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SUMMARY
In a sustainable development, resources are used
in such a way that future generations are still able
to fulfil their needs as well. In this case it is not only
referring to natural resources, because in urban areas nature is not the only concern, for instance also
economical and social issues are important aspects.
Therefore a city development that is in accordance
with the sustainability concept aims at fulfilling the
goals of each concern in such a way that it is not
conflicting with a sustainable future. The framework
concept and the greenways planning strategy are
both seeking for this pursuit.
An expansion location of the city of Warsaw is chosen as case-study area. The main aim of research is
to design the urban extension in such a way that it is
not counter striking a sustainable future.
The main design strategy is to combine not conflicting functions and separate conflicting functions from
each other in space. In order to do so a distinction is
made in developments according to their process
characteristics. The low dynamical functions, such as
nature and water, are vulnerable and develop slowly.
They are in need of a durable and stable environment.
The high dynamical functions, such as industry and
dwelling, are developing relatively fast and therefore
are in need of flexible surroundings. These two kinds
of land-uses are separated from each other by relating them to different frameworks: the green network
for the low dynamical and the road network for the
high dynamical functions. This strategy is based on
the framework concept.
At the moment the study area is subject to an uncontrolled urbanisation process. This development
causes problems like the fragmentation and isolation of green areas, which frustrates the migration
of flora and fauna between these areas; a loss of the
local landscape characteristics, which has uniformisation of the landscape as a consequence; and the
disregard of the existing landscape, which leads to
environmental.
The disregard of the natural water system in new
housing areas can lead to problems like flood, drying,
pollution and discontinuity of the system.
Another main problem in the study area is the pollution of soil and surface water.
The design is consisting of the master plan on a scale

1/10.000, of the detail area on a scale 1/2000 and of
some important elements from the detail area that
are worked out further. The master plan is structuring the study area by introducing two networks. The
high dynamical functions: industry, commerce and
dwelling, are related to the road network. The green
network is containing the low dynamical functions:
water and nature. Recreation is seen as not conflicting with these functions and combined in the
green.
The latter network is represented by a continuous,
lineal shaped green structure, in which many aforementioned problems are solved. The continuity of
the drainage pattern is guaranteed, the linkage of
green core areas for nature and recreation is ensured
and the local landscape characteristics are maintained. Besides the green network is used to control
the urban development and structure it into different areas.
As well measures are taken to clean the surface water and the soil. In the design the Dutch three-stepsstrategy for water quality is applied and soils in need
of sanitation are removed and purified by means of
phytoextraction.
The detail area is representing two residential areas with a park in between. The existing water system is integrated into the built-up area by applying
the Dutch three-steps-strategy for water quantity.
Moreover the dimensions of the water system are
calculated in order to reduce the risk of flood to the
minimum.
The water in the neighbourhoods is kept above
ground as much as possible in order to use its recreational and aesthetical potential and make people
aware of its presence.
A park in between the neighbourhoods is functioning as main recreational attraction in the green structure. Moreover the purposes water storage and remediation of water and soil are fulfilled in the park.
In practise to be able to spatially develop a city in accordance with a sustainable future a comprehensive,
integral long-term plan is necessary. Another indispensable requirement is the availability of sufficient
data of good quality.
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1
INTRODUCTION
1.1

Reasons for research

Since several decades now world authorities acknowledge the negative impacts that human intervention had and often still has on the natural environment. Global environmental conflicts emerged
such as the enforced greenhouse effect, which is
causing the climate change, and the exhaustion of
nature resources. At a global level commitments are
made to combat and prevent these negative impacts
like the Kyoto Protocol. Countries make policies and
take measures in order to fulfil these commitments
for a sustainable future. Thinking of this subject the
following questions struck my mind: how does this
aim for sustainability affect spatial plans on a regional and local scale? Did the way human interventions like city expansion take place change with this
acknowledgement? And how do still less developed
cities like in Eastern Europe that are at the start of
modernisation and major economical and spatial
growth, deal with this call for a sustainable development? With this thesis project I take the opportunity
to try and find an answer to these questions.
One of the by mankind created processes that often
takes place and seriously affects the landscape and
its ecosystem directly on a more regional and local
scale is urbanisation. Warsaw, as the capital and the
largest city of Poland, is an emerging and rapidly
growing city in Europe. It is gaining importance in its
position and as a member Poland also has to meet
the policies and measures set by the European Union concerning sustainable development.
Warsaw is a green city located on both sides of the
Vistula river. It still has the opportunity to not make
the same mistakes as cities in more developed countries like the Netherlands have made in their growth.
Nowadays we have more knowledge on the impacts
that human acts have on the environment and on
how negative influences can be prevented or at
least mitigated. The municipality of Warsaw itself acknowledges this as well and is striving for a sustainable development of the city.

1.2

Problem acknowledgement

The location of new housing developments used to
depend on the suitability of the landscape. Nowadays technical knowledge allows cities to expand

independently from the natural situation and often interventions no longer respond to site specific
features. This causes the local characteristics of the
landscape to disappear, which leads to uniformisation of the landscape and thus a loss of local identity.
Next to this tendency the disregard of the existing
situation often leads to environmental problems.
The city of Warsaw is developing very fast. They are
planning to build-up till the municipality boundary,
which is represented by the Warsaw Metropolitan
Area. One of the areas under urbanisation pressure is
our study area. It lies in the vicinity of the city centre,
although on the other side of the Vistula river. The
current urbanisation process in the area seems to be
uncontrolled. The houses are spread randomly in the
landscape before even a proper road infrastructure
has been constructed and the drainage pattern is
being neglected. Streams are wedged between the
fences of backyards, leaving the water no space and
making it invisible and difficult to access for people.
Thus the present development could be called problematic and should change if the municipality is intending to meet a sustainable future.

1.3

Aim of research

A traditional definition of a “sustainable development” is:
“meeting the needs of the present generation without
compromising those of future generations (European
Commission, 2002, p.9)”.
With this definition often only the protection of natural resources like freshwater and natural gas is meant.
However in the development of an urban extension
nature is just one of the many concerns, besides
there are for instance economical and social ones.
Urban areas are dominated by human and therefore
a multifunctional use of the landscape should be a
main aim. Meanwhile the purposes of the urban development still need to be in line with the concept of
a sustainable future.
The current urbanisation process in the study area
isn’t in accordance with a sustainable future, but how
should the city deal with spatial growth? It is a difficult issue. There are many related matters on which
it depends such as the available financial resources,
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the working of the planning instrument, and willingness and understanding of people to participate.
There is not just one way of dealing with this subject.
In this thesis I am aiming to design a city extension
according to this durable approach. Therefore the
main research question is defined as:
How to spatially develop a city without interfering with
the aim for a sustainable future?
The hydrological aspect is taken as most important study subject and worked out in more detail. I
choose for hydrology as main subject, because the
water cycle is an important part of the biosphere
that relates different components of the landscape
with each other. Therefore it is a main determinant
in the wellbeing of human and the landscape and its
ecosystem.
In order to find an answer to the main research question I defined the following sub-questions:
• What conflicts can rise between urban development and water?
• How to deal with and prevent these urban related
water conflicts?
• How to elaborate the gained knowledge on sustainable development into a design?

1.4

Report structure

In order to answer the research questions the report
has been structured into four main parts. Chapter
2 gives an introduction to the used theory and describes the problems that can rise between the urban area and water. As solution water management
strategies are given to prevent problems concerning
the water quality and quantity. In the last section the
main goals and a design strategy are set.
Chapter 3 contains a study of Warsaw. First the location of the study area is given. Afterwards it gives a
description on relevant issues concerning the study
area. The literature research is representing information that is mainly gathered by literature retrieval,
but as well based on the interviews and excursions
done in Warsaw. The analysis is representing a manual cartographic study and a GIS-assessment. In the
end conclusions are drawn describing the main
problems occurring in the study area and the goals
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for design are set.
The design results are described and visualized in
chapter 4.
Finally in chapter 5 I give an answer to the main research and make some last remarks and recommendations.

2
A S U S TA I N A B L E A P P R OA C H
In this chapter first the changing relation between man and nature and the reason of the aim for a sustainable development are described. Then a way is given how to answer to this aim in a spatial development. The framework
concept and the greenways planning strategy are explained in short.
After that the importance of the water cycle for the biosphere and the emerging conflicts between water and
urban areas are expounded. Strategies developed in the Netherlands will be put forward to tackle a part of the
problems.
Finally main design goals and a basic concept for the design strategy are derived from the content of this chapter.

2.1

The call for sustainability

The attitude of human towards nature changed
through time. Four main evolutionary stages are
identified (Saraiva by Ferreira and Botequilha Leitão,
2005): harmony, domination, degradation and sustainability. These stages are as well clearly distinguishable in the treatment of the hydrological cycle
by human. In the following paragraphs this system is
taken as an example to explain the different stages.
This explanation is based on an article written by
Saraiva (by Ferreira and Botequilha Leitão, 2005).
The harmony stage began with establishment of the
first settlements. Humans introduced minor changes
into the natural system to be able to use its resources.
Moreover humans adapted their lifestyles and habits
to natural rhythms, for instance to the hydrological
cycles of flooding or drought which they could not
control.
The domination stage began in the 17th and 18th
centuries when humans tried to tame nature
through technology. There was an intense development of hydraulics and hydrology. This development
resulted next to other things in the regulation of river
flows by channels and dams. These works increased
the benefits derived from water resources and minimized the inconveniences and hazards to human life
and property.
In the 20th century as technologies grew more powerful, so did the interventions in water resources.
Large multipurpose hydraulic projects began to be
implemented in the 1930’s aiming at domestic consumption, irrigation and energy production.
The degradation stage has its roots in the 1960s.
Ecosystems become degraded due to human interventions. These interventions cause some common
landscape effects. Land-use intensified, which has
as consequence a decrease in landscape heterogeneity and an increase in fragmentation of the landscape (Harris by Ahern, 1995). Both of these effects

have negative biotic and abiotic consequences for
the landscape (Wilson and Peter by Ahern, 1995).
The awareness of the negative environmental and
social consequences of the prevailing development
concept increased. An environmental policy was enacted in Europe to protect nature resources including water. This reactive environmental planning approach resulted primarily in sectoral and mitigative
measures (Ferreira and Botequilha Leitão, 2005).
The sustainability stage emerged in the 1990s with
the recognition that mitigation wasn’t enough to
address the global environmental crisis and that a
proactive approach was needed. Today an unified
global response seeks for a more sustainable landscape condition. This aim has been strongly supported through policy agreements of the European
Union as well. They generally define a “sustainable
development” as meeting the needs of the present
generation without compromising those of future
generations (European Commission, 2002, p.9).
One may conclude that in cultural landscapes a duality exists of human and nature. Today we see that the
domination of nature by human needs to change:
the relation should be coordinated in such a way
that both will last in future. This would not only be in
favour of nature itself, as human need nature as well
to support them in life.
The acknowledgement for the need of sustainability
led to the introduction of landscape ecological theories into the landscape planning discussion. Main theories are the island biogeography and meta-population dynamics (MacArthur and Wilson’s by Townsend
et al., 1999) (Figure 2.1). This tendency is noticeable
in spatial design by for example the implementation
of stepping stones and corridors to connect important nature areas. However these theories are only
regarding ecological concerns like the maintenance
and increase of the biodiversity and migration of
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Figure 2.1 MacArthur and Wilson’s (1976) equilibrium theory of the island biogeography. (a) The rate of species immigration on to an island, plotted
against the number of resident species on the island, for large and small islands and for close and distant islands. (b) The rate of species extinction on
an island, plotted against the number of resident species on the island, for large and small islands. (c) The balance between immigration and extinction
on small and large and on close and distant islands, in each case, S* is the equilibrium species richness (S = small, L = large, D = distant, C = close)
(Townsend et al., 1999, p.373).

species. In cultural landscapes a multipurpose planning approach is more appropriate (Gottman by
Ahern, 2002). These landscapes are dominated by
human that also have other concerns like social and
economical ones. For example people like to live in
a nice environment and the production of goods is
important to support us in life. We are tending to put
the aims for such aspects above the concern for nature, but the duality of man and nature should not
and do not need to be in contradiction. Thus in the
design of an urban extension the purposes of each
concern should be answered, yet without frustrating
the possibilities for a sustainable future.

2.2

The framework concept

The landscape is subject to a continuous change.
These changes are caused by manmade and natural
processes. Both types of processes develop differently and require other environmental conditions.
Human related ones change quickly. They are initiated by high dynamical functions. These land-uses
require a flexible environment. This is contradicting
with the low dynamical processes of nature. They are
developing slowly and are in need of a stable and
durable environment.
When the changes in the landscape are not coordinated in any way the high dynamical land-uses like
commerce and dwelling tend to oppress the vulner-
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able, low dynamical land-uses like nature and water.
Therefore in urban areas that are mainly dominated
by high dynamical functions it is important to protect land-uses as greenery to increase the liveability
of a city. A well developed green structure in the urban area is very important as it has a positive effect
on human and the environment. It influences for
instance directly and positively the air quality, the
climate and microclimate condition, the water circulation, the matter and nutrients flow and the quality of other abiotic components like soil, surface and
groundwater. Moreover people often like to live near
green facilities.
Thus in order to prevent the vanishing of functions
that are in need of a durable environment, a spatial
plan should be implemented that contains solutions
for both process characteristics.
It is difficult to make long-term plans for the future,
because it is not easy to predict the changes. Especially the high dynamical ones, as they are depending on many variable factors like economical and
technical development. A long-term plan should
offer these functions maximal flexibility, while for
the low dynamical functions quietness and stability
need to be guaranteed.
A strategy for solving the spatial problems that appear in an urban landscape is to implement a spatial
division between intensive, high dynamical functions and more extensive, low dynamical functions.

A S U S TA I N A B L E A P P R O A C H

This can be done by introducing two frameworks in
cultural landscapes; one for the low dynamical functions and one for the high dynamical functions. This
strategy is based on the framework concept of Kerkstra and Vrijlandt (1988). In their concept they distinguish on one hand a landscape framework that
creates durable conditions for nature management,
forestry, recreation and water management and on
the other hand agricultural production spaces where
optimal production circumstances can be realized.
The landscape framework requires a long-term planning.
Against this stable background the planning of the
agricultural spaces can be subject to relatively short
planning cycles adapted to the technical and economical developments.
However functions that are in need of each other or
at least do not frustrate each other in their development can be combined in space. In this way purposes like nature development do not need to exist on
their own, but can be combined with other functions
like recreation to make it for instance economically
feasible. As a consequence the quality of nature that
can be reached will often be lower.
In the urban expansion area of Warsaw the spaces
will not have agriculture as land-use, but urban, technical functions like commerce, dwelling and industry.
They will, like the low dynamical functions, be related
to a framework: the road network. This is as well the
case in the structure plan of Schalkwijk, the Netherlands (Tjallingii, 1996). In this project the “strategy of
the two networks” was applied (Figure 2.2). It means
that the water and traffic network form the basis for
the spatial planning of the city. The functions within
the neighbourhood (living, working and recreating)
are related to the frameworks. The traffic network is
the spatial, organisational framework for high dynamical functions and the drainage pattern is used
as framework for the low dynamical functions. In
this way conflicting land-uses are separated from
each other and both types of land-uses can exist in
the same landscape, because the vulnerable, low dynamical functions are protected form high dynamical functions in future. Thus when the spatial structure of an urban area is planned well, all necessary
purposes can be fulfilled in a durable way: in accordance with a sustainable future.

Figure 2.2 A schematic image of the two networks strategy in which the
high dynamical (red) and low dynamical (green) uses are seperated from
each other. The red functions are related to the road infrastructure and
the green functions to the drainage pattern.

2.3

The greenways strategy

In order to find more characteristics of the low dynamical framework more theory has been studied
to warrant the well functioning and quality of its related land-uses in the urban area.
“Greenways” is a generic term that has been applied
to a wide range of landscape planning strategies,
concepts, and plans. In general it is regarded as a sustainable development strategy. Ahern (1995, p.134)
proposed the following inclusive definition of greenways:
“Greenways are networks of land containing linear elements that are planned, designed and managed for
multiple purposes including ecological, recreational,
cultural, aesthetic, or other purposes compatible with
the concept of sustainable land-use.”
Furthermore he (1995, p.134) writes that “the battle
of greenways is the struggle for sustainable landscapes
against the forces of fragmentation, land degradation,
urban expansion and uncontrolled land-use change.
The strategic aim is to establish a durable network that
supports basic ecological functions, protects key natural and cultural resources and permits other uses which
do not impair landscape sustainability”.
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So this green space strategy fits in the framework
concept well. The greenways are representing the
low dynamical network. The development of the
green structure is based on ecological theories, as
the strategy calls for the protection of core areas (the
key natural and cultural resources) that are linked up
in a lineal network (the greenways). This implies that
one of the main purposes is connectivity.
Additionally a striven is multifunctional land-use
within the green based on an assumed or negotiated spatial and functional compatibility of certain
uses. Thus not conflicting functions are combined in
the greenways. They are separated from conflicting
functions by placing those outside the green area.
The greenways strategy is based on an assumed
complementarity between nature protection and
economic development. This makes it a comprehensive strategy that is suitable to use for the spatial development of green structures in cultural landscapes
like new city extensions. Moreover the network is
a way to coordinate and structure urban development.
Pleading for a greenway network is that a greenway
can function as buffer between areas with conflicting uses for instance between an industrial area
and a protected nature area, or they can protect an
area within the greenway from its surroundings for
example a river. As well such a green network has
a potential role in opposing the negative effects of
landscape fragmentation. This argument is based on
the benefits of connectivity related to the theories
of island biogeography and meta-populations (Schreiber by Ahern, 2002). Finally greenways have the
potential to provide a visible structure and legibility
to the landscape.
However there are also many valid arguments
against greenways. The potential of greenways to
serve as wildlife corridor, which was mentioned as
argument pro before, is not accepted universally by
all planners and ecologists. Daniels (by Ahern, 2002)
identifies three reasons why fauna corridors are not
needed: many species can disperse across the landscape without corridors and there is little evidence
that the intended species will use the corridors.
Moreover the corridors may facilitate the spread of
invasive species into protected areas.
Greenways opponents claim as well that a more ap-
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propriate strategic response to landscape fragmentation is to protect existing large patches in advance
of fragmentation through additional protection or
through nature creation.
I agree that this should be the case, however often
policies come too late in the process to prevent fragmentation. In that case the implementation of greenways could be a good solution. Moreover one of the
main points of departure in the greenways strategy
is in fact the protection of nature resources.
Another danger in the implementation of greenways is that they are represented as lineal elements.
This may lead to greater uniformity of the landscape
and a loss of cultural landscape identity. However,
this argument against greenways is only valid when
the lineal elements are introduced in the same way
everywhere. When greenways are conceived and
planned based on the specific abiotic and biotic patterns, the local characteristics and the heterogeneity
of the landscape are maintained.
The function of the greenways can contain different purposes depending on the environment and
landscape they are in. Ahern classified these possible
goals into several categories (1995, p.138):
1. Biodiversity related: pertaining to the maintenance or enhancement of biodiversity through
habitat protection, creation, linkage, and management.
2. Water resources related: relating to the protection, restoration and management of water resources including floodplains, stream corridors,
groundwater recharge/discharge areas, and
wetlands (Binford and Buchenau, 1993 by Ndubisi, 1995).
3. Recreational: relating to opportunities for natural
resource-based recreation, especially along linear corridors through rural and urban landscapes
(Tzolova, 1995).
4. Historical and cultural resource protection: relating to the linkage of cultural and historic resources, particularly those with strong natural
resource/landscape associations (Little, 1990 by
LaCour, 1991 by Smith and Hellmund, 1993 by
Fabos et al., 1993).
5. Development control, urban containment: relating to the strategic use of greenways to control
and define the urban-rural interface (MacKaye,
1928 by Ryder, 1995 by Walmsley, 1995).

A S U S TA I N A B L E A P P R O A C H

As one of the main aims is multifunctional use, a
greenways network can pursue different goals at the
same time.

2.4

Water and urban development

Water is an element of main importance in the landscape. Literature study demonstrated that water is
generally regarded as the bloodstream of the biosphere (Riple, 2003). This means that maintaining or
restoring clean freshwater is a key element in achieving sustainability. It is of main importance for the
survival and functioning of ecosystems and human
societies (Naiman and Turner by Ferreira and Botequilha Leitão, 2005).
Water is moving through the landscape, shaping it by
erosion and sedimentation processes, and transporting matter, energy and organisms. The flows associated with water and their related physical, chemical
and biological processes result in chorological relations between all landscape components like natural
and cultural, aquatic and terrestrial and surface and
underground landscape components in space and
time (Van Buuren and Kerkstra, 1993). Thus the hydrological cycle (Figure 2.3) significantly affects the
characteristics and patterns of the landscape and its
ecosystems. It establishes mutual relations between
them. Therefore degradation of this system will not
only affect the cycle itself, but as well all related phenomena of and on the earth’s surface. As the water
system is greatly influenced by human interventions
such as urban development, it should be a main concern in the consideration and implementation of human actions in the landscape.

Figure 2.3 The hydrological cycle (Klein et al., 2000, p.1-3)

In the following sections, the conflicts that may rise
between urban development and water and a strategy to prevent problems are described. The related
development in the Netherlands is used as representative.

2.4.1 Conflicts between water and urban

J.M. de Vries, a former Vice Minister of Transport, Public Works and Water Management held a discourse on
the development of the Dutch water management at
the symposium “Water in the city” (Roermond, 1998).
The following paragraphs reflect the main content of
her speech explaining the development of the water
problems in built-up areas.
The economical growth of the Netherlands was at a
top level during the fifties and sixties. An explosive
urbanisation took place, and trade and transportation grew. In that time many rivers and streams were
normalized, ponds and lakes deepened. And new
housing developments were represented by large
numbers of uniform residences that were hastily
produced. Within these urban extensions the large
quantity of impermeable surface fulfilled one purpose: the drainage of rainwater.
At the end of the sixties the disadvantages of such
developments and the economical growth became
noticeable. Air, soil and water were strongly polluted.
The richness of nature and landscape, which were
taken for granted before, disappeared. Many water
systems became ecologically paralyzed and nobody
wanted to swim, row or fish in them anymore. The
production of drinking water became problematic
as well.
In this stage the Water Authorities (Zuiveringsschappen) were brought into life. Their mission was to get
rid of the polluted waters. The adopted approach to
reduce contamination was based on the principle:
“the polluter pays”. This means that the industries
had to restrict and purify their own produced pollution. The urban waste water was collected in sewer
systems and cleaned. The pollution problems were
dealt with by applying technical measures, which resulted in qualified and quick solutions.
At the moment there is a large underground water
infrastructure and there are many water treatment
systems in the Netherlands. The large industries
have reduced the pollution in their waste waters
enormously and the overall level of pollution has
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Figure 2.4 The water balance per year for a not built-up area, a built-up area with infiltration facilities and a built-up area without infiltration facilities

decreased largely in comparison with the seventies.
The water quality is even visibly higher.
With the technical solutions the situation in the
Netherlands came far in what we should call the
right direction. However the question is, especially
considering water management in the urban, if the
application of technology is enough or if a necessity
exists to search for other ways to improve the water
quality and the system as a whole.
As aforementioned, in Dutch urban water management the emphasis laid on the treating of waste
waters, and on keeping the residential area dry. By
using the sewer system as a drain, the water was
kept out of the streets and houses. Thus the current
water system of the Netherlands reflects a great human influence in which the natural water system
isn’t taken into account. On one hand this is a logical
approach, although on the other hand it also carries
disadvantages. The water cycle is being interrupted,
water flows out of the system and the quality of water leaves much to be desired (Van Buuren, 1997). As
a consequence there are many problems with regard
to the current water system, quantitatively as well as
qualitatively speaking. M.Sc. De Vries acknowledged
the following problems that occur in the Netherlands
(Roermond, 1998):
Drying - Large quantities of sealed surface and the
quick drainage by the sewer system in urban areas,
prevent rainwater from infiltrating in the soil (Figure
2.4). Therefore the groundwater is insufficiently recharged. This leads to lower groundwater tables and
consequently drying. The groundwater table can
be replenished with water from other places, but in
many cases it is of less quality.
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Flood - The natural resilience of the water systems
has decreased. Rivers and other surface waters do
not have enough space to safely store and drain
large rainwater discharges. Water technical interventions such as canalization have the quick drainage
of the water as a result. Therefore, together with the
water discharge from urban areas, the areas downstream have to deal with large water amounts in a
short time during heavy rainfall. Floods are the consequence. This situation often leads to inconveniences and economical damage.
Pollution - During periods of heavy rainfall dirty water is released directly to the surface water of the
built environment, because the waste water treatment system does not have enough capacity to deal
with such an amount of water. This results sometimes
to unacceptable pollution, smell and fish mortality.
Also outside the built environment the resistance
against the release of waste water from the urban
area grows. One of the reasons is that cattle drinking
from ditches can get ill. Furthermore pollutants that
are attached to soil particles are mobilised during
peak discharges, which as well leads to a decrease
of water quality (Broodbakker et al., 1995). Other important polluting sources in the urban area are for
instance leaking sewer systems and the washing off
of matter from sealed surface by precipitation water.
Together with these contamination problems comes
another factor that makes the situation more complex. There may be less pollution emissions at the
moment, but the present pollution comes from diffuse sources such as traffic, building materials, domestic products and pesticides. Due to its diffuse
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source pollution is less tangible and more difficult to
clean. The best solution would be to treat the pollution at its source, as after diffusion purification gets
more difficult and therefore more costly.
Next to the aforementioned problems, another main
problem occurs:
Discontinuity - Often the spatial continuity of water
courses is affected in new urban developments. They
are for example intersected by infrastructure and
housing. This interference has a negative impact on
the ecological and hydrological coherence, because
the transport of water, matter and organisms is interrupted.
The Dutch government is aware of these problems
nowadays and want to prevent them from occurring
in future. Through the decades the Dutch water policy has developed as it is now, learning from earlier
made mistakes and misconceptions.

2.4.2 An integral water management

As explained in the previous section there are many
conflicts rising in urban areas where the natural water system has been disregarded. In the 20th century
a water management approach mainly based on the
control of water was applied to combat these conflicts. Technical interventions made that water was
discharged out of cities controlled and quick during
high river levels and peak rains. During dry weather
periods water was directed back over great distances and pumped up. This technically controlled system is failing more and more. Damage from water
inconveniences and damage from drought are the
consequence. So, such an approach does not seem
to give a solution for the long term and in the end often makes the conflicts even more difficult to solve.
The water policy of the 21st century anticipates on
these problems in another way. A new and integral
approach for water management in relation with
spatial policy has been adopted. The water system is
taken as a main lead for spatial development instead
of being a following concern after plans are made.
This implies that the suitability of the existing situation for housing development is studied and that
the results of this investigation are giving directions
to the design of the future.
In the integral approach, the water system is exam-

ined from a holistic point of view. All parts of the water system (ground-, surface, waste-, rain- and drinking water), their mutual relations, and every policy
field and measure that influence the water system
such as spatial planning, nature management, industrial development and construction of infrastructure,
are taken into account. The main aim is to introduce
the natural water cycle into the urban area and close
the cycle on a neighbourhood and city level. This
means that water, and especially relatively clean
rainwater, should be retained in the urban area itself,
instead of being released quickly to its surroundings. In this way water discharges will be distributed
relatively even like in the natural situation. The problems of flood, of drying and partly of pollution will be
avoided in this way.

2.4.3 The implementation in practise

A building, neighbourhood or city can be considered
as being one object where various flows like energy
and water go in and out (Figure 2.5). These flows are
disturbing the existing, natural cycle of flows. It is in
favour of the environment to restrict the ingoing
flows and slow down the outgoing flows as much as
possible.
In order to reach this pursuit in practise a three-stepsstrategy has been developed. This approach is a well
known device in city building in the Netherlands. The
main aims of the method are resistance of ingoing
flows and retention of outgoing flows. The flows are
used or reused as efficiently as possible. The steps in
order of priority implemented for ingoing flows are:
prevent unnecessary use, make use of everlasting
sources, and use exhaustible sources sensibly. The
steps for outgoing flows are subsequently: prevent
waste flows, reuse waste flows, and process waste
flows sensibly (Duijvenstein, 1997).
For each flow like energy and materials a specific
three-steps-strategy is constructed. Also strategies
concerning the water flow have been set up in order
to prevent water conflicts in new housing developments. One strategy is regarding the water quality. It
aims at preventing problems related to the quality of
surface water and groundwater.
The steps in order of priority are (Nationaal Dubo
Centrum, 2005):
1. Prevention: the urban or landscape space is
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Figure 2.5 The flows that go in and out the urban area

planned, structured and used in such a way that
no pollution will be released to ground- and surface water.
2. Separation: if the previous measure is insufficient,
clean and dirty water flows will retain separated.
3. Purification: as a last measure the purification of
polluted water is demanded.
The overall purpose of this strategy can also be understood as to restrict the inflow of water, so to use
clean freshwater as less as possible in new housing
developments.
Another strategy is concerning the water quantity
and is based on the characteristics of the natural
hydrological cycle. The main aim of the policy is to
prevent problems with the quantity of surface and
groundwater. The measures in order of priority are
(Nationaal Dubo Centrum, 2001) (Figure 2.6):
1. Retention: the urban or landscape space is
planned, structured and used in such a way that
there is more retention capacity for water.
2. Storage: when the retention capacity is insufficient, measures will be taken to store water.
3. Drainage: in last circumstance water will be
drained if necessary.
Thus when this strategy is applied in practise properly, the outflow of rainwater in the built-up area will
be reduced as much as possible.
Besides the application of the three-step-strategies,
the processes and continuity of the drainage pattern
can be maintained as much as possible by placing it
into the green structure of the urban development.
Just like in the aforementioned structure plan of
Schalkwijk (Tjallingii, 1996) where the drainage pattern is used as spatial organisational framework for
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the green spaces of the city.

2.5

Concluding

In many occasions the word sustainability is referring to the protection of nature resources and the
use of these resources in such a way that they will
last in future. However in urban areas, nature is not
the only concern. Ahern makes clear that in cultural
landscapes more facets play a role like economical
development and feasibility, social issues, recreation,
and aesthetics. In a city development plan the purposes of all facets should be incorporated without
frustrating the possibilities for a sustainable future.
In this thesis work I am striving to create a spatial
plan for a city extension in which concerns related
to the field of landscape architecture like water, nature, recreation and aesthetics are regarded in such
a way that they are compatible with the concept of
sustainability.
Based on the described planning and water strategies in this chapter the following design aims are
defined:
1. The purpose is to create a city extension in which
land-uses are allocated in such a way that they
are not in conflict with each other. Moreover
they should correspond to the potentials of the
natural physical structure.
2. Another main goal is to integrate the water cycle
into the urban area. In order to reach this goal I
aim for the preservation of the continuity of the
drainage system and for the improvement and
maintenance of the water quality and quantity.
3. Thirdly people should be able to seek pleasure
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apart from each other in space. This will be elaborated by introducing two networks into the study
area. The first network will be represented by the
road infrastructure along which the urban technical
land-uses, living and working, are organised. These
high-dynamical functions develop fast and require
a flexible environment. They are in conflict with the
low dynamical land-uses nature and water, which
develop slowly and are vulnerable. Therefore these
last-mentioned land-uses are in need of a durable
and stable environment. The low dynamical functions will be separated and protected from the high
dynamical functions by relating them to a green network. Recreation is seen as not conflicting with these
vulnerable functions and can be incorporated in the
green structure as well.
By combining low dynamical and compatible functions with each other their right to exist is enforced;
the purposes of recreation, nature and water protection do not stand on their own anymore. In this
way they are stronger and more resistant to other
developments that can have a negative impact on
these vulnerable functions, for instance economical
development. However the bundling also has disadvantages, for example not the same level of nature
quality can be reached.

Figure 2.6 The three-steps-strategy for water quantity

from their surroundings. Therefore a main aim
is to create an extensive, continuous green and
recreational structure, where people can move
through on foot or by bicycle and spend their
free time.
4. A last goal is to encourage the migration of species by making a continuous green structure
that connects natural core areas.
To answer to these aims a design concept has been
established. The main strategy is to combine compatible land-uses and set incompatible land-uses

A primarily lineal and continuous green network will
be created in which the purposes water protection,
recreation and specie migration are combined. Its allocation will mainly be based on the existing drainage pattern, and the situating of natural and cultural
resources. In this way the continuity of the surface
water system, the recreational network and the migration network for flora and fauna is ensured.
The construction of the green structure will as well
give the opportunity to organise the urban and divide it into different areas.
Finally to increase or at least to maintain the water
quality and quantity in the new urban development
the three-steps-strategies will be applied in the design.
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3
THE WARSAW STUDY
To get acquainted with the landscape of Warsaw we first carried out a large scale cartographic analysis regarding
the whole municipality. During this study we have defined the precise location of the study area. After the large
scale analysis the study area, its close surroundings and their relations were examined in more detail.
This chapter consists of three main parts: a literature research, a manual cartographic interpretation and a GIS-assessment. To each part a section is dedicated.
The chapter starts with defining the study area location. The last section is describing the problems and directions
for design that are derived from the results of all study components together.

3.1

The location of the study area

The study area is situated north-west of the Warsaw
city centre (Figure 3.2). One of the major rivers in
Poland, the Vistula (Figure 3.1), is running through
the city dividing it into a left (south-western bank)
and right (north-eastern bank) part. The study area
is located on the right side of the Vistula river and
represents one of the green wedges of the city. The
boundaries are defined by a canal streaming to the
North, an industrial area in the south, a highway in
the direction of the town Marki coming from the city
centre in the east and the administrative municipality border.

3.2

The literature research

The information presented in this section is mainly
derived from library and internet sources.
In the following order the geological development
and soil type, the hydrological situation, the existing
landscape, and finally the problems that the munici-

pality meets and their plans for the future of Warsaw
are described. All subjects first concentrate on the
situation for the Warsaw municipality and then give
more detail on the study area itself.

3.2.1 Geology and soil

The municipality of Warsaw is located in the central
part of the Mazovian Lowland. This lowland is characterized by a flat landscape mainly consisting of old
glacial plains. There are podzol and brown podzol
soils. The valley of the Vistula features alluvial soils
and locally also peat and clay soils.
The landscape of Warsaw was formed over 12 thousand years ago. Then the Vistula was flowing towards the North and met the ice-front of the Scandinavian glacier. It turned along its edge towards the
west. Meltwater from the glacier was collected in the
braided river and an 18 km wide channel was created. Sediments of the glacier filled the pre-glacial
valley up with moraine sands and gravels.
Later when the glacier was withdrawing, the Vistula

Figure 3.1 The Vistula river
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Figure 3.2 The location of the study area
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Figure 3.3 The development process of the Vistula river depicted in three sketches. (1) The situation before 12.000 years ago, (2) the situation 12.000
ago when the Vistula met the Scandinavian glacier, (3) the current situation

turned more and more towards the north again. During this process the climate changed a few times. In
colder and dryer periods the river deposited sediments creating a terrace and in warmer and wetter
episodes it incised into the sediment. In this way the
Vistula valley is created like it is now consisting of
different terraces from river sands and gravels. There
are two main levels: the high, formerly flooded terraces and the low, floodplain terrace. On the higher
and dry terraces windborne processes developed,
which created dunes. Nowadays they are still clearly
visible in Kampinos National Park, situated to the
west of Warsaw.
At present day the Vistula is only about 1.5 km wide
and narrows down to 350 meters in the central city
district. The development of the river through the
years is depicted in Figure 3.3. The shape of the valley is asymmetrical. The western part contains mainly two terraces the lower floodplain and the higher,
formerly flooded one, while the east side has a more
complicated pattern of older, formerly flooded terraces. The east valley side is much more extensive,
several kilometres wide, than the west side which
is especially very small when it passes the centre of
Warsaw, a few hundreds of metres wide.
The major part of the left side of Warsaw city is located on the moraine plateau, which lies 10 to 25 m
above Vistula level. The rest of the left side is situ-

ated on the Vistula terraces, which lie maximal 6.5 m
above Vistula level. The right side of Warsaw is mainly
situated on the formerly flooded terraces. At the moment only a small part of the city is extending on the
rather invisible moraine escarpment over there. As
the city grows, this part enlarges.
Borehole measurements indicate that most part of
the study area is consisting of Pleistocene sands covered by a humus layer (Polish Geological Institute,
2005). This refers to the last ice age. During that time
there was a tundra landscape with shallow riverbeds.
The older Pleistocene layers were covered with sand
transported by the wind. About a thousand years
ago the Masovian Lowland was covered with forest,
which caused the humus layer on top of the sand.
It implies that the study area is mainly consisting of
podzol soils like most parts of the Lowland.

3.2.2 The hydrological situation

The main water feature of Warsaw and its surroundings is the Vistula river. The municipal area is situated
in the Vistula catchment and on a lower scale as well
part of the Vistula sub-catchment area.
The drainage pattern in the study area is connected
with the river by the Zeranski canal (Figure 3.4). This
is a manmade, dug canal, which links the Vistula with
the Jezioro Zegrzynskie lake to the North. The flow
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direction changes somewhere halfway the canal, so
one part of the Zeranski canal is draining in the river
and the other part in the lake.
Two other important water courses are the streams:
Kanal Bródnowski and Długa (Kanal Markowski). As
their names imply they have been partly canalized
and diked. The streams are running to the northwest and end in the Zeranski canal. Next to these
main streams another smaller stream exists.
For the rest the surface drainage pattern of the study
area is not extensive, because of the draining capacity of the Zeranski canal. Few ditches or other water
courses are present. Outside the reach of the main
canal to the north-east of the study area, where the
water table is higher, the amount of ditches increases
significantly. In general there are few water features
like ponds or lakes in the study area.
Thus the main drainage pattern is rather cultivated,
consisting of a canal and partly canalized, diked
streams.
Figure 3.4 The hydrological situation in the study area

Figure 3.5 The blue arrow on the aerial photo is pointing at a still existing
water stream, the red arrow points at traces that can indicate
there was a stream in the past

A water table map (Polish Geological Institute, 2005)
of the study area presents groundwater levels varying from one meter to more than ten metres below
surface. The levels are just categorized to the meter
or even several meters exact. From the greater part
of the area the water table lies within three meters
from the surface. Towards the north-east the water
table rises to within one meter below surface. Unfortunately we don’t have any background information
on the water table calculation neither on the construction of the map. So it remains unknown to us
what these level numbers indicate precisely.
Based on this map I divided the area into infiltration
(groundwater level > 3m), upward seepage (groundwater level < 1m) and intermediate zones (groundwater level 1 < 3m). In this classification the groundwater level is assumed to be the most important
determining factor, because in general the soil of the
study area consists of a many meters deep sand layer. The specific characteristics of sand warrant a good
infiltration capacity, when the groundwater level is
low. Locally there may be exceptions to this condition for instance when other types of soil come to
the surface or when there is an impermeable layer in
the sand. However there is no data available on such
details.
An aerial photo (Figure 3.5) shows lineal patterns in
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the soil surface of the study area going in north-west
direction. The patterns are referring to moist conditions in the past and are aligned by vegetation. This
could mean that the introduction of the Zeranski canal caused the drainage pattern to partly disappear.
It must have had a great impact.

However it is most likely that a large part of the pattern refers to the tundra situation during the last ice
age, when the melting water of the Scandinavian
glacier was finding its way above ground to the permanent surface water system. The runoff water was
unable to infiltrate in the soil due to the permafrost
condition. Next to the lineal moist pattern in the soil,

Figure 3.6 Below: the Zeranski canal with embankments covered by
dense vegetation. On the right: a much used cycle path along
the canal. Most of the time the canal is invisible.

Figure 3.7 An example of a water stream that lies in between the backyard fences of the new housing development in the studyarea
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this fossil drainage pattern left its traces as shallow
valleys in the landscape.
The water quality in the study area seems to leave
much to desire. According to a surface water contamination map (Ecological map of the Warsaw
Voivodeship, 1993) the Zeranski canal is bacterially
and chemically contaminated. The Długa is classified
as belonging to an 3rd cleaning class, which appears
to mean polluted even more. The other water courses
are not mentioned. Unfortunately the precise meaning of the classification is unclear, because there is no
explanation given of the different categories.
At the moment the canal and streams are hardly visible in the landscape. The Zeranski canal (Figure 3.6)
is screened by vegetation and the streams lack aligning vegetation. They are easily overlooked until they
need to be crossed. Moreover the streams are disregarded in the current housing development of the
study area. Figure 3.7 shows an example of the disregard. This brook lies at the back of houses screened
and clamped by fences and thus is very limited in its
way.
In the already built city extensions of Warsaw the surface drainage pattern is often even replaced by an
underground piping system. Consequently the continuity of the water system is disturbed and people
loose contact with the water. They are often unaware
of the presence of water in their living environment,
which can lead to a continued disregard and further
degradation of the system.
This is as missed opportunity. Water is in general
conceived by people as an attractive element in the
landscape, therefore it could contribute to a pleasant living environment. It offers recreational and aesthetical opportunities in design. Moreover it can give
an own identity to a place and be used as structuring
element in spatial design.

3.2.3 The landscape

In general the Mazovian Lowland is flat and monotonous. Its flatness is broken only by the rows of willows lining the banks of small streams and rivulets.
A thousand years ago 80 percent of the region was
covered with forest. But at present day it is one of the
least forested parts of Poland. Only small fragments
of forest remained. Kampinos forest to the west of
Warsaw is an example of such a fragment. Original-
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ly, Polish woods were dominated by broadleaved
species: willows and poplars in river valleys, alders
on swamps, and mixed forests dominated by oaks,
hornbeams and limes in other parts of the country.
In some regions these dry-ground forests may also
feature beeches, spruces and sycamores (Ministry of
Foreign Affairs, 2006).
In Warsaw’s surroundings a wide green network is
present consisting of national parks, landscape parks
and nature reserves. Besides these more natural areas many other forests, recreation parks and green
elements like cemeteries and allotment gardens exist. Kampinos National Park and the Vistula valley are
regarded as very important nature areas (Kaliszuk,
2002).
The Vistula river is classified as trans-regional European ecological corridor in the European Ecological
Network (EECONET) (Liro, 1995). This international
network aims for preservation of the natural heritage of Europe. The Vistula is a semi-wild river. It has
been diked since the fifties after a big flood event
had taken place. However the riverbed still retains
certain features like sandbars that are typical for a
braided river. The Vistula banks are partly covered
with riparian forest and flower-rich meadows. In the
city centre these features are replaced by constructed embankments.
The Vistula is not only functioning as an element
along which species can migrate, but is as well a
natural barrier in opposite direction. Only in strong
winters when the river is frozen, animals are able to
cross for a short period of time.
The city of Warsaw itself is being regarded as a city
with an extensive green structure, although today
the continuous structure is getting fragmented more
and more due to urbanization (Kaliszuk, 2002).
The Vistula, the main transportation axes and the
location of neighbouring towns are important determining factors in the way Warsaw expands. The
city developed from a concentric core that started
to expand along the radial roads coming from the
city centre. This resulted in a star-like shape of the
urban area (Figure 3.8). The areas in between the
built-up offshoots are relatively green. They are socalled green wedges penetrating into the city. Yet
the wedges are under pressure of the urbanisation
process and losing their greenness (Kaliszuk, 2002).
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Figure 3.8 The star-shape apttern of the city and the green wedges going into the city. The orange line is representing the outline of the study area
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The study area is located in one of the green wedges. It is rather flat. The height difference from south
to north is about 3 meters. From the south-west to
the north-east a gradient is present from higher and
dryer grounds to lower and wetter ones. The area is
surrounded by nature areas and therefore it is part of
an international ecological corridor in the EECONET
network (Liro, 1995).
Today the area is dominated by an open landscape of
grasslands alternated with small enclosed, wooded
areas. As well situations with more variation in openness and enclosure exist. They are in this project defined as park landscapes: open grassland spaces divided into smaller spaces by tree groups and solitaire
trees. In the Figures 3.9 till 3.12 examples are given of
the different landscape characteristics in the study
area.
The main land-use is still extensive agriculture. However at the moment the area is under urban pressure.
More and more people decide to move from the city
and built their house in its close surroundings. Here
life is cheaper and greener, while they are still close
to the facilities in the city centre. As a result more and
more detached single family dwellings are popping
up in the landscape. This urbanisation process causes surrounding green areas to get disconnected and
become isolated. As well the green areas in the study

Figure 3.9 A park landscape in the study area
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area itself are getting fragmented.
The vegetation species that are present in the area
of Warsaw municipality and their development have
been investigated by the ecologist Matuszkiewicz.
Based on his research he made a map of the potential vegetation communities. For the study area and
its surroundings these are the potential tree communities (Matuszkiewicz, 1995):
• Lowland alder ash-alder forest on the periodically
swamped ground-water soils (Circaeo-Alnetum)
• Sub-continental lowland lime-oak-hornbeam forest (Tilio-Carpinetum); Central-Poland-vicariant,
mesotrophic (“poor”) communities
• Continental mesotrophic oak-pine mixed forest
(Pino-Quercetum auct. polon. = Querco roboris-Pinetum + Serratulo-Pinetum)
The first listed potential community is dominant in
the study area itself.
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Figure 3.10 An enclosed woodland in the study area
Figure 3.11 An open grassland in the study area
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Figure 3.12 A park landscape in the study area

Figure 3.13 A new development in Warsaw: the skyscraper
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3.2.4 The municipal problems and plans

The past century has a major impact on the current
structure and development of Warsaw. During World
War Two large parts of the city were destroyed and
had to be rebuilt afterwards. The historical centre
was reconstructed in its old style.
From 1945 on Poland lived under communism. The
end of this regime was marked by the democratic
elections in 1989. Since then Warsaw is undergoing
a metamorphoses following from the emergence of
a free market and the development of democracy.
It is at the moment one of the fastest growing cities in Europe. The investment boom is among other
things clearly visible in the many construction sites
occurring in the city where for instance new shopping centres and sky scrapers emerge (Figure 3.13).
Yet, besides new opportunities for the city, this development carries disadvantages as well. Also due to
its past the municipality struggles with financial, organisational, physical and environmental difficulties.
In 1999 the municipality of Warsaw published a report with their strategy and plans for the future:
“Warsaw development strategy until the year 2010: a
synthesis”. Their general objective is to turn Warsaw
into an European metropolis with a strong economic development and with a continuously improving
quality of life for its residents. The municipality strives
to achieve this aim in a sustainable way (Department
of Land Development, 1999, p.117):
“Years of discussion and studies on rational use of resources, as well as on the causes and results of the
environment’s degradation, have led to a concept of
sustainable development.... Sustainable development
assumes that socio-economic development should be
accompanied by improvements in the natural environment (or, at the very least, no further degradation of it).
To achieve the right conditions for sustainable development, eco-protection must become and integral part of
the development processes.”
In the report the strategy to incorporate such development for Warsaw is described. While reading it I
understand that the environmental issue is regarded
as important, but that at least in the near future social and economical development has priority. Due
to the past Warsaw has to catch up with some basic
public needs such as a well functioning road network and a sufficient water, heating and gas supply.
However at the moment the city’s financial resources

are meagre. This means that the number and scope
of development goals must be limited and priorities need to be set. In order to increase the financial
resources Warsaw wants to put itself internationally
on the map. The municipality expects that following
from this development the living standards of the
inhabitants can be improved. These developments
are the main aims for the moment, which is as well
marked by the general objective.
Yet the danger is that the pursuit for the economic
and social aims can counteract the principles of a
sustainable growth. Consequently problems with
the water and nature system will get more difficult
and costly or even impossible to solve. Fortunately
the municipality acknowledges this threat as well
and established a plan to counteract this tendency.
Next to the shortage in financial resources, a second
problem is the organisational structure of the authorities (Department of Land Development, 1999,
p.148):
“...the city’s current organisational structure is a major
hindrance to Warsaw’s development. It prevents the city
from fulfilling basic administrative functions, especially
in terms of planning, co-ordination and supervision.”
Since 1994 Warsaw is consisting of an association of
11 municipalities. Many conflicts and jurisdictional
disputes exist because there is no precise allocation
of duties or financing principles. Moreover the separate municipalities tend towards self-interest. There
is, accordingly the report, a lack of appreciation for
common goals for the city as a whole. Therefore an
integral plan for the whole Warsaw metropolitan
area lacks. This absence encourages among other
negative effects the disintegration of individual areas, the widening of gaps in the development levels
and the production of many functional, physical and
ecological conflicts. Thus it frustrates a sustainable
development of the city as a comprehensive, coordinated, and long-term plan needs to be prepared and
implemented for such a pursuit.
With these governmental problems as well, difficulties arise in the current physical structure of the city.
As a result of half a century city planning in a communistic system the current physical structure of the
city shows a low degree of built-up areas, physical
segregation of facilities and widely spread-out peripheral regions.
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Figure 3.14 An enormous building in the middle of the city centre surrounded by a large amount of open space.

Figure 3.15 The view over one of the main streets in Warsaw from a
pedestrian bridge
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By international standards in terms of number of residents per hectare and the percentage of land that
is developed, Warsaw looks relatively non-urbanised.
Even in the city’s most urbanised areas only about
50 percent of the land is actually developed. The
result from a statistical analysis on the urban fabric
of Warsaw that Ruben and I carried out was similar.
We came up with an average of 65 percent of open
space in the built-up area.
The reason for the extensiveness is that during communism the structuring of the city used to be not so
much based on economic reasons, but more on political-doctrinaire ones. Especially in the city centre
this is clearly visible (Figure 3.14). Large spaces and
large buildings that are beyond human scale exist.
This appearance is a way to impress people, to construct a certain image of society. Thus during communism the visual impact of the surroundings was
more important than the well functioning of uses in
these surroundings.
Besides, this spatial development had the separation
of functions and therefore a mono-functional use of
space as a consequence. This precludes Warsaw from
one of the most essential attributes of an urban area:
dynamical, multifunctional-used places.
Due to the extensiveness the city paid excessive
costs in expanding infrastructure and must still bear
the excessive costs of operating within that infrastructure nowadays. It is one of the causes of the local authorities’ many financial problems.
The road network has grown only marginally during
the communistic period, while traffic intensified rapidly. The street network lacks ring roads connecting
local districts and fast-traffic routes for external and
international traffic. The municipal Department of
Land Development (1999, p.137) states:
”The traffic conditions have deteriorated, especially
during rush hours. And despite the many projects and
resources that have gone toward improving Warsaw’s
transportation system, the traffic conditions continue
to worsen due to the big increase of private vehicle
ownership. The current system’s state is a serious threat
to Warsaw’s functioning and continued growth.”
The city has a mainly car oriented road infrastructure. During our visit of Warsaw we saw that the main
roads are very wide and pedestrian bridges are constructed to make it possible for people to cross them
(Figure 3.15 and 3.16). Around these main roads the
air is dirty and suffocating. Furthermore inhabitants
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told us that they lack a continuous cycle network in
the city.
Yet a big advantage of the extensive city structure
is that the existence of large empty spaces is an opportunity to relatively easy transform the physical
structure into a desired one. As well it allowed many
green areas to remain present which positively influences the environment of the Warsaw and gives it
the positive image of being a green city.
Another serious structural problem according to
the municipality is the separation of the city into
two parts by the Vistula river. The lack of sufficient
bridges not only leads to physical segregation, but
as well has the disparity in social and economic development between the two parts as a consequence.
The city’s eastern areas are clearly behind. An aim of
the municipality is to turn both parts of the city in a
unified, effectively functioning whole.
Furthermore Warsaw’s structure of land-uses shows a
domination of private land. Property developers are
leading the development of new housing in these
areas (Figure 3.17). The municipality does not have
much control and at the moment the way in which
houses are built counteracts the purposes for a sustainable future of Warsaw. The property developers
seem to give priority to economical profit above social and environmental concerns. This tendency is as
well a main problem in the study area, which is subject to an uncontrolled urbanisation process. A widely spread and unstructured housing development is
the consequence. Houses are already inhabited even
before a proper road network exists. The existing
landscape is being neglected and no green structure
seems to be planned in the future urban area.
New neighbourhoods in the outskirts of Warsaw that
are planned by the municipality itself are often consisting of very compactly built apartment flats (Figure 3.17). In between the buildings hardly any space
is left. So both kinds of development don’t seem to
be in accordance with a sustainable future.

Figure 3.16 An example of the road infrastructure in the city

Figure 3.17 The current housing developments of Warsaw. The upper
photo is showing houses that are developed by property developers and the lower photo apartment flats constructed by
order of the municipality

The municipality has created a land-use structure
map for the future (Figure 3.18). According to this
plan (City Architect’s Department, 2005) the study
area is pointed out as expansion location for the city.
Dwelling is the predominant land-use varying from
an intensive to an extensive development. Along
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Figure 3.18 The plans of the municipality for the study area
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the highway in the direction of the town Marki commercial zones are situated. The industrial zone in the
south is classified as an area that is in need of revitalization. A new ring road round the city of Warsaw,
which is connected with Poznan and Berlin, is intersecting the area in the north. The structure plan’s
emphasis lies on the construction of areas. Not much
green space has been reserved. Only the two main
streams are marked with thin green stripes.
Thus Warsaw has ambitious plans for the future willing to achieve its development goals in a sustainable
way. Yet first many problems need to be overcome
to be able to do so. A main concern in my opinion
is to get grip on the current developments in the
municipal area, as control and coordination are very
determining factors in the succeeding or failure of
spatial plans. Moreover the green structure of new
developments needs to be planned from the start,
so it will be prevented from construction and maintained green for the future.

3.3

The cartographic analysis

The manual map analysis is zooming from the whole
municipal area to the study area and its close surroundings. By doing so we wanted to discover the
function and relation of the study area with its environment. Based on the available maps and the
design goals of the previous chapter three main
subjects are studied: the natural, hydrological and
recreational resources. The main conclusion is described in the end.

3.3.1 Analysis 1/100.000

In the manual cartographic analysis at a scale
1/100.000 we studied the current situation of the
whole municipality of Warsaw. The information was
derived from a general topographic and a recreation
map. Important themes were elevation, the recreational routing system, the functional road network,
attraction elements like forts, view points and beaches, the location of summer residences, (protected)
green areas and built-up areas, surface waters and
swamps.
The conclusions that we draw from this study are:
• Not all important places of attraction like the his-

torical city centre and the Jezioro Zegrzynskie lake
are connected by recreational routes.
• Hiking routes display a high circuitry within parks.
However often connections between parks are
not existing. Nature reserve areas are connected
by long distance cycling routes. Inside green areas
there is often no circuit route present.
• Circuitry is mainly associated to enclosed masses
in the landscape, such as forests.
• Hiking routes are not linked to the city centre or its
close surroundings.
• Cycling routes have few connections with the city
core. There is a cycling route along the river front.
• There is no strong relation between recreational
routes and water bodies.
• Nature parks and reserves are often located in forest and swamp areas.
The most relevant conclusion is that the recreational
network is not continuous, especially the connection
between the green areas, recreational attractions
lacks. Yet during our interviews and by observations
we found that people would appreciate a continuous and extensive cycle network.
Another important point is that the role of the study
area is one of connection. Large core areas for recreation and nature are located in its surroundings. The
nature core areas in the maps of figure 3.19 and 3.20
are representing officially protected nature areas. The
potential linkages for nature are following the drainage pattern. When no surface water is present they
lead through (still) not built up, open green spaces
and through smaller protected nature reserves.
The recreational core areas are represented by forests, areas with a dense slow traffic infrastructure
and recreational attraction places. The potential connection of these areas is mainly based on official recreation routes for hiking and cycling.
Examples of important connections that go through
the area are the connection of the Vistula with the
Bug river, which are two important nature areas, and
of the city centre with the lake in the North, which
are both main areas of attraction for people.

3.3.2 Analysis 1/50.000

After the analysis of the municipality area of Warsaw
we zoomed into our study area at a scale of 1/50.000.
The different theme maps were derived from topographical maps, scale 1/50.000. The following theme-
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Figure 3.19 The regional connections of Warsaw between core areas for nature and recreation
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Figure 3.20 The local connections of core areas for nature and recreation that go through the study area
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maps were produced and combined: elevation,
green areas, built-up areas, surface waters and linear
barriers.
The main conclusion that we draw from this study
are:
• Forested areas are mostly located in elevated areas.
• The main channel has a highly artificial appearance as it is dug out. It is accompanied by steep
embankments which are densely vegetated. This
causes the channel to be at most places invisible
from the road.
• The surface drainage pattern is rather artificial existing mainly of canalized streams, channels and
ditches that are partly diked.
• The built-up areas are located in areas with a low
water table.
• Roads are following the surface drainage structure.
• There is hardly a north/west-south/east connection for cars within the study area.
Most relevant conclusions of this study are that the
drainage pattern is rather cultivated, the main canal
is hardly visible for people as it is screened by dense
vegetation and a proper north/west-south/east connection in the road network lacks.

3.4

The soil pollution assessment

In this section only the part of the GIS-analysis concerning soil pollution by heavy metals is discussed.
The potential erosion risk study and runoff assessment are left out of the report. The outcome of the
erosion risk assessment is bringing nothing new to
the project and therefore not needed for the further
elaboration of the design. The study area does not
contain any extreme landscape features, it is flat, or
exceptional meteorological circumstances. Moreover the whole area has a consolidating vegetation
cover. Therefore the erosion risk is low. For the runoff
assessment, only the model is built. No input data is
available to make it run.
Soil pollution is an important issue in this project as,
next to other aspects, it determines the suitability of
the area for future development. The analysis is performed by means of a Geographic Information System (GIS). Such a system is defined as an information
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system that is used to input, store, retrieve, manipulate, analyze and output geographically referenced
data or geospatial data, in order to support decision
making for planning and management of land-use,
natural resources, environment, transportation, urban facilities, and other administrative records (Murai, 1998). To elaborate this assessment ESRI software
is used: ArcGIS, ArcView, as well as ArcInfo which runs
in a client server environment with Arisflow and ArcCommander.
In the following section a short explanation of the
applied method and its invalidities will be given.
Then a short description on Dutch and Polish legislation concerning soil pollution is presented. In Appendix I these subjects are described in more detail.
The last section will give the final outcome of the assessment.

3.4.1 The methodology

The Polish Geological Institute (2005) provided us
with point measurements of heavy metal concentrations in the soil. For the application of the data in this
project we extrapolated the points into surfaces. Extrapolation in general means that from known terms
of a series, outside lying unknown terms are calculated. Different ways to extrapolate point measurements exist. We used a geo-statistical method called
kriging. By means of this method continuous pollution surface maps per metal are created. The kriging
method and its uncertainties are explained in more
detail in Appendix I.
However the derived maps are not completely reliable. As in every case of extrapolation, the precise
allocation of the surface boundary does most likely
not correspond to the boundary in reality. The map
is representing an estimated spread of the pollutant. Moreover the real transition between different
regions is probably represented by more gradual
changes.
In this case the measurement points of the heavy
metals are distributed irregularly in the field. The distance between two points varies form 250 meters
till more than one kilometre within the municipality
boundaries and is sometimes even more than one
kilometre outside the municipal area. The reliability of a map derived from extrapolated irregularly
spread points is varying depending on the density

T H E WA R S AW S T U D Y

of points. At locations with more measurements the
surface map is more valid than at locations where
there are few measurements taken.
In order to represent reality as good as possible it is
very important to have enough background knowledge on the measurement points. In this case the
spreading behaviour and source of the heavy metal
should be known. Only with this knowledge the most
appropriate extrapolation method can be selected.
The results of the kriging application, the surface
maps per heavy metal, are reclassified accordingly
polish standards. A distinction is made between A, B
and C areas, which prescribe restrictions to certain
types of land-use. Per type of area a value is set per
metal. This value represents the allowed concentration of heavy metal in the soil for a certain type of
land-use. The Polish law distinguishes three major
groups, i.e. group A: nature areas, group B: agricultural, forest and urban areas, and group C: industrial
and infrastructure areas. Group A is representing the
most sensitive land-use type to heavy metal pollution, while group C is the least sensitive. The study
is considering the metals: arsenic, cadmium, copper,
nickel, lead, zinc and cobalt. The different land-use
suitability maps per metal are combined into one
final map. The most polluting metal determines the
class (A, B or C) an area is in.
After our results, we decided to obtain more judgement of the situation within the study area by applying the Dutch legislation on soil pollution. The Dutch
system is different from the Polish one. It not only
contains different target values, but it sets as well a
threshold for action when values reach a hazardous
concentration. This is represented by the intervention value. When the intervention value has been exceeded the area needs to be sanitised, before it can
be developed in any way.
We decided to incorporate this intervention value
into our study. The Dutch categories are reclassified
into similar groups as the Polish policy (A, B and C).
By doing so, it was possible to compare the results of
the Polish and Dutch legislation.
In general the Polish standards appear to be more restrictive than the Dutch ones. A reason could be that
the Dutch have already more certainty about each
metals hazardous threshold, which has allowed the
norm to be customised for each element and therefore be more accurate. Thus, as no risks should be

taken in such issues, the less accurate Polish values
are more restrictive.
For more detail on the Polish and Dutch legislation,
as well as on the process of reclassification see Appendix I.
Next to the uncertainty of the reliance of the pollution surface maps derived by means of extrapolation,
another inconvenience occurred in this part of the
analysis. The precise allocation of the data is a problem, because the coordinate system and projection
of the geochemical data is unknown to us. Therefore
it is impossible to locate the extrapolated pollution
maps with certainty. However we have some indications looking at existing landscape features and landuses, to assume that the estimated location could be
more or less correct. The situating of peat bogs for
example is matching the location of high arsenic
levels, which fits the fact that in peat bogs a natural
process of arsenic accumulation exists. Moreover the
high concentrations of metal in the soil correspond
to an expected relation between the location of industries and the predominant wind direction. Wind
probably caused the spread of the pollutants from
the factory chimneys.
In this thesis project we took the uncertainty of the
map allocation for granted, together with the aforementioned uncertainties of the kriging and the reclassification of the Dutch legislation.

3.4.2 The final result

Figure 3.21 shows the final land-use suitability map
regarding the pollution of soil by heavy metals. Most
part of the study area is polluted to some extend. A
large area in the south-west even has an intervention value. The main pollutants are zinc and lead.
The final land-use suitability map is used as a guideline in design. It determines next to other aspects
like the groundwater level and the location of the
drainage pattern and nature areas the allocation of
future land-uses. When the future land-use is not in
accordance with the quality of the soil, action needs
to be taken. The area with an intervention value
should be sanitised before developed in any other
way. The implications of soil pollution for the design
are explained in 4 in more detail.

39

D E S I GNING ON THE LONG RUN

Figure 3.21 The final outcome of the soil pollution assessment: the land-use suitability map
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3.5

Concluding

In the Warsaw study the main characteristics and
problems of the study area become clear. The area is
defined as expansion location of the city. At the moment it is still one of the green wedges, however it is
silting up due to the current uncontrolled housing
development. The following tendencies occur due to
the urbanisation process:
• The existing relation of the study area with its surroundings is being disturbed. The connection between core areas for nature and recreation is interrupted and they become isolated. Besides green
areas are fragmented by the construction of houses. This tendency has a negative impact on the exchange of populations between the core areas.
• The local characteristics of the landscape, the typical openness varied with enclosed woodlands and
park landscapes, are disappearing. This is resulting
in uniformisation of the landscape, which means
that the appearance of landscapes is generalized
and becomes the same everywhere.
The loss of identity is clearly noticeable in the
drainage pattern of the study area. It is hardly visible in the landscape. The watercourses are either
screened by a wall of dense vegetation or lack any
kind of aligning vegetation, while in the open
Masovian landscape streams used to be aligned
by rows of willows.
• The natural situation in the study area is being disregarded. In the urban development the existing
landscape structure and features are not taken
into account. Houses are constructed wherever
wanted without looking at the suitability of the
landscape for such development. This disregard
will lead to environmental conflicts in future.
Again this is visible in the current drainage pattern.
At the moment watercourses end up at the back of
the houses clamped in between backyard fences.
As a consequence the water is limited in space and
hardly visible. Most likely people are not aware of
its presence, which can only lead to a continued
disregard in the future.
The disregard of the water system in housing developments can result in problems as explained in
chapter 2: flood, drying, pollution and discontinuity of the system. As the water cycle is an important
component of the landscape, its disregard will not
only affect the water cycle itself, but also the well

functioning of ecosystems and human society.
Other tendencies and problems occurring in the
study area are:
• The current road network of the study area has
insufficient connections and capacity. North/
west-south/east oriented connections are almost
absent. The infrastructure is often still consisting
of dirt roads and no clear hierarchy is present in
the system. This leads to unclear and unsafe situations.
• A continuous recreational structure that connects
main places of attraction, like the city centre and
the lake, lacks, while the inhabitants of Warsaw desire one. They are very unhappy with the car oriented situation in the current city, where cycling is
dangerous and unhealthy due to the high concentration of car gasses.
• Water and soil are polluted. The top layer of the soil
is contaminated by heavy metals. Zinc is the main
pollutant.
• The disregard of the water system not only negatively affects the environment, but as well an opportunity is missed. Water is in general conceived
by people as an attractive element, therefore it has
a large potential to contribute to a pleasant living environment and to be used for recreational
purposes. Moreover the drainage pattern can be
a structuring element in spatial design and give
identity to a place.
One of the main goals in the design is to give a solution for these problems. As well the four design
aims concluded from chapter 2 will be fulfilled. By
implementing the design strategy that is defined
in section 2.5, most purposes will be served. A more
detailed description on the elaboration of the aims
is given in chapter 4, which is explaining and visualizing the design results.
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4
THE DESIGN
In this chapter the design is described and visualized. The master plan is representing the developed structure of
land-uses for the Warsaw extension on a scale 1/10.000. The measures concerning the water quality and the soil
management of the study area are described as well.
A part of the master plan, the detail area, is elaborated in more detail on a scale 1/2000. How the water system is
intergated into the residential area is explained and a park is designed with recreational, water storage and cleaning purposes. Some elements of the detail area are depicted in more detail.

4.1

The master plan

In the master plan (Figure 4.2) the land-use structure of the study area is related to two networks: a
road and a green area network. Like this the low dynamical and the high dynamical functions are separated from each other in order to prevent conflicts
between both types of development. The allocation
of the networks and the related land-uses are based
on the existing situation of the landscape and manmade aspects. Among other things the groundwater
tables, the drainage pattern, the elevation, the soil
pollution, the present land-uses and the existing infrastructures are taken into account.
By combining green related functions with each
other and urban technical functions with each other
a large contrast in dynamics is established (Figure
4.1). In this way the problems of extensiveness like
in the current city are avoided. A variation will exist
between areas with a high dynamical, urban ambiance and contrasting ones containing green areas of
relative rest and piece.
The two networks are described it the first two sections. After that the application of the three-stepsstrategy for water quality is explained and finally the
measures for the remediation of soil are described.

4.1.1 The high dynamical network

The high dynamical functions industry, commerce
and dwelling are subject to relatively quick changes
and fast developments. They ask for a flexible environment. These functions are related to the road
network (Figure 4.3). This infrastructure is based on
the existing network in the study area. The north/
west-south/east connection has been improved in
order to make all built-up areas accessible well. For
orientation and safety reasons a strong hierarchy
has been adopted to the road system. Five orders are
distinguished. They are given in Figure 4.4 and crosssections are displayed in Figure 4.5.
Near the main roads of order 3 and 2 the density of
the built-up area is higher than in more remote are-

Figure 4.1 A clear contrast between low and high dynamical functions

as. The dense urban fabric is consisting of apartment
flats and attached single family housing. As a result
the main roads have an enclosed and urban appearance. So people will really experience being inside a
city. Moreover the traffic demand corresponds to the
capacity of the road network in this way.
The land-uses present in the municipal plans are allocated in the master plan as well. Yet some changes
have been made to it. The commercial zones located
near the main road in the south, from the city centre
to Marki, are moved to the north to a location more
close to the new ring road. This ring road is a direct
link to Poznan and Berlin. In this way heavy traffic
from the companies is encouraged to use this road
going round the city instead of going through the
centre, where the capacity of the traffic system is already insufficient. Moreover accordingly the level of
soil pollution the area to the north is suitable to be
developed for commercial purposes. So by making
this change in the land-use structure, less soil is in
urgent need of sanitation.
Secondly more attention is paid to the implementation of an extensive green structure in the future
urban area. This will be explained in the next section
4.1.2.
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Figure 4.2 The masterplan, original scale 1/10.000
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Figure 4.3 The high dynamical network of the study area

Figure 4.4 Table of the road hierarchy. Traffic function: a road that has
only the function of flowing. Area unlocking function: a road with a traffic and exchange function. Yard access function: a road that has an important stay function for example roads in neighbourhoods and shopping
centres.
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Figure 4.5 The cross-sections of the different road orders
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Figure 4.6 The low dynamical network of the study area
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The areas with high water tables (within one meter
below surface) are as much as possible situated in
the green structure, as those areas are less suitable
for construction. Despite some of these areas are
assigned to be built-up for different reasons, for instance because a very large area is concerned. In
that case the future buildings must be resistant to
water. Yet further investigation is needed to be able
to define to what extent they need to be waterproof,
as the precise groundwater levels are unknown. For
instance when the groundwater is still more than 80
cm below surface it is possible to built houses just
with waterproof or without cellars. Otherwise the
cellars would be flooded.

4.1.2 The low dynamical network

The low dynamical functions water and nature are
in need of a more stable and durable environment.
They are vulnerable and their development takes a
long time. Therefore they need to be protected from
the high dynamical uses. For that reason the functions nature and water are related to the green network of the area (Figure 4.6). Recreation is regarded
as not conflicting with these uses and is a very important function of the green structure as well.
The low dynamical network is represented by a primarily lineal shaped, continuous green structure. Linearity implies movement, which corresponds to the
connection function of the study area. In this case
the movement of water, flora, fauna and people is
meant.
The continuity of the network ensures the continuity
of the drainage pattern and the linkage of core areas
for recreation and nature. An extensive infrastructure
for slow traffic can be established in the green and
the migration of flora and fauna is encouraged. To
support the exchange of populations between core
areas more, native species are used in the design of
the green space.
The implementation of the green structure is as well
a way get grip on the urban development and to
structure it into different areas.
In the green network a hierarchy exists (Figure 4.7).
The two main types of connection represent the
different landscape characteristics of the Masovian
Lowland. The stream corridors are the main connections of the study area (Figure 4.8). They follow the

Figure 4.7 The hierarchy of the green structure

drainage pattern of the study area and have its protection as main purpose. The wet corridors are buffering the watercourses from conflicting land-uses
such as polluting industries. Moreover the continuity
of the water system is guaranteed, because the interruption by infrastructures and buildings is reduced
to the minimum.
The streams are accessible for people. Along them
recreational routes exist, so cyclists and pedestrians
have the opportunity to experience the running water.
Openness is the main characteristic of the wet connections with grassland as dominating land-use.
Rows of willows are aligning the streams, so their
presence in the open landscape is emphasized. Large
tree groups in the edges of the wet connections give
variation to the openness. It results in a varying visual contact between the urban and the green areas.
Sometimes a strong visual relation and sometimes,
when the urban area is screened by vegetation, no
relation exists between them. In between the tree
groups and the willow rows here and there small
tree clusters and solitaire trees are randomly spread
in the open space.
The changes that are made to the natural water sys-
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Figure 4.8 The stream corridor characterized by an open landscape
Figure 4.9 The dry connection characterized by a mosaic-landscape
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tem like the construction of dikes and the canal remain as they are. The manmade elements are new
characteristics added to the landscape. It contributes
to the variation and the contrast in appearance of
the surface drainage pattern. Moreover it is a way for
people to see the change of the landscape through
time. The perspective of time becomes clear, when
new and old elements exist next to each other.
To the north a stream has been restored in its old
course based on the moisture pattern of the aerial
photo. I expect the waterway to be altered by human
intervention. The pattern is still clearly distinguishable being aligned by vegetation. The other moisture
indications are considered to be shallow valleys remaining from the last ice age.
The other part of the main green structure is consisting of the lower order, dry connections (Figure 4.9).
Their implementation links the streams with each
other and structures the urban into different areas.
The more enclosed characteristic of the Masovian
Lowland is represented by them. In this mosaic-landscape a variation and contrast of spaces and masses
exist. Small patches of forest are present and lines of
vegetation are defining the parcel edges.
In this more enclosed landscape there is space for
urban related functions with a green appearance
as well like allotment gardens and institutions with
green surroundings such as rest homes.
The main green network is completed by the introduction of small green connections in the built-up
area. In this way an extensive and continuous slow
traffic system can be incorporated in the green structure next to the main road network.Then people have
the possibility to go by bike to their work or make a
cycle tour to a recreation area in their spare time. This
would take place in a pleasant setting, without being
bothered by motorized traffic.
The urban green connections function as well as
main infiltration and retention facility of the neighbourhood. The shallow valleys in the landscape originating from the last ice age can be elements that
form the bases for such lineal neighbourhood connections. They are situated slightly lower in the landscape than their surroundings and therefore runoff
water will naturally go in that downward direction.
More about this subject is explained in section 4.2.

The nodal points, at which different connections
meet, are relatively dynamical places in the green
structure. They have potential to be created as special
places of attraction in the landscape. One of these
crossing areas has been subject to further study and
is elaborated in a more detailed design. The design
of this detail area will be described in section 4.2.

4.1.3 The water quality

The surface water in the area is polluted. In order to
prevent it from further degradation the Dutch threesteps-strategy for water quality is applied in the design. The steps in order of priority are: prevention,
separation and purification.
To prevent water from getting polluted its use
should be limited as much as possible, which means
that unnecessary use should be avoided. This can be
elaborated by for instance implementation of technical measures in households and by stimulation of
sensible use through policies of the municipality.
The allocation of land-uses is very important as well.
To protect the drainage pattern from negative impacts of its surroundings like polluting industries the
system is, as is mentioned before, placed in the green
structure. So the green area is buffering the water
form conflicting functions.
Besides the soils that are heavily polluted are removed. This will prevent infiltrating rainwater from
transporting the polluted matter to the groundwater and from spreading it to the surroundings.
In the built-up area the clean and dirty water flows
are separated. Relatively clean rainwater is collected
separately from the urban waste water. In the Netherlands a so called “improved separate system” (verbeterd gescheiden stelsel) is introduced in residential areas. This means that the rainwater runoff, which
in the old separate system was released directly to
the surface water, is as much as possible directed to
the water treatment plant as well. By purification its
quality will be improved.
Only when the treatment system has not enough
capacity, for instance during periods of heavy rainfall, the precipitation water is released directly to
the surface water. Thanks to the separation of water
flows, waste water does not need to be released to
the surface water of the built environment anymore
without cleaning it.
Yet it also means that during heavy showers, which
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have the washing off of accumulated matter from
sealed surfaces as a result, the chance that runoff
water will be released to the surface water system is
biggest, while particularly this rainwater is in need of
treatment most.
The separated system has another advantage. The
collected rainwater can be used for purposes that
are not in need for water of drinking quality like the
flushing of the toilet and process water. In this way
the use of purified water can be decreased.
Dirty water, like the first millimetres of runoff from
main roads, is in need of purification before it can be
released to the surface water system. This process
can take place in waste water treatment plants, but
there is also a more natural way of doing so called
bioremediation. Bioremediation can be defined as
any process that uses micro-organisms, fungi, green
plants or their enzymes to return the environment
altered by contaminants to its original condition
(Wikipedia, 2006). It can among other things be used
for the purification of surface water and soils.
In the study area filtration marshes are implemented
to clean water. Such bioremediation areas are called
helophyte filters. Various kinds of helophyte filters
exist. Some well known ones are (VROM/Kiwa, 1998)
(Figure 4.10): the vertical flowing through helophyte
filter (verticaal doorstromend helofytenfilter), the
horizontal flowing through helophyte filter (horizontaal doorstromend helofytenfilter) and the flowing
field (vloeiveld). Each system has its own advantages
and disadvantages, however the last one is in general
preferred over the other two as its cleaning process
is most efficient.
Different plants are studied for their filtering capacities (Vymazal, 1998). The Pragmites autralis, Common

reed, turned out to be one of the best functioning
ones. As it is as well a frequently occurring and native specie in Europe it is most often used in bioremediation marshes in this part of the world.
Regarding the groundwater tables of the study area
suitable locations for the construction of filtration
swamps are upward seepage and intermediate areas. Logical places would be before polluted water
like rainwater runoff is released to the surface drainage system and just before a polluted stream runs
into the canal. In Figure 4.11 the location of the filtration swamps is shown.
The runoff of main roads (order 4 and 5) in the area
is remedied by turning the aligning ditches into filtration marshes by means of Phragmites australis
(Figure 4.5). When the runoff is purified after a predefined accommodation time in the filtering canal it
can be released to main infiltration facilities nearby
or to the surface drainage system.
For the remediation of the streams all upward seepage areas along them are turned into helophyte
filters (Figure 4.12). Those areas are as mentioned
before most suitable for such development and besides they are unsuitable to be built-up due to the
high groundwater level.
As well at the mouth of the streams where they meet
the Zeranski canal filtration swamps are constructed
(Figure 4.13). If those areas don’t meet the site conditions for helophyte filters yet, they can be lowered to
come closer to the water table.
Yet to construct a well functioning helophyte filter
the source, type and concentration of pollution need
to be subject to further study, as well as the specific
conditions of the potential filtration marsh site.

Figure 4.10 The three different helophyte systems in the mentioned order (VROM/Kiwa, 1998)
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Figure 4.13 The helophyte filter system at the mouth of the streams
(Vroom et al., 1994, p.20)

Figure 4.11 The location of helophyte filters in the study area
Figure 4.12 An example of helophyte filter systems along the streams
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4.1.4 Soil management

The required action in an area regarding the soil pollution depends on its suitability for a certain type of
land-use concluded in section 3.5.2 and the actual
land-use planned in the design. The soil will be subject to functional sanitation which means that an
area is made suitable for the function it will carry in
future. In the Netherlands this policy is replacing the
old measure of multifunctional sanitation. In that
case land owners had to remove all pollution within
their parcel independently from the type of land-use.
It was possible to make the shift to functional sanitation, because more knowledge on metal pollution
has been derived nowadays.
There are three methods for sanitising the soil (Syncera Realisatie, 2006): complete removal of the polluted soil, remediation at location with in-situ techniques and covering the polluted area with a layer of
clean soil, so locking it up. Sealing the polluted soil
is the least favourable measure as it does not give a
real solution for the problem. It is only delaying action and the risk exists that the pollution will leak to
other locations making the situation only worse.
The soils in the south-west of the study area that ask
for immediate intervention are removed. We expect
Figure 4.14 The location of polluted soils that are removed in the study
area

that looking at the main wind direction the pollution is caused by the landing of polluted air from
the industrial zones. Therefore only the top layer of
the soil (40 cm) is removed. In just few other parts of
the study area the planned land-use does not correspond to the determined soil suitability. These areas are sanitised as well by removal. In the remaining
part of the study area no action is needed accordingly their future land-use, although little pollution can
be present. To these areas an active management
can be applied. The soil can for instance be cleaned
slowly by in-situ filtering techniques by means of bioremediation. In figure 4.14 the areas where the soil
is santised by removel are depicted. What happens
with the removed soil is explained in section 4.2.3.

4.2

The detail area

The location of the detail area (Figure 4.15) is given
on the master plan map (Figure 4.1). It is containing
two neighbourhoods and a park. The park is located
at a more dynamical place in the green structure
where connections meet. Another condition for the
allocation of the park was the suitability of the area
for retention and filtration of water. The park is situated in an intermediate zone and in the lowest area
in between the built-up areas.
One of the main pursuits in the design is to show
how the water system can be integrated in the residential area. This is described in section 4.2.1.
The dimensions of the infiltration and drainage system in the neighbourhoods are calculated in order
to minimize the flood risk. The used method for the
calculating of the dimensions is explained in section
4.2.2.
The design and main purposes of the park are described in the final section of this chapter.

4.2.1 Water in the neighbourhoods

In order to integrate the water system into the neighbourhoods the Dutch three-steps-strategy for water
quantity has been applied. The steps in order of priority are: retention, storage and drainage. A second
aim concerning the residential area is to make the
water processes of infiltration, retention and drainage visible above ground. As a result people will be
aware of the presence of water in their surroundings
and will be able to seek pleasure from this attractive
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Figure 4.15 The detail area
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element.
The surface flow of water within the built-up areas
is slowed down as much as possible in order to give
the water time to infiltrate into the soil. In this way
the precipitation is retained in the neighbourhood
itself as much as possible.
From the downspout of houses the rainwater is
drained through small, sealed trenches. The trenches
are incorporated into the exterior of the neighbourhood crossings streets and passing through playgrounds (Figure 4.16). Like this the rainwater is a
playful element of the living environment.
From the trenches the runoff is collected in an infiltration facility along the main access road of the
neighbourhood. The infiltration area is represented
by a shallow canal of grass: a wadi. This means that
the canal is only filled with water after rainfall.

Figure 4.16 The trenches are part of the exterior of the neighbourhood

Figure 4.17 The location of the details in the detail area. In green the
permanent watercourse and in orange the linear elements

The precipitation water that does not infiltrate in the
wadi is directed to the main infiltration and retention facility. In both neighbourhoods this facility is
worked out differently. The zones are allocated in the
lowest areas, so the least earthworks are needed in
order to let the water flow in the right direction. The
Location of the facilities is shown in figure 4.17.
In general the infiltration capacity of the soil is regarded as being well, because the study area is consisting of sand, which has a good infiltration capacity.
Therefore the suitability of the soil for infiltration is
not considered for pointing out the location for the
main infiltration and retention areas.
The groundwater tables are not taken into account
as well as they are the same for the whole detail area.
The available data is only telling that the level lies
between one and two metres from the earth’s surface. In order to apply a worst case scenario the water table of the detail area is set at one meter below
surface. In this way the flood risk is reduced to the
minimum.
In the neighbourhood to the east water from the
wadi along the access road is discharged through
linear elements from the built-up area towards the
green structure (Figure 4.18). This only happens during periods of rainfall. The linear elements have an
artificial appearance and are aligned by beeches
(Betula pubescens). These trees are resistant to moist
conditions and their white trunks make that the objects immediately catch the eye. In between the two
rows of beeches the rainwater is directed through a
kind of gullies consisting of gauze boxes partly filled
up with boulders. When there is no water, the boulders will replace its presence. In between the gauze
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Figure 4.18a Linear drainage element of the neighbourhood to the east
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Figure 4.18b Linear drainage element of the neighbourhood to the east

gullies a footpath is leading the neighbourhood inhabitants from their homes to the green structure.
During heavy rainfall the capacity of the gauze gullies is exceeded. Then the footpath functions as drainage facility as well. This can happen several times per
year accordingly the dimensioning calculations explained in section 4.2.2.
The precipitation water from the linear elements is
directed to a large wadi in the green connection of
the neighbourhood. This infiltration area is represented by a shallow valley in the landscape originating from the last ice age. The wadi is part of a main
slow traffic connection through several neighbourhoods that finally ends at one of the streams.
From the calculations explained in the next section
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it is positive that the capacity of the wadi is sufficient to retain all runoff water from the neighbourhood. However when weather conditions turn out
to be very extreme rainwater can be directed to the
stream.
Most part of the year, when the wadi is dry it is a lineal, grass element with recreation as main purpose.
The wadi is aligned by groups of alders (Alnus glutinosa), which are visualizing the stream of running
water. The trees can stand to have wet feet occasionally.
In the other neighbourhood to the west rainwater
from the wadi along the main road is discharged to
a retention facility that is permanently wet (Figure

Figure 4.19 The permanent watercourse of the neighbourhood to the west
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4.19). The watercourse is situated in the green connection of several neighbourhoods as well. It has
an artificial appearance represented by rectangular
shaped water bodies. The water features are separated from each other by small dams. They are placed to
retain the water.
The watercourse is situated in a lowered area. Here
footpaths and places to rest are present. The area is
separated from a more dynamical and higher situated area along the houses. Here a main infrastructure
for pedestrians and cyclists is constructed, which
connects the urban area with the park in the main
green structure.
When the capacity of the water bodies is exceeded
during rainfall, little waterfalls lead the water to a
large water storage area in the park. In such periods
people can experience the sound of running water
additionally to the sight of it.
In the park the water can be stored as long as desired.
The stream along the lake is connected by sluices,
so the water in the lake can be recharged and discharged whenever necessary.

4.2.2 The water system dimensioning

For each of the neighbourhoods the necessary dimensions, depth and bottom width, of the watercourses are calculated. The following explanation of
the used formulas and the working of the calculation
are based on a description from Sake van der Schaaf,
the designer of the method. In short his way to determine by means of iteration the dimensions of a watercourse with a trapezium shaped profile is given.
The iteration process is necessary to in the end find
dimensions that are in correct proportion with each
other. The programme Microsoft Office Excel is used
to elaborate this repeated calculation. The Excelspreadsheet is divided into two tables, one displays
the calculation with a variable bottom width and the
other gives the final dimensions determined with a
fixed bottom width. A more extensive explanation of
the method is given in Appendix II, section II.I.
A water system, which has as function the discharge
of rainwater from residential areas, has in general a
discharge that is increasing from up- towards downstream. Thus with an even height fall, the required
cross-sectional profile of a watercourse, increases
from upstream to downstream. Therefore calculating the dimensions of the whole drainage system in
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once would not be practical. As then the measurements would be based on the discharge rate downstream, which would result in larger dimensions than
necessary in a large part of the water system.
In order to dimension the watercourses in such a way
that the least money and effort is needed the system
is divided into different sections. Each section has the
same cross-sectional profile. A new section needs to
be introduced when there is a crack in the fall line
or when two watercourses meet. The additional discharge caused by the watercourse that mouths on
the division between two sections, is counted in just
immediately downstream the meeting point.
Every section takes care of the rainwater runoff from
a certain surface of built-up area. In this study the
assumption is made that the runoff rate of sealed
surfaces is maximal, so a 100%. The amount of runoff from unsealed surfaces has been set at 0%, which
means the complete infiltration of precipitation water. From the total surface of a built-up area an average of 65% percent is regarded as being sealed. This
percentage is based on a reference case study of a
run-off assessment model. The separation into different built-up surfaces and the section division of the
drainage system per neighbourhood are depicted in
section II.II of Appendix II.
The basis of the dimension calculations is the formula of De Chezy:
					
						
(F.1)
v = C R⋅S
In which
v = average flow velocity (m s-1)
C = roughness coefficient (m s-1)
R = hydraulic radius (m)
S = fall (m)
C is derived from the formula of Manning:
					
						
C = k M R1 / 6

(F.2)

In which
kM = wall roughness coefficient (m1/3 s-1)
After different substitutions the following formula is
the result:
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Q

						
A=
2 / 3 1/ 2

kM R

S

(F.3)

Thus the required measurements of a watercourse
are mainly depending on the discharge rate (Q), the
fall (S) within a section, and the wall roughness (kM) of
the watercourse.
The measurements are calculated for a certain design discharge. In this case the average precipitation
rate occurring once every ten years (KNMI, 2005).
This rate is often used to determine the minimum
required capacity of the water system in urban areas.
Next to this rate, the precipitation occurring once a
year and ten times a year have been studied. In this
way I could see how the water course’s appearance
changes depending on the weather conditions.

Figure 4.20 The most important quantities that are concerning the wet
cross-sectional area

						
P
= b + 2h 1 + n 2

(F.5)

and

− b + b2 + 4A ⋅ n
2n

h						
=

(F.6)

The fall is derived from the height points taken upstream and downstream of each section and the
defined length cross-section. This information is presented in section II.II of Appendix II.

In which
P = wet outline (m2)
b = bottom width (m)
h = water depth (m)

The wall roughness coefficient (kM) depends on the
cover situation of the channel. In this case a value of
10 is used, which means that the channel is moderately till rather densely covered by vegetation (Cultuurtechnisch Vademecum by Klein et al., 2000, p. 6-19).
This implies that the watercourses in the neighbourhoods will not need much maintenance.

A bank of 1:n means 1 vertical, n horizontal. Thus the
bigger n, the flatter is the bank. In Figure 4.20 the
quantities that are concerning the wet cross-sectional area are shown.

However the equation (F.3) still does not tell anything about the dimensions of the watercourse. The
relation of the quantities A and R is a step forward,
but does not either:
						
A
R=
						
(F.4)

P

Where
P = wet outline (m2)
With a known kM, S and Q, the amount of possibilities
for the measurements is still infinite.
Yet in real practise a limited range of profiles is applied to a given wet cross-sectional area. In general
in the Netherlands the point of departure is a trapezium shaped cross-sectional profile. With a bank
slope of 1:n (n is dimensionless) for such a profile
counts:

With the formulas (F.4), (F.5) and (F.6) it is possible to
substitute (F.3) in a relation with b, h and n, instead of
A and R. Yet, this equation still contains two unknown
quantities (b and h), therefore still an infinite amount
of combinations of b and h with a known Q, S, kM and
n is possible. In reality it turns out that a clear relation
between b and h exists. This relationship seems for
Dutch circumstances to be very well approximated
with the equation:
						
h =a + b b
						
(F.7)

h = a +0.05
b m
b can be filled out hand
In which for
= afor
+ b 0.5
b
1/2
m (h and b in m).
As the study area has equal landscape and climatological conditions to the Netherlands it is assumed
that this correlation can be used in this case as well.
In principle h and b can be found now from two
equations: the transformed (F.3) and (F.7).
The solution of the whole calculation is due to the
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quite complicated form of the equations not simple. However the Excel-method makes it possible to
relatively easily calculate and recalculate the dimensions of the watercourses till the desired result has
been reached. The final results of the calculation are
shown in the tables of section I.III of Appendix II.
After the calculation I checked the results for some
preset conditions. The most important condition is
that the average flow velocity (V) shouldn’t be greater than 0.25 to 0.30 m/s as such a velocity will cause
a large erosion risk. Therefore the fall within the section shouldn’t be too big. Yet on the other hand it
shouldn’t be too small as well. Just a few decimetres
per kilometre are sufficient to make the water flow in
downward direction.
When the results of the calculation are checked, the
watercourses can be dimensioned for the final design. The desired bottom width is set from which the
water depth of the watercourse with a certain design
discharge can be calculated. This step can be repeated till the desired situation is reached. The dimensions only concern the wet outline of the trapezium
shaped profile. It is possible to make the slope that
is part of the dry cross-sectional area of the channel
different from the calculated one without interfering
in the proper functioning of the system.
The slope of the embankments of the infiltration
zone along the main access road is rather flat and
set at 1:4. Then, with the same amount of rainwater,
the water surface is larger than with steeper slopes.
As a result the water has a greater appearance and
is better visibility for people. The wet cross-sectional
profile of the wadi is visualized in Appendix II, Figure
I.VI. It is represented by section 9 of the division.
In the gauze gullies of the linear elements (Appendix
II, Figure I.VI, section 10) of the neighbourhood to the
east the slope is set at 1:0.01. In this way the slope
wand with an angle of 90 degrees is represented. After finishing the calculation the thought struck my
mind that it would have been better to change the
wall roughness coefficient as well, as the boulders
in the gullies will slow down the flow of water. Accordingly the precipitation occurrence averages of
the KNMI (2005) the path between the gullies will be
flooded about five times a year.
The wadi to which the linear elements are leading
has very flat slopes (Appendix II, Figure I.VI, section
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11).
In the other neighbourhood to the west the infiltration zones along the access road are dimensioned in
the same way. The average water depth after storm
weather is a bit higher, because a larger built-up surface is draining on the wadi. From here the water is
drained to the permanent watercourse (Appendix II,
Figure I.VI, section 31) with an embankment slope of
1:4. An average bottom width of 6 meters is chosen,
because the average size of the permanent water table will be about 6 meters at the surface. In this way
the required dimensions for the runoff water are
calculated like it is flowing on top of the permanent
water.
Some remarks need to be made concerning the validity of the result. Next to uncertainties in the used
equation itself the quality of the input data left much
to desire:
• The amount of sealed surface is an estimated
number, and the infiltration rate is not a 100 percent for unsealed surfaces, neither a 0 percent in
unsealed areas.
• The precise groundwater levels are unknown. They
are between 1 and 2 meters below surface in both
neighbourhoods. The depth of 1 meter is adopted
in order to represent a worst case scenario, as no
risks should be taken to get flooded.
• Thirdly the elevation data is imprecise. The heights
are only reliable to half meters, while for such calculations they should be available in cm.
• Finally the required meteorological data of occurring precipitation averages are unavailable for Poland. As substitute Dutch measurements from the
KNMI (2005) are taken. Poland does show similar
precipitation rates per year. Only the distribution
of rainfall is spread differently through the year.
In this project these invalidities are taken for granted, but in real practise it is very important to provide
oneself with sufficient data of quality.

4.2.3 The park

In the park two types of connection with a different
appearance meet: the artificial one from the residential area and the more natural one of the stream
landscape. The characteristics of both are combined
in the ambiance of the park. The naturalness is represented by the English landscape-like style in which
the green space is designed. A variation of open and
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enclosed spaces exists. The masses are represented
by smaller and larger tree groups and tree-shrub
combinations. The vegetation is dominated by the
native species of the Masovian Lowland. The composition is depending on the groundwater level. Thus
in the lower and wetter areas near the lake alders,
willows and poplars are present, while at the dryer
locations near the built-up area oaks, hornbeams
and limes grow.
As aforementioned the park is situated at a nodal
point in the green structure. It is a more dynamical
area. Therefore the vegetation reaches its climax over
here. The amount of green masses increases and becomes denser. In this way the park is emphasized as
a more enclosed area in the open stream landscape.
People enter the park through an enclosed area. Afterwards they come in an open space where they
have a wide view over the lake and its special features represented by three big hills (Figure 4.21, 4.22
and 4.23). The view points are selected after a view
line study in a model.
The asymmetrical, pyramid-like shapes stand for the
artificial component of the park. Their appearance
is plain and simple. The hills are covered with grass.
No other vegetation is present, as it will only interrupt the straightness of the shape. In Figure 4.24 the
shape of the hill, which is located most to the west,
is depicted.
The hills are rising as unities from the reed and reach
a height of 35 meters. As the hilltops come above the
tree canopies they are visible from far away. In this
way these landmarks will attract people from the
surrounding area to the park.
The shapes are accessible for people by boardwalks
through the reed (Figure 4.27). A footpath is aligning each hill. On the hills themselves no paths are
present, so people must find their own way to the
top. From there they can have a splendid view over
the surrounding landscape. In Figure 4.25 some
cross-sections of the park are displayed and in Figure 4.26 till 4.28 an impression of the ambience of
the park is given.

Figure 4.21 The entrances and view points of the park

Figure 4.22 The view from the north of the park

Figure 4.23 The view from the south of the park

The reed is functioning as filtration facility. It purifies the water in the lake coming from the residential
area and from the stream that is connected to the
lake by means of bioremediation. The flowing field
technique has been applied (Figure 4.29).
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Figure 4.24 The shape of the hill that is situated most to the west in the park from different directions
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Figure 4.25 Two cross-sections of the park
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Figure 4.26 The natural landscape ambience of the park
Figure 4.27 The boardwalk through the reed gives access to the hill

66

THE DESIGN

Figure 4.28 The dike path along the west edge of the park

Next to this aesthetical and recreational function,
the hills incorporate as well a cleaning facility (Figure
4.29). The removed polluted soil of the whole study
area is collected and placed upon the elevated areas
of the park. This resulted in three big hills of 35 meters high. The rough calculation of the total amount
of removed soil and the hill height is described in appendix II, section II.V.
As the hills are accessible for people, the polluted soil
is covered by a clean layer of sand from 1 metre. So
no danger exists concerning the health of people.
The clean sand cover can be collected from the digging of the lake and the watercourse of the neighbourhood to the west.
The main pollutant is zinc. When rainwater infiltrates
in the hill, the metal particles attach themselves to
the raindrops. Together with the infiltrated water
they are transported out of the polluted soil into a
clean area aligning the hill. The zone is vegetated
with Thlaspi Caerulescens (Alpine Penny-cress). The
Alpine Penny-cress is a small plant of 7 till 30 centimetres high. It is known as a hyperaccumulator specie,
which means that it is able to take up large concentrations of zinc in comparison with other non-hyperaccumulator plants. The metal is transported from its

roots to the shoots and leaves where it accumulates.
By harvesting the plant biomass, which is containing
the zinc, the contaminated soil will be cleaned slowly.
The harvesting of the alpine Penny-cress should occur one time a year. To avoid leakage of the polluted
infiltration water to the lower groundwater flows,
a sealing layer of clay is placed under the polluted
hills.
This cleaning process with plants is referred to as
phytoextraction. It is a new emerging technology
and already shows its advantages (Salt et al., 1998).
Phytoremediation has received considerable attention, because it offers a cheaper, easier and environmentally sound pollution remediation option. Seeding a field of plants and harvesting them to extract
the pollutant is much cheaper than removing huge
amounts of contaminated soil.
In some cases, the extracted biomass can be incinerated and the metals recovered and sold for profit. In
cases where it is not economically feasible to recycle the metals, it is still cheaper to dispose of a small
amount of contaminated plant mass in a waste landfill rather than acres of topsoil.
Another main advantage is that phytoextraction
gives a real solution for soil pollution. Excavating and
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transferring contaminated soil to a hazardous waste
storage facility is simply moving the problem without cleaning anything, whereas phytoextraction implies the actual remediation of the substrate.
Phytoextraction has its limitations as well. The sanitation process is much slower than in traditional
means. Plants remove or degrade only small amounts
of contaminants each growing season, so it can take
several decades to adequately clean up a site.
Additionally, there are limitations to the plant growth
such as temperature, soil type and water availability
that may make a site unsuitable for phytoextraction.
Lastly, only lightly contaminated soils can be phytoremediated, because most plants will not grow on
heavily-contaminated sites (Salt et al., 1998).
One of the aforementioned advantages, the prevention of soil removal and therefore the saving of a lot
of money, does not count for this project. However
by removing the top layer in the contaminated areas, they are ready for new development right away.
This does not seem to be an undesired situation, as
the study area is subject to an intensive urbanisation
process. Moreover the soil is moved for aesthetical
and recreational purposes as well, namely to construct the landmarks in the park.
Another advantage of removing the contaminated
soil exists. The area with an intervention value is
heavily polluted and probably to such extend that

the Alpine Penny-cress is unable to grow over there.
By introducing the hill cleaning system just small
amounts of polluted matter are transported into the
phytoextraction strip. The plant is able to grow in
this zone and take up the smaller amounts of zinc. In
this way one of the aforementioned disadvantages
is taken away.
To be able to implement the hill cleaning facility in
reality the subject needs to be investigated much
further. More knowledge needs to be gained on the
precise working of phytoextraction, the required and
existing site conditions and the precise amount and
nature of the pollution.
When it turns out that it is impossible to accomplish
the cleaning of the polluted soil by this process, the
contaminated hills can be sealed completely. The
hills will then function as landfill sites and still fulfil
the recreational and aesthetical function.

Figure 4.29 The hill cleaning system. To the left the lake is present and to the right the hill
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5
FINAL WORD
Nowadays we are aware of the negative impacts
that human interventions have on the landscape.
Governments globally aim for a sustainable future.
In this striven spatial planning and design are very
important determining aspects.
The main research question of this thesis project is
how cities can extend in accordance with the aim for
a sustainable future. In my opinion such city development not only seeks for the fulfilment of nature concerns, but also for the fulfilment of other concerns
like social and economical ones. All purposes should
be reached in such a way that they are not counter
striking a sustainable future, thus without negatively
affecting the opportunity of future generations to
fulfil in their needs.
As sustainability is such a broad subject in itself, I
focussed on a selection of topics. A combination of
nature and human related issues is chosen: water,
green spaces, recreation and aesthetics in relation
with urban development.
Warsaw has to deal with a difficulty with which many
concentric cities have to cope in their spatial growth.
Such cities often develop along their main radial exist roads, which results in a star-like shape. In between
the star points green wedges penetrate into the city.
When the city continues to expand, the green spaces
in between the built-up offshoots become demanded expansion locations, because they are available
for development and situated relatively close to the
city centre. When the green wedges are built up the
city becomes concentric again. If the growth is coordinated and planned well, this continuous urbanisation process does not necessarily cause problems.
In order to develop a city accordingly a sustainable
concept, a well functioning planning instrument is
needed. Only in this way a comprehensive, integral
and long-term plan for a durable future can be incorporated. Yet in Warsaw this is not the case. No clear
organisational structure exists and spatial plans from
different sectors and communities are not adjusted
to each other. The municipality has to deal with many
problems in their spatial organisation as a consequence environmental difficulties emerge.
The study area is situated in one of the green wedges. The problems in spatial organisation are clearly
visible here. At the moment the area is subject to an
uncontrolled urbanisation process. A widely spread

and unstructured housing development is the result.
Houses are already inhabited even before a proper
road network exists. No green structure for the future
seems to be planned, while this is very important for
the liveability of a city. A proper green structure in
the urban area positively influences for instance the
air quality and the microclimate and besides in general people like to life close to green areas.
The existing landscape is being disregard as well,
which will lead to many problems. For example the
isolation and fragmentation of green areas, which
frustrates the population exchange of flora and
fauna between those areas; the loss of local identity,
which leads to uniformisation of the landscape; and
the interruption of the natural water cycle, which can
cause problems such as drying, flood and pollution.
These tendencies in urban development are not only
present in Warsaw, but occur globally.
A way to prevent the conflicts between urban development and the natural situation is to take the existing landscape as main point of departure in design.
At the start the natural conditions of the site should
be studied to be able to take them into account in
the establishment of new city extensions. The natural situation is namely one of the main aspects that
determine the suitability of an area for a certain type
of development.
The integration of the existing landscape into the urban is not only in accordance with a sustainable future, the processes and patterns in the landscape can
as well contribute to the aesthetical component of
design. For instance the introduction of the existing
drainage system into residential areas can contribute
to its attractiveness, as water is in general regarded
as an attractive element. Besides landscape patterns
and water can be used as structuring elements in a
spatial design and they can give identity to a place.
To answer to the aim of making a design in accordance with a sustainable approach, the main used
strategy is to bundle compatible land-uses and
separate incompatible land-uses in space. Two kinds
of functions are distinguished. The low dynamical
functions, like nature and water, are vulnerable and
concern a slow development. Therefore they are in
need of a durable and stable environment. The high
dynamical functions, such as industry and dwelling,
are developing quickly and are in need of flexible
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surroundings. These two types are regarded as conflicting with each other due to their different process
characteristics and therefore should be separated in
space.
This is done by introducing two frameworks in the
study area to which the different land-use types are
related: the high dynamical land-uses are organised
along the road network and the green structure contains the low dynamical ones. In this way by separation vulnerable functions are protected from conflicting uses and by bundling other concerns such as
economical feasibility can be fulfilled.

and had to be constructed from independently gathered pieces or substituted by data of other locations.
Moreover Ruben and I were very much depending
on other people to receive most data. On one hand
this was very instructive and a real challenge, but on
the other hand it asked a lot of time and walk rounds
during the design process. Therefore I would recommend fellow students to make sure beforehand
which data is available and what this implies for the
continuation process of the project. In real practise
it is of course beyond question to make a durable,
spatial plan without sufficient data of quality.

By the design of this new housing development I
wanted to show that different concerns of the urban area can be answered at the same time without
counter striking a durable future. The concern of nature has been served by integration of the water system in the urban area, by safeguarding the connection between nature core areas and by purifying the
soil in an ecologically sound way. The social concern
has been answered by developing an extensive and
continuous recreational network and by creating an
attractive living environment. Finally the economical
concern is addressed by removing the polluted soils,
so the area is ready right away for any kind of development.

It was a challenge to do a project abroad in a country that has another kind of spatial planning than the
Netherlands. Besides this cultural aspect, I learned a
lot regarding the field of landscape architecture.

A not urbanisation related problem in the study area
is soil contamination by heavy metals. I searched for
an environmental sound way of purifying this soil
and came up with phytoextraction. It is a juvenile
bioremediation technology that still needs further
research towards the precise way of functioning and
the required site conditions for an optimal application.
In this particular case not enough means are available to develop such a cleaning system with the guarantee of proper functioning. However in my opinion
the emerging of phytoextraction in general is a positive development, which should be considered in
reality more often. It is an environmentally and economically sound way for purifying the soil. Therefore
I hope that people who read this report and do have
the means are willing to take phytoextraction and
other bioremediation techniques into consideration
for cleaning up the natural substrate.
In this thesis much data of importance was missing

70

BIBLIOGRAPHY
Ahern, J., 1995. Greenways as a planning strategy. Landscape and Urban Planning, 33, 131-155.
Ahern, J., 2002. Greenways as strategic landscape planning: theory and application. PhD Thesis. Wageningen: Wageningen University.
Alkorta, I. et al., 2004. Recent findings on the phytoremediation of soils contaminated with environmentally toxic heavy
metals and metalloids such as zinc, cadmium, lead, and arsenic. In: Reviews in Environmental Science and Bio/
Technology, 3, 71–90. Printed in the Netherlands: Kluwer Academic Publishers.
Andrzejewska, A., 17 August 2005. Personal communication.
Biura Geodety Wojewodztwa Mazowieckiego, 2005. GIS-data: VLMap. Warsaw: Biura Geodety Wojewodztwa Mazowieckiego.
Broodbakker, N.W. et al., 1995. Water in de bebouwde omgeving. Wageningen: Ministerie van Landbouw, Natuurbeheer
en Visserij and IKC Natuurbeheer.
Buuren, M. van, 1997. Landschapsplanning en watersystemen in de zandgebieden van Nederland. Wageningen: Wageningen University.
Buuren, M. van and Kerstra, K., 1993. The framework concept and the hydrological landscape structure: a new perspective in the design of multifunctional landscapes. In: Vos, C.C. and Opdam, P. eds. Landscape ecology of a stressed
environment. London: Chapman & Hall, 219-243.
City Architect’s Department, 2005. Studium uwaruńkowan i kierunków zagospodarowania przestrzennego Warszawy:
struktura funkcjonalna, no scale. Warsaw: Miejska Pracownia Planowania przestrzennego.
Department of land development, 1999. Warsaw development strategy until the year 2010: a synthesis [Online]. Warsaw:
Warsaw City Hall. Available from: http://www.e-warsaw.pl/inwestycje/strategia_synteza_en.pdf [Accessed 29
March 2006].
Dik, P. et al.,1998. Waterkansenkaart: water en locatiekeuze voor wonen en werken toegepast op de zuidelijke Oude IJsselstreek. Doetinchem: Waterschap Rijn en Ijssel.
Duijvestein, C.A.J., 1997. Ecologisch bouwen. Lecture notes Technical University Delft.
European Commission, 2002. A European Union strategy for sustainable development. Luxembourg: Office for Official
Publications of the European Communities.
Falkenmark, M., 2003. Freshwater as shared between society and ecosystems: from divided approaches to integrated
challenges. Philosophical Transactions of the Royal Society B: Biological Sciences [online], 358 (1440), 2037 2049. Available from: http://www.journals.royalsoc.ac.uk/media/lp3hxpuxtn55k1mg9bt7/contributions/3/c/
h/4/3ch455ypbvdmuhne.pdf [Accessed 23 April 2006].
Ferreira, H.S. and Botequilha Leitão, A., 2005. Integrating landscape and water resources planning with focus on sustainability. In: Tress, B., Tress, G., Fry, G., et al. eds. From landscape research to landscape planning: aspects of integration, education, and application. Springer, Dordrecht, this volume, chapter 11. Wageningen UR Frontis Series vol.
12. [http://library.wur.nl/frontis/landscape_research/11_ferreira.pdf ].
Geiger W. and Dreiseitl H., 1995. Neue Wege für das regenwasser: handbuch zum Rückzicht und zur Versickerung von
Regenwasser in Baugebieten. München, Wien: Oldenbourg.
Główny Urząd Geodezji i Kartografii, 1995. Warszawa – Wschód: mapa topograficzna, 1:50.000 (N-34-26D, N-34-127C, N34-138B, N-34-139A). Warsaw: Główny Geodeta Kraju.
Kaliszuk, E., 2002. Warsaw green space study [Online]. Available from: http://www.map21ltd.com/COSTC11/wkgr1A_
2.htm [Accessed 14 March 2006].
Kerkstra, K. and Vrijlandt, P., 1988. Het landschap van de zandgebieden. Probleemverkenning en de oplossingsrichting.
Utrecht : Directie Bos- en Landschapsbouw.
Klein, J. de, et al., 2000. Inleiding water. Lecture notes Wageningen University.
KNMI, Ministerie van Verkeer en Waterstaat, 2005. Neerslagfrequentie [Online]. Available from: http://www.knmi.nl/kli-

71

D E S I GNING ON THE LONG RUN

matologie [Accessed 22 November 2005].
Knijff, van der J.M. et al, 2000. Soil Erosion Risk: assessment in Europe [Online]. European Soil Bureau. Available from:
http://eusoils.jrc.it/ESDB_Archive/pesera/pesera_cd/pdf/ereurnew2.pdf [accessed 15 October 2005].
Lasat, M.M., 2001. Phytoextraction of metals from contaminated soil: a review of plant/soil/metal interaction and assessment of pertinent agronomic issues. In: Journal of Hazardous Substance Research, 2, 1-25. Kansas: Kansas State
University.
Liro, A. (ed.), 1995. National Ecological Network: EECONET – Poland. Warsaw: Foundation IUCN Poland.
Lubanski, A., no date. Kampinos National Park [Online]. Available from: http://www.mos.gov.pl/kzpn/en/kamp_gb.htm
[Accessed 21 March 2006].
Matuszkiewicz, W., 1995. Potential natural vegetation of Poland: general map, 1:300.000. Warsaw: Polish Academy of Science.
McBratney, A.B. and Webster, R., 1986. Choosing functions for semi-variograms of soil properties and fitting them to
sampling estimates. Journal of Soil Science, 37, 617-639.
Ministry

of Foreign Affairs, no date. Geography [Online]. Available from: http://poland.gov.pl/
?document=299&PHPSESSID=b959664cf0ff727b32989f292a835b1a [Accessed 14 March 2006].

Murai, S., 1998. GIS Work Book (Fundamental Course) [Online]. Available from: http://www.profc.udec.cl/~gabriel/tutoriales/giswb/vol1/cp1/cp1-1.htm [Accessed 25 May 2006].
Nationaal Dubo Centrum, 2001. Senternovem [Online]. Available from: http://www.dubo-centrum.nl/home.php [Accessed 13 December 2005].
Official website of the Warsaw City, no date. Welcome to e-Warsaw [Online]. Available from: http://www.e-warsaw.pl [Accessed 21 March 2005].
Pawlak, J. and Pietrusiewicz, W., 2002. Mapa geologiczna Warszawy [Online]. Ailable from: http://free.ngo.pl/agenda_21/
geolog.htm [Accessed 14 July 2005].
Press, W.H. et al, 1986. Numerical Recipes. Cambridge: Cambridge University Press.
Polish Geological Institute, 2005. Geo-chemistry data of Warsaw: heavy metals. Warsaw: Polish Geological Institute.
Polish Geological Institute, 2005. Borehole measurements of North Warsaw. Warsaw: Polish Geological Institute.
Polskie Przedsiebiorstwo Wydawnictw Kartograficznych, 2005. Okolice Warszawy: mapa turystyczna, 1:100.000. Warsaw:
Copernicus.
Renard, K.G. et al, 1997. Predicting soil erosion by water: a guide to conservation planning with the Revised Universal Soil
Loss Equation (RUSLE). Washington: US Department of Agriculture.
Ripl, W., 2003. Water: the bloodstream of the biosphere. Philosophical Transactions of the Royal Society B: Biological Sciences [online], 358 (1440), 1921-1934. Available from: http://www.journals.royalsoc.ac.uk/media/
g3thxpuyyp1220nqhn2g/contributions/6/5/u/4/65u4681qah9906wq.pdf [Accessed 23 April 2006].
Salt D.E., Smith R.D. and Raskin I., 1998. Phytoremediation. Annual Review in Plant Physiology and Plant Molecular Biology, 49, p.643-668.
Sławiński, T., 18 August 2005. Personal communication.
Sławomir, Z., 1996. Wetlands and grasslands in the Warsaw region. In: H. Okruszko et al, ed. Characterization and valuation of wetlands and grasslands in Poland in the aspect of natural environment protection. Wydawnictwo: IMUZ,
58-69.
Syncera Realisatie, 2006. Saneren van bodemverontreinigingen [Online]. Available from: http://www.syncera-realisatie.
nl/realisatie_saneren [Accessed 8 February 2006].
Tjallingii, S.P., 1996. Ecological Conditions. Wageningen: IBN-DLO.
Townsend, C.R. et al., 1999. Essentials of Ecology. Oxford: Blackwell Science Ltd.

72

BIBLIOGRAPHY

Unknown, 1993. Mapa ekologiczna wojewodztwa Warszawskiego: ecological map of the Warsaw Voivodeship, 1:100.000.
No data.
Vries, J.M. de, 1998. Symposium: Water in de stad, Roermond [Online]. Available from: http://www.verkeerenwaterstaat.
nl/cgi-bin/nieuws/vwn_p.pl?arch_srcID=872&id=3 [Accessed 12 December 2005].
VROM/Kiwa, 1998. Handleiding helofytenfilters.
Vymazal, J., 1998. Removal mechanisms and types of constructed wetlands. In: Vymazal, J. et al. eds. Constructed wetlands for waste water treatment in Europe, pp.17-66. Leiden: Backhuys Publishers.
White, K., 2001. Phytoextraction: fact sheet. Chicago: Argonne National Laboratory.
Wikipedia: the free encyclopedia, 2006. Bioremediation [Online]. Available from: http://en.wikipedia.org/wiki/Bioremediation [Accessed 28 May 2006].
Wischmeier, W.H. and Smith, D.D., 1978. Predicting rainfall erosion losses, a guide to conservation planning. Washington:
US Department of Agriculture.

73

D E S I GNING ON THE LONG RUN

74

APPENDIX I
THE SOIL POLLUTION ASSESSMENT
In this appendix the geo-statistical method of kriging is explained in more detail. After that the Polish and Dutch
soil pollution policies on heavy metal are described and the applied reclassification method of the data.

I.I

The kriging method

Kriging is an advanced geo-statistical procedure that
generates an estimated surface from a scattered set
of points that represent a certain measurement. In
our case this is the concentration of various heavy
metals in micrograms per gram of dry matter (ppm).
There are several estimation methods for obtaining
that surface out of the initial irregular spatial distribution of points. They vary according to a theoretical curve, expressed by a mathematical function that
models the variation of value against distance in any
direction from every point. Thus kriging involves an
interactive investigation of the spatial behaviour of
the phenomenon represented by the point values
before the user selects the best estimation method
for generating the output surface. The best method
is the one best fitting the actual variation graph of
each point value against distance. See Figure I.I for
an example of a semivariance diagram.
In ordinary kriging, which means that the spatial variation of the point values does not contain any local
trend (or drift), there are five methods for estimating
the surface between the initial set of points: spherical, circular, exponential, Gaussian and linear. All
these five models are provided to ensure the necessary conditions of the variogram model are satisfied,
since kriging is based on the regionalized variable
theory that assumes that the spatial variation of the
represented phenomenon is statistically homogeneous through the surface (McBratney and Webster,
1986). This means that there is a similar pattern of
concentration decay when moving away from each
point; every point is surrounded by a similar pattern
of variation, and this hypothesis is fundamental for
the regionalized variable theory to be applicable.
In order to assure the spatial homogeneity at all locations of the initial point surface the raw data must be
object to some scrutiny: there should not be anomalous values representing abrupt changes. This can be
checked in a box plot, by spotting possible outliers.
When the histogram did not display a normal distribution, we tried to solve this problem by applying a
logarithmic transformation. However after the application of a log transformation most probably when

Figure I.I A semivariance diagram

you inverse the transformation the original abrupt
changes will be round to milder values afterwards.
This means that extreme high values representing
heavy pollution are being disregarded. Only in the
case of the metal arsenic extreme values are present.
In this case we recommend using another method,
for instance a stratified analysis, which means prestratifying the data into regions of uniform surface
behaviour for separate analysis. Nevertheless, since
the extreme arsenic polluted soils fall outside the
study area, we included arsenic together with the
rest of pollutants in our log transformed data analysis. The other metal measurements didn’t contain
such extreme levels of concentration.
Finally, in case the semivariogram displays a gently
parabolic concave-upward shape near the origin
that could be a sign of a locally changing linear drift
in our spatial data. (ArcInfo Help file) If so, we should
better use the universal kriging estimator instead of
the ordinary.
Yet the resulting pollution maps per heavy metal are
subjected to statistical truth, which means that the
result is not the real value in the assigned spot, yet a
value with 95.5% probability of falling between the
range values established by approximately twice the
square root of the calculated variance value for each
spot. This is because the variance is calculated based
upon the average variance of all point pairs within
each interval of the cell size. And then the variogram,
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which will decide the theoretical function to be applied in the estimated surface, is fit to the variance
points using the Levenberg-Marquardt Method
(Press et al., 1986) of non-linear least squares approximation. That means that a spot would actually
display a value that agrees with the predicted value
in 95.5 cases from every 100, given a confidence interval as follows:

(

V = V p ± 2 ⋅ Var

)

Where V is the actual value, Vp is the predicted value,
and Var is the variance.

I.II

The soil pollution legislations

Table 1 shows the permitted concentration of heavy
metal per land-use group according to the Polish law.
Three categories of land-use are distinguished:
• Group A - Nature
• Group B - Agriculture, forest, fallow land and urban
areas
• Group C – Industry, mines and communication infrastructure
In the table the maximum concentration in the soil
for the three groups are given for each type of metal.
All values refer to the permitted concentration in
mg/kg of dry substance.
The Dutch soil policy distinguishes three classes of
soil that have their own policy, and legislation and
instructions (Table 2):
• Soils with a durable quality (< SW): the policy is to
keep them clean, thus protection by legislation.
• Soils with little pollution (between SW and IW): the
Table 1 Maximum permitted concentration of heavy metal per land-use
group according to Polish legislation (Polish Geological Institute, 2005)
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Table 2

SW = target value, IW = intervention value

policy is an active management improving or at
least not increasing the pollution by legislation.
• Heavily polluted soils (> IW): the policy is to clean
them by intervention.
When the value of pollution lies between the SW and
the IW value there is a maximum value given for different land-uses divided into these clusters:
• Cluster I: residents and intensively used (public) green. This means (allotment) gardens, playgrounds, recreation areas and intensively used
(public) green such as car parks and green strips
between flats.
• Cluster II: extensively used (public) green. These
are verges, green near office buildings and industrial estates, and fallow land.
• Cluster III: built-up and sealed soils. Sealed soils are
“stelcon slaps”, concrete, asphalt and big surfaces
of dense paving with bricks or tiles. Thin strips or
small surfaces of bricks and tiles like paths in gardens are excluded.
• Cluster IV: agriculture and nature.
For cluster III there are no values calculated, because
it is assumed that there is no direct contact with the
soil. For cluster IV the values are usually determined
in each case individually. In this project we used the
values from a reference project, which included values for sand and clay soil which is the overall soil
type in the area.
The values that were used as a base for our project
are written in the Table 3. These values were reclassified into groups A, B and C to be able to compare
the resulting pollution map with the one according
to Polish law. Cluster IV, nature is representing group
A. The values of cluster I and IV Agriculture are combined in order to create group B. The most restricted value of the two is applied in each case. Cluster
II is taken as representative category for group C as
they are values applied to industrial and commercial
zones.

THE SOIL POLLUTION ASSESSMENT

Table 3

Extracted values from the Dutch legislation
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APPENDIX II
T H E W AT E R S YS T E M D I M E N S I O N I N G
In this appendix the matters are explained and visualized that are related to the calculation of the water system
dimensions. In sequence the used methodology, the main input data: section division, height points, section length
and length cross-sections per section, and the actual results of the caclulation are described.

II.I

The methodology

wet cross-sectional area A (m2). This is the result:

The following explanation of the used formulas and
the working of the calculation are based on a description of Sake van der Schaaf, the designer of the
spreadsheet. This method is a way to determine by
means of iteration the dimensions of a watercourse
with a trapezium shaped profile. The iteration process is necessary to in the end find dimensions that
are in correct proportion with each other as the calculation contains many unknown quantities. By using the programme Microsoft Office Excel a lot of
time is saved, as the repeated calculation is done automatically instead of by hand, which used to be the
case in the past.
The spreadsheet is divided into two tables. The first
one is concerning the calculations using a variable
bottom width and the second one the finally calculated dimensions determined with a fixed bottom
width.
The basis for the spreadsheet calculation is formed
by the formula of De Chezy:

v					
= C R⋅S

(D.1)

In which
v = average flow velocity (m s-1)
C = roughness coefficient (m s-1)
R = hydraulic radius (m)
S = slope

(D.3b)

However this equation doesn’t tell anything about
the shape of the watercourse profile. The relation of
the quantities A and R:

A
P

R=
					

(D.4)

Where
P = wet outline (m2)
doesn’t give this information either.
This means that for a given k, S and Q the amount
of possibilities is infinite. However in practise for
a given wet cross-sectional area a limited range of
profiles is applied. In general the point of departure
is a trapezium shaped cross-sectional profile in the
Netherlands. When the bank slope 1:n, (n is dimensionless), the bottom width (b), and the water depth
(h), then for such a profile counts:
(D.5)

or
					

P
= b + 2h 1 + n 2
					

The substitution of these two formulas gives:

v					
= kM ⋅ R ⋅ S

					

(D.5a)

and

In which
kM = wall roughness coefficient (m1/3 s-1)

1/ 2

(D.3a)

Or with A explicit:

					

C is derived from the formula of Manning:
					
C = k M ⋅ R1 / 6
					
(D.2)

2/3

					
Q = kM ⋅ A
R 2 / 3 ⋅ S 1/ 2

(D.3)

To obtain the discharge rate Q (m1/3 s-1) instead of v
on both sides of the “=”-sign is multiplied with the

(D.6)

A bank of 1:n means 1 vertical, n horizontal. Thus the
bigger n, the flatter is the bank.
With the formulas (D.4), (D.5) and (D.6) it is possible to
substitute (D3.a) in a relation with b, h and n, instead
of A and R. This equation still contains two unknown
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quantities (b and h), therefore still an infinite amount
of combinations of b and h with a known Q, S, kM and
n is possible. In reality it appears in the application
that a clear relation between b and h exists. This relationship seems for Dutch circumstances to be very
well approximated with the equation:

h					
=a + b b

(D.7)

In which hfor
h = afor
+ b 0.5
b
= a 0.05
+ b mb can be filled out and
m1/2 (h and b in m). In principle h and b can be found
now from two equations: the transformed (D.3a) and
(D.7). The solution is however due to the quite complicated way of the equations not simple. In old times
for instance nomograms were used. But in this case a
spreadsheet is used in which the solution is found by
means of iteration.
First the calculation of dimension is done using a unknown, variable bottom width. Central is the quantity AR2/3. For convenience we call this quantity u, so:

u					
= A⋅ R2/3

(D.8)

From (D.3a) and (D.8) follows:

Q
u					
=
kM s

u can be determined using (D.4), (D.5) and (D.6) as
well from b, h and n. To make a distinction between
the two u’s this latter one is called u’. The dimensioning of a watercourse is correct when u=u’. For u’
counts then (substitute R in (D.8) using (D.4)):
(D.10)

Substitution from A and P by means of (D.5) and (D.6)
in (D.10) results in the relation:

(h ⋅ b + h n)
u					
'=
2

(D.12)

Subsequently b’ is entered as b in (D.11) and the cycles is repeated till u and u’ sufficiently correspond
with each other.
For every new b a new h follows from (D.7).
From (D.7) and (D.11) can be derived that u’ has to
more or less equal a number between the values of b
and b2 (closer to b2). Because u’ is proportionally to a
number value that is close to b2, in (D.12) for x the value of 0.5 can be taken. The system seems then to for
banks of 1:1.5 to quite quickly converge. For x = 1 the
convergence in general has more iteration rounds.
In the second table of the spreadsheet the final result is calculated for a fixed bottom width. When the
desired width is filled out the water depth is automatically calculated for a predefined bank slope. As
mentioned before the calculation only counts for a
watercourse with a symmetrical trapezium shaped
profile.

II.II

The input data

In Figure II.I the section divion of the water system in
both residential areas of the detail area is displayed.
Each section has a different number. Besides the
seperation of the built-up area into different parts is
given. Each area has its own letter and drains on a certain section. Which areas belong to which sections is
shown in the tables of the calculation results.
In Figure II.II height points up- and downstream per
section are given. Along with the section lenght. This
information is used to determine the fall in meters
per section.

5/3

(b + 2h 1 + n )
2

2/3

(D.11)

We choose a value for b, let’s say b’. Relation (D.11)
gives a related u’. It is to be expected that this u’ will
differ from u. So b’ has to be changed. The question is
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x

u
					
b' n = b 
 u' 

(D.9)

With which u with a known Q, kM and S can be calculated.

A5 / 3
u					
'= 2/3
P

in which way this can be done best.
We determine a new b’, called b’n, as following:

In Figure II.III the length cross-sections of the fall lines
are drawn. The upper line is representing the originally existing bottom level. The lower line the newly
constructed bottom level. The groundwater level is
set at one meter below original bottom level.

Figure II.I The section division of the drainage system for both neighbourhoods of the detail area. A number is assigned to each section. The letters stand for a certain surface of built-up area.

T H E WAT E R S Y S T E M D I M E N S I O N I N G
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Figure II.II The measured height points up- and downstream and the
length per section
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Figure II.IIIa The lenght cross-sections of the fall lines for the section 1 till
10. The upper line is representing the originally existing bottom level. The lower line the newly constructed bottom level.
The groundwater level is set at one meter below original bottom level.
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Figure II.IIIb The lenght cross-sections of the fall lines for the section 12 till 24. The upper line is representing the originally existing bottom level. The
lower line the newly constructed bottom level. The groundwater level is set at one meter below original bottom level.
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Figure II.IIIc The lenght cross-sections of the fall lines for the section 11 and 25 till 28. The upper line is representing the originally existing bottom
level. The lower line the newly constructed bottom level. The groundwater level is set at one meter below original bottom level.
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II.III The calculation results
In the following tables (Figure II.IV) the spreadsheet
calculations per section for the neighbourhood to
the east are presented. The first two tables show the
calculations with a variable bottom width and the
last two tables with a fixed bottom width. The tables

Total
Discharging discharging
areas
area size
Area Area size section

Q
3

are continuing from the left to the right page. The
used quantities are explained in the first section of
this appendix.
In the second set of tables (Figure II.V) the calculation results of the neighbourhood to the west are
displayed.

kM = 1/n Length
1/3

Slope

Auxiliar
Slope of
y
embankment Bottom
variable
1:….
width b Depth d
u

letter
a

ha
1,0

nr
1

letter
a

ha
1,0

m /s
0,006

M /s
10

km
m/km
0,061 5,24E-01

4

m
0,064

m
0,18

m
m
0,027 0,027

b
c

0,9
0,0
1,0

2
3
4

a-b
a-b
a-c

1,9
1,9
2,9

0,012
0,012
0,018

10
10
10

0,027 5,24E-01
0,032 5,24E-01
0,062 5,24E-01

4
4
4

0,117
0,117
0,168

0,22
0,22
0,26

0,052 0,052
0,052 0,052
0,079 0,079

d
e

2,1
0,7

5
6

d
d-e

2,1
2,8

0,013
0,018

10
10

0,046 7,83E+00
0,046 7,83E+00

4
4

0,034
0,047

0,14
0,16

0,015 0,015
0,020 0,020

f
g

0,0
0,7
0,9

7
8
9

a-e
a-f
a-g

5,7
6,4
7,3

0,036
0,040
0,046

10
10
10

0,012 5,24E-01
0,060 5,24E-01
0,010 5,24E-01

4
4
4

0,292
0,320
0,354

0,32
0,33
0,35

0,156 0,156
0,175 0,175
0,199 0,199

0,0

10

a-g

7,3

0,046

10

0,137 5,24E-01

0,01

0,935

0,53

0,199 0,199

h

1,2

19

h

1,2

0,008

10

0,081 1,24E+00

4

0,050

0,16

0,021 0,021

i

0,4
0,0

20
21

h-i
h-i

1,6
1,6

0,010
0,010

10
10

0,021 1,24E+00
0,028 1,24E+00

4
4

0,067
0,067

0,18
0,18

0,028 0,028
0,028 0,028

j

0,3

22

h-j

1,9

0,012

10

0,045 1,24E+00

4

0,079

0,19

0,034 0,034

k
l

0,3
0,4

23
12

h-k
l

2,2
0,4

0,014
0,003

10
10

0,016 1,24E+00
0,019 2,33E+00

4
4

0,090
0,009

0,20
0,10

0,039 0,039
0,005 0,005

m

1,3

13

l-m

1,7

0,011

10

0,089 2,33E+00

4

0,052

0,16

0,022 0,022

n

0,6
0,0

14
t

l-n
l-n

2,3
2,3

0,014
0,014

10
10
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Figure II.IVa The first part of the results of the calculations with a variable bottom width from the neighbourhood to the east
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In Figure II.VI some cross-sections of the final dimensions from the main watercourses are given. They are
visualized per section. As well the different water levels for three discharge rates are displayed.
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Figure II.IVb The second part of the results of the calculations with a variable bottom width from the neighbourhood to the east
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Figure II.Va The results of the calculations with a variable bottom width from the neighbourhood to the west

Total
Discharging discharging
areas
area size
Area Area size Section
letter
r
s

Q
3

kM = 1/n Length
1/3

Slope

ha
7,3
5,1

nr
29
30

letter
r
s

ha
7,3
5,1

m /s
0,046
0,032

M /s
10
10

km
m/km
0,266 1,54E+00
0,255 1,25E+00

0,0

31

r-s

12,4

0,078

10

0,124 4,03E-01

Figure II.Vb The results of the calculations with a fixed bottom width from the neighbourhood to the west

90

u'

Slope of
embankment Bottom
1:….
width b Depth d

A

Fall

2

4
4

m
0,30
0,30

m
0,28
0,25

m
m
0,40 0,410
0,33 0,320

4

6,00

0,15

1,00 0,050

T H E WAT E R S Y S T E M D I M E N S I O N I N G

M = 1/n Length
1/3

Slope

Auxiliar
Slope of
y
embankment Bottom
variable
1:….
width b Depth d
u

u'

b'

Fall

Water table Water table
upstream downstream Bottom level

v

M /s
10
10

km
m/km
0,266 1,54E+00
0,255 1,25E+00

4
4

m
0,23
0,19

m
0,29
0,27

m
m
m
m
0,116 0,116 0,231 0,410
0,090 0,090 0,187 0,320

m+ref.
82,14
82,05

m+ref.
81,73
81,73

m+ref.
81,64
81,62

m/s
0,113
0,096

10

0,124 4,03E-01

4

0,58

0,43

0,386 0,386 0,583 0,050

81,73

81,68

81,27

0,078

M

= 1/n Length
1/3

Slope

Auxiliar
Slope of
y
embankment Bottom
variable
1:….
width b Depth d
u

u'

b'

Fall

Water table Water table
upstream downstream Bottom level

v

M /s
10
10

km
m/km
0,266 1,54E+00
0,255 1,25E+00

4
4

m
0,23
0,19

m
0,29
0,27

m
m
m
m
0,116 0,116 0,231 0,410
0,090 0,090 0,187 0,320

m+ref.
82,14
82,05

m+ref.
81,73
81,73

m+ref.
81,64
81,62

m/s
0,113
0,096

10

0,124 4,03E-01

4

0,58

0,43

0,386 0,386 0,583 0,050

81,73

81,68

81,27

0,078

91

D E S I GNING ON THE LONG RUN

Figure II.V The cross-sections of the final dimensions of the watercourses from the sections 9, 10, 11 and 31. As well the different water levels of
three discharge rates are displayed.
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APPENDIX III
T H E S O I L R E M OVA L
The polluted soil is removed in the areas with an
intervention value and in those where the planned
land-use is not in accordance with the land-use
suitability map of section 3.4. Yet, the areas that are
not corresponding to this map and that are already
built-up, like the industrial area in the south, are
not taken into account. The surface of removed soil
together with the surface of the hills is displayed in
Figure III.I.

Figure III.I The calculated surface of removed soil and the surface of the
hills in m2.

The height of the sanitised layer is limited to the
first 40 cm. Only the topsoil is removed, as we expected that the pollution is airborne and therefore
the metals are mainly concentrated in the first layer.
This implies that the total amount of removed sand
is: 141.995 x 10-1 m2 x 0,40 m = 50.179 x 10-1 m3
The average height of the hills if they would have
been cube-shapes is:
50.179 x 10-1 m3 / 2.945 x 10-1 m2 = 17 m
This number is multiplied by two in order to obtain
a height that is more corresponding to a pyramid
shape. So then the cubes are actually halved. This
calculation results in the rough estimated average
hill height of 34 m.
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