Research by design on a sustainable form
of agriculture for the Krimpenerwaard

Msc Thesis Landscape Architecture
Sander Hermens

Research by design on a sustainable form
of agriculture for the Krimpenerwaard

Sander Hermens
MSc Thesis Landscape Architecture / LAR-80436
Supervisor: Prof. ir. A (Adriaan) Geuze
November 2015, Wageningen University

Colofon
Wageningen University, November 2015
Sander Hermens
811126329130
Phone: 06 53116557
Email: sanderhermens@hotmail.com
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form
or any means, electronic, mechanical, photocopying, recording
or otherwise, without the prior written permission of either the
authors or the Wageningen University Landscape Architecture
Chairgroup.
This publication is written as a final master thesis in Landscape
Architecture by order of the chairgroup of Landscape Architecture at Wageningen University.
Chairgroup landscape architecture
Phone: +31 317 484 056
Fax: +31 317 482 166
E-mail: office.lar@wur.nl www.lar.wur.nl
Postal address Postbus 47
6700 AA, Wageningen
The Netherlands
Visiting address
Gaia (building no.101)
Droevendaalsesteeg 3
6708 BP, Wageningen
The Netherlands
Printed in the Netherlands by Luxor, Nijmegen

Prof. Dr. Ir. A (Adri) van den Brink (Examiner)
Chair Landscape Architecture
Wageningen University

Prof. Ir. A (Adriaan) Geuze (Supervisor)
Extraordinary Professor Landscape Architecture
Wageningen University

Dr. Ir S (Sven) Stremke (Second Examiner)
Assistant Professor Landscape Architecture
Wageningen University

Content
Preface								8
Summary

							9

Reading guide							11
1. Introduction							14
1.1 Agriculture in the western peat meadows			
14
1.2 Soil subsidence							14
1.3 Scope of the thesis						16
1.4 Method: Research by design					
17
1.5 Conclusions							17
2. Testing area: The Krimpenerwaard				
19
2.1 Spatial development in the Krimpenerwaard		
20
2.2 Current and future problems					
22
2.3 Research questions						24
3. Research by design						27
3.1 Forms of dairy farming on peat meadows			
29
3.2 Submerged drains						32
3.3 Consequences for the water system				
34
3.4 A boezem in the Krimpenerwaard				
39
3.5 Two models							52
3.6 Conclusions							53

4. Description of the design					
55
4.1 Cultural history and agriculture 				
60
4.2 Sustainable water management				
66
4.3 Recreation							68
4.4 Nature								72
4.5 Design 1:1000 The Cheese factory				
76
4.6 Design 1:1000 The Summer camp				
86
5. Evaluation							95
5.1 Comparing the alternative with the Veenweidepact
99
5.2 Reflection on the process				
100
5.3 Conclusions						
100

Literature							

102

Attachments						

105

Preface
The summer of 2015 was the last time that I have been in the western peat
meadows. This area I have been, called the Krimpenerwaard, I reached by
ferry boat. It was an experience like going back in time. The silence and the
narrow polderribbons where families of farmers live for generations with the
views on the vast green land on either side. For centuries they worked hard
for an existence. Still they are hard-working people on the dairy farms producing a particularly good quality milk and cheese. They live in unity with their
cattle, grass, water and additional nature therefore creating a special synthesis between agriculture and nature. A synthesis that prevails there for centuries and you may think that this will always remain, but the reality is different.
The policy of the province of South Holland is particularly focused on nature,
but has hardly any money available to improve the conditions for agriculture,
the carrier of the landscape. This means that the province in recent years
bought farmers out or expropriated them to achieve a wet march connection
between the delta and the Wadden area. These expensive grounds are scattered, and usually not on places where nature is proposed, thus leading to
high annual costs. For the dairy farms it is becoming more difficult to be profitable in an area that is still medieval in agricultural circumstances and where
the soil is subsiding. If agriculture disappears, also the old cultural historical
landscape will disappear and a quasi Krimpenerwaard will remain.

This MSc thesis aims to offer an integral alternative on this current mono-functional spatial development. An alternative that will offer a sustainable
future for agriculture in the Krimpenerwaard. This thesis may also serve as a
communication tool within the discussion on the spatial development of the
Krimpenerwaard and the western peat meadows in general. This alternative
consists of a design for a boezem reservoir in which sustainable agriculture
forms the heart of the plan. Because of this design for a boezem reservoir is
it possible to apply submerged drains on a large scale. These drains ensure
to diminish the soil subsidence and make it possible for cattle to graze on
the meadows for a longer period. The consequence however is a faster responsive water system, demand for water storage in wet times and demand
for extra water in dry times. A boezem, a well-known landscape element in
this culture historical landscape, can tackle these effects because it can cope
easily with a faster reacting water system and is very suitable for water storage in wet times that can be used in dry times.
The design of the boezem reservoir is embedded in the network of medieval
peat dikes. The construction of new peat dikes and the strengthening existing peat dikes increases recreational access over land and accentuates the
cultural history of the area. In addition this broad boezem reservoir provides a
sailing world that, with the recent opening of the Stolwijkerlock, stands in direct connection with the Hollandse IJssel. The boezem reservoir offers many
opportunities for water recreation and therefore provides opportunities for the
nearby Randstad to bond with this unique peat meadow area. In the designs
1:1000 two parts of the regional design are further worked out. Because of
these 1:1000 designs the regional design is tested on a more human scale
level. The first design is a design of a summer camp for children from the
nearby Randstad. The design has a composition based on the characteristics of the landscape and the mounds make dry camping places and other
tree species possible. These camping places accommodate different mooring
places in direct connection with the sailing world of the boezem. The second
design consists of a griend (willow plantation on the river bank) with a cheese
factory opposite to the city of Gouda. This design also forms the gateway to
the boezem reservoir. This factory can produce a unique Krimpenerwaard
cheese. This integrated design can increase the support base among the
residents of the Krimpenerwaard for spatial development and ensures a coherent spatial development.

I would like to thank all the people that helped me with this thesis:
First of all I would like to thank my supervisor Adriaan Geuze for his insipring
advice and support. I would like to give a special thanks to Rob Hendriks
(DLO Researcher for Alterra) for all his time, patience and insight into the
hydrological consequences of implementation of submerged drains. I would
also like to thank Sven Stremke for his feedback.
Furthermore I would like to thank all the experts that helped me gaining the
right information and feedback in the research by design process:
dr. Cees Kwakernaak, DLO Researcher, Alterra,
ir. Jan van den Akker, DLO Researcher, Alterra,
dr. ir. Egbert Lantinga, Associate Professor, WU Plant Sciences
ing. Ruud Versteegen, Landscape Designer and Dairy farmer
ing. Peter Jansen, Ecohydrologist, Alterra
ir. Corina van Middelaar, Researcher, WU Animal Sciences
ing. Jan Oostdam, Hydrologist, HHSK
ing. Aline Klein-De Ruiter, Landscape Designer, DLG
Finally I would like to thank my family and friends for all of their support.

Summary
The unique Western peat meadow landscape is still for a large part a medieval landscape. Due to the draining system of this landscape the peat gets
exposed to oxygen and the soil subsides. There are high consequences of
this subsidence. The water management becomes complicated and expensive; there are high costs on reparations and building new infrastructure and
because of oxidation emissions of CO2. Changing the land-use is not the
solution since the agriculture defines the landscape; another land-use will
make the unique cultural landscape disappear. The water level defines the
rate of soil subsidence. Agriculture with a high water level will slow down the
rate of the soil subsidence and give the agriculture and it’s unique landscape
a future. This causes for a research by design on a sustainable form of agriculture for the Krimpenerwaard.

The region de Krimpenerwaard serves as an suitable case for research by
design on a sustainable form of agriculture since it’s a agricultural area that
is vulnerable to soil subsidence. The current spatial development in this area
doesn’t provide a sustainable solution to counter the subsidence. It is focused
mainly on nature development combined with a high water level. This MSc
thesis offers a sustainable and integral alternative for the current mono functional spatial development in de Krimpenerwaard. This research by design
results in a sustainable form of agriculture for the Krimpenerwaard. This form
consists of a combination of submerged drains on a large scale combined
with a reservoir (boezem). The implementation of submerged drains on a
large scale decreases the speed of soil subsidence with 50% and at the same
time it improves the agricultural conditions. The reservoir is needed to deal
with the consequences of the implementation of submerged drains on a large
scale that causes demand for water in dry periods and water troubles in wet
periods. The implementation of the reservoir in the network of medieval polder dikes also enhances the cultural landscape. The fluctuation of the water
level in combination with the ground level within this reservoir provides opportunities for a range of nature types to emerge. On top of that the broad
open water of the reservoir provides a huge recreational boating network that
is connected to the river. The regional design is tested on a human scale by a
detailed design within the reservoir of a recreation area with a summer camp
for children from de Randstad and a detailed design of the entrance area of
the reservoir at the river with a cheese factory and a ferry stop connecting the
reservoir to the metropolis.

Research by design has proven to be an appropriate method to deal with the
complex and interdisciplinary nature of the problem of soil subsidence in the
western peat lands. Knowledge gathered by literature and interviews with
experts on soil science, hydrology and agriculture is translated into the design that is then tested by interviewing the experts. Subsequently the design
is adjusted with this new information. This process, that has many moments
of adjustment, has lead to reliable design knowledge on how to deal with the
consequences of implementation of submerged drains on a large scale in a
peat meadow landscape. This process of testing and validating also gives the
experts of other disciplines like soil science and hydrology insight in how there
knowledge can be utilized in a spatial design. The regional scale level for a
research by design on a sustainable form of agriculture is a suitable scale level because many stakeholders and organisations that provide information, or
have an interest in information coming from this research by design, operate
on a regional scale level. This thesis also proves to be a relevant alternative
to the current spatial development in the Krimpenerwaard with its high costs
concerning the maintenance of al the land that is recently bought. In this alternative plan considerably less agricultural land is needed in order to meet
the goals for spatial development. The coherent design makes the separate
goals for spatial development complementary to each other. On top of that
possible future costs of millions of euros on fines for CO2 emissions are prevented because of the implementation of submerged drains.

Reading guide
This MSc thesis focuses on the Krimpenerwaard, one of the oldest and most
beautiful cultural landscapes of the Netherlands, whose existence is under
pressure. The research by design shows how an innovative solution to prevent soil subsidence can lead to an integral design that offers perspective for
recreation, nature and agriculture with reinforcement and preservation of the
cultural history of the region.
The first two chapters form the context of the research by design. Here the
landscape is introduced with her problems and is my view on these as a
Landscape architect, within the current debate, discussed. Chapter three describes the progression of the research by design towards an alternative sustainable way of agriculture for the Krimpenerwaard. This leads to two models of regional designs that are based on the implementation of submerged
drains on a large scale combined with a boezem. Chapter four describes the
design in the form of five subareas and statistically in diagrams. Two 1:1000
designs show what the design has to offer on a human scale. Chapter five
evaluates the design and the research by design what leads to conclusions
and recommendations.

Chapter one starts with a description of the importance of agriculture in the
Western peat meadow area, its exploitation history and how draining on behalf of agriculture resulted in a process of soil subsidence. Then the soil subsidence is examined, and its problematic consequences for the peat meadow
area such as the high costs. After that, the relation between the water level
and agriculture is discussed and the significance to find a sustainable solution
for this. This establishes the direction of the thesis. Subsequently the role of
the landscape architect and the research by design are described. Finally, a
suitable method will be discussed, that leads to an integrated solution.
In chapter two, first the choice for the Krimpenerwaard as a test area is substantiated. Then her current and possible future problems regarding her mono
functional spatial development are described. This has led to the purpose of
this thesis; making an integral regional design for the Krimpenerwaard based
on a sustainable form of agriculture. This design can serve as an alternative
for the current spatial development. The chapter concludes with the research
question and hypothesis.
Chapter three describes the process of the research by design. The first part
of the description substantiates the choice for submerged drains on a large
scale in the Krimpenerwaard as a sustainable form of agriculture. Then further investigation showed that integration of submerged drains on a large

scale will lead to major negative consequences for the water system. The
answer on the question: ‘How can the water system be adapted so that it
can deal with these consequences?’ appeared to be the transformation from
a polder system into a boezem system. A change from a polder system to a
boezem system turned out to be a good alternative. The research by design
process subsequently focused on the question; What is a suitable boezem for
the Krimpenerwaard. This chapter results in two models for a boezem reservoir that fits the landscape of the Krimpenerwaard.
In chapter four the regional design of the boezem reservoir and the two designs (1:1000) are described on the basis of what the designs can offer for
the spatial development plans in the Krimpenerwaard and what meaning they
can have on a human scale level.
Chapter five consists of a comparison between the current spatial development and the boezem reservoir as an alternative. The research by design
process of this thesis will be reflected on and recommendations will be made
for further research. Finally the conclusions of this research by design will be
described.
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1. Introduction
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1.1 Agriculture in the western peat
meadows

Amsterdam

The Western peat meadow area is a unique agricultural area near the Randstad in the western part of the Netherlands. The nearby Randstad with approximately 7 million inhabitants can be called a metropolis. There are few
metropolitan areas in the world with such a large rural middle area. It’s a
peaceful haven where cows quietly graze and the Grutto (Black-tailed Godwit) gratefully uses the high grass. But also an open area with beautiful cloudy
skies and great natural value where grassland birds feel at home. Here nature
has always been a valuable by-product of agriculture.

Den Haag

Utrecht

The Western peat meadow area is one of few areas where the historically reclaimed landscape is still mostly intact. The landscape is reclaimed from peat
domes consisting of wetland forest, these were very common after the last
ice age along the entire Dutch coast. From the middle ages on these swamp
forest were systematically cultivated and transformed into a unique cultural
landscape. Farmers and monks began around 1100 digging long ditches from
solid ground parallel to each other and marked the border on the other side
with a peat dike so the water from the underlying area couldn’t reach the reclaimed area. From these peat dikes on they reclaimed the rest of the wetland
forest. Within two centuries they took care that the water could run down from
the meters high peat cushions into the river, making agriculture possible. Now
still 70 % of the surface is used by dairy farms that produce high quality milk.
From an economical perspective the figures of this agricultural sector are
impressive, on a big scale they produce for the world market.

1.2 Soil subsidence
Rotterdam

To achieve a productive agriculture, drainage for the benefit of a low water
level is necessary. When the water level is to high the plots become too soggy
and cows can’t graze. Also farming machinery cannot ride on the plot when
the plots are too soggy with loss of income as a result. Nevertheless, this
drainage system of the peat meadow area also has its downside. The peat in
the soil oxidizes when it is exposed to oxygen due to a low water level. This
happens especially during the summer at higher temperatures and drought.
The soil currently subsides on average 1 cm a year but in figure 4 you can
see that the soil in some places subsides more and the expectation is, that
in some places the land within a period of 35 years, will subsides even more
than a meter. The peat literary disappears, partly in the air (as CO2), partly as
bundles pulp and partly as nutrients in ground water and surface water.
Effects of soil subsidence
The effects of soil subsidence are extensive. Water management becomes
expensive and complicated, the dairy farmers make less profits than farmers
elsewhere and there are emissions of greenhouse gases because of the peat
oxidation. These problems will become worse in the future when the summers become warmer and drier and extreme rainfall will cause more and
more water troubles.
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Fig. 1 The western peat meadows (Source: Deltametropool)
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Fig. 2 Developments in the holocene from 5300 BC (Source: Zagwijn, 1986)

Fig. 3 Types of peat in the Netherlands and it’s base status (Source: Veenweide 25X belicht)

High costs
Soil subsidence result in high costs for maintenance and rehabilitation of houses and infrastructure (roads, sewers and dikes). Deltares estimates that by
2050 up to 25 billion Euros is needed to repair and prevent damage from
soil subsidence in all peat lands in the Netherlands. In addition there are the
water costs. The water boards task is to align the water level with the existing
activities in the area (water level follows function). Because the height of the
water level in the ditches is linked to the decrease of the peat, deeper draining
will be needed. As a result the costs for the draining and for the construction
and maintenance of the dikes will become even higher (Pieterse, et al., 2015).
Climate change
With the expected climate change resulting in more and more intense rain-showers, water troubles - such as in the summer 2014 in Kockengen - will occur
more frequently in the future (Pieterse, et al., 2015). With peak rainfall or
long days of rain, flooding threatens the deepest parts of the Western peat
meadows. This flooding can occur due to a blockage or simply because the
draining capacity is insufficient. This last problem will presumably even increase, because KNMI climate scenarios show that the frequency and intensity
of rain showers increase.
CO2 emissions
The costs due to CO2 emission caused by oxidation of the peat are significant.
The emission of CO2 is about 1.4 million tons. If the CO2 emission would be
monitored, these costs would become the highest of all stations in the rural
area. These extra costs will be on top of the regular costs already made in the
western peat meadows. During oxidation of the peat, carbon dioxide (CO2)
and nitrous oxide (N2O) are emitted, gases that contribute to the greenhouse
effect. From direct measurements of CO2 in the air and measurements of the
soil subsidence, scientists estimate that by oxidation of the peat an emission of greenhouse gasses occurs, equivalent to five to fifteen tons CO2 per
hectare per year. In comparison: all passenger cars in the Netherlands emit
approximately twenty tons CO2 per year (Woestenburg, M., 2009).

1.3 Direction of the thesis
Agriculture is the carrier of the peat meadow landscape. However because of
the current draining for the purpose of agriculture, soil subsidence got worse
resulting in an unsustainable situation. After the war water dewatering intensified deeper in order to gain more agricultural production. This accelerated
the soil subsidence and a lot of the characteristic peat meadow nature got
lost. The deeper draining however is understandable, becauce the medieval
agricultural conditions in the western peat meadows dairy farmers, compared
with other dairy farmers in the Netherlands, have a poor competitive position.
The draining system results in soil subsidence. Through the draining of the
land the peat soil becomes bare and exposed to oxygen, the peat oxidises
and causes settling of the ground. Important in countering the soil subsidence
is to keep the soil moist. This can be achieved by keeping the water level high.
The disadvantage of a high level for agriculture is less production. The exact
damage is difficult to establish, but indicators point in the direction of a decline
of income of at least 200 Euro per hectare for an average sized company, if
the water level in the ditches is brought up from 60 to 35 cm below ground
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Fig. 4 Expected rate of soil subsidence based on the current policy 2010-2050 (Source: pbl.nl)

level (Vogelzang et al., 2011). A high water level doesn’t accord well with agriculture, but other use of the soil is also no option because it will make the current medieval landscape unrecognizable. It will disappear with all its unique
quality. The challenge is to discover how productive agriculture can be combined with a high water level without making the landscape unrecognizable.

Ditches

Dikes
Windmils
Mechanical
draining

Deep
draining

Subsidence

Fig. 5 Overview of the subsidence of the soil in the western peat meadows through
time (Source: Hollands Noorderkwartier)

This is a complex issue for which multiple disciplines should be consulted
because many different processes have influence on the future of the region.
Such as agriculture, water management, ecological processes, urban sprawl,
recreation demands, climate change, etc.. Most disciplines view only from
their own field of expertise and won’t provide an integral solution for such a
complex problem. Different processes that play a role in the area affect each
other. For instance an adjustment in the water level has consequences for
agriculture. Landscape architects are able, by their integral approach, to connect the knowledge of the different disciplines.
A good method for a landscape architect to use for such a multidisciplinary
issue is research by design because it can develop reliable design knowledge. Knowledge gained from the different disciplines comes together in the
design. The design and the acquired knowledge can be tested and/or validated by other disciplines. This leads to more reliable design knowledge.
It is a constant circular process of designing and reflecting and testing, and
subsequently translating this new information in the design (Lenzholzer et
al., 2013).
To offer a future for agriculture in this area it is necessary to develop a sustainable form of agriculture. Sustainable agriculture is a form of agriculture
that fits within a sustainable development. This means that such form of agriculture is future-proof as well as in ecological, economic and social terms
(Ministerie LNV, 2008). As mentioned before, the challenge is to see how productive agriculture can be combined with a high water level without making
the landscape unrecognisable. Therefore the focus of this thesis is combining
agriculture with a high water level.

approach focused on finding solutions. Within this process designing starts
in an early stage.
Wageningen University is an Agricultural University. Here top-researchers
develop knowledge about agriculture, hydrology and the Dutch soil. For me
as a student landscape architecture it is an opportunity to make use of this
knowledge in a research by design process.

1.5 Conclusions
The Western peat meadow area is a unique agricultural landscape. However, the drainage system that made this landscape as it is causes the soil to
subside. The degree of draining determines the speed of this subsidence.
The impacts of soil subsidence in the Western peat meadows are significant.
There are, for example, high costs for water management and repairs of infrastructure. The agricultural use of land causes the soil subsidence. Changing
to other use of the land like wetlands, will slow down the soil subsidence
but has in the meantime a major impact on the quality of landscape and the
preservation of the identity of this unique landscape. Currently the solution
to prevent soil subsidence is mainly focussed on developments of wetlands.
High water level is the only way to stagnate the rate of the soil subsidence,
but this will have negative consequences for a healthy productive dairy farming. When agriculture disappears from this area the unique landscape will
also disappear. To provide a future for agriculture in this area, a combination
of agriculture with a high water level is necessary. In other words, a future
proof farming is needed as well in cultural historical, ecological, economical
and social terms. Agriculture determines the landscape of the western peat
meadows. As a student landscape architecture at the Agricultural University
of Wageningen it seemed to me an opportunity to make use of it’s available
knowledge for a research by design on a sustainable form of agriculture in de
western peat meadows. The next chapter will elaborate on the suitability of
the Krimpenerwaard as a testing area for this research by design on a sustainable form of agriculture.

1.4 Method: Research by design
The advantage of the research by design method is that the design steers the
research instead of the research the design. This way the design can develop
further according to the many adapting moments during the process. The final
result of the research by design is a design process and a design that will be
critically evaluated resulting in conclusions and recommendations for further
research.

Fig. 6 A ﬂooding in Wilnis in 2003 because of an eroded peat dike (Source: hansmiddendorp.nl)

Research by design is suitable for this assignment because of the multidisciplinary nature of the task. The design and the knowledge gained by the
landscape architect can be tested and/or validated by other disciplines. This
leads to more reliable design knowledge. In addition, in the process of testing and/or validating, the researcher of the other discipline will become more
aware of how the usefulness and applicability of his/her knowledge can be
extended (Lenzholzer et al., 2013) Often, a more relevant design can of be
made with research by design. Because by designing in the research phase,
the ‘utility-gap’ between the academic knowledge and the applicability can
be reduced (Lenzholzer et al., 2013). Research by design has a pragmatic
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2. Testing area: The Krimpenerwaard
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Preface							
In the previous chapter the problem of soil subsidence in the western peat
meadows is clarified. Without agriculture there is no Western peat meadow
area, but deep dewatering for the purpose of this agriculture causes land
subsidence. Sustainable agriculture is agriculture with a high water level.
However, a high water level doesn’t accord well with agricultural production.
Therefore this thesis focuses on research on how a high water level can go
together with production in the Western peat meadow area. This chapter discusses the choice for the Krimpenerwaard as a test area. First the history of
the spatial development will be briefly discussed. This spatial development
is particularly characterized by many conflicts and stagnation. The current
spatial development is imposed from above with little support from local residents. The current plan for spatial development is mainly focused on nature.
Subsequently the possible future problems like social disruption, high costs
and climate change will be described.

2.1 Spatial development in the
Krimpenerwaard
The Krimpenerwaard forms an excellent testing area for research by design
on a sustainable form of agriculture. It is a recognizable landscape unit, very
vulnerable to soil subsidence and a distinct agricultural area. The medieval

reclamation is still recognizable in the landscape (see fig. 7) The area is very
vulnerable to soil subsidence (see figure 9). In addition agriculture is having
a hard time in the Krimpenerwaard. This has to do with the costly spatial development that is mainly focused on realizing the nature goals. Because of
this there is less money available for improving agricultural conditions in this
region. While for the agriculture within this medieval agricultural landscape
and expensive water management it is becoming more and more difficult to
run a profitable dairy farm. Due to these circumstances, many farms in a large part of the Krimpenerwaard threaten to disappear. After the Second World
War there was a large demand for food in the Netherlands. Therefore, the
Government (Committee Research Agricultural Water Management Netherlands) examined how the quality and quantity of agricultural production could
be improved. In the peat meadow area it turned out that especially the high
water level gave the most restrictions for production. This resulted in a deeper
draining of the land in the Krimpenerwaard with increasing soil subsidence.
In the Krimpenerwaard the land consolidation never got off the ground like in
other peat meadow areas such as the Alblasserwaard. It seemed impossible
to reach an agreement between the different parties and so for the most part
everything remained as it was. This is illustrative for the mentality of the inhabitants. Chairman Floor Brouwer of the Christen Unie from Oudekerk aan de
Ijssel says about the mentality of the inhabitants of the Krimpenerwaard the
following: “We are industrious people, the people here like to work hard. But
there is somewhat of conservative to the outside world. The inhabitants are
happy with their surroundings, they value their cultural landscape and want to
keep it the way it is.” Among other things, this conservativeness to the outsi-

Little
Good
Very good
No research conducted
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Fig. 7 Degree of recognisability of the reclamation pattern in the landscape (Source:
Alterra)

Fig. 8 The Lange Tiendweg in the North of the Krimpenerwaard (Photo: Piet Guijt)

de world has led to the fact that the spatial development never really got off
the ground and therefore the historical reclamation is still well readable in the
landscape. This was formerly seen as a decline in the spatial development,
now it is seen as a unique quality (de Jong et al, 2009).
Veenweidepact
In 2005, the Province of South Holland, municipalities and other stakeholders
concluded the Veenweidepact (peat meadow Pact). This Pact intended to
move together towards the spatial development of the Krimpenerwaard with
5 main goals:
1. The implementation of new nature (realization 2450 ha of nature)
2. Sustainable water management and diminishing of soil subsidence
3. Improving the agricultural structure
4. Additional opportunities for tourism and recreation
5. Encouraging innovative entrepreneurship
These goals are also called the five pillars of the Pact and were established
democratically. On purpose these goals are only commonly described by the
Pact and not concretely explained so that there is freedom for the stakeholders to have their own interpretation. The reason for this Pact was the need
to improve the medieval agricultural structure (future-proof) and the water
system (more robust). Also this way it could contribute to the national nature
network (the former Ecological Main Structure). This EMS is a coherent network of existing natural areas and important natural areas in the Netherlands

for future development. The Pact was unique for this area with a history of
many conflicts about spatial development in the past. (Keijsers 2009), (Feddes, 2010).
Veenweidepact (2008)
As mentioned earlier the Veenweidepact had a wide support, but the faith
between the parties disappeared when in 2008 the province of South Holland
without consultation, established a new natural boundary that deviated sharply from the previously agreed limits. Arguing was their wish for a connecting
wetland area between the Delta and the Wadden Sea (named the Green
Backbone de ‘Groene Ruggengraad’). Because of this delineation many dairy
farms in the North of the Krimpenerwaard could no longer continue with their
current farming. The centuries-old agricultural landscape would be changed
into a wet nature reserve. It is obvious that this new plan could not rely on the
support from the farmers and municipalities (Keijsers 2009).

Haastrecht

Gouderak

Nature Development Plan (2014)
The Veenweidepact accomplished only little of the spatial development plans.
A lot of land was purchased, but this land is located scattered around the
Krimpenerwaard (see figure 11). In 2010 the nature development came to a
standstill when the Rutte cabinet decided to stop the purchase of land for nature development. The Province subsequently provided less money, but kept
the ambition to organize the revised Ecological Main Structure (EMS). In this
plan there is no money for the pillar: strengthening of the agricultural structure. Farmers are asked to come up with their own plans. LTO Noord Krimpenerwaard is furious that there is no money for improvement of agricultural

Stolwijk

Schoonhoven

Berkenwoude

Ouderkerk aan
den IJssel

Bergambacht
Ammerstol

Lekkerkerk
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Fig. 9 Maximum subsidence (mm jaar), on the basis of a water level of 40 cm below
ground level, in the western peat meadows (Source: Alterra)

Fig. 10 Aerial photograph of the Krimpenerwaard (Source: GIS)

conditions, but only for nature that must be managed by the local farmers.
“You need flourishing businesses to manage nature and keep a lively landscape. Therefore there is also attention needed for strengthening agricultural
conditions ”said Mark Jan Verkaik of LTO Noord Krimpenerwaard.
What is implemented
When you look closely at the implementations so far, it becomes clear that
only little is accomplished. Each pillar of the peat meadow Pact has gone
through its own small development except the improvement of agricultural
conditions. The pillar ‘The implementation of new nature (realization 2450
ha of nature)’ is still the most developed. Three areas are prepared for grassland birds and a fauna passage is implemented. Water management fell
under justification of the Water Board that invested heavily in watercourses
and pumping stations. For recreation there is one foot path implemented, one
tea garden and two village parks. The pillar ‘Encouraging innovative entrepreneurship’ resulted in a tea garden and a funding for a farm that sells cheese
and also offers mini golf. Finally at ‘improving the agricultural structure’ only
land consolidation is mentioned. This concerns the 120 of the 1000 hectares
of nature area that still has to be obtained through land consolidation. But this
land consolidation has nothing to do with the improvement of the agricultural
structure. In short, not very much is accomplished so far and what is accomplished is not complementary to each other. The ambitions of the original
Veenweidepact seem to stagnate with a too big emphasis on the pillar nature and because improvements at the other pillars are not complementary to
each other because of a lacking integral vision.

2.2 Current and future problems
The previous paragraph described the great emphasis on the pillar nature in
the development of the Veenweidepact. Because of this, improvements of the
other pillars and an integral vision for development of these pillars are lacking.
Partly the reason for this could be the generality and freedom of interpretation
of the goals of the Pact, so ultimately there is no coherence in the planning
because the different interpretations by the different stakeholders. In addition,
because the plan is imposed from above it lacks a broad support under the
local residents. The process of the Veenweidepact resulted in the following
problems:
- Costly spatial development
- It results in social disruption
- There is loss of costly agricultural land
- Soil subsidence is not sufficiently diminished
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Costly spatial development
In the spatial development of the Veenweidepact land is purchased or has yet
to be purchased, farmers are compensated and there should be funding for
the implementation of the nature area (2450 ha). In addition, the nature area
has to be maintained annually. This takes a lot of taxpayers’ money, while
the same land previously provided tax money. Farmer Martin van Zuylen,
who with the new nature boundaries has to sell his dairy farm in Gouderak,
thinks that the Krimpenerwaard becomes “a vastly expensive reserve”. In the
newspaper the AD he takes stock of nature per hectare: “ The purchase of a
Fig. 11 Existing nature and land properties of Zuid-Hollands Landschap (ZHL) and Bureau Beheer Landbouwgronden (BBL) (Source: Grontmij)

hectare of nature by the Government costs the taxpayer about 75000 Euro.
That includes compensation. The new manager of the ground will then receive a subsidy of 7000 Euro for the establishment and then there are still annual
costs for maintenance.
Social disruption
Many dairy farmers who for generations live and work in this area feel that
they are let down. A quality team led by Ytje Feddes has studies the Veenweidepact carefully and came to the following conclusions: “ The Pact is particularly aimed at nature where agriculture barely plays a role. In agriculture there
is especially looked at compensation, grants and relocation for creating new
nature. By this monofunctional approach it lacks an integrated spatial vision
for the whole Krimpenerwaard. A perspective in which the cultural history of
the area is applied as an important guiding principle, will give support for the
plans, according to the quality team.” (Feddes, 2010) This was the main criticism of the peat meadow Pact, but it gets worse in the new nature development plan where there is totally no money for the pillar: improving agricultural
conditions. Alderman Jan Vente of Bergambacht says: “there is also room for
improving agricultural conditions, only for the time being there is no money.
Farmers were asked to come up with their own plans”(source: nieuwe oogst).
LTO North regrets that the Province has no money for agriculture, but has
money for nature. “Matters seem out of proportion. Also the arrangements
for plot path and submerged drains have evaporated. You need flourishing
businesses for managing the area and keep it alive. Which is why attention is
needed for improving agricultural conditions,” says Mart Jan Verkaik, Department Director of LTO Noord Krimpenerwaard. “ The people from this area are
conservative and will not quickly go stand on the barricades, but nevertheless
they have shown that they disapprove with these Plans by for instance protest
signs (figure 19) on the meadows. “A number of farmers see no future in this
area,” Says farmer Martin Vincent in the AD. Also: “We feel let down. Now we
are forced to end our business”.
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Renovatie gemaal
Kaasboerderij
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Theetuin
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Berkenwoudse Driehoek
5 km fietspad

Dorpspark

Dorpspark
Nieuw gemaal

There is loss of valuableagricultural land
2450 Hectares, that is a big part of the good agricultural land that should be
redeveloped for nature. Besides the high costs for expropriation and redeveloping nature, there is a big problem with the fragmented purchasing policy
of the Province. Within the boundary of 2450 hectares, 1400 hectares is purchased. A small part of this, 250 ha, is already equipped for nature. The other
1000 hectares are available (BBL and ZHL-property), but is not situated on
the places where nature development is planned to take place.
Soil subsidence is not sufficiently countered
Soil subsidence is countered by the ‘function follows water level’ principle;
this means that the most vulnerable parts (low parts) are implemented with
wetland nature and the high parts are planned for agriculture. A result of this
principle is that only for a small part of the Krimpenerwaard soil subsidence
is countered. Soil subsidence is a problem for the whole area that should be
countered. This means that CO2 reduction will decrease only in those areas
where soil subsidence is decreasing. In the remaining area CO2 emission will
stay the same or increase.

Natuurgebied Kadijk-West

Faunapassage
Dorpspark

Natuur
Recreatie
Vernieuwend ondernemen
Water beheer
Fig. 12 Map of projects of the Veenweidepact that are realised (Based on: veenweidepactkrimpenerwaard.nl)
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Fig. 13 Narrow medieval polder roads in the Krimpenerwaard are not suitable for
heavy traffic like the lorries that collect milk (Source: Alterra)

2.3 Research questions

In the unique landscape of the western peat meadows the draining system
causes soil subsidence. This has a major impact, water management is expensive and complicated, there are high costs for recovering and constructing infrastructure and a large emission of greenhouse gases takes place
because of peat oxidation. Changing the land use in this area however, is
not a suitable solution because with the disappearance of the dairy farming
the unique cultural landscape will change into an unrecognisable wetland
that has no cultural historical meaning. The water level is the key to the solution. Soil subsidence can be diminished with a combination of agriculture
and a high water level. By this combination the unique cultural landscape
is offered a perspective. For me as a student landscape architecture at the
Agricultural University of Wageningen it seems a challenge to do a research
by design on a sustainable form of agriculture (agriculture with a high level)
in the Western peat meadow area.
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The Krimpenerwaard is an excellent testing area for a research by design
on a sustainable form of agriculture. It is a recognizable landscape unit, very
vulnerable to soil subsidence and a distinct agricultural area. Agriculture is
having a hard time in the Krimpenerwaard. This has to do with poor agricultural conditions. The current costly spatial development is mainly focused
on realizing the nature targets (2450 ha of nature), while there is hardly any
money available for improving agricultural conditions. While for agriculture
with its medieval agricultural conditions and expensive water management

Fig. 14 Excavation of a top soil for nature development in the Krimpenerwaard (Source: veenweidepactkrimpenerwaard.nl)

it becomes more and more difficult to run a profitable dairy farm. When the
agriculture in this area disappears, the old cultural historical landscape will
also be lost. The predetermined goals of the spatial development of the
Krimpenerwaard are barely realized, except some of the nature targets.
High costs are made and many local residents are opposed to the plans
because of the land purchasing policy imposed from above. The aim of this
thesis is to provide a sustainable and integral alternative to the current mono-functional spatial development in the Krimpenerwaard. This alternative
plan will be multi-functional and will focus on a sustainable form of agriculture (agriculture with a high level). Susustainable agriculture in this thesis is
meant an agriculture that is future-proof as well as in ecological, economical
and social terms (Ministerie LNV, 2008). For a peat meadow area as the
Krimpenerwaard ecological will be interpreted as a form of agriculture that
has ‘peat meadow nature’ (veenweide natuur) as an important by-product.
Economical means that the dairy farming is at least as profitable as in the
current situation. The social terms will be interpreted for the Krimpenerwaard
as agriculture fitting in the current cultural anthropological ‘profile’ of the
krimpenerwaard.

This results in the following research questions:

1 What is a sustainable form of agriculture that is appropriate
for the Krimpenerwaard?
2 How can this form of agriculture accommodate to and meet,
as far as possible, the original goals mentioned in the Veenweidepact while preserving the cultural historical landscape?
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3. Ontwerpend onderzoek
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Chapter 2 has shown that the policy for the Krimpenerwaard is too much
focused on nature, provides no future for agriculture and therefore is too mono-functional. Agriculture, carrier of the landscape, is not listed in the planning. The purpose of this research by design is to provide an alternative plan
for the Krimpenerwaard with an integral approach that gives a perspective for
agriculture. Because of the complex nature of the task and the interdisciplinary character of it, research by design is an appropriate method. Knowledge is needed from various fields. My role as a landscape architect is to use
this knowledge from different disciplines for an integral design. Research by
design is a formative process and starts in an early stage with designing and
reflecting on the design. The design is constantly tested and updated to new
acquired knowledge. This research will lead to two models for a regional design of a boezem reservoir. In the beginning the research will be exploratory
and analytically in nature, gradually it will become more sketching of nature
and slowly the design took shape. Through interviewing experts and studying
reports assumptions were made which then resulted in design steps. These
design steps were presented in later interviews and thus tested and adjusted.
At first this chapter starts with the main question, then during the research
more sub-questions occur. This process of new insights and choices in the
research by design method are described in this chapter.
The two questions for the research are:

1 What is a sustainable form of agriculture that is appropriate for
the Krimpenerwaard?

Fig. 15 Cows on the plots in the western peatmeadows (Photo: Ruud Morijn)

2 How can this form of sustainable agriculture accommodate
and meet, as far as possible, the original goals mentioned in
the Veenweidepact and the same time preserve/strengthen the
cultural historical landscape?

A dairy farm that is representative for the Krimpenerwaard

Numbers:
Cows:
Calves:
Young cows:
Size:
Grasland using system:
Milk production:
Current water level:

70
33
31
50 ha
unlimmited grazing
7800 kg/mk
> 50 cm draining

grazing

Begrazing
Weidevogels

jan

feb

wetland birds

mrt

Fig 16 Representative dairy farm for the Krimpenerwaard (Based on: Hoving, I.E., de Vos, J.A., 2007)
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3.1 Forms of dairy farming on peat
meadows
The starting-point of this research stems from the first question; what is a sustainable form of agriculture that is appropriate for the Krimpenerwaard? The
importance of sustainable agriculture is described in the previous chapter.
Sustainable agriculture is a form of agriculture possible in combination with
a high water level, that is economically profitable and does not compromise
the recognizability of the cultural landscape as it is. When agriculture in this
research is discussed, it will be based on a future oriented dairy farm, a representative dairy farm of the Krimpenerwaard (see fig.16).
This research by design is focussed on finding solutions and is at this early stage exploratory and analytically in nature. This exploratory phase starts
with research into agriculture with a high water level. As previously described;
a high water level results in a less productive agriculture. Interviews with
Cees Kwakernaak, soil expert, and Egbert Lantinga, grassland expert, showed that a high water level leads to deterioration of the grasslands, with the
result that cows get diseases. In addition, because of the high water level the
plots will be difficult accessible for agricultural vehicles. So a high water level
leads to a loss of income by poor accessibility for cows and machinery. First
I started studying the possibilities for running a profitable dairy farm with a
high water level. Switching to other breeds of cows, such as the Blaarkop that
can tolerate wet conditions better, turned out to be an option, however they
produce less milk (Vogelzang, Blokland, 2011). To stable the cows year round

is also not desirable, because the quality of the grass decreases if it is not
grazed. If the plots are not grazed the species diversity decreases resulting in
less quality grass for silage (Lantinga, 2013). There are agricultural vehicles
that make it possible to tread the peat meadow plots during a high water level,
but the use of these other vehicles leads to extra costs (De Jong, et al., 2003).
Experts saw the integration of submerged drains in the plots as a solution for
the combination of agriculture with a high water level. The following section
elaborates on this possibility.

1- Business based on production in combination with wetland nature
2- Wetland birds business
3- Common dairy farm with a small share for nature
4- Peat meadow landscape business
5- Meat livestock farm with straw yard
6- Meat livestock farm with all year round grazing
7- Energy mowing business, without cattle
8- Nature business

Before I further looked into the possibility of integration of submerged drains,
I looked at other possible company forms, than the current dairy farms. Perhaps one of these forms will be more durable and cost effective for the future
than the current dairy farm. Kwakernaak advised the ‘Landschapswaaier,
bouwstenen voor duurzame landbouw en natuur in het Groene hart.’ The
purpose of the ‘landschapswaaier’ is to show the possibilities of nature management at different business forms. These business forms are called building blocks and are meant to conserve and develop sustainable nature and
a sustainable landscape. According to the landschapswaaier there are eight
forms of sustainable agriculture for the peat meadow area. These company
forms are based on ecological and economic sustainability. These eight company forms range from an open landscape with farming to a swamp forests
with minimum of human interference (Kloen, et al., 2008).

An energy mowing business (7) was the first rejected option for a sustainable form of agriculture, because in the Netherlands in comparison with other
countries, it is difficult to grow profitable energy crops (e.g. coleseed). The
returns of energy crops is relatively low: biomass serves for these crops as
raw material for energy production and energy prices are (still) too low for a
profitable cultivation. Besides, the production of biomass may have a large
impact on the recognisability of the cultural landscape.
The second rejected option are company forms (1,2,3,8,) with an emphasis
on nature management. Farming with nature management is no longer realistic as a cost effective sustainable form of agriculture because there is less
and less money available to compensate the farmer for nature management.
In addition, there is a lot of discussion about the effectiveness of agricultural
nature and landscape management in its current form. The Government has
therefore decided to simplify the system for agricultural nature management
in order to meet the international biodiversity goals. Regional collectives where agricultural nature associations work together are given a central role. For
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Fig. 17 Extra costs per ha for several different draining variants relative to the reference situation ‘dry’’ (Based on: Hoving, I.E. & de Vos, J.A. (2007)
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Fig. 18 Soil subsidence in relation to the water level (Bron: Alterra)
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individual farmers it will be no longer possible to instantly receive a grant
for agricultural nature management, because it will only be possible with the
intervention of a collective. Regarding the past and the present in which farmers and nature organizations stood often right in front of each other, it is not
likely that farmers will work together with nature organisations (see fig. 20).
Switching to meat farms (5 and 6) is an alternative for the current common
dairy farms, because this form is possible with a higher water level than now.
This might be an attractive alternative for some farmers. It is not desirable
that all farmers of the Krimpenerwaard switch to meat cattle. It would change
the landscape, because then no more cows will walk in the pastures and the
meadows will be primary used for grass production for the cattle in the stable.
The question is how profitable the grass production will be with a high water
level, because the quality of the grass harvest will reduce and harvesting will
be more costly compared to other similar farms elsewhere in the Netherlands.
Subsequently multifunctional agricultural company and upscalling the agricultural company will be discussed.
Broadened agriculture
A broadened agricultural company is a company that combines the dairy farm
with other activities to gain a second income. For example a camping, a bed
and breakfast or perhaps a care farm. Gaining a second Income with a camping or a bed and breakfast, is not feasible on a large scale. Not every farmer
wants to or can have recreational users on his land. The character of the
inhabitants of the Krimpenerwaard is not hostile towards tourists, but they
want to be able to work undisturbed. Dairy farmer Jaap Schep from Bergambacht outlines it : “ We are not against tourism, but occasionally, literally and
figuratively we are getting in each others’ way, cyclists often don’t know what
to do when they encounter a agricultural vehicle, then they stop on the road
instead of moving aside. This causes frustration.” The local branch of LTO
Krimpenerwaard Noord considers that people should be made aware of the
area they visit. Cees Verhagen of LTO says: “people need to understand that
they are in a region where people live and work. Here it must not become an
agricultural amusement park.” People in this region value highly their Sunday
rest. But at these Sunday’s tourists want to go out and enjoy the peaceful
surroundings. So at recreation it is important to consider well how tourists can
enjoy the peace in the region without disrupting the peace and daily work of
the residents.
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Upscaling
Research into the agricultural structure of the Krimpenerwaard (Mooijman,
Theije en Buijs, 2007) shows that the Krimpenerwaard is characterised by
a poor parcelling situation and generally by a poor accessibility of the plots.
Before reaching the plots there are many obstacles such as road narrowing.
These result in higher costs for labour, fuel and for a contractor. In the Krimpenerwaard, companies that focus on upscaling will more and more face the
natural limitations like many ditches, narrow plots and roads. The agricultural
vehicles, the milk lorry, the supplier of animal food, face the limitations of the
agricultural structure of the Krimpenerwaard. At the end upscalling the agricultural companies is not the solution, but there is a future for ordinary family
farms where the knowledge is present to deliver a good product in these special circumstances (Keijzer, W., 2009).
Expanding agriculture and up scaling appear not to be the solution in the
Krimpenerwaard for a profitable agriculture with a high water level and/or
for maintaining the current landscape qualities. Therefore, this research by
design will continue to explore the possibilities of sustainable agriculture in
combination with a high water level by studying the promising solution of submerged drains.

Fig. 19 Protest signs in the Krimpenerwaard. Farmers and nature organisations are
often opposed to each other (Source: geenweidepact.nl)

Submerged draines
Lantinga pointed me to the tests that have been done in the test farm of
farmer Spruit around Zegveld (see frame, page 31) with submerged drains.
These tests show that plots with submerged drains have more tread capacity
at a high water level than plots without submerged drains. Kwakernaak also
speaks positive about this method and directed me to submerged drain expert Jan van den Akker at Alterra for more specific information on this topic.
Integration of submerged drains is seen as a promising method to combine
a high water level with agriculture. The tread capacity of a plots is a crucial
aspect for the profitability of a dairy farm.
A high water level (a level that reduces the soil by 50%) results in a decreasing
tread capacity and therefore makes grazing impossible. Grazing is crucial for
the quality of the grass production and in the end the quality and or quantity
of the milk (Lantinga, 2015). With the integration of submerged drains, it is
possible for the farmers to make a living with a high water level. See section
3.2 where the operation of submerged drains is explained. In short, the use of
submerged drains to combine agriculture with a high water level in the Krimpenerwaard is a promising solution for further research.

Fig. 20 Wetland in a peat meadow area (Source: geenweidepact.nl)

The dairy farm of farmer Spruit, an example of a sustainable business
An practical example of a sustainable dairy farm is the company of farmer
Spruit from Zegveld. This family farm produces, additional to the milk, nature and clean water. Because of the combination of high water level and
submerged drains there is little soil subsidence. (Weeda, et al. 2004) This
business practice also provides suggestions on how sustainable agriculture in the Krimpenerwaard could work. Here follows a summary of these
suggestions.
- Working with breeds of cows that can, without concentrated feeds and a
sober ration, give a good milk production without over exploitation of the
cows.
- Maintaining a circuit where, without the use of fertilizers and minimal loss
of nutrients, the production of the grassland and the cows is upheld, with
no damage for the environment.
- Composting the land with a mixture of animal manure, ditch dredging and
remnants of ditch vegetation.
- The combination of a healthy life stock with a rich wild flora and fauna
along the ditches.
- Adjusting the business operations to the soil- and weather conditions.
- The joint welfare of human, animals and plants.
A recommendation from the rapport (Weeda, et al. 2004) is about the manure policy of farmer Spruit. Reed cuttings from nature reserves from the
area can be mixed with the manure to achieve a low ammonia content.
From the recycling point of view it is obvious to use plant material from the
same region. Currently farmer Spruit uses wheat straw purchased from
Zeeland to mix with the manure for a low ammonia content.

Fig. 21 Farmer Spruit with some of his cows (Source: Burgers, G., Meekma, A., 2009)

The research by design method of this thesis focusses, when it comes to
sustainable agriculture, mainly on enabling agriculture with a high water
level. Therefore I will not elaborate on the manure policy. But because
manure is also an important issue when it comes to sustainable agriculture
in the peat meadow area, I included this information about mixing straw
with manure as a recommendation for sustainable agriculture in the Krimpenerwaard.
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3.2 Submerged drains
We now know that for prevention of subsidence a high water level is necessary and we know that for agriculture grazing is necessary. Submerged drains
make the combination of a high water level and grazing cows in the wetlands
possible. The farm of the family Spruit is an example of a dairy farm with
submerged drains as shown in the previous paragraph. Literature research
(Hoving en de Vos, 2007) shows that with submerged drains a dehydration
(water level relative to the ground level) of the plot of 35 to 45 cm results in
the same treading capacity (possibility to tread the plots) as a dehydration of
60 cm without submerged drains. For the effective prevention of soil subsidence, an average dehydration of 30 cm is the most effective (Jansen, et al.
2009). Depending on the amount of seepage and the lateral spread of water,
submerged drains can be implemented and the rate of soil subsidence can
be reduced with 50%. At peat lands with a top layer of clay, the soil subsidence can be reduced to almost zero if the groundwater level doesn’t sink
into the peat subsurface anymore (Jansen, Hendriks en Kwakernaak 2009).
Now, it is important to do research on the way submerged drains work and
on the impact of submerged drains on the water system. Finally, the impact
of large-scale implementation of submerged drains in the Krimpenerwaard is
discussed.
Peat meadow plots with submerged drains make it profitable for dairy farmers
to work on wet peat lands, while the rate of soil subsidence is diminished. The
drains ensure a high water level in the peat meadow plots, also in dry periods
when the peat oxidates fastest. The soil subsidence will thereby be reduced.
In wet periods, submerged drains keep the peat meadow plots dry making
them usable for dairy farming. Submerged drains are tubes implemented 10
to 20 cm beneath the water level of the ditch. In dry periods these tubes infiltrate the water in the plots and in wet periods they drain the plots. As a result
the peat stays wet and the rate of soil subsidence will be reduced. The drains
are implemented every 4 to 6 metres perpendicular to the plot direction (Van
den Akker, 2010).

Fig 23 Section of a peat soil showing the lapse of the ground water
level in the winter of 2003/2004 and in the summer of 2004 at the
‘practice centre’ of Zegveld. The submerged drains ‘draw’ the ground
water level towards the water level of the ditch. (Based on: Veenweide
25x belicht)
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Fig. 22 Implementation of submerged drains (Source: verantwoordeveehouderij.nl)

Fig. 24 Submerged drains prevent the ‘‘slootkant effect’’ (stagnation of water on the edge of the plot). Even with a high water
level in the ditch the water hardly reaches the middle of the plot (only a few meters) because of this stagnation of the water
on the edge of the plot. (Based on: Onderwaterdrains in het veenweidegebied. Van den Akker, J, 2010)

Current situation without
submerged drains

Current situation with
submerged drains

Fig 25 The difference in rate of soil subsidence (in mm/year) between the current situation without submerged drains and the current situation with submerged drains in the western peat meadows. (Source: Alterra)

Fig 26 Implementation of submerged drains (slitless). It’s relatively simple to implement submerged drains in the plots. During the implementation the water level is
temporarily lowered. (Source: Alterra)

Infiltration
The key to the operation of submerged drains is the groundwater level. In a
dry summer submerged drains infiltrate ditch water to the middle of the peat
meadow plots, making the groundwater level almost as high as the water
level in the ditches. This keeps the peat in the soil wet so it will oxidates less
rapidly and it ensures a slower lsoil subsidence (Van den Akker, J, 2010).

Akker, J., 2010).

Draining
An other effect of submerged drains is that they drain also in wet periods. This
prevents a to high groundwater level. The soil stays dryer and the tread capacity increases. For dairy farming this is a significant increase in the profitability, because the plots can be used more often for grazing. The cows can graze
earlier and stay longer on the plot, and the damage as a result of agricultural
vehicles and cattle is limited. In addition, less water – containing possibly manure - is drained over the ground into the ditches (Jansen, P.C. et al. 2009).

Fast responsive water system
By implementation of submerged drains the water system in the peat meadow area will respond faster to the weather conditions. They ensure a better
transportation of water thus they mute the fluctuations in the groundwater
level in the peat meadow areas (Van den Akker, 2010).
Needed conditions for implementation of submerged drains
According to research, at least half of the Western peat meadow area of the
Krimpenerwaard is suitable for submerged drains. They are the most effective in areas of pure peat soil or of peat soil with a thin layer of clay on top.
Submerged drains are not useful in peat meadow areas with lots of seepage.
Submerged drains in these areas may strengthen the seepage. The key in
the implementation of drains is the groundwater level. The drains work best
at a ditch water level between 35 and 60 centimetres below ground level.
When the ditch water level is higher than 35 cm below ground level the soil
will soon get to soggy for grazing. If the ditch water level lowers less than 60
centimetres below ground level the submerged drains it will result in even
more oxidation. Furthermore, it is not wise to implement submerged drains in
areas with a lot of lateral water. Submerged drains can also be used on less
adequate areas, but it is more logical to implement them in areas where they
contribute most to the reduction of soil subsidence and to climate-proofing of
the peat meadow area. This includes peat meadow areas without seepage,
with pure peat soils or peat soils with a thin layer of clay, where the ditch water
level reaches between 35 and 60 centimetres below ground level (van den

Based on this information I looked at the potential areas for implementing
submerged drains in the Krimpenerwaard. When you look at the soil map
(figure 27) one can see that the Krimpenerwaard mainly exists of peat. Along
the edges there is clay or sand. Lateral spread water and seepage is also located along the edges as you can see on the seepage and lateral spread map
(figure 28). At the East of Bergambacht there is a red spot of lateral spread
water, this is because of a water-collection area. Also at Gouderak behind the
dyke of the Hollandse IJssel there is lateral spread water. Along the Vlist and
South of Berkenwoude there is seepage. The conclusion from these maps is
that the major part of the Krimpenerwaard, apart from the places with seepage or lateral spread water, is suitable for implementation of submerged drains
(see figure 29).

33

Lateral spread Seepage
water

34

Fig 27 Soil map of the Krimpenerwaard (Source: Grontmij)

Fig. 28 Seepage and lateral spread water (mm/d) in the Krimpenerwaard (Source:
Grontmij)

Criticism on submerged drains
To the question why submerged drains on a large scale are not already implemented in the Krimpenerwaard, Hil Kuypers, the project leader of the Veenweidepact, replied that submerged drains leach manure from the plots. The
European water framework directive was the reason for the Water Board not
to promote submerged drains, because they think that too much leaching
of manure takes place from plots and therefore the European guidelines for
water quality cannot be met. This assumption is also described in the report
‘ milieu-effectrapportage (inrichtingsMER) Natuuropgave Krimpenerwaard’
of the Veenweidepact. I have discussed this criticism with Rob Hendriks, researcher at Alterra and expert on submerged drains. He is familiar with this
criticism, but he had already refuted this criticism with thorough research (Van
Gerven et al. 2011) in which is demonstrated that integration of submerged
drains doesn’t have to be harmful for the water quality.

erwaard is the combination of submerged drains on a large scale with a high
water level. Through several interviews and literature reviews, it became clear
that it is not a matter of simply supplying the Krimpenerwaard of submerged
drains. A large-scale implementation of submerged drains will have consequences on the water system and is not simply applicable in the Krimpenerwaard. Therefore it is a logical next step in the research to explore the possible consequences of implementing submerged drains on a large scale in the
Krimpenerwaard and subsequently explore the possibilities to deal with these
effects. The next part of this research by design examines the possible effects
of the integration of submerged drains on a large scale. Conclusions will give
direction for the final strategy; submerged drains with a boezem system.

Conclusion
The first phase of this research by design consisted of an exploration of the
possibilities of preventing soil subsidence with a high water level in combination with a profitable agriculture. It was recommended by experts to look
at the solution of submerged drains. Through interviews and literature reviews further research was conducted on submerged drains as a method that
makes a sustainable form of agriculture possible. This method is possible in
combination with a policy of a high ditch water level so that soil subsidence is
decreased and at the same time a profitable dairy farming is possible. Most of
the soil of the Krimpenerwaard is suitable for implementing submerged drains
(see figure 29).
In short the most suitable option for sustainable agriculture in the Krimpen-

Fig. 29 Area in the Krimpenerwaard that is suitable for implementation of submerged
drains (Based on: Casimir, T., Kwadijk, F. (2006)

3.3 Consequences for the water system

The previous paragraph has shown that the soil of the Krimpenerwaard is
very suitable for implementing submerged drains. Except for some areas, it
can be applied everywhere, this could ensure a stable treading capacity at
a high water level, reducing soil subsidence and secures profitable farming.
But there are also consequences of these submerged drains. In this section
the water system will be described based on literature review and interviews.
Then the overall impact for the water system of implementing submerged
drains is discussed.
Water System of the Krimpenerwaard
What are the consequences of large-scale implementation of submerged
drains for the water system of the Krimpenerwaard? This question is answered through literature research and interviews with experts. The water system
is a polder system, the transportation of water between the polders takes
place, as far as possible, by a free fall. This means that the water coming
in from the Lek moves simply by gravity, from the upper South to the lower
North (see hight map, figure 31). The Water Board chose this system because there is relatively little need for pumping and therefore less pumping
costs (HHSK 2015). The main pumping station for the inlet of water is pump
Krimpenerwaard at the Lek. Here by far the most water is let in. The water in
the Krimpenerwaard is drained by the pumping stations along the Hollandse
IJssel. The direction of water transportation is generally from Southeast to
Northwest, so basically from high to low. There are also pumping stations
between the polders of the Krimpenerwaard, used when the water cannot be
transported by free fall. The Krimpenerwaard has fourteen different polders,
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each with its own water level between the NAP -1.84 in the Southeast to NAP
-2.60 in the Northwest. This paragraph will describe one by one the most
relevant problems of the current water system of the Krimpenerwaard. Subsequently the consequences for the current water system of implementing
submerged drains on a large-scale will be described.
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Flooding
From my interview with Jan Oostdam, hydrologist at HHSK, it became clear
that the Krimpenerwaard can’t always drain on the Hollandse IJssel because
this river gets regularly overloaded in wet times, which results in a too high
water level of the river. There are many polders other than the Krimpenerwaard which make use the Hollandse IJssel for draining. Because this river
is not always available to drain water on, water troubles regularly occur in the
Krimpenerwaard. This problem that, in combination with climate change and
peak showers, will take place more frequently in the future, with great economic damage to agriculture as a result.

Upper limit without submerged drains

april I

Stagnating local water throughput
In addition the water system has to deal with a stagnating local water throughput (HHSK, 2013). Therefore there is locally need for broadening ditches.
As a result of this stagnating local water throughput, there have been water
troubles, these probably will occur more frequent in the future due to climate
change when peak showers will occur more often.

30

mm / decade

Fragmented water system
For centuries the ground level in the Western peat meadow area subsides by
a few mm per year. Since the 1960s this area is dehydrated deeper in many
places (private pumping) by a ditch level of about 60 cm relative to the ground
level. Private pumping means that farmers themselves have their own little
pumping station with which they drain deeper than agreed with the Water
Board in order to let the cows graze longer. This private pumping allowed that
the North of the Krimpenerwaard, is much more subsided. This difference in
height determined the direction of the water draining system from North to
South. The many different little height differences in ground level as a result of
private pumping caused a fragmented water system with high draining costs.
Also these fragmented water levels (see figure 33 Draining depth) hinder the
countering of the soil subsidence. As a result of this private pumping the subsidence doubled (Jansen, Querner and van den Akker, 2009).

Upper limit with submerged drains

Fig. 30 Peak supply of water in the peat soils at a normal situation of the water level, W+scenario, very dry year (1976) (Based on:
Van den Akker, J., et al. 2010

The effects of submerged drains on the water system
The main consequences for the water system are:
- The water system is more responsive (see 3.2)
- More risk of flooding in wet times
- Extra water demand in dry times (aggravated by climate change)
Submerged drains and extreme rainfall
In heavy rain, it is more difficult treading the plots in the peat meadow area.
The soil becomes soggy and lower parts get flooded. With heavy rainfall the
groundwater level rises in the plot. This extra water has to be eliminated. Normally the water flows to the ditches. In peat meadow plots with submerged
drains, a lot of the water runs through the drains to the ditches. This allows
a better treading capacity of the plots in wet times (van den Akker, 2010).
Research has shown that submerged drains in combination with a high level
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Fig. 31 Elevation map of the Krimpenerwaard (Source: Grontmij)

Fig. 32 Current situation of the water management in the Krimpenerwaard. The water
system consists of 14 polders (Source: Keijsers, W., (2009)

Fig. 33 Depth of water draining in cm relative to the water level. ‘Private pumping’ is
clearly visible in this map (Source: HHSK (2011)

can make an important contribution to the reduction of soil subsidence and
reduction of greenhouse gas emissions, without disadvantage for the profitability of dairy farmers (Jansen, P.C. et al 2009).

these areas can lead to a substantial reduction of the annual emission of
greenhouse gases. Halving of the soil subsidence would be a decrease of
about 0.7 million tons CO2 per year. With a CO2 value of 21 euro per ton
(ECN & PBL 2014) this will represent half a billion euro per year of counter-value (Pieterse, et al, 2015).

to deal with quick responses of the water system in changing circumstances
when submerged drains will be implemented on a large scale because the
system is not responsive enough.

Submerged drains and drought
In dry periods the drains keep the peat meadows wet, but for this they need
more water. The drains infiltrate the water from the ditches to the middle of the
peat meadow plots, this keeps the soil more wet and reduces the soil subsidence (see figure 24). Research has shown that plots with drains on average
need ten to twenty percent more water (See figure 30). This concerns millions of cubic meters extra water for the Western peat meadow area (van den
Akker, 2010).
Climate change
The extra water needed at extreme drought by climate change, overshadows
the effect of drains on the water demand in these areas. In the future, dry
summers like in 2003, will occur every two years, this rises the demand for
water in the peat meadow area by fifty percent. During dry summers water is
often obtained from the IJsselmeer. This is contrary to the policy to let water
systems as much as possible be self-supporting, and has impact on the water
quality (Van den Akker, 2010).
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CO2 reduction
In dried-out peat soil, the peat gets exposed to oxygen. The carbon coming
from the peat reacts with the oxygen and forms carbon dioxide (CO2). This
reaction causes soil subsidence and greenhouse gasses (van den Akker,
2010). The peat-lands in the Netherlands jointly produce 2 percent of the
national greenhouse gas emissions. The application of submerged drains in

Consequences for the Krimpenerwaard of implementing submerged
drains on a large scale
It’s clear how the water system works in the Krimpenerwaard and what the
consequences of large scale submerged drains are. Now I can do assumptions about the bottlenecks for integration of submerged drains for the current
water system of the Krimpenerwaard.
These bottlenecks are:
- A fragmented water system (many water-level areas)
- Locally bad water throughput resulting in water troubles
- Occasional water troubles when it is not possible to drain into the Hollandse
IJssel
Dealing with a faster responding watersysteem
A disadvantage when implementing submerged drains on a large scale in
the Krimpenerwaard is that the current polder system is not able to respond
fast enough when the water moves from polder to polder in free fall. By implementation of submerged drains on a large scale the water system has to
react even more quickly to prevent flooding. The current polder system has to
deal locally with stagnating water throughput resulting in water troubles when
heavy rainfall occurs. Also when the current system cannot drain into the
Hollandse IJssel flooding can occur. The current polder system seems unable

Handling the extra water demand
I submitted the question, of the additional water demand due to integration of
submerged drains (see figure 30) to Jan Oostdam, hydrologist of the HHSK
and expert of the water system of the Krimpenerwaard. This interview showed that the Lek is the main source of water supply for the water system of
the Krimpenerwaard. This river is important for shipping, partly for this the
water level cannot become too low. So there is no unlimited water supply
from this river for the surrounding polders. Jan Oostdam told me that in the
summer regularly water from the IJsselmeer is used to supply the Krimpenerwaard and other polders, because the water level of the Lek was too low.
Even without implementation of submerged drains on a large scale there will
be water shortages in the future. Research has calculated (RIZA, et al. 2010)
that in the future more and more water shortages will occur. The reason for
this is the low water level of the Lek causing an insufficient water supply for
the surrounding polders. A sustainable solution for dry periods seems to be
the use of local water from a reservoir in the Krimpenerwaard.
Dealing with water troubles
When the water level in the Hollandse IJssel is to high, it is impossible to drain
into this river resulting in water troubles in the Krimpenerwaard. This problem
has already occurred regularly. With the implementation of submerged drains
on a large scale, flooding in wet periods will only occur more frequent as
described previously. To deal with this problem research is needed about the
possibilities for storing water in the Krimpenerwaard in wet periods without

Average year,
current situation

Shortage of surface water

water in de ditches

decentral water storage

Fig. 34 Percentage of ‘foreign water’ in the surface water (water that is supplied in the
water system that comes from a foreign water system) during the month of juli. The
Krimpenerwaard is circled. (Source: RIZA)

causing too much economic damage.

Strategies for storing water in the Krimpenerwaard
To find a suitable method to store water in the Krimpenerwaard I carried out
literature research. According to (Gerits, R., 2006) there are four strategies for
water storage in a peat meadow area.
1.Water in the ditches
On the lowest scale level water can be stored in the soil and in the ditches.
Groundwater and surface water are very close interconnected; groundwater
levels in the West of the Netherlands are mainly determined by the draining
of surface water. Peak rainfalls are collected by raising the water levels.
Water storage in the surface water (flexible or dynamic water level management).
The disadvantages of large scale implementation of submerged drains may
be compensated by allowing larger margins in the target level in certain periods and by anticipating on the weather forecast through supply water and
drainage water (Jansen, P.C., et al, 2009). By prolonged and sustained high
ditch water levels water will stay on the plots, with adverse consequences for
dairy farming (Gerits, R., 2006).
2. Enlargement of the boezem
On a scale level higher than the soil and the ditches lays the boezem system.
Substantial amount of water can be stored in the boezem system by widening the existing boezem and/ or creating a new boezem system. To store
peak rainfalls in the boezem system, and keep it as a water reservoir for dry
periods, it is necessary to allow flexible water levels. The advantage of the

double the size of the boezem

central waterstorage

Fig. 35 Shortage of surface water and dependency of water from the IJsselmeer. The
Krimpenerwaard is circled (Source: RIZA)

Fig. 36 The four different strategies for water storage in a peat meadow area
(Source: Gerits, R., 2006)

strategy to increase the boezem system is that the boezem can function as a
water reservoir as well as supply water and drain water. Ramifications of the
boezem system through the whole area can make it possible, with a sufficient
boezem capacity, to manage the water supply and drainage and storage for
the whole area, because the system is connected with all the water level
areas. To prevent water troubles in the polders, the drainage into the boezem
needs enough (pumping) capacity.

Conclusion
Strategy 1 water in the ditches could be possible in a polder system like the
Krimpenerwaard. However this strategy has the disadvantage that if the water
levels fluctuate too much, anticipating on peak rainfails, agriculture and their
production is disadvantaged by a regular high water level. For a sustainable
form of agriculture, it is important that the production is not compromised.
(see chapter one). Therefore this strategy is not adequate. Strategy 3 decentralised water storage’ and 4 central water storage’, need a connection with
a boezem system. If one of these strategies will be chosen, the Krimpenerwaard needs to change from a polder system to a boezem system. Strategy
2 increasing of the boezem system, seems for the Krimpenerwaard the most
appropriate strategy, because this strategy can handle a more responsive
water system and in addition can supply water in dry periods and drain water
in wet periods. This system makes it possible to implement large-scale submerged drains and cope with the consequences of it.

3. Decentralised water storage
Water storage can also be achieved by choosing areas outside of the existing surface water system, to serve as basin for water from the surroundings.
These water storage areas are used for a relatively small area. It is most likely
to locate these storage areas near places with the highest risk of flooding.
Once again to avoid flooding the drainage off and the storage to these areas
must have adequate pump capacity. A connection to the boezem system is
necessary.
4. Central water storage
By central water storage, water storage areas on a regional level, per drainage unit, are deployed. These water storage areas need to have a large
capacity, because they store for a large area. Preferably they are located in
the lowest parts of the drainage unit, because there the most storage capacity
can be realised and because the water can flow naturally to these places.
To prevent water troubles in the surrounding areas enough pump capacity is
needed and a wide connection to the boezem system is necessary.

From polder system to boezem system
To change from a polder system to a boezem system seems a suitable strategy for the Krimpenerwaard and makes implementing submerged drains on a
large scale possible without the previous mentioned disadvantages. To ‘test’
these assumptions I presented these to hydrologist HHSK Oostdam, soil expert Kwakernaak and submerged drain experts Hendriks and Van den Akker
from Alterra. All of them agreed that a boezem system is a realistic option.
They also pointed out the opportunity for water purification, achieved by reed
in the boezem. Oostdam pointed out that there had been a plan for a boezem
in the Krimpenerwaard in the past. The high costs for the construction of extra pumping stations were presumably the reason why the boezem was not
realised then. It is true that a change to a boezem system will require extra
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pumping stations, but on the other hand you will prevent the high costs of water troubles in the future. It is difficult to say in this phase what is more costly,
but I presume that the benefits of the boezem system will in future bring more
benefits to the area than holding on to the current polder system.
Conclusions
Effects of implementation of submerged drains are a faster responsive water
system to changing circumstances, a larger water shortage in dry periods and
water troubles in wet periods. For the current water system of the Krimpenerwaard, the dependence of the rivers the Holandse IJssel and the Lek for supplying and drainage of water, seems to be a problem in the future. With the
implementation of submerged drains on a large scale, these issues will only
be enhanced. The current system of the Krimpenerwaard is a polder system,
the transportation of water between the polders takes place under free fall
due to differences of hight. The disadvantage of this system is the slow response. For implementing submerged drains, a quick responding system is
important. It therefore seems a suitable solution to store water in the Krimpenerwaard, which means that the Krimpenerwaard is no longer dependent on
the Hollandse IJssel during wet periods for draining water. This stored water
could be used in dry periods and therefore the area is less dependent on the
Lek. Changing the polder system to a boezem system seems a logical solution for the impact of large-scale integration of submerged drains. As a connection between all level areas a boezem system can react faster to changing
circumstances than the current polder system. In addition, the boezem can
also collect water from surrounding polders. And it can be used as a reservoir
and supply the polder with local water in dry periods. In short, a boezem
system seems to deal with the three most important effects of implementing
submerged drains on a large scale.

First reclamation 1000 - 1150
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Fig. 38 History of reclamation in the Krimpenerwaard.

Wet winter situation - more water troubles

Lek

H. IJssel

Sry summer situation - more oxidation
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H. IJssel

Fig. 37 Diagrams that show the consequences for the water system of the Krimpenerwaard in wet winters and dry summers when submerged drains are implemented on
a large scale.

Second reclamation 1100 - 1250

Third reclamation 1250 - 1600

3.4 A boezem in the Krimpenerwaard
In the previous paragraph the consequences for the water system of the
Krimpenerwaard due to implementation of submerged drains on a large-scale is discussed. The consequences are the need for a faster responsive water
system and a growing water shortage in dry periods and possible flooding in
wet periods. For the current water system in the Krimpenerwaard it seems
that the dependence on the rivers the Hollandse IJssel and the Lek for supplying and draining of water will be a future problem. With the implementation of submerged drains on a large scale, these problems will increase. The
conclusion of the previous paragraph is that the change from a polder system
to a boezem system seems a good strategy for the Krimpenerwaard to make
large-scale implementation of drains possible and at the same time deal with
the consequences for the water system. The question that now arises is: what
is an appropriate boezem for the Krimpenerwaard? In this paragraph a suitable boezem for the Krimpenerwaard will be discussed. For the design of the
boezem the water system and the cultural historical value of the landscape
are crucial. At first I will explained what a boezem is and which conditions it
should meet. Then this will be considered looking from a historical perspective, in order to choose the route for the design and to obtain the spatial principles for a boezem in the Krimpenerwaard.

What is a boezem?
A boezem is a part of the surface water with no fixed water level. The boezem
stores water from the polder before it is drained to a river or a lake. If the water
cannot be drained in a natural way, it will be removed via a pumping station or
a drainage sluice. The fact that the boezem has no fixed water level doesn’t
mean that a certain water level isn’t strived for. This level that is strived for is
called the boezem level. A boezem where temporary water is stored is called
a boezem reservoir (Bergboezem). Boezem reservoirs can be complex linked
channel systems, interconnected between different water level areas. With
the construction of a boezem it is important to take into acount the location
of existing pumping stations, weirs and sluices in the water system. It is also
important for the water transportation that the boezem is connected to all
polders within the water system. Therefore the most logical routing of the
boezem is between the different polders. For the boezem level we have to
take into account the ground level of the surrounding soil and the water level
of the surrounding polders.
Historical perspective
In the research by design for a possible boezem in the Krimpenerwaard it is
examined whether in the past boezem water has been used in the Krimpenerwaard. By studying historical maps and literature, the pattern of a historical
boezem water in the Krimpenerwaard became clear. (see figure 41) This historical boezem water exists of the peat river the Loet and a few blokboezems
perpendicular to the river Hollandse IJssel and the Lek. Further research turned out that in the 18th century a ring canal was dug, intended as a transport
route for excavated peat. This broad ring canal is still visible in the landscape.

The peat river the Loet functioned in the past as a natural boezem. This old
peat river dates from before the extraction and is still recognizable as a somewhat broader water with a meander. This tracé runs through the Krimpenerwaard and is to a certain degree recognizable as a stream and then it
seems to disappear. Probably it is straightened during the peat extraction. As
mentioned earlier block boezems are also historic landscape elements in the
Krimpenerwaard . These block boezems were meant to store water when the
water level of the rivers was to high for drainage. These block boezems were
surrounded by peat dikes and located perpendicular to the rivers (see figure
41). Particularly at the Holandse IJssel are block boezems located like the
Stolwijkse boezem (see figure 40). Typical are the block boezems perpendicular to the Hollandse IJssel. They are recognizable as extended wide water
with plots consisting of forest vegetation. One can also see this forest vegetation at the boezem water and the peat river the Loet. It is difficult to let the
block boezems serve as a boezem for the whole Krimpenerwaard, because
they are not connected between the different polders. The historic canal on
the other hand has potential to serve as boezem because it’s tracé is for a
large part between the different polders, the water is broad and enclosed by
peat dikes. Therefore this trace of the Ringvaart could be suitable as a boezem for the Krimpenerwaard.
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Fig. 39 The small peat river the Loet. In the past this water served as a boezem for the Krimpenerwaard (Photo: Piet Guijt)

Fig. 40 Aerial photograph of the Stolwijkse boezem, a so called ‘blokboezem’. in the
past this water was used to temporarily store water when the water level on the Hollandse IJssel was too high (Photo: Siebe Swart)
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Fig. 41 Historical map of the Krimpenerwaard (1837). Historical boezem patterns in the Krimpenerwaard. The boezem waters (blue) and the tracé of the Ringvaart, peat excavation plan (red) (Based on: Weggeman Guldemont, HHSK)

Fig. 42 Location of the cardboard profile of the Ringvaart

Fig. 43 Cardboard profile of the current situation of the Ringvaart

The patented peat production (geoctrooieerde vervening)
This historic canal has potential to serve as a boezem. By studying historical
maps and literature about the history of the canal and the peat production in
the Krimpenerwaard (and the failure of it) it became clear that this canal is
enclosed by peat dikes. This canal, which was meant for boats to transport
the excavated peat, is clearly visible in the landscape. In 1778, a plan arose
to produce peat in a large part of the Krimpenerwaard. This concerned about
4700 hectares of land. The reason for this plan was the bad agricultural situation at the time, like murrain and the flood disasters that struck the Krimpenerwaard between 1726 and 1760. The peat production would improve the
prosperity in the region and make the Netherlands less dependent on the
import of peat (Van den Brink, 2003). For this plan a sluice, the Stolwijkerlock,
is built in 1800 in the dike of the Hollandse IJssel, to connect the water of the
Krimpenerwaard to the Hollandse IJssel. They dug a ring canal surrounded
by new peat dikes to transport the extracted peat through the Stolwijklock into
the Hollandse IJssel and further. But eventually this plan failed, presumably
because of the poor quality of the peat in the Krimpenerwaard. The result is
that the ring canal with her dike and the sluice have been preserved. This
Ringvaart, seemed a suitable tracé to serve as a boezem because the waterway is wide and surrounded with dikes in a big part of the Krimpenerwaard.
Instead of creating new waterway’s in this cultural historical landscape, it’s
better to make use of the already existing waterway’s. Then you will have
more capacity and less impact on the landscape. This also would give new
life to the ring canal, an important culture historical landscape element.

Defining the tracé of the new boezem
With the idea of using the old ring canal as a possible boezem tracé I studied
how this tracé provides access to the current water system. By determining
the tracé of a boezem it is important to take into account the location of existing pumping stations, weirs and sluices in the water system as a guide for
water transportation. It is also important for the water transportation that the
boezem is connected to all the polders in the water system. Therefore it is
necessary that the tracé for the boezem leads between the different polders.
To determine the water level for the boezem, the ground level of the surrounding soil and the water level of the surrounding polders should be taken into
account. Figure 45 indicates that the tracé of the patented peat production
connects to six polders and some pumping stations. Not all polders are connected this way, but the most important polders are.
Boezem principle for the Krimpenerwaard
To determine the width of the boezem water, I took the width’s of the block
boezem’s, the Loet and the ring canal as reference. These widths range
between the 10 and 60 meters. To align the new boezem to the width of the
historical boezem and to make it fit into the landscape, I took 35 meters as an
average width for the boezem. This width corresponds to the width of the historic ring canal and the average width of the historical block boezem’s. Then
I looked at the tracé of the historical Ringvaart and made a cardboard profile
of the current situation of the Ringvaart, to get a sense of the minimal height
differences and the dimensions of the landscape element.

Calculating the boezem capacity
The function of the boezem is to store water in wet periods and to provide this
water in dry periods. Therefor the boezem needs a sufficient storage capacity.
To calculate this capacity, a number of data are important: the length of the
boezem, the width of the boezem and the fluctuation level of the boezem. This
fluctuation level is the difference between the highest and the lowest possible
water level in the boezem. In order to determine these water levels, I first
examined the ground levels along the possible boezem tracé . This information made it possible for me to determine the fluctuation of the boezem level
between NAP -1.8 and -2.3. So 50 cm fluctuation is possible. In figure 44 you
can find the calculations leading to the boezem level. By taking the average
width of 35 m and multiply it with the length of the boezem and the fluctuation
level, the boezem capacity is calculated. With these data I went to hydrologist
Peter Jansen of Alterra. This interview revealed that the boezem’s capacity is
probably insufficient. Jansen came to this conclusion, because through water
evaporation the water capacity is too low to supply the land of water during
the month of June. In the month april and may the water is stored and in june
the water is needed. The water you retain during the winter is partly lost due
to evaporation in the spring. Conclusion is, that the proposed boezem with its
capacity cannot store enough to provide the Krimpenerwaard of water during
the dry season without depending on the water from the Lek (enclosed you
can find the calculations). The boezem capacity therefor needs to be bigger.
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D

D

Legenda

Stolwijker sluis
Minimaal

11.200 meter

A

21.500 meter

B

31.800 meter

C

35.300 meter

peilvakken
Hoofd uitlaat
Gemaal Verdoold
Capaciteit
Uitgaande van een gemiddelde breedte van de watergang van 35 m, en
een beschikbare diepte van 1 meter. Aantal dagen is m3 : aantal m3 dat
er verdwijnt per dag (7.321,51 m3)

Minimaal:
A:
B:
C:

11.200 x 35 x 0,5 =
21.500 x 35 x 0,5 =
31.800 x 35 x 0,5 =
11.200 x 35 x 0,5 =

196.000 m3
376.250 m3
556.500 m3
617.750 m3

= 27 dagen
= 51 dagen
= 76 dagen
= 84 dagen
DD

Berekenen m3 die er per dag extra nodig is.
1. Wat is het % open water in het gebied met onderwaterdrainage?
2. Wat is de peilvariatie?
3. Wat is de verdamping in mm (cm?) per dag?
4. Hoeveel water verdwijnt er in m3 per dag?

1. 17% open water in owd gebied (oppervlakte owd gebied: 5317 ha / 53.170.000 m2 x.17= 9.038.900 m2 open water in owd gebied)
2. 10 cm, 0,1 m (bron: van den Akker, 2009) ????
3. 0,67 mm per dag + 0,14 (owd+dynamisch peilbeheer) = 0,81 mm per dag (0,81 liter per m2 per dag)
4. 9.038.900 m2 open water x 0,81 = 7.321.509 liter = 7.321,51 m3 per dag
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Fig. 44 The calculation of the capacity for 3 tracés for a possible boezem in the Krimpenerwaard
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Boezem will be broader and longer
To increase the capacity of the boezem, I broadened it from 35 to an average
of 50 meters. I ‘tested’ the profile of a broadened Ringvaart on other potential
‘boezem locations’ in the Krimpenerwaard in order to explore what impact it
can have on the landscape. These locations are determined on basis of the
current main drainage of the water system. Creating profiles (see pages 48 to
51) for other possible spots for the boezem is also done to make it insightful
what a possible boezem level could be. The boezem level should not be to
high for the lower parts and not to low for the higher parts. Using the program
Autocad with a detailed aerial photograph (on scale via GIS) and the elevation map (AHN) I found the minimum height differences.
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Making use of historical dikes and other existing water barriers
To assure sufficient boezem capacity I came up with the idea to make more
use of the ditches and plots adjacent to the boezem. To determine the new
boundaries of the boezem water I looked at the existing water barriers in the
landscape far from the built-up area such as historical dikes, polder roads
and other roads. With the decision to broaden the boezem it became clear to
me that the boezem can function as a boating world with small islands and
so offer opportunities for the ecological diversity when larger bigger plots fall
under influence of the fluctuating water level of the boezem. So the design of
the boezem changed from a 35 m broad boezem surrounded with dikes into
a broader boezem, not so clearly surrounded by dikes, because large plots of
land fall under influence of the boezem level. As a reference for the design of
this broader boezem reservoir, I used locations in the Western peat meadow
area that have broad waterway’s (approximately 50 meters) and can serve
as a boating area. Based on these references, I could make decisions for the
design of the boezem reservoir e.g. the removal of plots and widening of the
existing water in the Bergboezem. Also, based on the historical peat dikes
(see figure 63) I defined the tracé of the boezem reservoir in the North of the
Krimpenerwaard. Not only because of the historical dikes, but also because
this deep part of the Krimpenerwaard can store more water. The lowest plots
form a contiguous area, suitable for swamp nature, but also very suitable for
water storage (Jansen et al. 2009). By fitting in the boezem along the historical dikes in the northern part of the Krimpenerwaard, the boezem changes
from a linear model into a circle model (see figure 62). Eventually a regional
design developed for a boezem reservoir based on cultural historical patterns
in the landscape that is suitable for water recreation as well as large scale
implementation of submerged drains. To see if this design of a broadened
version of the boezem reservoir has enough capacity, I tested it using the water balances of hydrologist Rob Hendriks of Alterra. In these hydrological models, the surplus of the water in wet periods and the shortage in dry periods
is calculated for all individual water level areas. In these water balances the
implementation of submerged drains on a large-scale is taken into account
(enclosed you can find these hydrological models). Conclusion is that the capacity of the boezem reservoir is big enough to cope with the consequences
of implementation of submerged drains on a large scale.

Meters

Fig. 45 Map of possible structure carriers for a boezem. Main draining (blue), current pumping stations (squares), tracé of the Ringvaart (dotted line), polders (magenta)
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Ringsloot, current situation

New situation, model A

New situation, model B (including reed)

Fig. 46 Sections of the Ringvaart, the current situation and the proposed situation in two different models
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Fig. 47 A 3D model of the boezem principle (model B)
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Fig. 48 Testing locations for the sections
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Fig. 49 A 3D model that shows the working of the proposed boezem principle

Berkenwoudse boezem current situation (scale 1:400)
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Berkenwoudse boezem proposed situation (scale 1:400)
NAP -2,2

NAP -1,7

NAP -1,8

NAP -2,2

NAP -1,6

NAP -1,8

63 meter
Fig. 50 Sections of the current- and proposed situation for a boezem at the Berkenwoudse boezem

The Lek boezem, current situation (scale 1:400)
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The Lek boezem, proposed situation (scale 1:400)
NAP -1,5
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Fig. 53 Sections of the current-and the proposed situation for a boezem at the location
of the Lek boezem
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Fig. 51 The Berkenwoudse boezem (Source: Panoramio)

Fig. 52 Location of the section of the Berkenwoudse boezem (Source: Google earth)

Fig. 54 The Lek boezem (Source: Panoramio)

Fig. 55 Location of the section of the Lek boezem (Source: Google earth)
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The Loet A, current situation (scale 1:400)
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The Loet A, proposed situation (scale 1:400)
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Fig. 56 Sections of the current- and the proposed situation for a boezem at the location of the Loet (A)

The Loet B, current situation (scale 1:400)
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The Loet B, proposed situation (scale 1:400)
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Fig. 59 Sections of the current- and the
proposed situation for a boezem at the
location of the Loet (B)
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Fig. 57 The Loet (Source: Panoramio)

Fig. 58 Location of the profile of the Loet (A) (Source: Google earth)

Fig. 60 The Loet (B) (Source: Panoramio)

Fig. 61 Location of the profile of the Loet (B) (Source: Google earth)
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Main discharge

+
Fig. 62 The dimension of the boezem reservoir is for a large part based on the current
draining system and the pattern of historical polder dikes

Conclusions
The previous paragraph has shown that the change from a polder system to
a boezem system seems a good strategy to make implementation of submerged drains on a large scale possible without the disadvantages of its consequences. So the question evolved: What is an appropriate boezem for the
Krimpenerwaard? This paragraph discussed the research done for a suitable
boezem. Choices that have led to the design of the boezem are described.
First is adressed what a boezem is and its specific needs for the Krimpenerwaard. Following the principle of a boezem is looked at from a historical perspective. After that, the choice for the tracé of the boezem in the design and
the spacial principles for a boezem, are substantiated. With all this information in mind, the boezem level is determined, but also the degree of fluctuations and therefore also the capacity of the boezem. The water capacity of the
boezem in the provisional design revealed not to meet the need for water in
the dry period. This has led to the decision to broaden and extend the boezem
and by decreasing a large area beneath boezem level. These adjustment to
the design result in a new circle model which has sufficient water capacity.
This capacity of the enlarged boezem is calculated using the information of
the water balances (enclosed you can find these balances). The new broadened boezem appeared to have enough capacity to store water in wet periods
and to supply in dry periods.
Fig. 63 Existing water barriers (such as polder dikes and roads) appart from the buided
area in the Krimpenerwaard. Polder dikes (black), polder raods (cyaan), roads (red)
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Boezem reservoir
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Fig. 64 Principle and actions that are needed for a boezem reservoir in the Krimpenerwaard

3.5 Two models

N

Existing pumps

N

New pump

2000

500

Submerged drains

1000

Polder

100

2000

1000

500

100

52

New pump
Boezem reservoir

Boezem reservoir
Meters

Existing pumps
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Fig. 65 The lineair model

Fig. 66 The circle model

Lineair model

Circle model

- Surface: 579 ha
- 11 polders
- 5 extra pumps are needed for water transistion for water tarnsition between the boezem reservoir and the polders
- Capacity: 1 134 675 m3

- Surface: 1 484 ha
- 12 polders
- 6 extra pumps are needed for water transistion between the boezem reservoir and the polders
- Capacity: 1 855 000 m3

Polder
Submerged drains

3.6 Conclusion
In this chapter the process of research by design is described and it became
clear that a combination of a high water level with submerged drains is a possible alternative strategy for sustainable agriculture in the Krimpenerwaard.
Applying this strategy would provide a perspective for the farmers and also
reduce the speed of soil subsidence with 50%. However, there are big consequences for the current water system of the Krimpenerwaard, when submerged drains on a large-scale are implemented. The water system will respond
faster and there will be water shortage in summer and the risk of flooding will
increase in periods of peak showers. The current water system of the Krimpenerwaard is not able to deal with these consequences. A boezem can offer
a solution because it is like a string connected with the most important polders and therefore it can deal better with a fast responsive water system. In
addition, a boezem can store water in periods of excessive rain showers and
make this water available in dry periods. Furthermore the research by design
showed what kind of boezem is most appropriate for the Krimpenerwaard. A
principle for the boezem has been made based on references. Subsequently
is studied if such a boezem is possible in the landscape of the Krimpenerwaard. By creating profiles on different spots it is examined whether it is
possible to apply them. After that, the possible tracé’s for the boezem have
been explored and the capacity calculated. This formed a linear model of the
boezem. Eventually the storage capacity was not enough in het linear model
of the boezem. To increase the storage capacity, broadening of the boezem
is examined. By making maximum use of existing water barriers and historic
peat dikes in the landscape, a second model was designed; a circle model.
The circle model will be further developed because this model, in contrary to
the linear model, has sufficient storage capacity and gives more opportunities
for water recreation. In the next chapter it will be explained how the boezem
reservoir can contribute to the five pillars of the Veenweidepact as described
in chapter 2. Also the spatial consequences of the design will become clear.

Fig. 67 A combination of a cad file (GBKN) and elevation maps (AHN), and aerial photographs on scale (GIS) was used to make the regional design of the boezem reservoir.

53

54

4. Description of the design
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Fig. 68 Visual of the boezem reservoir close to the Bergvliet, east of Schoonouwen

The previous chapter described how the research by design has led to two
models for the design of a boezem reservoir in the Krimpenerwaard. This
chapter will elaborate on the circle model (see figure 69). This model has, in
contrast to the linear model, sufficient storage capacity to be able to handle
the flooding as a result of integration of submerged drains on a large scale.
This model also offers more opportunities for recreation. This chapter will
also discuss how the design of a boezem reservoir as a sustainable form of
agriculture can serve as an alternative for the current spatial development in
the Krimpenerwaard. The regional design for the boezem reservoir and two
1:1000 designs will be described here. The regional design is described by the
use of seven ‘landscape sections’ of several relevant parts of the regional design. These landscape sections show the effects of the spatial interventions in
the landscape. Also the opportunities that this regional design provides for the
spatial development of the Krimpernerwaard, are described. After describing
the regional design, the two 1:1000 designs will be highlighted, ‘the cheese
factory’ and ‘the summercamp’. It will be described how these two designs
can be significant on the scale of everyday life experience of the people of the
Randstad that will make use of this boezem reservoir. As a metaphor for this a
design is made for a ‘summer camp’ for children of the nearby cities. It is also
described how the ‘recreational gate’ of the boezem reservoir beneath Gouda, can be designed in a way that it fits in the transition from the river to the
cultural historical peat land landscape (slagenlandschap). As an example for
the improvement of the agricultural conditions of the Krimpenerwaard that the
regional design offers, a cheese factory is designed at the recreational gate.
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Fig 69 The circle model
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Fig. 70 Plan of the regional design of the boezem reservoir
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Fig. 71 Visual of a farmer that collects it’s cows from the peat meadows in which submerged drains will be implemented
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Fig. 72 Landscape sections of the different locations within the design of the boezem reservoir

4.1 Cultural history and agriculture
The landscape of the Krimpenerwaard and its recognisability, are strongly
related to the agricultural use of the land. Therefore, the design of the boezem
reservoir is described in this section from the perspective of both, cultural
history and agriculture. The landscape of the Krimpenerwaard is a valuable
cultural landscape whose reclamation pattern is still visible in most of the
landscape. This recognisability of the reclamation is largely determined by
the long narrow plots and landscape elements such as peat dikes and polder
ribbons. But also former boezem water like the river Loet, the historical blok
boezems and the tracé of the patented peat excavation plan. The regional
design of the boezem reservoir is to a large extent based on the culture historical landscape, by embedding the boezem into the network of medieval peat
dikes. These peat dikes will be raised where needed and there will be new
peat dikes with an unpaved, half paved or paved paths. The design of these
new peat dikes will be based on the existing dikes in the Krimpenerwaard.
Also the river Loet will be reintroduced as boezem water, like the function it
had in the past. This increases the scenic value of these landscape elements
and accentuates historical patterns like the peat excavation pattern.

In a large part of the boezem reservoir, agriculture as use of the land remains
possible. Especially the higher parts can still be grazed. The design of the
boezem reservoir can contribute to the improvement of the agricultural structure in the Krimpenerwaard because the roads that are not suitable for the
big trucks that collect milk (see fig. 13). The Province indicated that there is
no more money for improving the agricultural conditions. Farmers are now
prompted to come up with their own plans. The alternative plan responded to
this by introducing a private cheese factory in the design (see 4.4 ‘The cheese
factory’), inspired on the principle of the Beemster, where CONO Kaasmakers
as a cooperation takes the milk from the farmers in the Beemster. The cheese
is made in the area where the milk comes from. Because the factory is nearby,
the milk can be collected more often and with smaller means of transport. The
wide boezem could also be used to collect the milk and transport it by boat to
the factory, which is situated in an open connection with the boezem reservoir
through the Stolwijkersluis. Mobile milking robots can be put in the pasture for
milking the cows. Then there could be considered where the mooring spots
can be situated along the boezem for boats that can carry tanks for the milk
and bring the milk via the boezem to the factory. Among other places, in Weidum (Friesland) the transport of milk over water was usual until 1971 (see
fig. 74). In short, the design of the boezem reservoir developed an alternative
for the current agricultural structure. In this alternative the milk is transported
over water instead of over land. The new wide waterway is connected to
locations for milk transfer on the land and with the new cheese factory via
the Stolwijkerlock. The integration of submerged drains on a large scale in
the landscape of the Krimpenerwaard (see fig. 69) , provides a better bearing

capacity of the plots which benefits the agricultural productivity. The principle
of mixing manure with reed suggested by farmer Spruit (see frame page 31),
can be applied on a large scale in the Krimpenerwaard by using the reed of
the boezem reservoir. Fertilizing the land with a mixture of manure and reed
from the boezem is a clean way of fertilizing and benefits a healthy soil life.
Together with the integration of submerged drains this can improve the water
quality in the ditches and lead to special vegetation (see fig. 78)

Fig. 74 An example of milk transportation over water. This manner of transportation
was common in Weidum (Friesland) until 1971 (Source: Archief Leeuwarder Courant)

Fig. 75 Elevation map of the surface of the boezem reservoir. It’s likely that the area
within the red frame will not be suitable for agriculture because of the low ground
level in relation to the water level of the boezem reservoir

New opportunities for innovative entrepreneurship also arise with the design
of the boezem reservoir. The ‘water world’ of the boezem cuts through a large
part of the Krimpenerwaard, where dairy farmers on their adjacent plots for
example can rent out canoes or boats. The sale of local products will probably
become easier if more tourists discover the Krimpenerwaard via the water
and the boezem quays. The possibilities could be investigated for farmers to
unite in cooperation such as in the Beemster in order to sell their milk for a
higher price, and to coordinate the transportation of milk over water, and the
fertilization of the land with a mixture of manure and reed.
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Fig. 73 The network of peat dikes and other water barriers that define the shape of the
boezem reservoir. New peat dikes (yellow), existing peat dikes (black), polder roads
(cyaan), roads (red)

Reintroducing de Loet as a boezem

Fig. 76 Landscape section of the design of the boezem reservoir at the location of the Loetbos
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Fig. 77 Plan 1:10 000 of the regional design of the boezem reservoir at the location of the Loetbos
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(Gele lis, Echte Koekoeksbloem)

Slootkantvegetatie
(Gele lis, Echte Koekoeksbloem)

Krabbescheer

Submerged drain

Fig. 78 Section of a ditch between plots that are implemented with submerged drains. Manuring the land with a mix of reed from the boezem reservoir and manure is a sustainable way
to fertilise the land.

Fig. 79 This section shows the lowered bank of the boezem reservoir that makes it possible for reed to grow
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Fig. 80 Landscape section of the design of the boezem reservoir at the locatio of Bilwijk
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Fig. 81 Plan 1:10 0000 of the design of the boezem reservoir at the location of Bilwijk
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Fig. 82 Overview of types of peat dikes in the Krimpenerwaard (Source: Panoramio)

Semi-paved peat dikes
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The new boating network provides opportunities for agricultural antrepeneurs

Fig. 83 Landscape section of the design of the boezem reservoir at the location of the Provinciale weg

N
Scale 1:10 000

100

500

1000 meters

65
Fig. 84 Plan 1:10 000 of the design of the boezem reservoir at the location of the Provinciale weg

4.2 Sustainable water management
In this paragraph is described how the design for the boezem reservoir can
be significant for the water management in the Krimpenerwaard. Because
the degree of land subsidence and the additional CO2 emissions is highly
dependent on the water level, these topics will also be discussed in this paragraph. An important difference between the water system of the design of the
boezem reservoir and the current water system of the Krimpenerwaard is the
transition from a polder system to a boezem system. The Krimpenerwaard
depends on the river Lek for water supply in dry periods and dependents
on the Hollandse IJssel for water drainage in wet periods. In the current situation, in dry periods when the water level in the Lek is low, water from the
IJsselmeer is used to supply the Krimpenerwaard. This is not sustainable.
In addition, in winter there is the regular problem of flooding when the water
level in the Hollandse IJssel is too high for water drainage from the Krimpenerwaard. These problems will only get worse in the future because of the climate change. With the design of the boezem reservoir this dependence of the
Lek and the Holandse IJssel will be less, Because the boezem reservoir itself
will have a sufficient storage capacity in wet periods, retain the water and
subsequently use this water in dry periods. The storage of water, as in this
plan, is not only a sustainable solution but also a lucrative solution because
inundation of agricultural land is very expensive (see fig. 134). In the pursuit
for sustainable water management, a robust water system is needed. (a minimum of polders). The design of the boezem reservoir has two less polders
as the current water system. The boezem reservoir is embedded between all
relevant polders so that water transfer can take place between these different
polders and the boezem. This water transfer will be made possible by the
existing pumps, but some more new pumps have to be added to the water
system in order to connect all polders to the boezem reservoir and make water transition possible. (see fig. 85).

age (see par. 3.3) can be solved. The emission of CO2 would be halved
by integration of submerged drains. At the moment the CO2 emission in the
Krimpenerwaard is 90720 tons. This corresponds to 32400 cars per year. (per
car 2.8 tons per year). In the alternative plan this CO2 emission will be halved
by integration of submerged drains (Van den Akker, J, 2010). So 45360 tons
CO2 emission per year, an equivalent to the CO2 emission of 16200 cars per
year. Halving the soil subsidence would gain a decrease of 0.7 billion tons

CO2 per year. With a CO2 value of 21 Euro per ton (ECN & PBL 2014) this
represents half a billion Euro per year of counter value.

With the design of the boezem reservoir, the water system of the Krimpenerwaard will become more sustainable because the water system can make
more use of territorial water (water within the Krimpenerwaard), and be less
dependent of water from the Lek. This is also beneficial for the water quality
in the Krimpenerwaard, because the water from the Lek often has a poorer
quality than the territorial water. By fertilizing the land with a combination of
manure and reed, like described earlier, the quality of the territorial water will
increase further. Therefore the boezem will have, to a large extent, a faint
slope, so the banks can become overgrown with reed for a purifying effect of
the boezem water. In addition to this, the boezem reservoir makes the implementation of submerged drains on a large scale possible. The boezem has
sufficient capacity to deal with the effects of integration of submerged drains
on a large scale. With this integration in the landscape it is possible to handle
a higher water level, without decreasing the bearing capacity of the plots. A
Productive agriculture stays possible while the soil subsidence diminishes
with an average of 50%. In the current situation the rate soil subsidence in
the Krimpenerwaard has an average of 70 cm in 35 years (source: pbl.nl). In
the alternative plan with the submerged drains, the rate of soil subsidence
has an average of 35 cm in 35 years (Van den Akker, J).
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By founding a cooperation in the Krimpenerwaard, like described in the previous paragraph, it could be possible to make better arrangements about the
handling of the water level and by doing this the problem of private drain-

Fig. 85 Existing pumps (black squares) and the possible points for new pumps for water transition based on the main draining of the Krimpenerwaard
and the location of the different polders

New windmills for
water transistion

Reed for purification
of the water

Fig. 86 Landscape section of the design of the boezem reservoir at the location of the Ringsloot
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Scale 1:10 000
Fig. 87 Plan 1:10 000 of the regional design of the boezem reservoir at the location of the Ringsloot
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4.3 Recreation
In this regional design of the boezem reservoir the recreation network of the
Krimpenerwaard is clearly seperated from the villages and polder ribbons.
This way tourists do not disturb the local residents. This division of recreation and the daily life of the local residents is an important factor to be taken
into account when planning a spatial intervention in the Krimpenerwaard as
described in chapter two. In this design a coherend well-connected boating
network is created within a network of peat dikes that are accessible for pedestrians and cyclists. The broad water of the boezem reservoir that has an
average width of 50 meters is besides its function for water storage also very
suitable as a recreational boating world. With the connection of the boezem
reservoir to the Stolwijkerlock, a direct boating connection between the Hollandse IJssel and the boezem reservoir is made. With the introduction of a
second lock close to Schuwacht the boezem reservoir will be also connected
to the river Lek. The experience of silence and rest is a very important feature
in the landscape of the Krimpenerwaard therefor it’s important to deny access
to the Krimpenerwaard for motorised boats. Boats without motors are allowed
to pass the locks of the Krimpenerwaard. In addition the boezem reservoir is
very suitable for canoeing. Several mooring places will be implemented along
the boezem reservoir that provides opportunities for farmers to lease canoes
or other boats. Also the current network of peat dikes will be expanded enhancing the recreational access of the Krimpenerwaard.
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Fig. 88 Locations of recreational entrances to the boezem reservoir
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Fig. 89 Entrance of the boezem near Bilwijk (Source: Panoramio)

Fig. 90 Entrance of the boezem at the old mill ruin (Source: Panoramio)

Fig. 91 Entrance of the boezem near the mill ‘de Bachtenaar’ (Source:
Panoramio)

Expansion of the network of paths

A new boating network is
provided by the boezem
reservoir

The Stolwijkerlock connects the boezem
reservoir to the Hollandse IJssel

Fig. 92 Landscape section of the design of the boezem reservoir at the location of the Stolwijkerlock
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Fig. 93 Plan 1:10 000 of the design of the boezem reservoir at the location of the Stolwijkerlock
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Fig. 94 This map shows that the boezem reservoir is located far from the builded environment of the villages and the polder ribbons.
It also shows where the boezem reservoir connects to the current path network in the Krimpenerwaard.

Chances for new
recreation areas
within the reservoir

Fig. 95 Landscape section of the design of the boezem reservoir at the location of the summercamp
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Fig. 96 Plan 1:10 000 of the design of the boezem reservoir at the location of the summercamp

4.4 Nature
As described in paragraph 4.1 agricultural land use remains possible in a
large part of the boezem reservoir. Especially on the higher parts, grazing
remains possible. The other lower parts, where agriculture is not possible
because of the high water level, can serve as wetlands, for example; scanty
grasslands, quaking fens, grasslands for meadow birds, etc. (see fig.102) depending on the ground level (see fig. 99) in relation to the boezem water level.
Nature in the peat meadow area has always been an important by-product
of agriculture, as described before in chapter 1. However, after the Second
World War, a lot of this nature disappeared by the deeper draining. I make the
assumption that with the sustainable formof agriculture that resulted from this
research by design, the typical peat meadow nature, like in the past, will return on a large scale in the Krimpenerwaard. The high water level, combined
with submerged drains and the fertilization with a mixture of manure and reed
from the boezem, will improve the conditions for the peat meadow nature
types. The design of the boezem reservoir also makes the reintroduction of
the otter possible, because the water of the boezem reservoir forms a direct
wet connection between the Hollandse IJssel and the Lek. Ecology is not my
field, but I can make the assumption that more ecological diversity is possible
with a boezem reservoir than in the current plan for nature in the Krimpenerwaard. The boezem reservoir namely has a fluctuating water level of about 40
cm through which, in relation to the ground levels that can differ remarkably
inside the boezem reservoir, many different types of nature can occur which
can attract many different target species (see fig. 102). With the hight map
and the boezem water level, key areas, corridors and stepping stones can be
determined within the bergboezem per target animal.
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Fig. 97 Beeld van een ondergelopen veenweidegebied (Bron:Alterra)

Fig. 98 Slootkantvegetatie (Bron: veenweidepact.nl)
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Fig. 99 Hoogtekaart van de bergboezem
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Fig. 100 Vogelvlucht van het ontwerp van de bergboezem locatie: Lange Tiendweg
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Fig. 101 Plankaart 1:10 000 van het ontwerp van de bergboezem, locatie: Lange Tiendweg
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Natte schraallanden

Nat schraal grasland

Dotterbloem grasland

Nat, matig voedselrijk grasland

Weidevogelnatuur
Nat, matig voedselrijk grasland

Bloemrijk grasland van het zand en veengebied

Fig. 102 Overzicht van mogelijke natuurdoeltypen en bijbehorende doelsoorten
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Fig. 103 The location of the design 1:1000 The cheese factory

4.5 Design 1:1000 The cheese factory
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Fig. 104 Sight on the zelling with the terrain of the former asphalt factory (Photo: Frans
Berkelaar)

Fig. 105 Aerial photograph of the terrain of the asphalt factory (Source: goudasfalt.nl)

The Stolwijkerlock was build in 1800 as a part of the patented peat exploitation of the Krimpenerwaard and served for the transport of the peat. The intended peat excavation didn’t succeed (see par. 3.4), but the lock remained.
The Stolwijkerlock is located on the left bank of the Hollandse IJssel, adjacent
to the village that carries the same name. This lock is again in operation,
making it a suitable as a ‘recreational hub’ from the metropolis towards the
boezem reservoir. The reopening of the Stolwijkersluis as a result of the masterplan Stolwijkersluis, had the purpose to enhance the relation between the
city of Gouda and the Krimpenerwaard. A boating connection between Gouda
and the Krimpenerwaard from ‘de Haven’ in Gouda through the Stolwijkersluis becomes possible (Stoep, van der H., Brink van den A., 2006). At the dike,
adjacent to the Stolwijkersluis opposite to the waterfront of Gouda, lies currently a ‘zelling’ (This is a piece of land along a river edged with reed. On this
heightened zelling, an asphalt plant (Koudasfalt) is located. This asphalt plant
is recently closed and the terrain has no new destination yet. The location of
the zelling is a link between the straight lined landscape of the low-lying peat
land, the dike and the river. This place is also located directly opposite of the
cheese town Gouda. As an opportunity to improve the agricultural conditions
in the Krimpenerwaard, a cheese factory is designed near this ‘transportation
hub’ where cheese can be made from the milk of the Krimpenerwaard. A
cheese factory in this location could be a clear landmark for the Krimpenerwaard and it’s cheese, seen from Gouda. The place of the zelling is ideal for
the construction of small industry, that surely fits in the character of the build
areas on the banks along the Hollandse IJssel.
Fig. 106 The Stolwijkerlock after its renovation. On the background the landscape of the Krimpenerwaard (Source: waterstad.goudanet.nl)

A cycle path connects the boezem reservoir
with the 1:1000 design of the cheese factory

Fig. 107 Landscape section of the design of the boezem reservoir at the location of the Stolwijkerlock
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Fig. 108 Plan 1:10 000 of the design of the boezem reservoir at the location of the Stolwijkerlock an d the Provinciale weg
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Stolwijker
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Fig. 109 Project area of the design 1:1000 the Stolwijker lock

Fig. 110 A cheese factory on the zelling opposite of Gouda could be a striking landmark for the Krimpenerwaard and its cheese

Fig. 111 The area of the cheese factory can form a recreational hub between Gouda
and the Krimpenerwaard.

Fig. 112 An important aspect of the design is making the dike visible again along the
griend as an autonomous landscape element

An important starting point in the design is the visibility of the difference in
height between the dike and the zelling where the cheese factory is located
(see fig. 112). For the moment the zelling has for a big part the same ground
level as the road on the dike that runs along. Because of the filling of the land
along the dike in the past, the character of the dike has disappeared. So the
distinction between the dike and the zelling disappeared. The difference in
height is the first aspect that makes a dike recognisable (Bureau Alle Hosper
Landscape Architecture and Urban Planning, 1998).

of about 5 meters. The dikes are used for damming the normal level of the
water. In the case of the Holandse IJssel at the Stolwijkersluis, the highest
normal water level is NAP +1.48. The highest water level is NAP +2.5. Therefor the banks on which the factory will be built will have a ground level of NAP
+2.6. A bicycle ferry connects the waterfront of Gouda with the griend and the
recreational network of the Krimpenerwaard. At the arrival point of the bicycle
ferry, there is the opportunity to visit the visitors centre of the cheese factory.
You can also go directly on bicycle over a bridge to the Stolwijkerlock. From
here a bicycle path runs along the dike into the krimpenerwaard (see figure
107). Implemented in the design of the cheese factory is also a small harbour
for mooring the small boats that collect the milk from the Krimpenerwaard and
deliver the milk to the cheese factory in order to produce high quality cheese.
These ‘milk boats’ can reach the factory, from the Krimpenerwaard through
the Stolwijkerlock.

calculated the amount of parking places: 73 and the number of cooling tanks:
12. The brine bath and the cheese production need a lot of length, therefore
the design of the factory exists of two long blocks. Along these blocks the 12
cooling tanks are situated and there is a visitors centre with a cheese shop at
the small harbour (see figure 114).

Opposite of the waterfront of Gouda a ‘griend’ is designed for positioning the
cheese factory. This design can form an impressive image, seen from the
waterfront of Gouda. With the griend as a landscape element, the bank of
the Hollandse IJssel will be featured with a fresh water tidal vegetation, which
also has a culture historical significance for the area. In addition, the griend
can be an interesting recreational area. Traditionally, areas outside the dikes
along the Hollandse IJssel, where used to create grienden for wood production. For the design of this griend, the zelling will be partly excavated till 0
NAP. Then around this excavated area dikes will be constructed to a hight of
+2 NAP. At some places will be a gap in the dike, so this griend can be flooded under the influence of the fluctuating water level of the Hollandse IJssel.
Regularly the water flows to the back of the griend from where the griend fills
up (see fig. 117). This causes sedimentation which benefits the growth of the
willows. The griend consists of long narrow plots of approximately 4 meters
wide and ditches in between of approximately half a meter wide. On these
narrow plots willow shoots will be set out and cut when they reach a height

The program of the cheese factory is based on the program of the factory of
CONO Kaasmakers from the Beemster. For this data I consulted Bastiaan
Jongerius (architect of the cheese factory of CONO Kaasmakers). I received
a file with the surfaces of the different components of the factory (see attachments). These helped me to estimate the required surfaces for the cheese
factory in this design. The number of dairy farms in the krimpenerwaard
(Mooijman et al,2007) is 75% of the number of dairy farms that deliver milk
to CONO Kaasmakerij (CONO.nl). The footprint of CONO Kaasmakers; the
cheese production, the brine bath and the cheese expedition is 8481 m2.
For the Krimpenerwaard this would become 6361 m2. In the same way I

The experience of the design The cheese factory
From waterfront of Gouda, it will be an impressive image to see the cheese
factory situated in a ‘sea’ of willows of the griend. This factory forms a landmark for the Krimpenerwaard and represents a gateway to its medieval agricultural landscape. Behind the factory lies the landscape where the cows
graze and contemplation and tranquillity can be experienced. From the peat
dike on the side of Gouda, the site of the factory is accessible by bicycle ferry.
When arriving at the griend it is possible, while enjoying a drink and a cheese
platter, to admire the view on the Krimpenerwaard. From there you can ride
a bicycle down along the dike among the knotted willows and the open landscape of the Krimpenerwaard. Along the boezem, with a panorama over long
stretches of meadows with grazing cows. A big contrast with the hustle and
bustle of the nearby urban area of the Randstad.
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The cheese factory
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Fig. 113 Plan of the design of the cheese factory

100

Brine bath

Office

Logistics and
Store house

Cheese production

Prefactory

Cooling
tanks

Visitors centre
Cheese shop
Dock

Fig. 114 Program of the cheese factory
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Fig. 115 Visual of the sight on the cheese factory from of the waterfront of Gouda
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Fig. 116 Section of the design. Scale 1:500
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Fig. 117 Workings of the griend

Fig. 118 Location of the section

A’
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Fig. 119 Photograph of the model of the 1:1000 design of The cheese factory
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Fig. 120 The location of the 1:1000 design of the summercamp

Fig. 121 The Okkersekade

4.6 Design 1:1000 The Summercamp

on this order by giving the long stretched plots different lengths. On the plots
seven two meter high mounds are located. On these mounds eight separate spaces are created by enclosure of a three meter high hedge (Zeeuwse
haag). Because of the heightened ground level of the mounds the planting
of other tree species like the ash tree becomes possible (see figure 122).
Normally the wet conditions of this area result in only willow and alder trees to
emerge. The Ash tree is historically a common tree in the Krimpenerwaard in
the barn yards and on the heightened grounds along the provincial road. By
planting the summercamp with Ash trees, the summercamp will distinguish
itself from the other recreational areas in the Krimpenerwaard like the Loetbos. The mounds will have varying slopes resulting in a diverse image. The
mounds can be used as a camping site that’s accessible by wooden steps. In
this design there are no benches, signs and bins. Everything will be self-explanatory and there are many things to discover. The summercamp is accessible from the south side and from the west side through two concrete bridges.
A clear routing within the camp is provided by a straight path of big concrete
plates. This path makes the camp accessible for pedestrians, cyclists, and
cars. Furthermore the concrete plates refer to the agricultural landscape of
the Krimpenerwaard in which concrete plated paths are common on many
plots. Concrete bridges connect the different plots of the summercamp. The
plots also consists of several paved spaces for facility buildings. This summercamp is designed for camping and playing on the water. Kids from the
Randstad will have the opportunity to experience what this landscape can
offer when it comes to adventure and how much fun it is to build rafts together
with friends and make a campfire or boat through the boezem reservoir.

The goal of this 1:1000 design is to give an example of what the regional
design of the boezem reservoir can offer for potential users on a human scale level. As an example a summercamp is designed for children from the
Randstad. In the summer they can go tot his summercamp for a few weeks
to experience adventures with friends and play and boat in the heart of the
Krimpenerwaard. The rest of the year the terrain of the summercamp can be
used as a recreation area where people can relax and find contemplation in
this quiet area.
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The location of the area between the Okkersekade and the provincial road
makes the camp well accessible. This is also a remote area far away from
the build area so the summercamp wont disturb the local residents of the
Krimpenerwaard.Areas for recreation in the peat meadows in the Netherlands
are often recognised as small patches of wetland forest with willow and alder trees. Seldom these areas are designed based on the qualities that the
local landscape can offer. This design of the summercamp can provide as
an example on how the local landscape of a peat meadow area can be used
when designing a recreation area in a peat meadow landscape. The project
area is enclosed by the Okkersekade (see figure 121), a historical landscape
element that is part of a network of peat dikes. This element ‘invites’ the large
scale landscape of the Krimpenerwaard into the project area, which is emphasised by the broad water of the boezem along this peat dike. The spatial
order of this landscape is defined by the pattern of long stretched narrow plots
(see figure 124). Within the design of this summercamp an emphasis is made

Fig. 122 Mounds make it possible to plat other trees such as Ash trees

Fig. 123 Landscape section of the design of The Summercamp
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Fig. 124 Starting points for the design of the Summercamp

Fig. 125 Project area of the summercamp is within the yellow frame
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Fig. 126 Visual of the design of The Summercamp
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Fig. 127 Plan of the 1:1000 design of The Summercamp
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Fig. 128 Sections of the design of The Summercamp
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Fig. 129 Denotation of the sections. The black arrow points out the direction of the visual
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Fig. 130 Model of the design of The Summercamp

92

93

94

5. Evaluation
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Evaluation

I started this research by design with the goal to provide an alternative to the
current spatial development plans (Veenweidepact) in the Krimpenerwaard
(Chapter 2). These spatial development plans provide only little perspective
for agriculture. A large amount of agricultural land is bought by the province,
and some dairy farmers are even expropriated with protest and social disruption in the area as a consequence. This spatial development is also very
costly (tax money) and may result in the disappearing of the cultural historical
landscape of the Krimpenerwaard. The spatial development is mono functional and mainly focussed on the implementation of 2450 ha of nature in the
area. Problems like soil subsidence and CO2 emissions are approached from
the perspective of a high water level in combination with nature development.
The problems that this spatial development result in are:
-

Costly (tax money) spatial development
Loss of valuable agricultural land
Social disruption
Inadequate diminishing of soil subsidence

Renovation of a pump
Cheesefarm

Nature area
Berkenwoudse Driehoek

1 What is a sustainable form of agriculture that is appropriate for the Krimpenerwaard?
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This research by design resulted in the implementation of submerged drains
on a large scale in combination with a boezem reservoir as a sustainable
form of agriculture that is appropriate for the Krimpenerwaard. The boezem
reservoir is embedded within the cultural historical landscape pattern and as
far as possible from the build environment. The boezem reservoir provides
many opportunities for the original goals mentioned in the Veenweidepact.
To name a few: chances for recreation in the form of a boating network are
included in the design, which also chances for innovative agriculture. Diversity of nature types can be achieved because of the fluctuating water level
of the boezem water in combination with the different ground levels surfaces
within the area of the boezem reservoir. Subsequently the regional design of
the boezem reservoir is tested on the level of experience for potential users
from the surrounded Randstad with two 1:1000 designs. The first is a design
of a recreational hub with a cheese factory on a zelling (patch of land on a
river bank) opposite of the city of Gouda. This design includes the recent
renovated Stolwijker lock, which connects to the boezem reservoir and forms
the ‘’gate’’ for the boating world of the boezem reservoir. A cheese factory in
which cheese can be produced from milk from the Krimpenerwaard together
with the broad boezem water on which the milk can be transported to the factory, provides an alternative for the bad agricultural conditions in the Krimpenerwaard (the narrow polder roads that lorries can hardly acces). The second
design is a summercamp for children from the Randstad. The remainder of
the year this area forms a recreation area. Children from the Randstad can
experience adventures in the heart of the Krimpenerwaard by for example
boating on the boezem.

Care farm

Tea garden
Village park

I assume that an integral approach to this spatial development is necessary
from the perspective of a sustainable form of agriculture (agriculture + high
water level) which result in the following research questions.

2 How can this form of agriculture accommodate to and meet, as far as possible, the original goals mentioned in the Veenweidepact while preserving the
cultural historical landscape?

Nature areaBilwijk

Nature area Kadijk-West

5 km cycle path

Village park

Village park

Faunapassage
Village park

New pump

Nature
Recreation
Innovation in agriculture
Water management
Fig. 131 Map of realised projects of the Veenweidepact (Based on:veenweidepactkrimpenerwaard.nl)

This regional design is a possible solution and not the solution to the problems
of soil subsidence in the peat meadows in the Netherlands. It can provide as a
tool for communication in the discussion about the future of agriculture in this
cultural historical landscape and shows what the role of landscape architecture could be in this discussion.
In order to evaluate to what degree this thesis can provide an alternative for
the current spatial development, the two plans (Veenweidepact and boezem
reservoir) are compared to each other in the first part of this chapter. This
comparison is done on the basis of the original goals of the Veenweidepact

added by the goals; reducing CO2 emissions and diminishing of soil subsidence. Subsequently the process of this research by design is reflected on
and recommendations are done for further research. Finally the conclusions
of this thesis are described.

The cheesefactory

The Summercamp
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Fig. 132 The regional design of the boezem reservoir and the two 1:1000 designs

Veenweidepact
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Boezem reservoir

1 484
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1 Nature

+

+

2 Sustainable water management

+-

+

3 Improving agricultural conditions

-

+

4 Opportunities for recreation

+-

++

5 Innovation in agriculture

+-

+

6 Cultural history and landscape

-

++

7 CO2 emissions

184 140 tons CO2

65 077 tons CO2

8 Soil subsidence

70 cm subsidence in 2050

35 cm subsidence in 2050

Fig. 133 Comparison of the Veenweidepact with the plan of the boezem reservoir

Calculation for CO2 emissions:
(the whole surface of the Krimpenerwaard) 12 396 ha minus 120 ha (nature) = 12 276 ha
12 276 ha X 15 tons (CO2 emissions per ha) = 184 140 tons CO2 emissions
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70% of the surface of the Krimpenerwaard is surface for implementation of submerged drains (the remainder 30% of the surface has barely soil subsidence)= 8 677 ha
8 677 X 7,5 tons (50% of CO2 emission because of submerged drains) = 65 077 tons CO2 emissions

5.1 Comparison of the alternative with
the Veenweidepact
In the original Veenweidepact several stakeholders democratically determined 5 goals. These goals are also called the five pillars of the Pact. On purpose
these goals are only commonly described by the Pact and not concretely
explained so that there is freedom for the stakeholders to give their own interpretation to the goals. This lack of clarity and generality has encouraged that
there is no consistency in the planning. On figure 131 you can see what is
performed so far of the plans of the Veenweidepact. It exists of many isolated
interventions. In this paragraph this thesis will be compared as an alternative
plan with the current plan on basis of the 5 pillars and an extra pillar, namely
maintaining or strengthening the culture historical landscape. The extra pillar
is added in this evaluation because in the advice on the spatial development
(Feddes, Y., 2010) it is recommended to involve this theme. The two themes,
reduce emissions of CO2 and the reduce of soil subsidence, are also lacking
from the list of goals, therefore I added them to the list.
The goals for the comparison are:
1 The implementation of 2450 ha of nature for the benefit of the E.H.S.
2 Sustainable water management and diminishing the rate of soil subsidence
3 Improving agricultural conditions
4 Creating opportunities for tourism and recreation
5 Stimulate innovative entrepreneurship
6 Maintaining or strengthening the culture historical landscape
7 Reduce of soil subsidence
8 Reduce of emissions of CO2
1 Nature
In the current plan the Government purchased, and now owns, a lot of agricultural land. These grounds are scattered around the area and are not situated
in the North, where a plan exists for a green backbone on behalf of the Ecological Main Structure (E.M.S.). The plan is to obtain grounds in the North by
land exchange, but this process isn’t going very well. Only for 120 ha this was
successful. In the alternative plan with the boezem reservoir, nature will find
its place within 1484 ha. Besides, the alternative plan makes the connection
with the E.M.S. plan achievable, because the boezem reservoir forms a direct
wet connection between the Hollandse IJssel and the river Lek. Ecology is not
my field, but I can assume that more ecological diversity is possible within the
alternative plan. The boezem reservoir has a fluctuating water level of about
40 cm that in relation to the different ground levels in the boezem reservoir
can result in many different nature types.
2 Sustainable water management and diminishing the rate of soil subsidence
The Krimpenerwaard depends on the river Lek for the supply of water in dry
times and depends on the Hollandse IJssel in wet times for draining. With the
alternative plan the dependency will reduce because in the boezem reservoir
the water will be stored. Here the water management is also more sustainable
because in the future, due to climate change, storage on agricultural land is
needed. Finally, in the current situation the soil in the Krimpenerwaard will

descend in the next 35 years on average with 70 cm. In the alternative plan
the soil will descend in the next 35 years on average with 35 cm. (Van den
Akker, 2010).
3 Strengthening agricultural structures
The biggest problem according to LTO Krimpenerwaard Noord, when it comes
to agricultural structures, are the milk lorries that pick up the milk. The roads
are not suitable. The Province has indicated that there is no money left for
agricultural structures. The alternative plan adapted to this by performing a
cheese factory in the design inspired by the principle of the Beemster where
CONO cheese makers as a corporation makes cheese from the milk from
dairyfarms in the Beemster. The cheese factory is supplied by the milk of the
cows in the meadows nearby. Because the factory is nearby the milk the supply of the milk can be more frequent and with smaller means of transport. The
boezem reservoir could also be used to retrieve the milk by boat. In the future
mobile milking robots can be put in the meadows to milk the cows. Further
there has to be thought about places along the boezem for mooring so that
a boat can take the cooling tanks with milk to the factory. In the agricultural
structure there is developed a new waterway connected to the Stolwijkerlock
and the factory.
4 Opportunities for tourism and recreation
The developments in the field of recreation in the current plan are limited and
inconsistent. In the current plan there is only room for 2,5 kilometers hiking
trail and 5 kilometers cycle path. Furthermore there is one farmer who started
a miniature golf course. One farmer started a tea garden and some farmers
sell their local products from home. Finally there is money spent on three village parks. In the alternative plan there is a circle boezem reservoir creating
a coherent connected boating world, and a network of dikes where you can
hike and cycle.
5 Stimulating innovative entrepreneurship
For this purpose, because of lack of money, farmers were prompted to come
with their own ideas. A care farm, tea garden and cheese farm were funded. In the alternative plan the boezem reservoir and her recreation structure
with water recreation, contributes to more chances for innovative entrepreneurship. There are opportunities or dairy-farmers to generate a second income for example by renting canoes. In addition there is the possibility for
farmers to unite and start a cooperation of Krimpenerwaard farmers, like in
the polder the Beemster. To achieve this the first move is made by placing a
cheese factory in the Krimpenerwaard to create the special Krimpenerwaard
cheese for the consumer who wants quality. Most of the land situated within
the boezem reservoir can stay the property of the dairy farmers. It is also
possible for cows to graze on large pieces of meadows. These lands are
managed by the farmers. The Veenweidepact made high costs for expropriation and for adjustments and maintenance. There are calculations that these
costs go up to a €75000 per ha. In the plan with the boezem reservoir, the
soil within the boezem will, as much as possible, be managed by the farmer.
This will reduce costs and gives the farmer the possibility to benefit from the
opportunities of the boezem reservoir.

6 Preserve and enhance the culture historical landscape
A critical point on the Veenweidepact was that preservation and strengthening
of the culture historical landscape has no part in the plan. This pillar however should be part of the basis of spacial planning in a cultural landscape as
the Krimpenerwaard. In the alternative plan the cultural history exactly is the
inspiration and starting point of the design. For the task to storage water, as
shown from the investigation, is chosen for a boezem reservoir that can be
integrated in the intricate network of medieval quays.
In addition, the network of existing quays will be extended and the experience enhanced by new trails and paths. The boezem reservoir as a landscape
element is typical for the peat meadow landscape and has with her trace,
historical meaning for this area.
7. CO2 emissions
The use of submerged drains, leads to a substantial reduction of annual emission. A halving of the soil subsidence would bring a decrease of 0.7 million
tons CO2 a year. With a CO2-value of 21 euro per ton (ECN & PBL 2014) this
represents half a billion euro counter value per year.
8. Soil subsidence
According to Deltametropool the land will be an average of 70 cm lower by
2050. According to Van den Akker, the speed of the land subsidence will be
reduced by half due to submerged drains. It comes down to an average land
subsidence in the Krimpenerwaard in 2050 of 35 cm in the alternative plan,
instead of an average 70 cm.

The calculation model shows a decrease in profit:
Measure in water management			
Decrease in profit per 		
						year (€)
Broadening of ditches				
Higher water level				
Unusable land for production			
Inundation polder				
Ground water level 45 cm			
Ground water level 30 cm			

400
1.700
1.200
1.300
7.700
10.700
99

Fig. 134 Calculation model that shows the decrease in profits for a dairy farm
in a peat meadow meadow landscape when measures in water management
are taken by the agricultural entrepeneur. (Source: Veenweide 25X belicht)

5.2 Reflection on the design process

5.3 Conclusion

This research by design resulted in a regional design for the Krimpenerwaard.
The design is based to a large extent on knowledge of other disciplines such
as geology, hydrology and agricultural sciences. Given the multidisciplinary
nature of the problem of soil subsidence in the Western peat meadow area,
the process of research by design is a very suitable method for this thesis.
Research by design gives the possibility to gather the whole width of information of other disciplines and show it in a design to one comprehensive vision.
This design is then tested by, or validated by other disciplines. In addition
in the process of validating and/or testing, the other discipline experts get
more aware of expanding the usefulness or applicability of their knowledge.
(Lenzholzer et al. 2009) It was also a opportunity as a student landscape
architecture to be able to use the presence of the required knowledge areas
for my Msc thesis - disciplines such as agricultural science, hydrology, etc.
- available within Wageningen University. During the proces of research by
design more questions occured and the design gradually took shape during
the process. Through this process not only the design developed, but there
also was a constant reflexion on the design, viewed from different disciplines.

In the unique cultural landscape of the Western peat meadow area the soil
lowers because of the current drainage system. The peat inside the soil is
decreasing because it gets exposed to oxygen, due to the low water levels
that are necessary for agriculture.

To control the borders of the field of landscape architecture by myself was sometimes very delicate in a elaborate research by design like this. For example, to prepare myself to interview the various experts as good as possible
I had to study lots of literature on their disciplines because in order to dive
deeply into the matter I had to ask the most precise questions. Therefor I
explored a lot of other disciplines and sometimes lost the overview and lost
a lot of time on things that afterwards were not really relevant for the thesis.
I noticed that a design is a strong method for a landscape architect to get a
response and to get the right information of other disciplines. The design is
illustrative and visual and appeals directly as an expressive means for communication. A landscape architect is able by means of an integral design at
regional scale, to provide a solution for complex problems.
Research by design is required for this task because there are many stakeholders and processes on regional scale level that influence the future of the
peat meadow area. Stakeholders are for example the Province, the water
board, nature conservation organizations, and processes like soil subsidence, climate change, urban pressure, etc..
Answers to the research questions:
What is a sustainable form of agriculture that is appropriate for the Krimpenerwaard?
A sustainable form of agriculture is the implication of submerged drains in the
largest part of the area in combination with a boezem reservoir.
How can this form of agriculture accommodate and also concede to the original goals mentioned in the Veenweidepact/peat meadow pact and preserve
and strengthen the culture historical landscape?
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This boezem reservoir incorporated in the network of medieval quays and
offers opportunities for new forms of recreation, ecology and innovative entrepreneurship.

The consequences of soil subsidence are big. Water management will become expensive and complicated, there are high costs for recovery and construction of infrastructure and the decomposition of peat brings greenhouse
gas emissions. Altering the use of the land however is not the solution because with the disappearance of agriculture disappears also the carrier of the
landscape and finally also the unique culture historical landscape. The water
level is the key to the solution. Through agriculture with a high water level
the soil subsidence can be inhibited and the unique cultural landscape would
have a future. This leads to a search for a sustainable form of agriculture
(agriculture with a high level).
The area Krimpenerwaard is chosen as a test area for a research by design
on a sustainable form of agriculture. It is a recognizable landscape unit, very
vulnerable for soil subsidence and a distinct agricultural area. Agriculture is
having a hard time in the Krimpenerwaard. This has to do with the expensive
spatial development, mainly focused on realizing the nature targets, so there
is hardly any money available for improving agricultural conditions. The negative consequences of this area development of the Krimpenerwaard are: social disruption, loss of valuable cultural landscape, high costs and insufficient
diminishing of soil subsidence. By investigating agriculture with a high water
level, the soil subsidence can be inhibited and agriculture, together with the
unique culture historical landscape have a sustainable future.
This research by design has shown that large scale integration of submerged
drains in combination with a boezem reservoir is a suitable sustainable form
of agriculture for the Krimpenerwaard. This sustainable form of agriculture
consists of the innovative solution of integration of submerged drains on a
large scale in order to improve the production conditions and to decrease the
speed of the soil subsidence by half. However research has shown that integration of submerged drains on a large scale can have major consequences
for water management. The design of a boezem reservoir in the Krimpenerwaard makes it possible to deal with these consequences of integration of
submerged drains on a large scale. In addition, this boezem reservoir offers
opportunities for recreation and nature and strengthens the viability of the
culture historical landscape.
The boezem reservoir is incorporated into the culture historical landscape
of the Krimpenerwaard. Therefore the boezem reservoir offers opportunities
from a integral and regional approach in order to achieve the goals of the original peat meadow pact Veenweidepact. All this led to a regional design of a
boezem reservoir and two designs 1:1000 on a human scale.
The regional design has been tested on experience level. As a result it has
become clear what the design can offer for the daily lives of people in the
surrounding urban area. As a metaphor for this a summer camp is designed
for children from the urban surroundings. They can go camping and boating
there and get familiar with the peat meadow area. This summer camp helps

the future generation to appreciate this landscape.
As an example of a ‘gate’ to the boezem reservoir from the urban surroundings there is a design made of the area surrounding the Stolwijkerlock. This
location is suitable as a recreational hub because here the recently reopened
Stolwijkerlock connects the water from the Hollandse IJssel with the waterway of the boezem reservoir. This offers opportunities for recreational boating
in the Krimpenerwaard. There is a design for a cheese factory on a piece of
land along the Stolwijkerlock. This area is accessible from the historic center
of Gouda by a bike ferry. From there a cycle path leads to the trails network
of the boezem reservoir. The cheese factory is part of the improvement of the
agricultural structure. The poor accessibility of the dairy farms by truck over
the narrow strips of land is bypassed by destining the milk in the own area
(the factory), so that smaller means of transport can be used to collect the
milk. The milk can even be transported by boat and can be delivered at the
factory through the Stolwijkerlock. The dairy farmers of the Krimpenerwaard
can also establish a cooperation and produce their own cheese, such as is
the case in the Beemster. A cheese factory in such a prominent place, that
produces cheese from the milk of the underlaying country, stimulates the connection people have with this region and with the product and dairy farming
in general. Related to the religion and conservative character, characteristic
for the inhabitants there is made a clear choice to separate the recreational
possibilities, mainly over water, from the every day life and work of the inhabitants.
The research by design gave the opportunity to bring lots of information of
other disciplines together to one insight through design. An advantage is that
there is a lot of depth in it and it brings relevant design knowledge. During
the process of the research by design many questions occurred and helped
shaping the design. There are choices made and substantiated, but open for
discussion. Designing proved to be a strong method for a landscape architect
to get comments. The design is visual and thereby expressive and a direct
means for communication. Also people of different disciplines can see how
their information can be used. Finally, there is no previous large-scale regional landscape design created for the Krimpenerwaard where research was
done to apply submerged drains on a large scale.
The goal of this thesis was to offer an alternative for the current spatial development of the Krimpenerwaard. This is a possible solution, not thé solution.
In addition, the purpose of the design is to stimulate the discussion of the
future of agriculture in the Western peat meadow area. This design with the
described process can serve as an alternative for the current area development in the Krimpenerwaard and can be used as a means for communication
in the debate on the future of agriculture in the Western peat meadow area. It
is an example for how landscape architecture can handle the valuable Dutch
landscape of the Western peat meadow area and how there can be dealt with
problems in the future like land subsidence, the future for agriculture, urban
pressure and climate change.
The design of the boezem reservoir in combination with the implementation
of submerged drains on a large scale may also be applicable to other peat
meadow areas affected by the problem of land subsidence. This sustainable
form of agriculture, submerged drains on a large scale in combination with a
boezem reservoir, could be applied for example in areas such as the Frisian

peat meadows, where the soil is suitable for submerged drains with the presence of a historical boezem. Also the peat meadow area Wormer and Jisperveld where land subsidence takes place can be suitable areas to test this
sustainable form of agriculture. If submerged drains on a large scale would be
inserted there in combination with a boezem reservoir, the area could go back
to grazing land as land use rather than reed land. In South West Friesland,
the Lopikerwaard and parts of the Alblasserwaard where the peat soil has a
thin layer of clay it is even possible to totally reduce the oxidation of the peat
to zero with submerged drains (Van den Akker, 2010). See map composition
topsoil.
This research by design is broad and based to a large extend on information
from agricultural science, soil science and hydrology. As a student of landscape architecture however, I have not the knowledge and time to go deep into
the information of other disciplines no matter how relevant and interesting it is
for this thesis. For example, it is possible to investigate whether it makes sense for the dairy farmers of the Krimpenerwaard to set up a cooperation. The
move to large scale integration of submerged drains and countering the private pumping could then be better arranged with appointments and finances.
A model such as in the Beemster is then possible in the Krimpenerwaard, in
which the cheese factory in this design can use the milk from the own environment for making a quality cheese. The location near the Stolwijkerlock and
opposite the center of the historic center of ‘cheese city’ Gouda, is ideal. It
can also be investigated to what extend, with a combination of mobile milking
robots and the boezem reservoir, it is possible to collect the milk by boats to
transport it to the factory. Finally it would be good to investigate the Provincial
policy and the planning of the Krimpenerwaard in relationship to this design.
Then there can be examined to what extend this design is realistic, how it
connects to future plans for the area and what could initially be performed.

Zuid West Friesland

Wormer en Jisperveld
Het Vechtplassengebied

Fig. 136 De Alblasserwaard (Source: Simav.nl) and Wormer en Jisperveld. Source:
Hoogheemraadschap Hollands Noorderkwartier

De Alblasserwaard

Composition of the top soil
Clay
Organic soil
Veenkoloniaal (organic/sandy)
Sand cover
Fig. 135 Composition of the top soil (Source: Rienks, W.A., Gerritsen, A.L., 2005)
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Calculation of hydrologist Peter Jansen

106

Information for hydrological models of Rob Hendriks
Om de waterbalansen in te kunnen vullen heb ik de oppervlaktes van de peilvakken, kwel, wegzijging, intermediair berekend. Dit heb ik gedaan door het overtrekken van kaarten met
deze gegevens in autocad. Ook heb ik het gemiddelde waterpeil en de maaiveldhoogte vermeld om mee te nemen in de waterbalansen. Deze gegevens heb ik van HHSK.
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Hydrological models of the inlet (inlaat) and outflow (uitlaat) of the
different polders without submerged drains
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Hydrological models of the inlet (inlaat) and outflow (uitlaat) of the
different polders after implementation of submerged drains
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Calculation of the capacity of the boezem reservoir
Outcome of the hydrological models
The outcome of the hydrological models show the increase in water demand (inlaat) in the summer and increase in need for draining (uitlaat) in the winter as
a result of large-scale implementation of submerged drains. A hydrological model for the summer situation and a hydrological model for the winter situation for
each polder of the current situation is compared to the same models in which the large scale implementation of submerged drains is added in the calculations.
A difference in inlet (inlaat) and outflow of water (uitlaat) of each polder is shown. The outcome of these hydrological models when all polders are added show
an increase in water demand (inlaat) of 2.868.000 m3, and an increase in draining (uitlaat) of 1.540.000 m3.
Storage capacity of the boezem reservoir
The boezem reservoir has a surface of 14.840.000 m2 (1.184 ha), a large amount of this surface is land. The storage capacity of the boezem reservoir is determined by its fluctuation level in relation to the surface of water. The percentage of water surface of the Krimpenerwaard is 15% of the total surface. I assume
that the boezem reservoir has a larger proportion of water compared to the total surface than the Krimpenerwaard because of the broad boezem (average of
50 m) and the many excavated plots for the purpose of boating within the surface of the boezem reservoir. Because of this circumstances I assume that 25%
of the surface of the boezem reservoir contains of water surface. 25% of the total surface of the boezem reservoir means 3 710 000 m2 of water surface. The
maximum fluctuation level within the boezem reservoir is 0,5 meters. 3.710.000 X 0,5 = 1.855.000 m3 is the total capacity of the boezem reservoir.
The result of the hydrological models showed an increase in water demand (inlaat) of 2.868.000 m3 and an increase of draining (uitlaat) of 1.540.000 m3 with
the implementation of submerged drains on a large scale in the Krimpenerwaard. The boezem reservoir has a capacity of 1.855.000 m3, this means it can
handle the increase in draining easily when the water level is low in the boezem reservoir. On the other hand in dry periods the boezem reservoir cannot provide in the total extra water demand as a result of large-scale implementation of submerged drains in the Krimpenerwaard. A recommendation could be to keep
the water level of the boezem reservoir high during spring by extra inlet from the river Lek when the water level of this river is still high. This way the boezem
reservoir can provide a maximum capacity in dry periods of the summer.
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Main results of the expert interviews
dr. Cees Kwakernaak, DLO Researcher, Alterra,
In the two interviews with Cees Kwakernaak he gave me a overview of the
different business models for agriculture in a peat meadow landscape with
a high water level. He provided me specific literature about this subject en
he also advised me to talk to Jan van den Akker. Van den Akker is a soil
scientist van Alterra is able to give more information about the possibilities of
submerged drains.
dr. ir. Egbert Lantinga, Associate Professor, WU Plant Sciences
The cause for an interview with Egbert Lantinga was to find out how high
water level can be combined with productive dairy farm. Lantinga is a
meadow expert (graslanddeskundige) of Wageningen University. He explained to me that grazing is necessary for productive dairy farming in the
peat meadow landscape, because without grazing the specie diversity of
the grassland will diminishes which results in low quality silage. I wanted to
inform what the possibilities are of a high water level in combination special
mowing machines that are able enter the soggy soil. So dairy farming and
high water level becomes possible. The conclusion is that grazing of cattle
will be necessary. He also advised me to talk to Jan van den Akker because
of the promising solution of submerged drains. In addition he pointed me
to the case of farm Spruit in the project area of Zegveld in which tests have
been done with submerged drains. The results are very positive when het
comes to diminishing soil subsidence and still making grazing possible with
a high water level.
ir. Jan van den Akker, DLO Researcher, Alterra,
Jan van den Akker was advised to me by Cees Kwakernaak and Egbert
Lantinga to talk to because he is an expert in the field of submerged drains.
Submerged drains are a promising solution according to the two experts I
already had spoken to. Before I spoke to Jan van den Akker I read articles
about submerged drains and I found out that the implementation has consequences of the water system. The water system will change faster at circumstances and there will probably be larger water demand in dry periods.
With this information I discussed the consequences for the water system
of the peat meadow landscape. He told me there are several possibilities
for dealing with these consequences. There are several methods to store
water in the Krimpenerwaard. He advised me that its better to store water in
the Krimpenerwaard and make use of this local water for the water demand
than to be dependent on the Lek and the Hollandsche IJssel.
Further literature study on methods of water storage in a peat meadow
landscape resulted in the idea to design a boezem reservoir in the Krimpenerwaard to deal with the consequences.
Finally he advised me to talk to Rob Hendriks who is an expert in the field of
submerged drains, specifically on the consequences for the water system of
implementation of submerged drains.

ing. Jan Oostdam, Hydrologist, HHSK
With the idea for a boezem in the Krimpenerwaard and the change of the
water system I decided to talk to a hydrologist of the water board of the
Krimpenerwaard. He told me that in the nineties there was a plan to change the water system in a boezem system. This tracé of the boezem was
defined by the main draining system of the Krimpenerwaard. This plan didn’t
succeed because the costs for new pumps were seen as too high. I also asked why submerged drains where not implemented on a large scale before.
He told me that they are afraid that with the implementation of submerged
drains the water quality of the local water will decrease because of draining
of manure from the plots into the water system.
ing. Peter Jansen, Eco hydrologist, Alterra
I designed the boezem based on the main draining system and the cultural
historical patterns in the landscape. To test the capacity I assumed that the
water demand because of submerged drains would be significantly high based on literature. In order to test the boezem I talked to Eco hydrologist Peter Jansen. He made a simple calculation model in excel in which I provided
the surface of the boezem and the fluctuation level and he provided me with
information about evaporation rate of water during spring time. The result
is that the boezem didn’t have enough capacity. This resulted in the choice
for me to broaden the boezem. After further analyse of the historical cultural
landscape of the Krimpenerwaard I decided to make use of the historical
pattern of peat dikes as a new boundary of this boezem reservoir.
ir. Rob Hendriks, DLO Researcher, Alterra
I showed Rob Hendriks the design of the boezem reservoir and explained
that this reservoir has the function to make the implementation of submerged drains on a large scale possible. He was enthusiastic about this idea
and told me that he could provide me with realistic hydrological models of
the separate polders of the Krimpenerwaard that show the consequences in
terms of extra inlet and outflow (supply and drain) of a result of implementation of submerged drains. To be able to make use of these hydrological
models I first had to calculate the surface of the different polders and the
percentage of this surface when it comes to seepage and lateral spread
water and intermediair. I calculated this by using maps which he provided
and calculating this surface in autoCad. He included this information in het
hydrological models and explained to me how to make these calculations.
When I made the calculations we tested if the calculations were right. This
made it possible to have a overview of the whole of the Krimpenerwaard
and the extra outflow and inlet that is needed when submerged drains are
implemented on a large scale.
I have also discussed this criticism of Jan Oostdam about a possible bad
water quality when implementing submerged drains with Rob Hendriks. He
was familiar with this criticism, but he had already refuted this criticism with
thorough research (Van Gerven et al. 2011) in which is demonstrated that
integration of submerged drains doesn’t have to be harmful for the water
quality.
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