with the lowest velocity zones
can
play
and vice versa
(shear
and a crucial role in increasing shoreline complexity. Its
velocity areindirect
directly related).
effects, such as inundations due to backwater, flash-

WATER VELOCITY-
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Riparian forest

2

Riparian basalt

1

In channel river

STUDY CASE 1

Planned city trails

Regional trails

Local city bike paths

Parks

1

2

3

4

8

6

5

7

- approved masterplan design by Snohetta/Mayer/Reed, DIALOG (20152018)

-riparian basalt; riparian forest; inchannel river; off-channel alcove; upland forest; and oak woodland and
savannah

Goal: protection of the riverbanks from
erosion and habitat loos through a
public 46m buffer zone (Greenway)
from the river edge to inwards.

- The Willamette River Greenway Program (1976)

Source images:
1, 2, 3: Stillwater Sciences (2017) Technical reportWillamette Falls Legacy ProjectBaseline Habitat
Conditions

Riverwalk plan:

Major habitats:

Conservation programs:

GREEN DATA

HABITAT-

2

Stormpolder, Krimpen aan de IJssel, The Netherlands

Location: 51.9092° N, 4.5763° E

Site overview
Stormpolder is 7 kilometres far from the city of Rotterdam and is located at the
confluence of two rivers: the Hollandse Ijssel and the Nieuwe Maas. These rivers determined its shape, soil composition, land use and landscape.
Positioned outside the dikes, the area is exposed to floods that numerously
occurred in the past. The devastating flood of 1953 is well known. To better
protect the area from future inundations, large part of the polder area was
raised of about four meters during the sixties and seventies. Only afterward
the area was developed to house the current industrial activities.
Spatially, Stormpolder is part of the industrial water corridor that extends from
Rotterdam metropolitan area to Dordrecht. Ever since the 17th century, the
region was known for the brickyards and shipbuilding industry. Thus, both the
Hollandse Ijssel and the Nieuwe Maas were busy shipping routes connecting
most of the inland water transport (binnenwaart) of Europe to the harbours of
Rotterdam.
Therefore, the outer dike areas were convenient locations for water-related
industries. Shipyards proliferated along the riverbanks and took full advantage
of the rivers and their water dynamics, e.g. tides, to get easy access for their
ships.
Nowadays, a grid of roads lies on the sludge-raised area and it structures the
layout of numerous water-bound companies, which are housed in standard
box-like buildings. The shipyard named Royal IHC Offshore & Marine stands
out among them. The gigantic dimensions of its box-building makes this structure the largest covered shipyard in Europe. Close to it are the facilities of Hollandia shipyard, with numerous halls of different heights that occupy a large tip
of the island (130.000 m2).
Of a smaller scale are the buildings along the ‘industrial street’ (industrieweg)
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that cross east-west the island: it is a mix of anonymous office buildings and
warehouses that accommodate a variety of businesses (car dealers, technical
services, etc.)
On the approximately 80 ha of the area, about 4 hectares are occupied by a
penitentiary (De Ijssel). It is located on the northern side of the island and is
surrounded by 4 meters high walls.
Two sort of ‘waves’ characterise Stormpolder island: the ‘water waves’ generated by the intense boat traffic on both rivers; and the ‘sound waves’ emitted
by the activities of the shipyards that are still active in Stormpolder area and its
surrounding. I will examine both elements in the related sections.
The counter-side of the many decades of industrialization of the corridor-waterfront is the huge impact of industry on the fragile ecology of the area. Riverbanks privatization, water pollution and soil contamination are some of those
industrial legacies. The so-called EMK-terrain (Exploitatiemaatschappij) is one
of them. The area is classified as the most toxic location in The Netherland
(Gif atlas of Vrij Nederland) and occupies a strategic spot on the northeast
corner of Stormpolder. The Hollandse Ijssel and the Slikkesloot (industries and
housing) surround the 6 hectares of contaminated land. To prevent dispersal
of chemical compounds, the ground is isolated, sealed and continuously monitored. This means that the terrain is not suitable for any function.
However, blight-industrial areas coexist with natural and healthy environments
in Stormpolder. In fact, the natural area of Stormpoldervloedbos (9ha) is located on the south-eastern side of the island, and together with the river island
De Zaag (37 ha), is a very important natural feature on the Nieuwe Maas.
Stormpoldervloedbos represents one of the last pieces of tidal areas in the
Netherlands. This ‘flood forest’ (as in the meaning of the name) extends on the
original height of the island, thus it is at lower level compared to Stormpolder
ground. The tidal movements of the river regularly flood it: trenches dug the
soil and fill up and empty in the rhythm of ebb and flow. The daily tidal difference is more than 120 centimetres.
In 2012, the municipality of Krimpen aan de Ijssel approved a master plan
proposal for the requalification of the island. The plan envisages Stormpolder
terrain as an industrial “Maritime cluster’: an international leading centre in the
field of shipbuilding and metal industry that is optimally accessible by water.
Accordingly, offices and residential areas will integrate in the plan. Moreover,
the master plan is part of the Spatial Plan of Rotterdam Region for 2020 (that
included Stormpolder in 2005), which recommend paying special attention to
the shoreline of the island and to the environmental qualities of the riverine
landscape.
Land-water edge
To the scope of this research, the shorelines along the two rivers are of particular interest. The first one consists of a 0,45 kilometres winter dyke that
ends at the corner of the EMK site. It extends along the Hollandshe Ijssel and
different building types encroach the northern part of the water edge. Visually,
it seems a standard river-dike, which has a road on the ridge and a cladding
of basalt blocks to protect the dyke body. Technically, it is a ‘schaardijk’, which
combines winter and summer dykes in one structure, thus it occupies less
space compared to a regular dyke. The disadvantage is that the river does not
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have an available floodplain zone in case of peak discharges.
Towards the northern end of the island, the dike slightly bends and softens
the impact of water waves that hit its surface. As a result, the edge creates a
protected zone that allows vegetation growth in the interstices of the concrete
blocks, which clad the slope, and at the bottom of the levee.
From the historical viewpoint, this land-water edge/dike should be considered
of high archaeological interest and to safeguard from future developments. According to the Dutch Atlas of Cultural History, important historical remains are
buried along this edge; moreover, this edge witnesses the industrial evolution
on the Hollandsche Ijssel, along which brick factories were active since XVI
century.
The second land-water edge extends along the Nieuwe Maas, which has a
rather wide riverbed in this stretch of the river, and is 1,6 Km long. This manmade quay has an indented geometry and is composed of a mosaic of materials, such as: steel (damwand), concrete, bricks and breakwaters.
The land next to the quay is mainly a hard paved area that is used to store materials of shipyards or as car parking. The striking building of the IHC Offshore
& Marine Company punctures this long edge and is the landmark of the island.
The hall measures 270x90x70m and has a huge ramp to haul the ships inside.
Next to this shipyard is a floating peer, for fast ferries docking, and a small
green park that marks the beginning of the ‘industrial street’.
Both land-water edges are affected by two water dynamics: waves and tides.
The first one is caused by boats traffic. A large number and variety of ships
move across the two waterways that are important transport routes. Water
traffic generates waves of different frequency, amplitude and length. Although
the precise distribution of shipping movement is unknown, it seems that 90 %t
of the shipping is over the Nieuwe Maas (45% in both directions) and 10% of
shipping sails the Hollandsche IJssel (insert picture).
To both riverbanks applies also shipping regulations. According to the Rijkswaterstaat (Department of Waterways and Public Works) it is requires a clearance zone of 25 meters inside the banks. The goal of this free/unbuilt zone
is to limit effects of collisions (e.g. transport of hazardous substances) and
(ship’s radars) disturbances.
The water fluctuations of Hollandsch Ijssel and Nieuwe Maas generate the
second effect on the edges. Their current shape is a defensive response to
these natural dynamics and is a crucial aspect in their adaptation to new ecological goals.
According to tide charts, the mean tidal level is approximately 1,70m (source).
However, recent peaks of high water have reached the level of 2, 80m and
3,02m respectively in 2005 and 2007 (source), causing the inundations of extensive areas of the island. I will examine this issue in the section related to
the hydrology of Stormpolder.
Soil and pollution
According to the Soil map of the Netherlands, the soil of the island is made of
sea clay and the land level varies between NAP -1.52 and -1.47.
The image below shows the deposit in the Westland formation lithostratigraphic subdivision, which includes beach and dune deposits, marine Calais and
Dunkirk deposits, fluvial or ‘perimarine’ Gorkum and Tiel deposits, and Holland
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Fig. Lithostratigraphy of
the soil showing the layers of tiel deposits that
charcterise the site.
Images: Berendsen,
2007, 170

1870
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peat. Tiel deposits characterise the soil of Stormpolder.
According to historical maps, a low dike was surrounding the island in the past.
The land was mainly used for agricultural purposes. During the late 1870,
significant changes started in the profile of the island, especially with regard
to the edge along the Nieuwe Maas River. During 1950s is clearly visible the
impact of water-related industries/shipyards that fully occupied the southern
part of the island (along the Nieuwe Maas River) and modelled an indented
shoreline. Overtime, many landfills have maximized the surfaces of the island,
leading to the current shape.
There are different types of pollutions on the site that occur in soil, water and
air (or propagate through sound.) With regard to the soil, pollution is generated by shipbuilding and ship repair activities (painting, surface preparation,
tank cleaning, and all aspects of marine construction). In general, such activities use toxic chemicals including chromium, copper, nickel, and lead. Moreover, cleaning and coating activities use chemicals that include heavy metals,
solvents, copper, and hazardous or flammable materials. Due to the specific
location of shipyards on the water, p ollution created by shipyard activities can
fall into the water directly or be carried in by runoff. The areas related to the
existing large shipyards (Hollandia and IHC) on the site are included in this
category.
According to a report on the soil analysis, the top 50cm of terrain should be
considered polluted . (Lievense CSO, 2015)
The contaminated EMK terrain is a different case and risks are secured through
the IBC system(1) adopted in1986. In the past, the edge between the outer
dyke and the water (Sliksloot) was filled in with solid waste released from the
distillation of coal tar, such as pitch, tar and oil.
The second form of pollution refers to water and air. It is caused by the industrial activities on the site and by the intense traffic movement on the waterways. As a consequence, there is release of nitrogen oxides (NOx) and
ammonia (NH3), which precipitation can cause acidification or eutrophication.
(bestemmingsplan, 2013) Future transformations of Stormpolder, envisioning
a densification of activities on the island, might cause the increase of the cur50

Fig. 2.1 Transformations
of Stormpolder over time

(1) IBC =Isoleren, Beheersen,
Controlleren
(isolate, maintain, control). The Dutch government acquired the polluted land in 1986 and
isolated it from the environment through sheet
piles and a thick asphalt
layer.
(2)Witteveen+Bos,
KIJ32-1/nija4/005 definitief d.d. 7 januari 2013,
Stikstofdepositieonderzoek
bedrijventerrein
Stormpolder

rent pollution level. Furthermore, site specific studies (2) on this potential risk
have proved that the effect might reach the protected areas belonging to Natura 2000 network, which are relatively close to Stormpolder, (insert drawing)
thus conflicting with the conservation objectives.

Fig.2.2 Overview of the
NOx emissions by the
current industry. Dark colours indicate high emissions
Fig.2.3 Area affected by
sound emissions of industries. IBrown colour =
60-100dB(A)
Images: Stormpolder Bestemmingsplan 2013

Sound is the third form of pollution in Stormpolder. It is mainly generated by
the building activities of the shipyards that are located on the island and on the
close surrounding, and also by the intense traffic road of the N210. The image above highlights the sources of sound emissions and the intensity of the
sound. The areas around the shipyards have the highest value (60-100dB(A),
while the sound level of the surrounding zone appears to be equal to the sound
measured in an urban environment.
In 2011 was carried out an inventory on the sound emissions for the area,
aiming at the possibility of building new offices/housing. The results did not
clearly denied this possibility; however, they notified the urgent need of reducing sound levels. (Bestemmingsplan, 2013, 293)
Hydrology and habitat
The water flow of the Nieuwe Maas, which is a distributary of the Rhine River,
borders Stormpolder from the south. The river discharge is 230 m³/s and the
yearly water drainage is equal to 31,6 % of the total Rhine River drainage.
On the north site, Stormpolder is border by the Hollandsche Ijssel which yearly
water drainage is much smaller compared to the Nieuwe Maas. It corresponds
to 0,7% of the Rhine drainage.
A crucial feature for the water management of the area is the storm surge barrier (Stormvloedkering Hollandse Ijssel) built in 1958. The closure of this dam
prevents excess of water to flow inland during extreme high waters. It closes
about 5-6 times a year and it is the oldest engineering structure of the Delta
Works.
Although both Nieuwe Mass and Hollandsche Ijssel are highly regulated,
Stormpolder remains an interfluvial area exposed to the changing water regime of these two rivers.
Both waters flow into the Nieuwe Waterweg that was dug between 1864 and
1868 to better connect the harbour of Rotterdam to the sea. Since then, this
is the main passage of Rhine-Meuse water to the North Sea. Although, it is
not a natural estuary, the entire route to the sea is an area with ecological and
estuarine potentials. (Kuijs et al. 2011, 22). There are very limited areas of
natural transition between land and water. The ecological water quality (clean
water) is good (Rijkswaterstad, 2012).
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In this tide-influenced estuary, the differences in water levels vary: it measures
about 1,6m at the sea, while it is 1,8m at the harbour. The tidal difference is
about 1,2m at Stormpolder.
In 2014, local authorities have developed a concept for a continuous ‘tidal
park’ linked together by a ‘green dike’: the Green Gateway project. (Rotterdam, Getijdenpark, 2016)
This concept forms the so-called ‘Nature Based Flood Defense’ (NBFD) system for the local Rijnmond-Drechtesteden area (Rijnmond-Drechtsteden Delta
Programme, subprogramme of the national Delta Programme-Rijksoverheid,
2017). NBFD uses dynamic processes in nature and ecosystem services to
reduce the risk of flooding. Thus NBFD aims at conserving, restoring and building new ecosystems, such as tidal marshes, willow swamps with the purpose
of making natural barriers, breakwaters or buffers that protect the hinterland
from flooding. (Deltares, 2018)
Stormpoldervloedenbos belongs to the current list of tidal parks existing along
the Nieuwe Waterweg-Nieuwe Maas water corridor, as shown in the image
below.
Characteristic plants (spindotter, deer mint, cat tails and lilac) and the willow
forest grows on a rich soil, silt supplied by advancing seawater, forming an
outer dike nature reserve which is a rare oasis in an otherwise heavily industrialized landscape. The outposts of the port of Rotterdam, such as shipyards,
bridges and high cranes, are visible from Stormpoldervloedenbos.
According to the Green Gateway project, twelve new tidal parks will be built
along the water corridor. All together, the tidal parks will improve the region’s
recreational potential as well as the river’s ecological quality. They will create
new resting spots and cleaner water that will ensure salmon and sturgeon to
swim from the river into the sea and back (Rotterdam Climate Initiative, 2018).
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Fig.2.4 Stormpolder and
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Images: Stormpolder Bestemmingsplan 2013
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Fig. 2.5 Green areas in
the vicinity of Stormpolder
Images: Interactive Atlas
Provincie Zuid Holland
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Lastly, these mitigation measures are part of a wider framework of improvement of the Rhine estuary (Rijkswaterstad, 2012). They respond to the increased hard infrastructures (ports, dikes and riverbanks) and intensive use
of the water corridor that are ecological bottlenecks: they leave little room for
the development of macrofauna, salt marshes and seagrass. (Rijkswaterstad,
2012).
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Fig.2.6 Saltwater intrusion in the Nieuwe Maas
River: current situation
(left) and in 2015 (right)
Images: LOLA, 2014 -Interactieve klimaatatlas

Saltwater
Due to sea level rise and the expansion of the harbour basins near Rotterdam,
saltwater is increasingly pushing the river, so that in dry summers it reaches
the storm surge barrier in the Hollandse Ijssel. The image above shows the
increasing saltwater intrusion by 2050, which will flow until the confluence of
the Nieuwe Maas with the Hollandsche Ijssel, in Stormpolder area.
It already happened that the inlet at Gouda (from the Hollandse Ijssel MiddenWest Nederland) has been preventively closed, especially during periods of
high water demand for crops. According to the Interactive Climate Atlas, in
2050 the days that inlets for the urban water system along the Nieuwe Maas
and Hollandsche Ijssel must be closed will double.
Industrial structures
Besides the huge premises of IHC Offshore & Marine and Hollandia, the buildings of the so-called business park are standard structures. Spatially, the quality is low. There are many fences and front yards are mainly used as storage
and/or parking. Various improvements were carried out along the Industrieweg
during the past years, however, the shape and use of the buildings do not yet
contribute to an attractive socially safe route (bestemmingsplan, 2013).
The penitentiary institution is an exceptional structure within the industrial setting of the island. High protecting walls surround it. Visually, the closure and
extent of the penitentiary characterises the view of the island from the northern
side and it increases the sense of isolation on the island.
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DEVELOPMENT FACTS

STORMPOLDER

Krimpen aan de IJssel, The Netherlands

LOCATION

1: image adapted from Google Earth

1600 - many brickyards and shypyards were located along the Holland IJssel
1820 - start activities Van der Giessen shipyard, the oldest company in Stormpolder
1830-50 - construction of IHC Holland and Merwede Shipyards. They located on the southern edge of
the area
1894- a coal tar factory was places at the nothern edge. It deposited coal tar, oils and later asphalt on
DORDRECHT
the land. Starts the land contamination.
1940 -solid wast was used as a filling material
1953 - flood
1960 and 1970 - land level was raised of about four meters so as to prevent inundations.
1970- Exploitation Maatschappij Krimpen (EMK) established itself on the site
199?- construction of the DJI - PI Penitentiary complex, one of the largest penitentiaries in the Netherlands, with 468 detainees in different regimes
1992- IHC Holland and Merwede Shipyard merge into Royal IHC, becoming one of the biggest shipyard
in the country
2012 - masterplan proposal for the transformation of Stormpolder into a “Maritime cluster’
2014- starts procedure for cleaning EMK terrain
2018-starts cleaning process
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7: image adapted from Google Earth
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-98 ha
-5 km
-5 km
-shipyards
-prison
-offices
-car dealers
-EMK (toxix land)
-Stormpoldervloedebos (natural forest)
-Hollandia hall
-IHC hall
-Penitentiary

Surface:
Perimeter:
Water edge:
Functions:

Artefact:

5

-East of Rotterdam

Location:

EXISTING CONDITIONS
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The ‘schaardijk’

STUDY CASE 23

Varieties of the shoreline along the Nieuwe Maas River

- 0,45 Km; 1,60 Km
- variable
- artificial
- concrete, bricks, steel
- 2 shipyards
- schaardijke (winter+summer dike)

-still in use
- floods and tidal cycles

Lenght:
Width:
Type:
Materials:
Artefacts:

Status:
Influences:

- confluence of the rivers Nieuwe Maas
and Hollandshe IJssel
Construction period: - 1900, 1960
Location:

THE LAND-WATER EDGE

Sound 50-55 dbA

Sound 56-60 dbA

Sound 60-100 dbA
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NO2 emissions in 2015.
dark blue=38,5-40 µgm-3
light blue < 35 µgm-3

Soil contamination

3

Cultural heritage values of the shoreline along the Hollandische IJssel

Distribution of boat traffic around Stormpolder

Transformations of Stormpolder area: (1) 1870; (2) 1900; (3) 1925; (4) 1950

5

Sound pollution: dark brown=60-100dB(A)

6

Industrial categories in relation to sound emissions
blue contour= 50 dB(A)

2
STUDY CASE 3
- sea clay
-1.52 and -1.47 NAP
- heavy metals (soil)
- NO2 (air)
- nitrogen oxides (NOx) and ammonia
(NH3)
- 60-100 dB(A) sound

Soil:
Height:

Pollution:

4

9

as in Westland formation lithostratigraphic subdivision

Soil: tiel deposits

Source images:
Fig.1, 2, 3, 4: Topotijdrijs.nl
Fig.5: redrawn from data Bestemmingsplan, 2013 p.293/8
Fig 6, 7, 8: Bestemmingsplan 2013, p.292/7 ;6/146, 46
Fig. 9: Berendsen, 2007, 170

- till deposits

Geology:

BROWN DATA
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2015

2030

Salinity and delta areas: increase of saltwater by 2030

Monthly average of high and low water of Nieuwe Maas River

STUDY CASE 2
3

Flood area

2

Saltwater intrusion in the Nieuwe Maas (2050)

Floodplain of Stormpolder area (redrawn from map by Bestemmingsplan 2013, p.310)

-Stormvloedkering Hollandse Ijssel
(storm surge barrier)
-1,2m (Stormpolder)
-1,6 (North Sea)
-1,8 (Harbour)
-10-15m (average) Nieuwe Maas
270-370m (Nieuwe Maas)
-90-126m (Hollandse Ijssel)
-rain-fed lowland rivers
-yearly average 60 m3/s (Nieuwe
Maas)
-increasing values

Dam
Tides:

River depth:
River width:
River regime:

Salinity:

3

Average tidelevels 2012
(source: Hydrometeobundel nr.4)

Source images:
Fig.1: Kuijs E.K.M, 2011, p.
Fig.2: LOLA, 2014 -Interactieve klimaatatlas

Sliksloot

BLUE DATA

Inland waterways:

NIEUWE MAAS-HOLLANDISCHE IJSSEL
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1

Krimpen a/d IJssel-precipitations

Source: weergegevens.nl

Precipitations_station de Built

STUDY CASE 2

BLUE DATA
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2

Source: www.worldweatheronline.com

Krimpen a/d IJssel: average rainfall amount (mm)
and rainy days (%)

Source: www.worldweatheronline.com

Krimpen a/d IJssel: average cloud and humidity (%)
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The forest of willows at tormpoldervloedbos

View of Industrieweg

STUDY CASE 2
source image: Getijdenpark, 2018, p.29

The low land area close to Hollandia facilities

The network of existing tidal parks on the Nieuwe Maas River

Vegetation:

Flood protection
plan

- De Rivieren als getijdenpark (Rotterdam climate initiative) as part of
the Rijnmond-Drechtsteden Delta Programme

Conservation programs:

- tidal marshes/swamp forest

Goal: to ensure flood risk management, freshwater supply, and spatial
planning to be climate-proof and water-resilient by 2050

- National Delta Programme

Goal: conserving, restoring and building new ecosystems, such as tidal
marshes, willow swamps with the purpose of making natural barriers, breakwaters or buffers that protect the hinterland from flooding.

- Stormpoldervloedenbos

Natural reserves:

GREEN DATA
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Petroleum Zuid, Antwerp, Belgium

Location: 51.1829° N, 4.3484° E

Site overview
The Petroleum Zuid area is located southwest of the historical centre of Antwerp, on the right bank of the Scheldt River. It extends for about two kilometres along the water edge that was used for mooring oil tankers/cargo ships
transporting petroleum. In fact, the site was used for the import and industry of
oil products from America since the early 1900s. Its industrial character is still
recognizable thanks to the large number of silos, pipelines and other industrial
facilities that are still standing on the site and listed for their historical heritage
value.
Currently, there is no much left of the original topography of the site that occupied the former Hoboken polder. This historic polder area, the Kiel, was mainly
a swampy zone near the mouth of the Leygracht in the Scheldt and was an
important inundation zone for military purposes. In 1902, the site was raised
of 1,5m and the canals and streams were diverted or embedded in the new
industrial land parcels, while the Schelde River was straightened (between
1877- 1883). New expansions occurred in 1914 and 1934 and until WWII the
site was active, although under a pressing lack of space.
The decline started at the end of the 1940s when the centre of Antwerp’s oil
industry moved to the north of the city. Gradually the companies left, with exception of four companies BP, Q8, Avia / Alca Petroleum and Atab that remain
active today on the site as their concessions expire in 2035.
Moreover, on the site a large railway yard remains operational and a sewage
treatment plant is located behind it.
In 2011, was approved the ‘strategic Masterplan ‘ for the area and it envisions
a ‘sustainable industrial park’ that will provide location for green companies.
Consequently, the Petroleum Zuid was renamed ‘Blue Gate’ so as to emphasize the eco-effective, international and future-oriented character of the site.
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Fig.3.1
View of the quay with the
vast hangars in 1908
Fig.3.2
The Petroleum Zuid in
1938. Rails, used to
move cranes, extend all
along the shoreline.

Land-water edge
The 2,5 kilometres edge is a protected heritage structure (Erfgoed & Visie,
2010, 135) as it is considered part of the extension of the port of Antwerp to
the south. Built between 1873-1903, the quay wall was part of a 80m wide strip
equipped with quays, harbour-cranes, train tracks and storage sites along a 20
meters wide roadway. Moreover, the quay wall was part of the supporting flood
defence (Hooft, E, 2011b) of Antwerp from the Scheldt River.
Currently, this spatial structure is still recognisable alongside the water edge.
In fact, the 40-80m wide ‘green’ open area that extends parallel to the quay
corresponds to the area occupied by the old continuous metal canopy (1280m)
standing just behind the quay. Tracks were mounted on these roofs and served
for the movement of huge cranes (Baetens,1984,354-355 as in Erfgoed&Visie
2010,10)
The construction of new industrial structures has altered the regular width
(originally 60m) and a large concrete platform breaks this continuity and extends over the historical quays. It is important to note that currently, part of the
quay walls show heavy damage at locations where sand bed was excavated
to raise a protection wall against flood. The risk of collapsing is very high.
Structurally, the quay wall is a combination of concrete, brick masonry and
natural stone (blue hard stone, 1m thick). In detail, the quay wall is made of
zinc boxes (caissons) of 25m long and 9 m wide, with a variable height of 2.5
to 5 m (Hooft, 2010). These boxes were filled with sand and hard construction
material and supported by wooden quay poles. Since the beginning, the quay
wall showed stability problems and required continuous maintenance work. A
continuous row of cast iron mooring posts characterizes the quay wall; they
vary in type and construction period and express the historical evolution of this
harbor area. Moreover, some fragments of rails are still visible along the edge.
Mainly, most of the industrial infrastructures were removed.
Since 1979 a flood defence wall has been installed between the main road and
the quay wall. This concrete structure of more than 1m high has steel roller
gates that can be closed at spring tide.
The southern side of the land-water edge shows different character. The green
open area drastically reduces and parallel to the quay wall is the massive
Petroleum jettypier (1902-1903). Made in concrete and cladded with natural
stones, the pier facilitated the connection to the huge and impressive storage
tanks that still stand close to the water edge. Three tankers could moor along
the 293 meters of the pier, which stands on 14 pillars and is connected to the
land by a reinforced concrete bridge in which 5 pipelines were connected (Erfgoed & Visie, 2010, 13 and 137). The running systems of elevated pipes, that
are unique relicts of the past activities of the site, complete the spatial perception of the shoreline.
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Source of both images:
Erfgoed & Visie Bvba (2010)
Onderzoek Industrieel Erfgoed Petroleum Zuid Antwerpen

Fig.3.3
Map of the areas flooded by the Scheldt River
(blue colour). Petroleum
Zuid is a low-laying land
that is regularly inundated.
Image: AGIV Agenteschap
voor Geografische informatie Vlaanderen

Fig.3.4
Evolution of mean high
water levels (squares)
and mean low water levels (circles) in the Scheldt estuary in the period
1895-1990.
Image: Meire et al, (2010, 7)

Soil and pollution
The Petroleum Zuid is located on the historical polder area named the Kiel that
was mainly a swampy zone near the mouth of the Leygracht in the Schelde
River. According to the de Ferraris map, grass and hay islands characterised
the area during the 18th Century. The quaternary geological map shows that
the edge of the site was mainly a large Holocene trench on peat. The level of
the ground was raised in 1902 in order to build the petroleum harbour. Currently, the top layer consists of calcareous sand.
The terrain is relatively flat, with a water edge at about 7,5 m (TAW), but there
is a striking difference of about 3-4m between the east and west side of the
area.
The site is heavily polluted. There is ground and groundwater contamination
with mineral oil and there are floating layer zones with mineral oil. The soil is
also contaminated with heavy metals and PAHs (polycyclic aromatic hydrocarbons). In the groundwater, besides mineral oil, there was also pollution with
aromatics (benzene, toluene, xylene). Both the sludge of the Leigracht and of
the ‘s Heerensgracht are contaminated with mineral oil and PAHs.
Hydrology
There are several canals (Heerensgracht) and side canals in the area. The
Large Leigracht is the main watercourse that forms the border between the
Petroleum Zuid and the Hobokense Polder. The Hollebeek is partially tubed
and runs along the Waste Water treatment plants. Both water features flow
in the Scheldt, at the north and south edge of the ‘green’ area parallel to the
quay wall. A dam (near Kruger Bridge) on the Large Leighracht, plays an important role for the drainage of the area. In fact, it diverts the water flow of the
Leigracht towards the Scheldte or the natural reserve of the Hoboken Polder
during high water levels and extreme rainfalls.
The Petroleum Zuid is a natural flood area from the Scheldt. The southern and
western parts of the area are flooded regularly.
Historically, the area has undergone to several major floods, such as the historic event occurred in 1953. Moreover, the Petroleum Zuid is located in the
Zeeschelde section of the river, which is the Belgian part of the estuary, and is
subject to tides.
In the Zeeschelde is the highest concentration of agglomerations and industries historically developed close to the riverbanks, thus intertidal zone is often
absent (reduced to quays and wharfs) or is very narrow (Meire et al.,2010,
10). Tides are the sum of two waves: the one that goes upstream into the river
and the watervolumes that wants to go back to the sea. From the mouth, the
tidal effect draws like an elongated wave inside the Schelde and the difference
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in height between the high and low water levels varies is up to 5m in Antwerp.
The changing direction of the water, four times a day, has an important effect
on the coastline and on the bottom of the river (average depth is 15-20m).
Yearly, large scale dredging takes place at the bars where ebb and flood channels merge. Levels were deepened more than 5m and further deepening will
be required in the future. This activity, together with sea level rise influences
the tidal regime. Studies show that a clear increasing trend: the tidal amplitude
near Antwerp is double compared to the one at the mouth of the estuary (Meire
et al.,2010, 7).
Being a typical rain-fed lowland river, river discharge varies among seasons
(yearly average 104 m3/s; winter=180m3/s; summer 60m3/s) and the maximum tidal velocity during an average tidal cycle is 1,1m/s (Beneden Scheldt)
(Meire et al.,2010, 3). Finally, considering the time of pick discharge, it occurs
that near Ghent, where sluices impair the tidal waves, large portion of the
water is deviated to the Zeeschelde; while, at low discharges is the opposite,
meaning that most water is going to the canals to guarantee a minimum discharge and water level for the shipping.
Finally, sea level rise, dredging and reclamation can all influence tidal regime.
Due to the rhythm of ebb and flow, the saline seawater mixes with the freshwater of the river. In particular, between the Dutch border and Antwerp, water
is characterised by a steep salinity gradient (Meire et al.,2010, 3). This profile
is determined by the magnitude of the river discharge.
Habitat
The Petroleum Zuid is next to the Hobokense Polder and stretches within the
protected area of the Schelde Estuary. Both areas have unique habitats and
are part of two main conservation programs.
The first one is part of the VEN-gebied (Vlaams Ecologisch Netwerk), which requires the development of conservation objectives that aim at increasing mudflats and salt marshes along the banks of the Schelde (‘Slikken en schorren
langsheen de Schelde’); the other one, regards the designed area of ‘Scheldeen Durmeëstuarium van de Nederlandse grens tot Gent’ as natural protected

Fig.3.5 Map of valuable
habitat area next to Petroleum Zuid
Image: Arcadis (2013),
Blue Gate Antwerp (Biologische Waarderingkaart versie 2), p.52
Fig.3.6 Salinity levels in
the delta of Schedt River.
Petroleum Zuid is in the
freshwater/tidal area of
the delta
Image: Kuijs et al. 2011,
25
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area, that is part of the N-W-European migration route for water birds.
Both areas are part of Natura 2000 program and which aim, in the specific
case of the Schelde, is to protect and enhance sixteen habitat types detected
in the estuary and high valuable nature existing in the polder area.
(1) Polder van Kruibeke
is a GGG (gecontroleerd
gereduceerd getij ) area.
On the rhythm of ebb and
flow water flows twice a
day in a GGG. This creates a dynamic system
of swallowing and salt
marshes.

Moreover, the land-water edge of the Petroleum Zuid falls within the larger
flood protection plan of the Scheldt River, namely the Sigma Plan. Similarly
to the Dutch Delta Plan, the Sigma Plan includes projects for nature development and chains of new flood plains to give the river more space (GOG,
gecontroleerd overstromingsgebied) within defined contours. The Polders van
Kruibeke (60 ha), nearby the Petroleum Zuid, is one of those envisioned future
flood plain. It combines the safety function of a flooding area with the recovery
of rare tidal nature (1) .
The vegetation in the surrounding area of the Zuid Petroleum consists of tidal
marshes, salt marshes and wet grassland.
Finally, the increase of pressure on the estuary will influence the habitat shape.
In fact, further dredging will occur for economical reason, and further infrastructure for flood protection will be necessary for safety, and security viewpoints) .
Industrial structures
Within the project area, a number of objects have been inventoried as architectural heritage. The ‘Steinmüller steam boiler with accessories and chimney’
D’herbouvillekaai 100 has been designated as a protected monument. It industrial heritage on Petroleum South was mapped in the Industrial Research
heritage Petroleum Zuid Antwerpen (Heritage & Vision bvba, 2011). The petroleum pump and the elevated discharge pipes have the highest iconic value
for the Blue Gate area.
Lastly, on the northerner edge of the quay stands a 50-tonne revolving tower
crane from 1907 that was the first electric crane in Antwerp.

Fig.3.7 View of the huge
fuel tanks that characterise the site.
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PETROLEUM ZUID

1: image adapted from Google Earth

1859 -European distribution hub for petroleum (from Pennsylvania)
1887- huge fire
1900- acquisition of 54 hectares or the Hoboken Polder. The ground was raised by 1,5 metres, and
small channels and streams were rerouted, and the existing straight quays were lengthened by a kilometre
1919- expansion (about 233 petroleum tanks on the site)
1930- second expansion. Above-ground pipes
PETROLEUM
ZUID
1948-abandonment
2001-starts procedure for soil investigation and decontamination
2009-Master Plan Petroleum Zuid
2010-Blue Gate Antwer-enphasis on eco-character of the site
ANTWERPEN
2012- business model of redevelopment for sustainable chemical industry (BlueChem)
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-6,20km
-3km
-oil distribution; still partially in use
-sewage treatment plant
-large railway yard
quay wall, pier, silos, pipelines, oil
tanks, industrial buildings

Perimeter:
Water edge:
Functions:

Heritage structures:
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- BP, Q8, Avia / Alca Petroleum and
Atab

-127,50 ha

Surface:

Oil Companies on
site:

-Southwest of Antwerp

Location:

EXISTING CONDITIONS
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Re-modelled edge

2

View of the quay and remains of the train rails

The flood-protection wall

STUDY CASE 2

The decaying quay wall

3

The Petroleum Pier

Materials and structure of the edge in 1906

1

Connecting pipes along the edge

- estuary of Schelde River

- brick masonry, concrete, natural stones
- pier (built in 1903); 293 m (length),
concrete structure
- bridge of iron concrete deck with 5
connection pipes
- heritage listed structure
- in decay
- floods and tidal cycles

Materials:
Artefacts:

Status:
Influences:

Source images 1, 2 and 3: Erfgoed & Visie (2010).Onderzoek Industrieel erfgoed Petroleum Zuid. Report for the City of Antwerp. Respectively: p.11(fig.5); p.38 (fig.1); p.40 (fig.1)

- artificial

- 40-80m open area next to the quay
wall

Width:
Type:

- 2,5 Km

Lenght:

Construction period: - 1873-1903

Location:

THE LAND-WATER EDGE
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Heavy metals

Mineral oils > 20.000mg/Kg

Immovable Heritage

Ground heights
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Transformations of the Petroleum Zuid area: (1) 18th Century; (2) early 1900; (3) 1910

2

Geologic map

1

Polder
Valuable heritage areas/objects

± 4 m TAW
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±2

Football stadium

5

SoilSoil
contamination
(redrawn from
contamination
map by BGA Strategisch Masterplan, 2011)

- heavy metals and PAHs

6

The vast metal hangars along the quay (1908)

Source images:
Fig.1: geo.onroerenderfgoed.be
Fig.2: RAAP (2017) Blue Gate Antwerpen Archeologienota Archeologisch Vooronderzoek. p. 15 (fig.6)
Fig 3 and 4: Geoportaal Vlanderen
Fig.5 and 6: Erfgoed & Visie (2010).Onderzoek Industrieel erfgoed
Petroleum Zuid. Report for the City of Antwerp; p.62(fig.1and 5)

(Source: Blue Gate Antwerp Strategisch Masterplan, 2011)

Pollutants and remediation techniques.
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-5m between H and L tide
-1,1m/s max tidal velocity (average
tidal cycle)
-15-20m (average)
-rain-fed lowland river
-yearly average 104 m3/s
-winter=180m3/s
-summer 60m3/s

-steep salinity gradient between
Dutch border and Antwerp

Tides:

River depth:
River regime:

Salinity:

(source: Getijtafels 2018 www.vlaamsehydrografie.be)
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Diagrams are the elaboration of data by WATERINFO.be

Precipitations_station Wijlrijk
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Source of both images: www.worldweatheronline.com
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Ile Monsin, Liege, Belgium

Location: 50.6575° N, 5.6372° E

Site overview
Ile Monsin is an alluvial island on the Meuse River, located at about 4 Km north
of the historical city centre of Liege. Its current half-elliptic shape is the result
of the straightening of the edges of the island that had an organic shape until
1930s.
In fact, Ile Monsin was a marshland between the rivers Meuse and the Laye
that regularly inundated it during high water. (see picture). Historical documents describe the island as a “gardens of Eden” with a rich flora and fauna:
it was a Sunday destination for city dwellers and a resting place for the surrounding inhabitants. (Coenen, 1993). The construction of the railroad trucks
in 1888 and the later plans to fortify the island (1928-1935) started its process
of transformation into an industrial-harbour island. In particular, the construction of the Albert Canal (connecting Antwerp) and the decision to build the
autonomous port of Liege in 1936 were two parallel events that shaped the
current form and function of Ile Monsin. To this period should be dated the
network of infrastructure that is still operating on the site. It includes: the two
long docks of the harbour (110m), two rail bridges located on the north and
south of the island, and the bridge-weir of Pont-barrage de Monsin. The latter
provides a road connection to the island from the south and its was built in the
1930 to replace several old locks and to stabilize the course of the Meuse.
Pont-barrage de Monsin is still used as a hydroelectric power plant.
The weirs and the locks on the Albert Canal, on the north side of the island,
regulate the water levels of upstream Meuse.
The memorial to King Albert I is a landmark on the island. The architectural
ensemble consists of a 16m meters high statue of Albert I and a 40 meters
high tower. It is located at the southern tip of the island, marking the access to
the Albert Canal. (crmsf, 2018).
Ile Monsin is under the jurisdiction of the Liege Port Authority, which is also
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located at the southern area of the island. This part of the island is intensely
occupied and used as both leisure and work place and it includes The Royal
Yacht Club, the Centre for the Management of Waterways and dams, the shipyard Meuse et Sambre and the corporate of Europort Inlands Terminals.
On the contrary, the land around the north and south docks is divided into wide
land parcels and is mainly used by industries to storage or process various
materials (Port de Liege, 2018). Nowadays, there are six large-scale industrial companies in this area. They deal with the manufacture and distribution of
special steels (Ausa); import and processing of industrial coal, anthracite and
plaster (Terval); road work material (Grauvabel); concrete production (Cmix);
scrap-metal recycling; and waste processing (Revatech).
Seen from a distance, the island looks like a vast landscape of black and
brown mounds (coal and sand) from which sticks out the large footprint (1ha)
of the halls that cover the docks.
Land-water edge
The 5,60 Km edge of the entire perimeter of the island is remodelled. This
sharp edge is mainly made of concrete, steel and bricks (cladding). We can
distinguish it in two areas: one edge extends along the Albert Canal, while
the other is all along the Meuse River. Between the two waterways there is a
height difference of 5,50m.
The upstream edge, on the side of the Albert Canal, is an alternating concrete
and steel wall. Two impressive quays shape this edge and excavates into the
island for a length of 110m. According to the Port Authority, the wide dimensions of the docks (26m width and 4,50m water depth) allow to receive two
large Rhine vessels at the same time (Port de Liege, 2018). All around the
quay, cranes handle loads of short sea ships, pushed barges and river vessels.
The concrete edge of the quays extends on the south side of the island and
borders the triangular tip on which extends the monumental park dedicated to
Albert I. It is a terraced park, geometrically ordered, with wide esplanade that
borders an inner green lawn. Although different height levels distinguish this
edge, materials and hardness remains the same as the quay area. On the
north side, the edge changes its appearance and alternates concrete walls
with steel and bricks surfaces. A long row of trees gives a ‘green look’ to the
northern end of the island: it screens the view to the vast area of coal mounds
that extends behind, and it continues along the 136 m long Monsin locks. They
allow vessels to pass a height of 5,50 meters occurring between the Albert
Canal and the Meuse River. (Port de Liege, 2018).
The downstream edge, along the Meuse River, is a continuous concrete wall
flanked by a distribution road. The narrow and long area between the water
edge and the railway lines is a deposit of coal and sand mounds. Moreover,
land gently slopes down towards the river. Slightly different is the edge close
to the weirs. A green land ribbon is next to the high concrete wall and it hides
the view to the office buildings and industries located behind.
Soil and pollution
The soil is mainly made of clay and sediments carried by the Meuse River. In
fact, Ile Monsin is located on the course of the river between Liege and Maastricht where are three alluvial islands: Jupille (Ile Monsin), Argentau (FrancheComte) and Visé (Robinson-eiland). This stretch of land used to have many
islands, sandy and gravel banks and branches with undulated banks before
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Fig.4.1 Piezometric map
of Ile Monsin and the
close area of Jupille
Source: Ruthy et al.,
2006

the canalizations carried out during the XIX Century.
In general, the soil profile of the floodplain of this stretch of land is built by a
layer of gravel and sand, resting directly on the bedrock, covered by a layer of
clay. The permeability of the top layer is low. The rest of the catchment area
is predominantly permeable sand. (Geilen et al. 2001, 21; Moeskops, S. et al.
2010, 6; Ruthy et al, 2006)
The piezometric dimensions of the alluvial plain vary at Ile Monsin: upstream
of the Monsin dam bridge, the gravel layer is measured at +60 m. Downstream
from this point, the level drops down to +54.3 m. At the Monsin level, a hydrogeological study showed a free alluvial layer, with a northeasterly flow with
very local gradients of 4 and 8% (see figure)
The intense boat traffic towards the Albert Canal, the operation occurring
around the harbours and the industrial activities on the island affect the quality of both land and water of the island. However, there are not official reports
about the contamination of the site. Various activities are undertaken to limit
or prevent poisoning effects. An example is the spraying of the huge piles
of charcoal with white powder to prevent dust to fly. Newspapers report on
the ‘whitening’ of these mounds that belong to Terval. This company deals
with crushing, sieving, washing, drying, mix coals and it regularly sprinkles the
mounds with a few millimetre mine layer (derivative of cellulose) as a measure
against the diffusion of fine particles in the air. (Gretry-rtbf, 2018).
Hydrology
In the last century, many changes occurred in the valley of the River Meuse
provoking a severe environmental stress. To start with, human activities have
narrowed and deepened the riverbed. Furthermore and due to the steep gradient in the south region, many weirs and locks were required to accommodate
navigation.
Accordingly, the water levels upstream of the weirs were increased above
the design values, thereby increasing the risk of flooding. (Berlamont, 1995,
3) Furthermore, land subsidence due mining activities causes a relative rise
of the water level (at constant discharge) (Ibidem). Near Liege, subsidence
has reached levels of 6-8 meters (to a maximum of 12 meters) according to
several reports. In addition, the enlargement of riverbed (due to river regulation works) has consequence of water levels: the Albert canals has reduced
low water levels during the summer. Finally, urbanization has increased water
discharges, resulting in a drop over 0,40m of the mean water level (at Lanaken
2000) and the reduction of the duration of high waters (but not the frequency).
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The water discharge of the river Meuse at Liege varies between 10 and 3,500
m3/s (Berlamont, 1995,1). During the period 1995-2004, the average flow at
Nameche (downstream of Namu) was measured to 210,8m3/s with an average maximum of 297,81m3/s in 2001 and an average minimum of 122,0 m3/s
in 1996. (Wa rd et al. 2008)
This fluctuation is due to the amount of rainfall on the river catchment and its
soil. In fact, the subsoil of the upper part of the ‘Ardennes’ section of the river is
hardly permeable, thus heavy rainfalls quickly generate high flow rates down
the river, which regularly causes flooding (Berlamont, 1995, 1). During the
1990s, floods are recorded in January 1994 and January 1995, with extreme
water levels and discharges. However, the historic flood of January 1926 was
considered the worst one (IHOES, 2018). Other historic floods occurred in
1571, 1643 and 1740.
It is important to note that five (out of seven) largest floods recorded in the period 1911-2003 occurred during the last decade. (Moeskops, S. et al. 2010, 33).
Furthermore, the single channel within which the Meuse River is forced to flow
increases the power of the flowing water at high discharges. Consequently,
the danger for floods becomes very high (Baetens et al., 2004 in Moeskops,
S. et al. 2010, 33).
The table below gives an overview of recent floods and their duration. The
discharge is measured at Borgharen (The Netherlands)
With regard to Ile Monsin, the inundation and runoff maps show the vulnerability of the site. In fact, there is a high exposure of the island to floods and a
high variety of areas of concentrated runoff.
Low water levels (discharge lower than 60 m3/s) are critical in summer and
autumn. In fact, below this low level the discharge of the Meuse is too low to
fulfill all functions in the Dutch/Flemish Meuse and the connected canals.
An historic overview of low water levels, measured at Monsin, is given in the
table below. More recent low flow occurred in 2003 and 2009. In 1976 was
recorded the most extreme low water event: discharge of 8 to 9 m3/s at Maasbracht (The Netherlands)
In general, snow and ice have almost no influence on the discharge of the
Meuse. The coldness can cause low water levels, as well as high water levels.
According to climate models, the regime of water discharges will have only a
slightly change compared to the precipitation regime (see next section). The
reason for this ‘lower sensitivity’ is in the increase of evapotranspiration and
natural storage capacity of the river catchment (De Groof et al., 2006 in Moeskops, S. et al. 2010, 28) ).
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Fig.4.2 The different
discharges between upstream and downstream
river during the period
2010-2013. On the Albert Canal the water flow
is clearly controlled.
Fig. 4.3 Frequency of
water discharges showing the high variations in
pick discharges downstream, compared to upstream course.
images: Service Public
de Wallonie, Direction
générale Mobilité et
Voies hydrauliques

Date

Fig.4.4 Water discharges
and frequency of flood
events between 19902005.
Fig.4.5 Increase of days
of low water discarges
during the last decennia.
images: Moeskops, S. et
al. 2010, p.16 and 18

days of discharge below
50m3/s measured at Monsin

Precipitations
During the 1990s, reports indicate that the extreme precipitations have become more intense. Furthermore, there has been an increase in the number
of events especially for the short durations during the winter season. Furthermore, it appears that high rainfall extremes do not occur randomly in the time,
but there is a temporal clustering of 4 years. (Moeskops, S. et al. 2010, 14-15)
According to the Regional Climate models, he annual precipitation amount
is expected to remain constant or increase slightly. The clustering period of
precipitation will increase compare to the past. Therefore, there will be more
and longer periods of precipitation in winter and more and longer periods of
drought in summer (Moeskops, S. et al. 2010, 34).
The rise of groundwater level will be the consequence. On the one hand, this
will increase the risk of inundations, but on the other hand it will decrease the
risk of drought in the summer (Idem, 35 ).
The average precipitation is predicted to increase of 3,6% to 14,2% in 2050.
On the contrary, the number of wet days will decrease, but the amount of precipitation of the whole summer will decrease less. Consequently, there will be
less rainy day but heavier rainfalls.
Lastly, extreme events will become more extreme.
Habitat
Ile Monsin is located in the stretch of the ‘Ardenne Meuse’ basin characterised
by a hilly landscape and steep side slopes where woodlands of pine trees
dominate. (Geilen, N. et al, 2001, 20)
Eastern op Ile Monsin is the district of Wandre, a wooded slope with the forest
of Houlpays that leads to the plateau of Herve. The Land of Herve is a very
green landscape and the land has the qualities that makes good pasture of a
fat and wet consistency. (Herve, 2018). The plateau is characterised by low
hills (200-350m height), little forest and mainly meadow.
On the western side of Ile Monsin are three slag heaps: Belle-Vue, Bernalmont
and Petit Bacnure. These artificial reliefs are the product of coal extraction
and represent 90% of the green areas in Herstal. Years after mining stopped,
started naturalization processes and currently various stages of landscape
evolution (30-40 years) can be found.
The intense regularization of the river Meuse has left only few natural riverbanks near Ile Monsin. On the 93 ha of the island, the intense industrial development (74 ha) has left only sporadic areas for natural vegetation/row of trees
(alder, elm, ash), particularly along the docks, the weirs and at the tips of the
island.
Industrial structures
Noticeable for their huge dimensions are: the shipyard building, the huge hall
covering the dock and the covered warehouses.
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1: image adapted from Google Earth

...-1888: marshland area
1888: construction of railroad trucks
1926: historic inundation
1928-1935: plans of fortification of the island and construction of military shelters
1930: construction of the Pont-Barrage de Monsin, that provides locks to stabilize the flow of the river
and a road connecting the island to the mainland; start construction of the docks
1932: construction of the locks for the access to Albert Canal
1936-starts construction of Albert Canal
1937: begins giurisdiction of Autonomous Port of Liege on the island
1943: hydro power station at Pont-Barrage de Monsin
1973: begins EDF Luminus, power station
1982: the covered dock started operating
1994: flood
1995: flood
2015: closure of EDF Luminus
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8: image adapted from Google Earth

- 119 ha
- 5,60km
- steel manufacture and distribution
- coal, anthracite, plaster processing
- concrete production
- scrap-metal recycling
- waste processing
- shypyard Meuse et Sambre
- Royal Yacht Club,
- Centre for the Management of Wa
terways and dams,
- Corporate of Europort Inlands Ter
minals.

Surface:
Water edge:
Functions:

Institutions:

6

7

-4Km North of Liege

Location:

EXISTING CONDITIONS
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1

Views of the shoreline characteristics facing the Albert Canal

The edge along the hydropower station

Typical edges of the dock area

STUDY CASE 3

- Meuse

- concrete, steel, bricks
- Pont-Barrage de Monsin
- 2 bridges
- hydropower station
- locks
-King Albert 1 monument-park

Materials:
Artefacts:

The hard edge of the monumental park

- floods

- artificial

Type:

Influences:

- 5,60 Km

Lenght:

Construction period: - 1936

Location:

THE LAND-WATER EDGE
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2
+60 m; +54.3 m

Height:

Remains of a military shelter on the island

6

The military project in 1934: fire plan proposal

5

The new plan (1936) with the docks and Albert Canal

4

3

Source images:
Fig.1, 2: Ruthy, I, Dassargues, A. (2006) Carte Hydrogeologique de
Wallonie. Service Public de Wallonie, Namur, p.19
Fig 3, 4, 5 and 6: Coenen,E. (___) La forteresse “Île Monsin”. Tome
V - Fascicule 5 - janvier-mars 1993, p.2, 4, 5, 11, 20

- clay on gravel and sand

Soil:

BROWN DATA

Ile Monsin in 1884: it was still a natural island

7

Pont-Barrage de Monsin built in 1930 (Source: Service Public de Wallonie, Infrastructures)

1

Piezometric maps of Ile Monsin area in 1993 and of Jupille in 2000

STUDY CASE 3
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Monthly average of high and low water of Meuse River (station Lanaken)

STUDY CASE 3

- 4,50m (harbour)
-rain-fed river
-yearly average 210,8 m3/s

River depth:
River regime:

Flood potential on Ile Monsin (source: geoportail.wallonie.be)

impact of climate change, p.22)

(source: Moeskops, S. at al (2010)Adaptation of the Meuse to the

The locks on the Meuse River in Liege area

- Locks Albert Canal (1932)
16m (w) 136m (l)
5,50m (heigth difference)

BLUE DATA

Locks:

SCHELDE RIVER-
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ILE MONSIN-PRECIPITATIONS

(source: voies-hydrauliques.vallonie.be)

Monthly average rainfall (station Lanaye)

STUDY CASE 3

BLUE DATA

Water drainages on Ile Monsin (source: geoportail.wallonie.

Source of both images: www.worldweatheronline.com

Average cloud and humidity_Liege

Average rainfall amount and rainy days_
Liege

PRECIPITATIONS-
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The natural hills of Herve

Terril Belle Vue

Terril du Bernalmont

Golf de Liege
Bernalmont

Terril de la
Petite-Bacnure

ILE MONSIN - LIÈGE

Bois des Houlpays

The artificial hills, resulting from coal extraction, at Herstal

Network of existing natural and artificial areas surrounding Ile Monsin

STUDY CASE 3

Petroleum Port Wandre

Forest
Grassland / Meadow

Industrial Area

Bois de Nifiet

Bois des Marets

- Natura 2000

Conservation programs:

The naturalised slag-heaps at Herstal, on the
opposite side of Ile Monsin (source map: enature.org)

- Schelde- en Durmeëstuarium van de
Nederlandse grens tot Gent
Goal: protection of riverbanks and estuary as part of the N-W-European migration route for water birds.

- VEN-gebied (Vlaams Ecologisch
Netwerk)
Goal: increase mudflats and salt
marshes along the river banks

- Hobokense polder
- River banks and Schelde Estuary

Natural reserves:

GREEN DATA

HABITAT-

Stage 2: results
There are three main outcomes from the in-depth analysis of the four study
cases: the typological classification of land-water profiles; the singling out of
the context variables for each site specific; the identification of key edges for
further investigation. With reference to Rittel’s model, these outcomes form
the so-called ‘object model’. It expresses general configurations of standards,
or elements that are subject to design from which action and decision will be
taken.
		
In particular, the in-depth study showed that each study case was characterised by 2-3 different land-water edge. Moreover, each edge was dictated by
the former functions of the area, which determined the material and dimension
of the edges. Finally, there are three types of water dynamics affecting these
edges: high water/tidal, fast-flowing and slow-flowing rivers.
The cross-comparison among the cases helped to highlight the similarities
and differences among the edges, allowing their typological categorization.
We can distinguish two categories: one is based on the morphological characteristics and materials used at the edge; the other one regards the water
dynamics affecting the edge. In detail:
1. Typological categorization of edges/morphology
		
a. Hard/reinforced embankment, steep and artificial;
		
b. Mixed (hard and soft), gentle slope and artificial;
		
c. Rocky, steep, natural edge;
		
d. Soft, controlled, artificial
Within the type 1 we can distinguish also two subtypes regarding secondary
watercourses. These edges are both hard and mixed edges with industrial
structures overhanging on water.
The second classification is based on the water-related characteristics of the
site and the dynamics of the related river, consequently affecting the landwater edge. It can be shown three types of dynamics:
2. Typological categorization of edge-related water dynamics
		
a. slow-flow; tidal movement
		
b. high-flow; high humidity;
		
c. constant/controlled flow; high precipitations
Identification of context variables
From the analysis of the four study cases, 7 main variables where identified
with relationship to water. Three regard the water dynamics (velocity, floods,
tides, waves) and their effects (erosion) and 1 relates to its property (salinity).
Other variables refer to rainfalls frequency, soil contamination levels and edge
erosion.
Identification of key edges
From the cross-comparison between the two classifications, I was able to detect 6 land-water edges pointing out their ‘extreme-differences’. The main aim
was to emphasize the outmost (water-related) variables of each site in order
to generate a range of (extreme and) distinct variations.
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a. Hard bank/dike, slow-flow;
b. Mixed bank, slow-flow
		
- soft bank, medium-flow
d. Rocky bank, high-flow; high discharge difference
e. Hard bank, constant flow
		
- hard-inner bank, constant flow
The sequence of drawings that follow below synthesizes the learning from the
analysis of the 4 study cases. Each page shows the key edge/s of each area
and the variety of hydrological factors affecting the land-water edge. The sequence concludes with a comprehensive drawing that illustrates the physical
and hydrological differences among the four study cases.
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Fig.2 Context variables
Fig.3 Key edges of the
four study cases (left)
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C

c’

b’

A

B

a’

Fig.4 Tipologies of landwater edges existing in
the four study cases
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STORMPOLDER, NL

PETROLEUM ZUID, BE

Fig.5 Differences among
the key edges
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Stage 3
Learning and testing: sketch designs
After the typological classification of the different land-water edges, I reviewed
the commonly used elements of green-blue infrastructure in order to highlight
those edge-related ‘missing’ design tools for wastelands integration. Extending from this, I have added to them three tools that are used for water-land
edge reclamation and flood mitigation (1. infiltration/storage/ retention; b. soil
pollution/bio-remediation; soil erosion/flood mitigation-impact).
However, these tools provide only technical solutions to site-specific problems. In fact, they do not initiate any natural landscape dynamic that support
processes of connectivity either functional or structural.
To achieve this scope, I identified in each of the 6 selected edges the hydrologic variables that mostly affect the land-water edge in its physical and ecological characteristics. They were: water velocity, fluctuation and waves and
salinity.
Together with the predominant context characteristics of each site, I used these
variables to developed sketch designs for each selected edge. The scope
was to elaborate a series of sections of the land-water edges able to show
possibilities of adaptation to hydrological changes and environmental factors.
Ultimately, they enabled new vegetative cover, generated conditions for new
habitat and allowed for species movement.
To this term, the study cases had a triple role: to infer the key context variables
for design action; to generate the proposed tools (sections); to test them so
as to understand their strengths and limits when associated with local environmental factors.
In the following pages, I will illustrate these variables and the strategy undertaken in order to generate the various sections that promote landscape connectivity.
The title of each sketch proposal expresses both variable/s that helped generating the sections and benefits achieved.
THE NOURISHING WATER SPEED
Water velocity ------------------------------------------------------optimizing
Waves (water and sound) --------------------------------------echoing
THE SOUND OF WATER
Tidal movement----------------------------------------------------capturing
Water dynamics----------------------------------------------------echoing
THE PLEASANT FLOOD OF WATER HERITAGE
Heritage edge-----------------------------------------------------conserving
Water movements -----------------------------------------------delaying

THE LIFE GENERATING WATER EDGE
Rainfalls-------------------------------------------------------------harvesting
Contamination---------------------------------------------purifying/healing
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1.Study case 1: The Blue Heron Mill, Oregon City,
Sketch proposal
Title: The nourishing water speed
KEY VARIABLES

STRATEGY

Water velocity ---------------------------------------------------------------------optimizing
Water fluctuations-----------------------------------------------------------------absorbing
Design tools:
soil removal (re-profiling the edge)
piled stones to deflect current
grading slope

The 1,5 Km of shoreline is remodelled by grading its floodplain so as to create
an additional pathway that reduces the high-water velocity. The study of the
current speed, water depth, sheer and stress forces support the identification and location of the pathways for water. Moreover, historical profile of the
coastline, of which fragments are still traceable, indicates the intern niches of
low water speed along the river profile. Accordingly, three actions are taken:
removing, adding and linking. Ideally, an inclined and continuous plane is laid
between the high and low water levels of the river; at the intersection with the
steep topography of the water edge, part of the rip-rap soil is removed to create areas of medium and low water speed. In some parts, the areas of low
and medium speed are connected to each other; in other parts (below piles of
overhanging industrial structure) is added rough material/boulders that slower
and slightly diverts the water speed allowing debris accumulation and also
protected areas for vegetation growth.
Differences in water velocity, in combination with seasonal flow variations, are
very helpful in creating a vertically and horizontally complex river margin.
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EFFECT: Purification+soil remediation

2

3

4

Context variables

ROUGH SURFACE

HIGH SPEED

MEDIUM SPEED

SLOW SPEED

THE NOURISHING WATER SPEED

1

Design variables

Performance variables

STUDY CASE 1

ROUGH SURFACE

HIGH SPEED

MEDIUM SPEED

SLOW SPEED

Grotto

natural and steep edge; water velocity;
seasonality

ﬂoodplain grading (increase water paths);
debris accumula0on and water speed

expand riparian habitat for connec0vity

Major Flood (m12.19)

ADDITIONAL ROUGH SURFACES

POTENTIAL REVEGETATION AREAS

3

4

M

H

EFFECT: New habitat+reducing velocity

S

The 1,5 Km of shoreline is remodelled by grading its
floodplain so as to create an additional pathway that reduces the high-water velocity.
The study of the current speed, water depth, sheer and
Mstress forces support the identification and location of
the pathways for water. Moreover, historical profile of
the coastline, of which fragments are still traceable, inH
dicates
the intern niches of low water speed, along the
river profile. Accordingly, three actions are taken: removing, adding and linking.

EFFECT: Delay+sedimentation

2

Ideally, an inclined and continuous plane is laid between
the high and low water levels of the river; at the intersection with the steep topography of the water edge, part
of the rip-rap soil is removed to create areas of medium
and low water speed. In some parts, the areas of low
and medium speed are connected to each other; in other parts (below piles of overhanging industrial structure)
is added rough material/boulders that slower and slightly
diverts the water speed allowing debris accumulation
and also protected areas for vegetation growth.
Differences in water velocity, in combination with seasonal flow variations, are very helpful in creating a vertically and horizontally complex river margin.

EFFECT: New habitat+reducing velocity

Major Flood (m12.19)

Flood 1996 (m 15.54)

ADDITIONAL ROUGH SURFACES

S

Flood 1996 (m 15.54)

POTENTIAL REVEGETATION AREAS

EFFECT: Delay+sedimentation

Synthesis

1

SKETCH PROPOSAL
The nourishing water speed
LEARNING and TESTING: the SKETCH PROPOSALS_1
EDGE FOR SEDIMENTATION AND DELAY OF WATERFLOW

EFFECT: Sound

1

EDGE FOR SEDIMENTATION AND DELAY OF WATERFLOW
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STUDY CASE
CASE 11
STUDY

SKETCH
PROPOSAL
SKETCH
PROPOSAL
The
water
speed
Thenourishing
nourishing
water
speed

2.Study case 2: Stormpolder, Krimpen aan de
Ijssel, The Netherlands
Sketch proposal
Title: The sound of water

KEY VARIABLES
STRATEGY
Tidal movement---------------------------------------------------------------------capturing
Waves (water and sound)--------------------------------------------------------echoing
Design tools:
terraced ‘living’ ribbon
removing riverbank reinforcement
phytoremediation
transverse structures
The proposals for the two dominant edges of Stormpolder island, located at
the confluence with two rivers, elaborate on two variables: the tidal fluctuations
and the water waves created by the traffic of ships on the Hollande Ijssel and
the Nieuwe Maas River.
On the Ijssel River, the edge formed by a dike (‘schaardijk’) is ‘cladded’ with
undulating ribbons all along the zone of tidal fluctuations (1, 5m between high
and low levels). Visually, they mimic the water waves; functionally, these ribbons contain soil for the growth of riparian vegetation which are regularly flood
by the water rising. With the ebbs, sediments deposit and increase nutrients,
while small holes prevent siltation in the undulating ribbons. The latter are
more intensively distributed towards the north side of the dike, while decrease
on the opposite direction. The reason is that the dike bends slightly towards
the south side and is less exposed to the hit of the water waves produced
by boats. In fact, the ribbons aim at echoing the sound of water waves and
therefore they are covered with ‘sound bricks’, namely a textured masonry that
generates sound when hit by the waves.

Fig.1 The ‘fiumare’ in
South Italy
Source: Google Earth

On the Nieuwe Maas, the proposal for the 1,60Km of the shallow and variegated river edge suggests a sequence of ‘sound walls’ that follow the same
direction of the waterflow and are placed according to the saw-toothed land
margin. These walls remind of old structure extending along ‘fiumare’ (seasonal rivers) in South Italy that allowed walking next to the riverbed during high
water regime. These walls have different height and length and create a series
of landscape compartments. In each of these compartments, the topography
varies so as to offer different habitat (aquatic vegetation, marshlands and wet
meadow) while tidal movement remodel the land, constantly. Similarly to the
previous edge, the ‘walls’ are cladded with textured masonry and end with
small holes. The water, pushed by the flow of the river and by the waves of the
ships, slams on these walls creating different sounds and flows through/out
from the holes. A small stream/creek is laid inland and it collects the water
excess.
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Context variables

Tidal movement----------------------------------------capturing
Waves (water and sound)---------------------------echoing

THE SOUND OF WATER

4

Design variables
hard edge; pollu*on (soil and
noise); *des; water salinity; waves

water ﬂuctua*ons and sound;
soil remedia*on; erosion

diversity and inter*dal habitat

EDGE 1

Edge along the Nieuwe Maas
A sequence of ‘sound walls’, having the same direction
of the waterflow, create a series of landscape compartments. In each of these compartments, the topography
varies so as to offer different habitat (aquatic vegetation,
marshlands and wet meadow) while tidal movement remodel the land, constantly.
The ‘walls’ are cladded with textured masonry and end
with small holes. The water, pushed by the flow of the
river and by the waves of the ships, slams on these walls
creating different sounds and flows through the holes.

Edge along the Ijssel River
The dike is ‘cladded’ with undulating ribbons all along
the zone of tidal fluctuations (1, 5m between high and
low levels). Visually, they mimic the water waves; functionally, these ribbons contain soil for the growth of riparian vegetation which are regularly flood by the water
rising. With the ebbs, sediments deposit and increase
nutrients, while small holes prevent siltation in the undulating ribbons.

Synthesis

The sound of water

and TESTING: the SKETCH PROPOSALS_4
SKETCH PROPOSAL

Performance variables

LEARNING
STUDY
CASE 2
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STUDY CASE 2

SKETCH PROPOSAL
The sound of water

3. Study case 3: Petroleum Zuid, Antwerp, Bel1
2
3
4
5
6
gium.
Sketch design

NAP

Title: The pleasant flood of water heritage
KEY VARIABLES

STRATEGY
NAP

Heritage quay wall-------------------------------------------------------------conservation
Water fluctuations-----------------------------------------------------------------------delay
Design tools::
retention basins
selective bankCONCEPT
reinforcement

NAP

NAP 450 TA

The existing physical condition and historical status of the land-water edge are
the premises for the sketch proposal. In fact, the 2,5Km of land-water edge
cannot be modified as it is declared of heritage value; furthermore, erosion
and floods occurring over time have led it to a very bad state of decay. The
constraints expressed by these two important variables are considered as an
opportunity for landscape connectivity and edge preservation. The 10 meters
area behind the historical quay is than the action area.
Therefore, the sketch proposal suggests a system of interconnected pools that
function as retention basin that holds the discharge volume of water received
from the river when the water level rises. These pools function as flash flood
reduction and as reinforcing/structural elements for the decaying quay. By dividing this basin into several chambers, it is possible to determine areas that
are differently filled with water, which allow a diversity of vegetation growth.
Considering that the various chambers are filled in succession, their strength
(and aesthetic character) can vary: the first basin is strongly reinforced as the
water flows in with considerable force; the succeeding ones are flood with less
water force and are wider and less deep. Vegetation can vary accordingly.
Finally, the succession of pools can function as stormwater retention area. In
fact, it can store for a short time the water of two canals (grachten), located at
both edges of the pools, to reduce their discharge into the river itself.
In short, the goals achieved by the proposal can be summed up in three R’s:
restore, repair, and recharge. In fact, by using the fluctuation as key variable
for landscape connectivity, it is possible to restore the dismissed edge and
repair its physical damage; and at the meantime, to recharge the edge with a
new function that promotes niches for different vegetation, through repeatedly
flooding. Such reconfiguration creates a valuable ecological area for initiating
landscape dynamics and to promote connectivity.
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manmade and wide hard edge;
heritage; ﬂoods; 4des; daily

-1

-1
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conserving heritage; erosion, delay
and sedimenta4on

THE PLEASANT FLOOD OF WATER HERITAGE

Context variables

Design variables

Performance variables

inter4dal habitat for connec4vity
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35-65 m

NAP 450 TAW
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7.05 TAW
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Synthesis
NAP

7.05 TAW

35-65 m

The proposal can be summed up in three R’s: restore,
repair, and recharge.
By using the fluctuation as key variable for landscape
connectivity, it is possible to restore the dismissed edge
and repair its physical damage; and at the meantime,
to recharge the edge with a new function that promotes
niches for different vegetation, through repeatedly flooding.
A system of interconnected pools functions as flash
flood reduction and as reinforcing/structural elements
for the decaying quay. By dividing this basin into several
chambers, it is possible to determine areas that are differently filled with water, which allow a diversity of vegetation growth. The succession of pools can store for a
short time the water of two canals (grachten), located at
both edges of the pools, to reduce their discharge into
the river.

SKETCH PROPOSAL
LEARNING and TESTING: the SKETCH PROPOSALS_2
The pleasant flood of water heritage

STUDY CASE 3

“POOLS” along the river
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SKETCH PROPOSAL
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4.Study case 4: Ile Monsin, Liege, Belgium.
Sketch proposal
The life generating water edge
KEY VARIABLES

STRATEGY

Rainfall------------------------------------------------------------------harvesting
Soil-water contamination--------------------------------------------purification/healing
Design tools::
1.
floating mats
2.
cleansing pools
3.
landform
4.
incorporating banks reinforcement
The variables for the proposals for the land-water edges of Ile Monsin regard the
hydrology of the river, the intensity of rainfalls on the area (data from Herstal station)
and the highly polluted water and soil.
In order to introduce new habitat to the completely straightened edge of the originally
organic island (made of river sediments), the three sketch designs assumes keeping
the current edges and adding new tools for vegetation growth.
Moreover, the three sketch proposals work with two different topographic conditions,
respectively upstream and downstream.
Upstream, the 3Km edge relates to the imposing docks and the front of the island that
opposite to the Albert Canal; downstream, the 1,6Km shoreline stretches after the
hydropower station, at a -6m level. In both cases, the streamflow is highly regulated/
controlled
The first scheme (opposite to the Albert Canal) proposes a ‘carpet’ of ecological floating beds (4x4m) to purify polluted water. It utilizes phytoremediation through aquatic
plants and root’s microbes that absorb nitrogen and phosphorus elements, degraded
organic matter and enriched heavy metal (1). These floating tesserae are anchored
to dock poles and they rise/lower according to the changing water levels of the river.

(1). This proposal refers
to two successeful experimental studies conducted in two industrialised area in China. The
first one used Eichornia crassipes (water
hyacinth) on a 1km long
chain of floating bamboo
mats along the the Guxin River in Hangzhou.
(Wang et al., 2011)
The second one used
hydroponic rafts (artificial
islands of floating filters
with macrophytes) on
Lake Taihu (Penn State
University, 2011)

The second and third schemes are based on data forecast of rainfalls and stream
levels. Accordingly, rainfalls will intensify and conditions of extreme high water (floods
in winter-spring) and drought (summer) will characterise the river flow.
The second scheme (docks) uses the two main docks of the island to collect and
clean rainwater excess. The compacted land ribbon surrounding the docks, used by
machineries and cranes for the load and unload of products, becomes a collector
areas for the pipe system that conveys water to the docks, which are divided into 4
zones. The first one is for water collection, the 2nd one is for purification (with plantswetlands); the 3rd one allows slow water outflow and is filled with breakwaters); the
4th one can be used for sports activities (docking of small boats) and it connects with
the main course of the Meuse. In these sequential zones, water flows slowly, while
their various water depths support filtration and sedimentation of suspended pollutants, thus favouring water purification.
The third scheme (downstream) takes advantage of the 3m level differences between
the edge zone and the central area of the island by creating an artificial topography
through which the water of the river creeps during overflows of the Meuse River This
landform interprets the current outlook of the northern part of Ile Monsin, which is
characterised by piles of coal and scrap metals. The properly shaped topography, its
rich topsoil and the water that flows through it, characterises a variety of microenvironments for vegetation growth.
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Context variables
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THE LIFE GENERATING WATER EDGE

3

Design variables

Performance variables

AL

soil pollu+on; precipita+ons

soil remedia+on; water
puriﬁca+on

introduce new habitat

ECO POOLS

COVERED DARSENA

ECO POOLS

Synthesis

Downstream
The third scheme creates an artificial topography through
that receive the high waters of the Meuse.
This landform interprets the current outlook of the northern part of Ile Monsin, which is characterised by piles of
coal and scrap metals. The properly shaped topography,
its rich topsoil and the water that flows through it, characterises a variety of microenvironments for vegetation
growth.

Docks
The two main docks collect and clean rainwater excess.
The land ribbon all along the docks is used as a collector zone of the pipe system that conveys water to the
docks, which are divided into 4 zones. The first one is
used to collect rainwater; the 2nd one is for purification
(with plants-wetlands); the 3rd one allows slow water
outflow and is filled with breakwaters); the 4th one can
be used for sports activities (docking of small boats) and
it connects with the main course of the Meuse. In these
sequential zones, water flows slowly, while their various
water depths support filtration and sedimentation of suspended pollutants, thus favouring water purification.

The first scheme proposes a ‘carpet’ of ecological floating beds (4x4m) to purify polluted water. It utilizes
phytoremediation through aquatic plants and root’s microbes that absorb nitrogen and phosphorus elements,
degraded organic matter and enriched heavy metal.
These floating tesserae are anchored to dock poles and
they rise/lower according to the changing water levels of
the river.

Upstream: Albert Canal-highly regulated waterflow
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Stage 3: results
The main outcomes from this stage are the six edge designs that are illustrated in a conceptual-synthetic way.
They suggest different design strategies for landscape connectivity of the
land-water edge and from their design it is possible to extract the tools and the
measures that give future designers the freedom to transfer these approaches
to their specific cases.
The six sketch proposals correspond to the context models of Rittel’s method:
they express design variants that occur under various circumstances, and are
a base for generalization. In fact, these sections are ‘prototypical solutions’
and express a design attitude toward the existing land-water edge. They can
be arranged in 3 categories:
- (1) remodeled edge: edge that can be altered in its structure
- (2) embedded edge: edge that cannot be modified, thus it is ingrained
in the design and becomes its supporting structure
- (3) added to edge: new elements are added to the existing edge
To the first category belong the edge section developed through the sketch design of the Blue Heron area and Stormpolder-Nieuwe Maas; in the second one
falls into the set of sections developed for the edges of Petroleum Zuid area
and Ile Monsin downstream; finally, the third category includes those sections
related to Stormpolder (dike) and Ile Monsin-upstream.
These ‘prototypical solutions’ support long-term habitat developments and
provide extra buffer capacities to waterbodies. The adaptive design occurs in
the bandwidth were water levels are changing and it interacts with those flexible levels creating spaces where nature can benefit of this collaboration.
The four (water) schemes represented below show this interrelation.

PETROLEUM ZUID

BLUE HERON

STORMPOLDER

ILE MONSIN

Fig. 6 Relationship between new edge design
and water fluctuations in
the four study cases.
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Stage 4
Framework for landscape integration
The land-water sections developed in the previous step prioritize some variables on others, but they do not discard the latters.
This stage of the work aims at bringing together the variables identified in the
object model (step 2) and the sections generated in the context model (step 3).
In fact, in step 2 were highlighted the various variables having the potential for
initiation of landscape dynamics (as a basis for connectivity), while in step 3
I distinguished only 1 and I further elaborated it to understand its advantages
and limits in the achievement of landscape connectivity.
Only after establishing the relationship between the two models is possible to
determine the best performances.

Fig. 7 Design tools for
landscape connectivity
of land-water edges.

The section for Stormpolder is a case in point. Its further elaboration, including pollution types, soil, water salinity, fluctuations and velocity, is an example
of the interlinking factors that affect the edge type (as proposed tool) and are
instrumental in remodeling it.
This layered structure indicates what kind of variables should be used, their
internal variations, and how they are interrelated. It is a basic framework for
the (re)design of the land-water edge.
Accordingly, each new type of edge generated in a different site follows its own
path (e.g. path 1, 2, 3, etc.), which is based on the same framework.
The overlap of different paths results in an abstract scheme that shows not
only a variety of pathways to undertake but it also help to identify intermediate
areas where tools and strategies can be developed as hybrid solutions.
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In summary, this framework facilitates the development of multiple solutions
for different edges of water-related wastelands. It is an ordered structure that
coherently combines new design tools with changing site conditions without
limiting designers’ creativity. Finally, the rational and design principles of the
framework provide an answer to the range of design questions posed at the
beginning of this research.

Fig.8 Base framework
for edge-type 1 (Stormpolder)

EDGE TYPE 1
SALINITY

TIDES

VEGETATION

WATER VELOCITY

EDGE TYPE

CONTAMINANTS

INTENSITY SOIL TYPES

Low

CU

VEGETATION

Occasionally wet

Influence of tides-briefly under water
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Spring tide
AHW
Neap tide

calcareous sand
Medium

Ni

fresh

ZN

Sea clay

Influence of
of tides-half
tides-half wet/half
Influence
wet/half dry
dry

AVERAGE

Oil

High

Influence of tides-prolonged under water

ALW

Medium

NAP

High

Al

brackish

Basalt

salt

Occasionally dry

High

Sunlight under water-plant zone

No sunlight under water-deep water

Fig. 9
Framework for
the multiple development
of land-water edges of
wastelands.
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5. Discussion
Crossing the edge
This study started from a research question that led to a selection of four study
cases according to the criteria and assessment of the theoretical context of my
research subject. Its set up is exploratory in nature and the analysis of these
study cases provided a set of data that are the basis of the development of
design approaches and tools for actions with regard to the reclamation of the
land-water edge of wasteland areas.
The design approaches express design variants of the land-water edge that
occur under various circumstances and form the basis for generalization. They
represent the ‘context models’ as in Rittel’s method, from which it is possible
to extract the tools and the measures that give future designers the freedom to
transfer these approaches to their specific cases.
The study showed that the categorization of the land-water edges (step 2)
was an essential move to begin the research. In fact, not only did it show the
shared characteristics among the analysed land-water profiles but it was also
functional to recognize the water-edge as a ‘process space’ resulting from different water dynamics. Accordingly, it was crucial to identify the variables and
the morphological dynamic processes which characterise the six edges. This
informed the deductive reasoning for the choice of the ‘extreme variables’ for
design actions or sketch designs.
The six alternative solutions of the land-water edges (step 3), illustrated by the
sketch designs, show how water and green can become design components
of landscape strategies that initiate natural and dynamic processes at the edge
of inert wastelands. Accordingly, the land-water edge supports and enhances
a set of ecological functions that enable landscape linkages. In so doing, the
land-water edge becomes a connecting corridor that facilitates movement between patches, and consequently helps with the integration of wastelands into
the surrounding landscape.
However, the results shown by the sketch designs should not be considered
as final results. They express an intermediate level of the research. They are
transitional results, comparable to guidelines for development, and, as such,
they are similar to the ‘enzymes’ that ‘act as catalysers to accelerate processes’ (Prominski, 2017, 196). In fact, these abstractions entail a double advantage: firstly, they offer open solutions that need further elaboration so as to become site-specific answers; then, they accelerate the elaboration of new ideas
and assessments or discussions. Therefore, the sketch designs can provide
additional knowledge for further researches.
The second categorization of edges (embedded, added and remodelled) is
arranged to fulfil this scope. In fact, the set of pictograms serves to inspire
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and guide designers in the development of site-specific designs and allow
the inclusion of additional variables. This was a very demanding part of the
research, but it was essential in order to answer the research question and fill
in the research gap outlined at the beginning of this study.
As a matter of fact, this research adds new design tools to the currently used
elements of the green-blue infrastructure and thus it supports landscape
architects in developing a variety of strategies for landscape integration of
wastelands.
From the perspective of the user, I believe that these abstracted tools/guidelines can be considered the strength of the research.
Within this research I used Horst Rittel’ performance model that was originally
created for planning and decision-making practice. This study demonstrated
that it could be beneficially applied also to landscape architecture so as to
create innovative designs that are ecologically oriented. I adapted this model
to landscape architecture by adding ecological features and environmental
factors, specific to my research topic, in place of planning tasks and buildings. Moreover, the structured organization of variables it requires guided the
process to unravel the complexity of the land-water edges and provided a way
to understand their problems from different perspectives and in a systematic
manner.
By adapting this model I tried to provide landscape architects with a useful
tool of design for landscape connectivity that was still missing in landscape
architecture.
The investigation carried out through this research stems from a growing
demand in landscape architecture for addressing landscape connectivity in
planning and implementing landscape restoration. In the contemporary metropolitan landscape, wastelands are ‘gapscapes’ (Hormigo and Morita, 2004
in Zapata et al. 2013), degraded landscapes representing a critical threat to
landscape continuity.
Their reclamation is a difficult task for landscape architects. The re-design of
the land-water edge is a challenging element within this work and an opportunity for establishing linkage designs in the landscape: the reclamation of
these areas would contribute to reducing landscape fragmentation and habitat
loss. This study aims at guiding landscape architects to achieve this objective.
The ‘prototypical sections’ of the edges and the framework provide the instruments to create adaptive design that enhance connectivity in wasteland
areas, and thus help with their integration into the spatial network of greenblue infrastructure. Firstly, this research closes the existing knowledge gap by
identifying new tools for design of connectivity through the understanding of
the problems and risks of land-water edge of four ‘critical cases’; secondly, it
provides a layered structure (with flexible variables) whose degree of abstraction gives guidance to designers in the development of multiple solutions that
can be adapted to various site-specific situations.
In so doing, this research crosses the physical edge’ of wastelands areas.
Reliability and limitations of the research
The ambition of this research was to build a replicable approach that is worth
disseminating. To this aim, the research reliability is ensured through a thorough documentation of the work. In fact, a reliable documentation of the sources used for collecting data in the four specific study cases is provided by the
systematic documentation of the collected raw data (maps, hydrological, soils
and climate data, pictures, etc.) Documentation of the process and analysis
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of the data necessary to draw the sections prototypes ensures reliability too.
Furthermore, the research documented each phase of the construction process of the framework and provided an explanation of the results achieved, its
advantages and limits at each step.
Therefore, it can be said that this clear set up and documentation of the work
should enable further researchers to replicate this study.
However, objectivity can never be fully ensured. According to Swaffield, ‘knowledge is generated through the interaction between the investigators and a reality that exists but can never be known independently of the presumptions of
the investigators’ (Swaffield et a., 2011, 8). As a matter of fact, a design-oriented research can hardly escape personal preferences and designer intuitions,
which are implicit and paly an essential role in design making. I must admit
that personal factors, such as my educational and professional background,
as well as subjective interpretations may have affected this work. Consequently, the decisions taken and the opportunities I worked with during the research
process might not be completely unbiased. To limit this risk, the study has
used mixed methods in the collection of information. They included: interviews
to local inhabitants and researchers, primary and secondary data as well as
descriptions, photos and observations. Moreover, the study is based on a wellknown method (Rittel’s model) that was used several times, in several ways
and generated a wide school of thoughts that proves its validity.
Finally, there is no research without limitations. I carried out an experimental study based on an exploratory research question. As such, there is not
enough literature on the subject of connectivity and wastelands reclamation in
landscape architecture. Therefore, I had to rely on my own research and on
sources drawn from other research fields.
This research focused on only four critical study cases and a limited amount
of variables. In-depth analysis of more study cases might show new and additional variables and possible intermediate steps in the procedural sequence
of the work. Furthermore, the limited amount of study cases did not succeed in
identifying which methods were more effective in acquiring data and how they
influenced the development process of the design.
Finally, the time available to elaborate and test the approach was limited. This
restriction might have inevitably influenced some decisions and conclusions
taken during the research process.
This research started with a strict definition of wasteland that focuses on the
damage caused to these areas, their isolation and their being like ‘edgelands’.
This is the most common interpretation. This study has gone beyond such
a strict definition. It has embraced a broader one that views wastelands as
rich nodes of interaction between a living organism and the environment. This
ecological-oriented view offers new opportunities for research and poses new
questions on the specificity of the context and its relationships with surrounding environments. By re-designing the land-water edge of wastelands, this
thesis has proved how the physical edge can be a highly beneficial instrument
to recover these sites from the damage and to initiate natural processes for
landscape connectivity. Thus, the land-water edge is an open edge that connects the land with nature and its processes. This is the basis for a gradual
integration of forgotten territories into the environment and society.
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Relevance and contribution to the field
There is relatively little research regarding how dismissed industrial sites are
able to engage wider cultural and environmental issues. By addressing the
design of the ‘water edge’ with the ‘green and blue’ infrastructure, my research
contributes to widening designers’ knowledge on the environmental potential
of these areas, and in turn, to capture interlocking elements and synergies
among design fields, in order to act locally and effectively. In so doing, landscape design underpins and expresses cultural and social values and shapes
challenging spaces of experience.
The outcome of this research may give guidance to designers when dealing
with wasteland complexity and the multiple challenges and complex processes of design. This research can be used to develop an approach that assists
with design of wastelands regeneration, and therefore, this study does not
claim to invalidate existing recovery strategies. On the contrary, the aim is to
provide an alternative reading of wasteland areas with the intent of forwarding
strategies of landscape design in these territories.
An implication of this research is pedagogic. The proposed framework and the
variety of tools I elaborated should encourage further research through teaching. From the students’ side, the proposed landscape integrative approach
could be used as a guiding (under-)layer for their designs. It would inspire their
creativity in generating new ideas, it would develop analytical and assessment
skills, it would offer a different way to understand context-specific problems
and it would promote awareness of the landscape values of wastelands.
From the teacher’s side, the application of the framework would be a way to
explore a different learning process for creative design, while investigating on
the components/variables of the framework from various perspectives.
Societal benefits are also expected from this research. Local authorities and
experts can conveniently make use of the results of this master thesis when
addressing projects of reclamation of abandoned wastelands along waterways. Although the landscape design of the land-water edge is only one element within the complexity of these areas, this research provides advisors/
commissioners with a new and critical perspective of wastelands conversion
and hopefully it can steer their shaping in the future.
Finally, in some way this work contributes to the debate on contemporary landscape aesthetics and concept of Nature. Wastelands regeneration poses issues that tend to unsettle the conceptual vocabulary of idealised landscapes,
wilderness and pristine Nature. By recognizing these neglected and abandoned areas as integrated components of ecological infrastructure and vibrant
spaces for the built-up and natural environment, new possibilities for interpretation, experiences and ecological aesthetics will be introduced.
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6. Conclusions
In this thesis, the re-design of the land-water edge of water-oriented wastelands has been presented as a way to initiate natural processes for the integration of wastelands into the spatial network of natural elements forming the
green-blue infrastructure.
Since there is a lack of design approaches in literature that with landscape
architects to achieve this integration, the goal of this research was to elaborate
a set of design tools and a supportive design framework, based on the landwater edge, that could be used by landscape designer in the design process.
This thesis lays importance on the concept of landscape connectivity, either
functional or structural. Ecological connectivity is a well-known subject within
the landscape architecture field; however, it is not substantially implemented
as regards the reclamation of former industrial areas. The reason might be
found in the complexity of these sites, whose intricacy must be detected and
unveiled at the beginning, and in the lack of appropriate tools available to
landscape architects. As mentioned in the introduction of the thesis, landscape architects have developed very interesting projects by embracing the
multiple characteristics of wastelands and by acknowledging their exceptional
role within urban areas, in particular. However, there are not enough answers
to the condition of isolation into which these areas are still relegated.
To achieve ‘connectivity’, which is the basis for the landscape integration, my
research proposes an alternative understanding of wastelands. I called them
‘in-between’ areas for three reasons: firstly, to highlight their transitional state,
their intermediate position in the metropolitan landscape; secondly, to emphasize the meaning and role of the ‘edge’ as a complex and rich place of overlap
of different systems (natural and artificial, dynamic and static, etc.); thirdly, to
uncover the characteristics of the edge, its vulnerability and critical characteristics resulting from changes caused by human beings and by the pressure of
natural forces.
The literature study of the concepts of ‘integration’, (landscape) ‘connectivity’
and ‘complexity’ (in wastelands) provided an in-depth understanding of the different ways of creating linkages in response to landscape fragmentation and
habitat degradation that are the dominant mechanisms by which connectivity
is reduced or lost. Moreover, this study made clear the objectives, the ecological requirements and the priorities in the interaction with the composition and
configuration of the land-water edge. This was essential to proceed with the
landscape analysis of the study cases so as to provide an answer to the first
sub-question:
-

How and which features of the edge between water and land can be
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applied in recovery strategies of wasteland sites?
A list of 14 features (or variables) resulted from the systematic analysis of the
four study cases. The successive typological classification of the edges narrowed it down to 7 variables as key features of the land-water edge. Three of
them regard the water dynamics (velocity, floods, tides, waves) and their effects (erosion) and one relates to its property (salinity). Other variables refer to
rainfalls frequency and contamination levels.
These variables were used to generate the six sketch designs of land-water
edges, which showed how water and green could become design components
of landscape strategies that initiate the natural processes for connectivity at
the land-water edge of wasteland areas.
However, the answer to the second sub-question showed only possibilities
to incorporate the edge features in landscape design strategies in order to
create design proposals. In fact, the different solutions need to be translated
into ‘guidelines’ so as to offer a transferable knowledge able to work beyond a
specific case. The abstracted set of pictograms and the second categorization
of edges (embedded, added and remodelled) fulfilled this aim. They represent
the design tools for connectivity missing from the list of elements of the bluegreen infrastructure. The acquired knowledge paved the way to the second
sub-question:
To what extent can the landscape design of the land-water edge accommodate hydrological changes and environmental factors with site-specificity of
wastelands?
The performance model illustrated in step 3 determines the extent of landscape designs with relation to site-specific situations. It focuses on one tool
at the time and expresses the degree of changes and interactions among
variables and the pathway to follow. It incorporates context specific factors
and guides landscape architects in design adaptations and decision-making
throughout the design process.
The main research question posed at the beginning of this thesis was the following:
By what means can the landscape reclamation of the land-water edge
of industrial wastelands help with their integration into to the spatial organization of the green-blue landscape infrastructure?
Within a perspective of integration, the set of design tools and the related
framework I developed are the means to create adaptive designs that enhance connectivity in the land-water edge of wasteland areas. Hence, they
help with the integration of wastelands into the spatial network of the greenblue infrastructure. The design tools are ‘prototypical’ land-water sections that
activate landscape dynamics; while the framework is a layered structure of six
(land-water) variables that includes these tools. Both of them have a purposeful degree of abstraction. In fact, they do not provide any final solution. They
serve the purpose to inspire and guide landscape designers in the development of multiple solutions adaptable to various site-specific situations.
The framework provides a systematic design process and helps to speed it up
at the same time.
Lastly, the tools and the framework are new design tools that add to the current
elements used in the green-blue infrastructure. In so doing, they fill the gap
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highlighted at the beginning of this research and provide landscape architects
with new tools for action when addressing extremely urgent tasks in landscape
architecture, such as landscape fragmentation and habitat degradation.
This thesis has proved that the significance of the land-water edge goes beyond its common definition. It cannot be considered only for its form or its
function. On the contrary, the land-water edge can create new forms and
new functions that support a sustainable environment. The multitude of linked
processes it addresses and the framework I have elaborated show how the
land-water edge can initiate landscape processes that can boost the currently
adopted green technologies of remediation in wastelands. Thus, the land-water can be integrated in the ‘flexible design framework’ envisioned by Nail Kirkwood that provides a supportive physical structure to the site and is flexible for
future actions.
This means that landscape architects can reflect on the land-water edge with
a dual aim towards wasteland integration. In terms of ‘external’ connectivity,
landscape architects can elaborate designs according to the suggested framework and provide the network of the green-blue infrastructure with a carrying
structure for connectivity. In terms of ‘internal configuration’, they can elaborate designs through the continuation of the natural process (initiated at the
edge) in the site, thus shaping its configuration and link with the ‘flexible design framework’.
All this requires an increasing sensitivity to the environment and to work within the natural limits of the environment. This means that reclamation design
should promote the interaction between site ecological processes and human
vision, if our aim is to restore the interrupted balance between natural resources and human actions. ‘This interplay of creativity and rationality is the passageway to deep form’ according to the landscape architect John T. Lyle (Lyle,
1991, 188). Deep form makes the natural processes visible and meaningful to
people and it is in contrast with the ‘shallow form’ that shows only a superficial,
perceptive and contemplative form. (Ibidem)
Therefore, reclamation design of wasteland areas should aim to the ‘deep
form’. In so doing, we can integrate these areas into the landscape and encourage people to explore and re-engage with these neglected areas. After
all, the exploration of the land-water edge as a means to landscape integration
has shown that wasteland reclamation can go far beyond the edge of a given
damaged site. This was the ultimate goal of my thesis.
Reflections
I have chosen the subject of landscape integration of wasteland areas for
its relevance in both environmental and scientific realm. The vast amount of
these areas and their implication in the increasing landscape fragmentation
and habitat degradation worldwide requires urgent action by landscape architects. I accepted the challenge to develop a framework for the landscape
integration of water-related wastelands and I took immense delight in gaining
new knowledge on such relevant topic in landscape architecture and getting
new insights into the field of hydrology and ecology. I hope the outcome of my
thesis will encourage additional research and new ideas as a development of
the framework I proposed.
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Hopefully my work will be an inspiring topic for a debate on landscape connectivity in wastelands able to introduce a shift in the current designs for wastelands reclamation.
Dealing with connectivity and water dynamics, with relation to the particular
issue of land-water edge, could widen the range of interests among landscape
architects and challenge new ones to enter the field of wasteland reclamation.
I have learned that the landscape recovery ‘at the edge’ is a slow and longterm process, whose special qualities evolve over time. Dealing with water dynamics and dynamic rivers means thinking of designs that deal with constant
development of waterways and changes of their characteristics. Therefore,
designs should not strive for a fixed end result but to an open-ended design
process suitable for adaptations and requiring an on-going supervision. It is
not easy to integrate such long-term processes in standard planning procedures. However, it is not impossible and pursuing this aim should not be discouraging. Considering the unprecedented rate of landscape degradation occurring all over the world, landscape remediation will be a long-term job. Not
only should designers opt for the best adaptive solution for remediation but
they should also start learning from it how to prevent environmental impact.
However idealistic it may sound, I believe that a comprehensive design that
considers the environmental implications at every stage of a design could prevent rather than control the environmental impact.
Recommendation for further research
The outcomes of this research provide new insights into the landscape reclamation of wasteland areas that could lead to the development of additional
tools for integration.
However, additional research is required so as to develop the framework proposed in this thesis and to critically validate it against a large amount of study
cases. Furthermore, these additional study cases could focus on the study of
the edges of wastelands that are located along different water bodies, such
as lakes or seas. In so doing, it would be possible to increase the amount of
variables that influence the land-water edges, thus creating a rich and fertile
inventory for the formulation of additional design tools for connectivity between
wastelands and green-blue infrastructures.
A topic of further research could be the examination of the research process
in order to assess which methods are more effective in acquiring data and assess their effects on the development process of the design.
Finally, the reclamation of the land-water edge for landscape integration of
wastelands is one of the possible ways to pursue this aim. Future research
could focus on other ‘constructs’ that shape wastelands complexity and thus
offer new opportunities for landscape connectivity.
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