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Report Wind turbine parks and safe navigation

Preamble
This report is part of our education at the Rotterdam Mainport University of applied sciences. This is
not a follow up project and is about wind turbine parks and some of its nautical aspects. A
description will be made about the problems one can encounter while sailing near wind turbine
parks, and the changes they make to sailing patterns.
The following questions will be discussed:
Main question: How can safety in the vicinity of wind turbine parks be improved in order to create
safe navigation?
1.
2.
3.
4.
5.
6.

What is the present situation of wind farms in the North Sea?
What are the prospects for wind farms in the North Sea?
What influence do wind farms have concerning ships navigation?
What influence do wind farms have on navigational equipment?
What are the effects on Search and Rescue operations in the vicinity of wind farms?
How do wind farms affect the ecological system in the North Sea?

There are some limitations to this project. The project will not include for example the noise wind
farms produce or the costs of building these parks. Only through corporation this project can reach
its full potential.
A special thanks goes out all team members of the nautical project group, the principal, the manager
and all other parties involved.
Rotterdam, 04-July-2014
M. Berendsen
B. Elvillia
G. Heinen
G. Verbraak
J. van Vliet
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1. Introduction
The project is done by students of the Rotterdam Mainport University of applied sciences.
The principal of this project is: Mrs. Van den Berk. The project taker is a group of 5 students who
attend the education to become maritime Officers at the Rotterdam Mainport University of applied
sciences. The stakeholders of this project are the Rotterdam Mainport University of applied sciences,
Dutch ship-owners, environmental organisations, local and national governments, European Union
and the IMO. These stakeholders will be able to attain a large amount of information about the
changes that wind turbine parks in the North Sea will invoke. All project members are responsible for
the quality and rounding off of the final product. This project is a new project for our project group
and is not based on one of our previous projects. The principal will consign this project by its report
that we as project group will provide on N@tschool.
Problem description:
The ever developing concern for our environment has forced us to seek out new sources of energy.
These new sources of energy need to be less destructive on the environment than the current ways
of keeping up with the demands of households and industry. In an effort to produce so called ‘’Green
energy’’ the Dutch government, forced by international treaties, has set an objective to make sure
that the Netherlands produce more ‘’Green’’ energy. Due to the insufficient energy production of
solar cells the Dutch government has decided that wind turbines are the best way to produce ‘’Green
energy’’. These wind turbine parks are set to be constructed in the North Sea, inside our territorial
waters.
Currently there are already some wind turbine parks just off the coast near IJmuiden which are no
obstruction to the shipping industry. However with the planned construction of many more wind
turbine parks the concern whether safe navigation on the North Sea remains safe, is growing.
This can be seen on the image in appendix 1 from the website: (http://www.fibronot.nl/page_id1110/).
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The problem is that the North Sea is a busy place in respect to ship navigation. Especially the Dover
Strait, connected to the North Sea, and the port of Rotterdam are even without the wind turbine
parks already congestion points for ships.
“(...)The Dover Strait is one of the busiest international seaways in the world, regularly used by over
400 commercial vessels daily. It became the first IMO approved Traffic Separation Scheme in the
world in the early 1970s, and was the first to come under full radar surveillance.(…)” (Maritime and
Coastguard Agency, 2012)
The shipping industry is concerned that with the construction of these wind turbine parks, which are
‘’no go’’ zones for ships, the North Sea and the approaches to the port of Rotterdam become
dangerous areas for ships to sail in. The dangers for safe navigation are unclear and possibly
underestimated. Therefore this research will be focused on the different ways safe navigation can be
adversely influenced by the wind turbine parks. The research will be done in respect to the
construction of wind turbine parks in the North Sea concerning the following subjects:
Communication, currents and shoals, routing and approaches, navigational equipment, search and
rescue, shipping density, collregs, changes caused by wind turbines and dangers of fishermen fishing
in small proximity to the other ships in narrow waters.
Problem definition: Safe navigation on the North Sea is made more difficult by the creation of wind
turbine parks.
Objective: To secure the safe navigation for ships in respect to the construction of wind turbine parks
in the North Sea.
Main question: How can safety in the vicinity of wind turbine parks be improved in order to create
safe navigation?
Sub-questions:
1. Where in the North Sea will the wind turbine farms be placed?
2. What influences do wind farms have concerning the communication between ships and
coastal stations?
3. What influences will the wind turbines have on the currents and shoals?
4. What influences do wind turbine farms have concerning routings and approaches?
5. What influences do wind turbine farms have on navigational equipment?
6. What are the effects on Search and Rescue operations in the vicinity of wind turbine farms?
7. How will wind turbine farms affect the surrounding area in the North Sea?
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The research method
Sub-question
Methodology
1

Literature research

2
3
4
5
6
7

Literature research
Literature/ field research
Field research
Literature
Field research
Literature/ field research

Qualitative or
Quantitative
Qualitative
Qualitative
Qualitative
Qualitative
Qualitative
Qualitative
Qualitative

Information source
Internet, magazines, interview
Rijkswaterstaat
Internet
Internet, interview Rijkswaterstaat
Interview Rijkswaterstaat
Internet
Interview KNRM
Internet

Table 1.1: research methods

The research method we use is based on project work. With this method we determine whether our
stipulated goals have been achieved. The achievement of these objectives is done on the basis of a
proven methodology, the roadmap methodology. This implies that there will be phases, in chapter 4
we will get back to this.
This project will not include research to the following subjects:
 Environmental disadvantages,
 Costs of building wind farms,
 Benefits of using wind farms instead of other energy sources.
 Biological aspects,
 Noise,
 Disadvantages at coastal areas, such as view, noise, etc.
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2. Location of wind turbine farms in the North Sea
In this chapter an explanation will be given and places will be shown where and why the wind turbine
farms will be built and located. When building wind turbine farms, the perfect spot to place them has
to be found. There are a lot of variables to determine this position. Some factors are: shipping lanes,
fishing grounds, offshore projects, pipelines, power lines, etc. For instance the wind turbines cannot
be built on a foundation or a gas pipe, as this would cause serious problems. At first the most
common shipping routes on the North Sea will have to be looked at, secondly a closer view will be
given of the fixed objects on the bottom of the North Sea that might obstruct the building of wind
turbine farms. Finally a close-up why the wind turbine farms that already exist where build at that
particular location. There will be a summary of the “perfect” spot to build wind turbines. All of this
information has come from desk research and field research using the qualitative research method.

2.1 The planning
Before a wind turbine farm is built, there is a list of
things that have to be thought about In the wind
turbine “project” there are 3 phases that can be
distinguished:
 Planning phase
 Building phase
 Operation phase
In these phases there are 3 aspects that have to be
kept in mind:
 Technical aspects
 Legal aspects
 Economic aspects
In picture 2.1 a schedule of the building of a wind
turbine farm can be seen. In the “Nationaal Waterplan”
and its revisions “de structuurvisie wind op zee” areas
where wind turbine farms might be situated are
marked. This process is based on
Picture 2.1: flow chart of a wind powered project (Wwindea. 2005).
planMER (environmental impact report),
with which all new plans in the Netherlands have to comply. When this process is finished a new
process is started to determine in which areas wind turbine farms could (technically) be situated. The
areas found in this process are dived in to lots. For each lot the best configuration of a wind turbine
park has to be researched (appendix 6, Rijkswaterstaat 2014).
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2.1.1 Technical
2.1.1.1 Wind

To find the optimal position for a wind turbine farm the local wind conditions have to be assessed.
The wind patterns consist of three components: wind speed, wind fetch and the direction. These are
of great importance. If for example the wind speeds are too low this will cause extra wear and tear
and considerably less power output. These factors will make the wind turbine farm inefficient. In the
North Sea the required wind speeds are present and therefore they are currently building wind
turbine farms in the North Sea. The presence of other wind turbines will affect the wind patterns and
therefore the wind turbines will need to be placed in a specific pattern to minimise the influences of
other wind turbines. These patterns have to be calculated with mathematical simulations by experts
(Wwindea, 2005).

2.1.1.2 Field capacity

The capacity of the wind turbine farm depends on the wind patterns as discussed in “2.1.1.1 Wind”.
Another major factor in the field’s energy output is the number of wind turbine farms present. In the
design phase the client usually has an approximate power output specified. The more output a farm
generates the larger it has to be and the more turbines it has to include. There has to be space to
place these turbines, so the output says something about the space that is required for the farm.
The output of the wind turbine farm is determined by considering the wind power and its direction
combined with the frequency that particular wind occurs. This is done for all the wind directions.
Then calculations can be made to take the performance characteristics of the wind turbines into
account by the layout of the wind turbine farm. Changing the layout or placement of the individual
wind turbine in a wind turbine farm can greatly increase or decrease the performance of the whole
wind turbine farm. This is due to the “wind shade” each wind turbine creates. Wind shade is the
decrease in the force/speed of the wind if it passes an obstacle. Picture 2.2 shows the optimal layout
for a wind turbine farm optimised for the effects of wind shade. For this wind shade pattern it does
not matter if the wind turbine is placed on land or at sea as long as the surface is more or less flat.
This layout is designed with mostly westerly winds in mind (minimizing the effects of the wind shade)
but does also perform well in winds from other directions (Wwindea, 2005).

Picture 2.2: Wind farm layout with planned infrastructure (Wwindea, 2005)
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The final plan should contain an optimal arrangement of the wind turbines on the space provided
while giving the highest possible energy output possible over the duration of the wind turbine farms
life. But this is not always possible because of the areas where the farms cannot be built. Examples of
these areas are: military exercise areas, unsuitable sea bottom characteristics and shipping lanes.
There are some planning tools for the development of wind turbine farms that have been proven
over time, these are WinPro and Windfarmer. These software programs provide an optimal layout
for wind turbine farms in a quick and efficient way. There are some additional restrictions the layout
of a wind turbine farm has to comply with, for example: regulations to protect the environment, the
maximum air draught and maximum number of turbines per farm are not just the result of the
technical possibilities but also for a great deal restricted by laws and regulations imposed by (local)
governments. Before a wind turbine farm can be build it is wise to find out what kinds of permits are
needed and what restrictions the governments impose (Wwindea, 2005).

2.1.2 Legal
The legislation that has to be complied with is like a maze. There are differed governments that have
a say in these projects. This makes things both interesting and complicated.
To give an overview of the parties involved:
 Local governments (the city and the province),
 National government (the Netherlands),
 International government (European Union).
The national government still has to determine, for a part of the North Sea, where wind turbine parks
may and will be build. There are differed interests that compete over these areas. The most
important interests are:
 Fishery ,
 Oil exploitation,
 Gas exploitation ,
 Sand exploitation,
 Shipping,
 Military exercises.
All these interests need to be compared and a choice has to be made for the most suitable, profitable
and what the best interests are for that location. To build a wind turbine farm the following three
permits are needed:
1. A lot resolution, the “Rijk” (national government) determines what the conditions the builder
of a wind turbine farm has to comply with. The Minister of Economic Affairs together with
the Minister of Infrastructure and Environment grants this lot resolution.
2. A Wind permit is needed. The Minister of Economic Affairs will grant this permit to the best
contractor.
3. A “Waterwet(vergunning)” permit is needed to construct the power outlets. Rijkswaterstaat
will grant this permit.
Besides these permits for the sea-based end of the operation various permits for the shore-based
operation are needed but these are beyond the scope of this report (appendix 6, Rijkswaterstaat
2014).
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2.1.3 Economic
Of course a wind turbine farm has to be viable. If it is not economically interesting a farm will never
be build because no one will invest in them. Therefore before a wind turbine farm is build the costs
and benefits needs to be calculated. If this calculation proves profitable, the farm will eventually be
build if all parties agree. The European Union subsidises the building of wind turbine farms to
encourage countries to produce more green energy and to be less depended on fossil fuels, which
mostly comes from other regions than Europe itself.
There are plans for so-called outlet plugs in the North Sea to cut the costs for getting the electricity
ashore. These power outlets would be placed at strategic places in the North Sea so that new wind
turbine farms can be easily connected to the main power grid. This makes the use of separate power
lines to the shore for each wind turbine farm obsolete (appendix 6, Rijkswaterstaat 2014).
For now most wind turbine farms are build with government subsidising, but prospects are that this
will change in the future due to bigger wind turbines that produce more power. This means that the
costs for building wind turbine farms will decline (Wwindea, 2005).

2.2 The perfect spot
The perfect spot to place a wind turbine farm is a place where the negative effects of the placement
of such a farm is minimised. On the North Sea this means: the farms have to be placed in “shallow”
waters, they need to be placed in places where the wind is as steady as possible, a place where the
placement of the foundation is possible and as cheap as possible and preferably a place that has a
power outlet to connect the new wind turbine farms to. All these options and possibilities lead to the
current plan that is shown in chapter 2.3. In the national water plan one two areas have been
selected to build wind turbine farms namely: Borssele and Ijmuiden Ver. Currently a procedure is
going to determine the future vision of wind turbine farms at the North Sea. In this vision there are
two more “perfect spots” which the national government (het Rijk) finds suitable to develop wind
turbine farms. These areas are at the “Hollandse” coast and above the West Frisian Islands (appendix
6, Rijkswaterstaat 2014).
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2.3 Current placement and plans

Picture 2.3: Planned and existing wind turbine farms (Ministerie van Infrastructuur en Milieu (2013).
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As can be seen in picture 2.3 there are 10 new applications for the building of wind turbine farms in
the North Sea near the Dutch coast. Currently there are only 2 wind turbine farms on the Dutch
coast and these are placed just above IJmuiden. Above the West Frisian Island of Ameland a new
wind turbine farm is currently being build, its named Gemini. A layout of this plan (a continuation of
picture 2.3 can be found in appendix one). Furthermore a new wind turbine farm is being built off the
coast in between IJmuiden and Noordwijk aan Zee, this farm is called Luchterduinen (Rijkswaterstaat,
2013).

2.4 Conclusion
Wind turbine farms will be build in the North Sea at various places along the Dutch coast. The exact
location of these farms can be found in appendix one. Currently there are two wind turbine farms
west of IJmuiden and more are pending.
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3. Wind turbine farms influences on communication
In this chapter the research concerning communications will be presented. This has been researched
through the qualitative research method.
Although the communications on land goes more and more through satellites, on the sea we still
mostly rely on radio to communicate with the shore but also with other ships. With the introduction
of wind turbine parks in the North Sea these radio waves could become distorted and therefore the
fear is that communications will become impossible near wind turbine parks. To give this chapter
some structure, a division has been made. The following items will be reviewed to give a clear picture
of the influences of wind turbine farms concerning communication.
1. The need for communication
2. Means of communication
3. Effects of wind turbine farms on communication devices

3.1 The need for communication
In the past when ships needed to communicate they needed to be in sight of one another and
exchange information based on signals like flags or lights. In the second world war radio
communication had been developed. When the application on ships radio became clear radio soon
became the way to communicate at sea.
In the maritime industry today radio communication has become a vital part of safe navigation and
cannot be ignored as an important part of collision avoidance. If a ship is unclear of the intentions of
another ship, radio communications between the ships is a good way to clear up the situation and
can avoid a collision.
At the same time radio communication allows ships to communicate with the shore as well. The
communications between ships and the Vessel Traffic Service (VTS) stations has become an
important part in busy shipping waters like the Dover Strait and Gibraltar Strait. However the
communication between ships and shore in respect to harbour approach is also too important to
ignore. In the approaches to the port of Rotterdam the shore VTS directs vessels to the port or to the
several anchorage sites to make sure that the flow of inbound and outbound traffic to the port of
Rotterdam can continue at all times. A collision here could block the entrance to the harbour and
cause major economic damage.
Radio on board is also used to call a pilot for harbour approach but also archipelagos and large rivers.
With the on board radio, ships can order a pilot in advance so they don’t have to wait outside the
harbour before they can go in. This improves the turnaround time and safety as shipping companies
will not refuse to take a pilot on board because it is time consuming. The radio on board is also used
to confirm the Estimated Time of Arrival (ETA) at the pilot station and confirm the pilot order.
So a conclusion can be made that ships need their radio for communication between themselves and
the following stations:
 Other ships,
 Vessel Traffic Services in busy waters,
 Vessel Traffic Services at harbour approaches,
 Pilot ordering and confirmation.
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3.2 Means of communication
Modern ships have a variety of communication devices available and although some are redundant
they all have a different way of transmitting or have another function. The following communication
devices can be found on the bridge of a modern ship:
 VHF radio,
 MF/HF radio,
 Inmarsat C,
 Iridium phone,
 EPIRB.

3.2.1 VHF radio
The VHF (Very High Frequency) radio on board is the most used communication device on board. It is
a short range radio that uses radio waves to send and receive a message. Because VHF radio waves
move in a straight line and do not curve with the curves of the earth means that the VHF radio has a
limited range. The picture below (picture 3.1) shows that the VHF signal moves in a straight line. It
also shows that the antenna height determents the effective range of the VHF radio. The longer the
antenna, the longer the range (S.H. Smith Marine, 2013).

Picture 3.1: Range of VHF (Frugal-Mariner, 2014)

3.2.2 MF/HF radio
The MF/HF (Medium Frequency/ High Frequency) radio on board is used for the long range
communication. Although this device has become
somewhat obsolete due to the advances in
satellite communication, it is still a mandatory
communication device which can be found on the
bridge of any vessel. Where VHF signals travel
only in a straight line the MF/HF signals follow
two directions. The first signal follows the curve
of the earth over the ground the so called
‘’Ground Wave’’. The second signal goes up into
the air and bounces back and forth between the
Ionosphere and the ground, this is the so called
‘’Sky Wave’’. The picture to the right (picture 3.2)
shows the paths the signals follow (Wikipedia,
2014).
Picture 3.2: Radio wave propagation (Spaceweather, 2008)
With the transmission of two waves the range of the MF/HF radio is much larger than that of the VHF
radio. If the transmission is powerful enough the signal has a worldwide range.
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3.2.3 Inmarsat-C
The Inmarsat-C communication device is a satellite telex device. This means that short, typed
messages can be sent to other Inmarsat-C devices using a satellite to relay the message. This means
that for it to work an Inmarsat-C has to be logged in on a satellite to relay the message. The signal
goes straight through the atmosphere and to the satellite from where it will be redistributed.
Inmarsat-C has a four region system which determents which satellite the Inmarsat-C has to be
logged on to. The picture below (picture 3.3) shows the four regions and their service area (Remote
Satellite, 2014).

Picture 3.3: Inmarsat-C network coverage (E-sat, 2014)

3.2.4 Iridium phone
The iridium phone is a satellite telephone that can be found on the bridge of a modern ship. It is a
normal telephone but is sends its signals not through a telephone wire but through a satellite. Which
in turn will relay it to the recipient (Wikipedia, 2010).

3.2.5 EPIRB
Although not a communication device as that it allows for two way communication the EPIRB
(Emergency Position Indicating Radio Beacon) sends an automated distress message with its position
to a RCC (Rescue Coordination Centre). It therefore communicates with a RCC that a ship is in distress
and it gives its position.
The above mentioned communication devices are found on board ships and are all tools for safe
navigation or to provide for communication during search and rescue (Epirb, 2014).
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3.3 Effects of wind turbine farms on communication devices
With the different communication devices on board, it is imperative that the seagoing officer knows
what the effects of wind turbine farms can be on the communication equipment. For the
communication devices on board it is of the greatest importance that they work at all times, as they
are required to send out a distress signal when necessary.

3.3.1 Radio communications
From the study performed by the University of Leuven in 2009 it is determined that radio
communications can follow one of three paths around a cylindrical object such as a wind turbine.
Below a enumeration of the paths which can be taken by radio signals:
1. The signal reflects off the surface of the cylindrical object.
2. The signal partially penetrates the surface of the cylindrical object.
3. The signal curves around the surface of the cylindrical object.
Dependant on the path that the radio signals follow, the transmission will not, partially or completely
reach the recipient. For the maritime industry only complete messages are acceptable as they are
required for search and rescue. A partial message could miss some important information about the
distress situation which could cost lives.
A study and experiment performed by the Maritime and Coastguard Agency in 2004 states the
following:
(...) The shadows found experimentally agree with the theoretical results outlined in the original
study. The affects are small and will not affect the VHF systems used in wind farms unless the link
margin between the transmitter and receiver is very low.
This will only occur at long range and other effects caused by other users on the VHF channel are
likely to present a greater problem. (...)
This means that according to the experiment performed by the Maritime and Coastguard Agency in
2004 the radio signal apparently curves around the wind turbines and seems to reach the recipient
without too much loss of signal strength. So the conclusion is that all communications devices using
radio waves can be used in a normal way.

3.3.2 Satellite communications
The satellite communication apparatus on the
bridge will need to be able to “see” the satellite
they communicate with. The question is: will
these devices be able to see and communicate
with their satellites close to a wind turbine farm.
The expectations are that there will be no
problems with the finding and connecting to the
satellites.
Because the signal from a device to the satellite
goes straight up into the air and into space where
the satellites are positioned, the expectation is
that there will be little or no interference from
wind turbine farms. The picture to the right
(picture 3.4) shows the path the signals follow
from and to the satellite.
Picture 3.4: Communication with satellites (Teach engineering, 2014)
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In the study performed by the Maritime and Coastguard Agency in 2004 it is said that the GPS
satellites were found without problems. This means that the devices on board do not have any
difficulties finding and connecting to satellites, as was expected.

3.4 Conclusion
In this chapter the functioning of the various communication devices found on the bridge have been
described. A live trial performed by the maritime and coastguard agency showed that the radio
waves where not blocked by the large metal construction of the wind turbine. It even showed that
the radio communication was not hampered at all. From the information gathered a conclusion could
be made that the communication devices are not affected by the presence of a wind turbine farm,
and therefore problems with communication cannot be used as an argument against the
construction of wind turbine farms.
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4. Influences of wind turbines on currents and shoals
In this chapter the influences on current and shoals caused by wind turbine farms in the North Sea
area will be explored. Because of the numerous wind turbines that will be placed in the North Sea
this might have influences on the navigation. The problems that occur are that shoals will be in
different positions from where they are situated now. Due to shallow waters the current will have a
different influence on the seabed which in has an effect on vessels navigating in these waters.

4.1 Depth and soil-type of the North Sea
The North Sea is a marginal sea of the Atlantic Ocean. It is located Northwest of Europe. The average
depth in the North Sea is 94 metres, the only exception is the Norwegian trench which extends
parallel to the Norwegian shoreline from Oslo to an area north of Bergen. It is between 20 and 30
kilometres wide and has a maximum depth of 725 metres. A well-known shoal in the North Sea is the
Dogger Bank this is located east of England and Northwest of the Netherlands. This area is about 300
kilometres long can rise up to 13 metres below sea level.
The seabed of the North Sea generally consists of sand, some areas are covered with sand, grit and
rocks. At the places that the current is not so strong the seabed normally consists of silt, on places
where the current is strong you will have the rocky seabed (Offshorewind, 2014).

4.2 Current in the North Sea
The Currents in the North Sea are determined by the tide stream. This tide is caused by influences of
the sun and the moon. The water flow that comes in the North Sea is from the Atlantic Ocean. There
is a flow from the South through the English Channel and the other part flows in from the North. The
regular flow direction is anti-clockwise. This is illustrated in the image below picture 4.1 (Zeeinzicht,
2014).

Picture 4.1: North sea currents (Ecomare, 2014)
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4.3 New construction methods
In this part there are some alternatives given for the placements of windmill parks. These methods
shall not be an direct obstruction for the current and the shoals. The interaction with the seabed is so
minimal that the sediment transport will not be influenced as in the case with the monopiles of the
regular wind turbines.

4.3.1 Floating wind turbines
MIT has been working on the concept of a floating wind
turbine. This new construction would enable the building
of wind turbines in the open ocean and in places where
the seabed does not meet the requirements that are
needed to build the current wind turbine farms, this
dramatically changes the influences on the shoals near
windmills. In picture 4.2 some examples of the floating
wind turbines are visible (A. Pratt, 2012).
Picture 4.2: Floating wind turbine concept (A. Pratt, 2012)

4.3.2 Wind and sea turbines combined
By combining sea turbines with wind turbines, the costs
of building both constructions can be reduced greatly
while the energy gains of this combination is theoretically
double. Because both structures need a foundation (for
now) to be built on, this would cut in the building costs.
While with wind turbines or sea turbines only the area
above the sea or below the surface is used, there is a
tremendous area of space unused that cannot be used
for other purposes. If the wind and sea turbine are
combined the use of the available space is optimal. For
example a ship cannot sail near a wind turbine nor a sea
turbine. If the two units are placed next to each other the
area used is twice as big as if when they would have been
combined, this mean two things. Wind/sea farms can be
smaller with the preservation of their power output, thus
Picture 4.3: Sea turbine (Seageneration, 2012)
taking less space and causing less hinder.
Or wind/sea farms stay the same size as they planned with the current plans for wind turbine farms,
and the power output is twice as big. In picture 4.3 the “sea turbine” is visible (Inventorspot, 2014).
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4.4 Sediment transport
Sediment transport is the movement of silt due to a combination of gravity acting on the sediment,
and/or the movement of the fluid in which the sediment is entrained. An understanding of sediment
transport is typically used in natural systems, where the particles are clastic rocks A(composed of
broken fragment), sand, gravel, boulders, mud, or clay. The fluid is air, water, or ice and the force of
gravity acts to move the particles due to the sloping surface on which they are resting. Sediment
transport due to fluid motion occurs in rivers, oceans, lakes, seas and other bodies of water due
to currents and tides; in glaciers as they flow and on terrestrial surfaces under the influence of wind.
Sediment transport due only to gravity can occur on sloping surfaces in general, including hill slopes
,scarps, cliffs and the continental shelf—continental slope boundary. In the particular case of wind
farms it is the sediment transport of sand and silt due to tidal changes. This tidal changes cause
currents, because of the wind turbines that are set-up in the North Sea this will influence the normal
pattern the sediment would move to. The wind turbines form an obstruction which deposits the
sediment somewhere else causing shoals. These shoals influence the wave heights and the strengths
of the currents (Wikipedia,2014).

4.5 Actions taken by Rijkswaterstaat
The advent of wind turbines has had no effect on the frequency of the surveys. So the surveys will be
done constantly which can determine if there would be remarkable changes in depths and give
notice to vessels navigating in the areas.
In the current Water Act permits for wind farms is recorded that lights must be installed on wind
turbines on behalf of shipping and should be provided of AIS. The actions that are taken during
construction are a guard vessel present and restricted area recorded in the charts.
After construction, a so-called safety zone around the wind farm is implemented in the chart. This is
a strip of 500 meters wide around the wind farm. There is an assessment framework for safe
distances. The basic principle of this measure in the event is to retain sufficient space in case of
emergency to alter course preventing collision with wind turbine (appendix 6).

4.6 Conclusion
The conclusion of this part of the research is that the wind turbines parks will have influence on the
current and shoals. For seafarer this will probably not be a problem. A seafarer must at all times take
into account various aspects that arise as a change in the weather and it is considered that they do
not just rely on data but rather self-check by the means of navigational aids and knowledge.
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5. Influences of wind turbine farms concerning routings and approaches
In this chapter the effects of wind turbine farms on traffic flows have been investigated. As is well
known a ship cannot pass through a wind turbine neither is it allowed to come near a wind turbine
(farm). Therefore the building of these farms will (greatly) influence the paths merchant shipping and
fishermen will follow. After this a further look will be taken into the congestion this might create and
what the response will be to the increasing traffic density at the already busy North Sea. Finally it has
been checked if the VTSS needed to be adjusted, moved or expanded to cope with the different
traffic flows. All this will lead to saver shipping in combination with more wind turbines. All of this
information has come from desk research and field research using the qualitative research method.

5.1 Recent changes and current situation
Since the first of August 2013 the vessel traffic separation scheme (VTSS) at the Dutch coast has been
revised (see figure 5.1). The purpose of this revision in The North Sea is to ensure the current and
future safety of shipping, to improve the accessibility of the Dutch main ports and to allocate the
available space more efficiently. There have been a lot of changes for the international shipping. For
the most part the existing routes where preserved but there are some additional VTSS routes. On the
right side of picture 5.1 you can see the current situation in the North Sea, on the left you can see the
situation before the last changes in July 2013 (appendix 2).

Picture 5.1: TSS changes Dutch shipping routes August 2013. (Watersportbank, 2013)

A new Traffic Separation Scheme (TSS) was introduced at IJmuiden. Furthermore there are new
anchorage areas and part of the TSS from Rotterdam to IJmuiden has been enlarged to streamline
the traffic flows. With the new situation it is a lot less likely for ships in the VTSS to interfere with
ships that are entering and leaving the ports. A new shipping lane near IJmuiden ensures that ships
do not navigate through the existing two wind turbine farms nearby (Watersportbank, 2013).
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While the new VTSS enhances the safety and efficiency of shipping it also restrains the building of
new wind turbine farms near the coast of the Netherlands. In appendix 1 there is an overview of the
newly planned wind turbine farms. As can be seen in picture 2.3 in chapter two, the number 14 of
the planned farms clearly interferes with the new VTSS. The farm is planned between the exit of
IJmuiden to the north and the next coastal TSS near Texel. To cope with this problem the farm should
be moved more to the shore side or more out to sea (Watersportbank, 2013).

5.2 Effects on routing
The placement of wind turbine farms near the Dutch coast and inside the VTSS imposes a couple of
hazards. For instance if a wind turbine farm is placed in between two shipping lanes of a VTSS (as is
currently the plan, see chapter 2) ships are not able to cross the VTSS here. This leads to an increased
traffic density in other areas of the VTSS where crossing is possible. And in turn this leads to
decreasing overall safety for the sailing ships because more ships mean more chances of
(fatal)mistakes. Another problem which wind turbine farms inside VTSS impose are the added
regions a ship cannot deviate in order to steer clear of incoming vessels according to the
international regulations.
If a ship loses control of her ability to manoeuvre (For instance failure of the steering gear or a
blackout), ships are not able to avoid the wind turbine farms that are build close to the busy shipping
lanes. Currents and winds will push these ships into these farms and will cause collisions and possibly
even international disasters, especially if tankers are involved.
Fishing in wind turbine farms is forbidden by law in Europe, therefore the fish that live in or near
wind turbine farms will be protected against fishing vessels. This is obviously a pro for the
environment, but where do the fishing vessels go? Slowly the North Sea of the coast of the
Netherlands is becoming impeded with obstructions such as: military areas, offshore activities such
as production rigs, wind turbine farms, anchorage areas and shipping lanes. In most of these areas
fishing vessels are not allowed to fish or even sail. The fishing vessels will have to relocate to areas
where it is allowed for them to fish. While doing so they hinder the merchant ships because they
cross a lot of highly active shipping areas (Watersportbank, 2013).
According to Rijkswaterstaat the building of wind turbine farms in the North Sea have no further
consequences on the VTSS. With the current configuration of the VTSS (which has recently (2013)
been updated) the placement of new wind turbine farms has been taken into account. The objective
with creating the new VTSS in 2013 was the improvement of the safety at sea for shipping and to
create space for the placement of wind turbine farms. For the near foreseeable future there are no
further adjustments to the VTSS to accommodate wind turbine farms. By creating a safe distance
between shipping lanes and wind turbine farms the safety of shipping will be maintained and the
negative effects on shipping will be decreased/eliminated (appendix 6, Rijkswaterstaat 2014).

5.3 Approaches
Due to the building of wind turbine farms approaches to ports such as Rotterdam and IJmuiden,
which are already busy, shipping movements will only intensify. This will also cause safety hazards as
seen before in chapter 5.2. The wind turbine farms limit the routes ships can take to enter a harbour,
usually these routes are already limited and the consequence is that the options a captain or pilot
has to safely guide a ship into a harbour are restricted even more. This makes ships more vulnerable
for weather conditions as they cannot take appropriate measures to take the weather conditions into
account or space to manoeuvre to safety due to the placement of wind turbine farms. According to
Rijkswaterstaat the recent (2013) changes in the approaches ensure that the harbours stay well
reachable. The building of wind turbine farms will not cause impediment for the approaches
(appendix 6, Rijkswaterstaat 2014).
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5.4 Conclusion
Wind turbine farms will be build in the North Sea in harmony with the existing shipping lanes and
approaches at various places along the Dutch coast. The exact location of these farms can be found
in appendix one. The IMO in conjunction with Rijkswaterstaat took the building of the wind turbine
farms into account when revising the Routing and approaches near the Dutch coast as seen in
appendix two therefore according to Rijkswaterstaat wind turbine farms will have no negative effect
on routing and approaches. Research has showed that small vessels and fishing vessels might impose
risks to merchant shipping when they are near or in a wind turbine farm.

Page 25

06/04/2015

Report Wind turbine parks and safe navigation

6. Influences of wind turbine farms on navigational equipment
This chapter will clarify the different influences of wind turbine farms on the navigational equipment
of seagoing vessels. Crew of seagoing vessels sailing through the North Sea are depending on reliable
navigational equipment. It is therefore required to determine the influences on the ships
navigational equipment, which is compulsory to safely navigate through these waters. In this chapter
the following equipment will be subjected to research:
 Radar,
 VHF (communication, also see chapter 3 of this report),
 GPS,
 AIS,
 Echo sounder,
 Electromagnetic log.
All of the information has come from desk research using a qualitative research method.
From research that was done by the Maritime and Coastguard Agency at the North Hoyle wind
turbine farm in 2004 and at the Kentish Flats wind turbine farm in 2007 it was possible to gather
some information about the effects on maritime navigational equipment (Maritime and Coastguard
Agency, 2004/2007).
During the research they examined the influences of wind turbine farms on navigational equipment.
They concluded that wind turbine farms do not have noticeable effects on VHF, GPS, AIS, echo
sounder and electromagnetic log. They did find irregularities in the operation of the radar. Therefore
it seems that the only noticeable effects of the presence of wind turbine farms occur on the radar
system.
The ships radar system is one of the most important aids used to safely navigate the waters of the
North Sea. Radar systems on board of seagoing vessels are used 24 hours a day. In the busy water of
the North Sea it is essential to use the radar system for safe navigation. It assists bridge officers to
navigate the North sea in a safe way.
Research done by the Maritime and Coastguard Agency states that wind turbine farms can have the
following effects on the ships radar system:
 It causes blind sports behind the wind turbine farm,
 It causes false echoes.

6.1 Blind spots
Wind turbine farms are visible on the radar screen as a group of
echoes, all standing in similar distance from each other as shown on
picture 6.1. You can imagine when two ships are sailing on either
side that their radar systems will not be able to detect each other
because of the interference of the wind turbines. An object has to
be in the ‘line of sight’ (between the path the radar pulses make
from scanner to object) to be detected by the system. When there
is an obstruction between the target and the radar scanner, the
object will be in the shadow of the obstruction and possibly not
visible on the radar screen.
Picture 6.1: wind turbine farm on radar screen (Maritime and Coastguard Agency, 2004).
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Investigations at the North Hoyle wind turbine farm show that small
craft in a radius of 300 metres from the wind turbines were not visible
on the radar system. Vessels as shown in picture 6.2 might not be
visible on the radar screen and a possible collision danger might not be
determined.
Picture 6.2: vessel in blind spot (Muziekmuseum, 2014).

6.2 False echoes
False echoes can arise from several causes. False echoes are visible on the radar screen but not in
reality. It is a derivative of a true object. In general they occur when objects are in a short distance
from the ship. We distinguish the following false echoes and misleading effects:
 echoes through interference,
 echoes by side beams,
 indirect echoes,
 multiplied echoes,
 second trace echoes,
 echoes caused by voltage cables and bridges,
 the effect of a ship in heavy seas.

6.2.1 Echoes by side beams
Side echoes might occur by objects at a short
distance from the vessel. They are hit by a side
beam of the radar energy and reflect this
energy. This causes multiple echoes on the
radar screen at the same distance in various
directions in addition to the true echo. The
false echoes are weaker than the true echo
and therefore recognizable as such. Picture 6.3
shows the principle of echoes caused by side
beam.
Picture 6.3: principle of echoes by side beams (Michaux, 2010).

Points A, B and C in picture 6.4 show false
‘side’ echoes that occurred during research
at the Kentish Flats wind turbine farm. It
shows false echoes in different directions
all at the same distance as the true echo.
The many false echoes impede the safe
navigation. Real targets might not noticed
because they are sailing within the false
echo and collision danger will therefore
not be determined. (Maritime and
Coastguard Agency, 2007).

Picture 6.4: Kentish Flats false side beam echoes (Maritime and Coastguard Agnecy, 2007).
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6.2.2. Indirect echoes
Indirect echoes can be caused by:
- an obstruction on board of the own ship,
- an obstruction ashore/at sea,
- a nearby vessel.
Radar energy is deflected by an obstruction and
then reflected by an object. This leads to a false
echo in the direction of the obstruction, but at the
same distance as the object. Picture 6.5 shows the
principle of indirect echoes.
Picture 6.5: principle of indirect echoes (Michaux, 2010).

If indirect echoes are caused by an obstruction on the own vessel, a temporary (induced charge) or
permanent (depending on the vessels
construction) blind sector will occur in the same
direction. Because indirect echoes are not
weaker than true echoes they are difficult to
recognize. The direction in which they are
located gives an indication of indirect echoes:
- in the blind sector,
- behind the obstruction ashore/at sea,
- behind a nearby vessel.
Picture 6.6 shows an indirect echo (red square).
When the vessel is approaching the wind turbine
farm on its starboard side. A false echo occurs
on its portside at the same distance. It is caused
by the deflected energy from the true wind
turbines.
Picture 6.6: Kentish Flats indirect echoes (Maritime and Coastguard Agnecy, 2007).

6.2.3. Multiplied echoes
Multiplied echoes occur when a large object is close to the own vessel. The radar energy bounces
back and forth between the vessel and the object. Each time a portion of the energy is received by
the scanner and echo is formed on the radar screen as shown in picture 6.7. Multiplied echoes have
the following characteristics:
- they are all formed in the same
direction,
- they are located at an equal
distance from each other,
- they move along with the true
echo,
- with increasing distance, the
echoes weaken.
The true echo is always the closest
echo!
Picture 6.7: principle of multiplied echoes (Michaux, 2010).
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During research in the North Hoyle wind turbine farm the MV Norbay was used on her voyage to
Dublin on 29 July 2004. The vessel diverted from her route in order to make a course in and around
the North Hoyle wind turbine farm for tests. The crew of the MV Norbay reported the following
findings (Maritime and Coastguard Agency, 2004):
- with long pulse mode, it is not possible to identify nearby wind turbines separately,
- identification on 3cm-radar (X-band) is better than 10cm-radar (S-band),
- small craft can only be detected when they are outside a radius of 300 metres from the wind
turbines,
- large numbers of false echoes occur when on a distance of maximum 1.5 nautical miles from
the wind turbines.

6.3 Reducing number of false echoes
To reduce the number of false echoes on the radar screen, the seafarer can use the 'gain level’ on
the radar system. The strengthening of the received energy is reduced by reducing the ‘gain’. This
action does have serious consequences on the detection of small craft, which might also vanish from
the radar screen by reducing the gain.

6.4 Conclusion
Wind turbine farms do have influences on the vessels navigational equipment. It does not affect the
communications (VHF, DSC, etc.), GPS, AIS, echo sounder and electromagnetic log. On the other hand
it seriously affects the ships radar system. Different kind of false echoes and blind spots are created
by the wind turbine farms, which potentially causes hazardous situations in busy traffic routes.
Mariners might not be able to determine a collision danger, which leads to dangerous situations.
Reducing the gain can reduce false echoes, but small vessels will also vanish from the radar screen
when the gain is reduced. Therefore reducing the gain is not a solution to the problem and other
solutions have to be found.
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7. Effects of wind turbine farms on Search And Rescue operations
In this chapter the impact on search and rescue operations has been researched through the
qualitative research method. Unfortunately the shipping industry still has to deal with accidents at
sea, sometimes with the loss of the ship, however the crew may still be rescued. The question is:
’’How do the rescuers proceed when the raft containing the crewmembers drifts into a wind turbine
farm?’’ Is it still possible to go into a wind turbine farm with the ship, or do they need to send a small
boat? There are certainly dangers involved in search and rescue operations in general. However the
question remains: does the addition of wind turbine farms adds to the already dangerous situation.

7.1 Rescue operations in general
The Dutch rescue services (KNRM) launch their ships on average about 225 times a year to
participate in a Search And Rescue (SAR) operation. The boats they have are build specifically for the
task and the crew is made up out of specialists. However every SAR operation is different and the
crew will need to improvise every time. They only have the guidelines as written down in the IAMSAR
manual. These guidelines are also on board of every seagoing vessel.
If a ship is in distress they send out a distress message. This is received by the search and Rescue
Coordination Centre (RCC) and from there they decide on what to do next. They will alert the Dutch
rescue services and other ships in the area and will appoint a on-scene commander who will lead the
SAR effort on scene. Other ships will report to this on-scene commander who in turn reports to the
RCC. Once the SAR operation is over the on-scene commander will file a report and then the SAR
operation is over (see appendix 4).

7.2 Rules and regulations
The responsibilities and duties regarding any accidents that happen in mining operations, this
includes the wind turbine farms, in- and outside the territorial waters of the Netherlands are
recorded in the mining regulations. These say that the operator of the mining facility is responsible to
report any accident regarding safety and environment to the Dutch coastguard and Inspector
General of mining.
The rescue services and coastguard are charged with SAR operations but only after a assessment is
made and it is decided that the rescue services and/or coastguard have to be involved. This is to
make sure that the rescue services and the coastguard are not called for every small incident. The
rescue services and coastguard are only to provide aid if the crew of the ship, aircraft or mining
facility cannot cope with the incident themselves. If this is the case the crew of the ship, aircraft or
facility must have means, knowledge and time to evacuate safely and survive for a period of time.
The ships and other facilities at sea must provide assistance when called for by the crew of the ship,
aircraft or facility in distress or the coastguard. The government, read rescue services and
coastguard, only provides additional support (see appendix 5).
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7.3 Rescue operations between ships
If a ship gets into a distress situation it relies mostly on other ships, which are duty-bound to join in
the search and rescue action due to international regulations. However with the construction of the
wind turbine farms, which in normal situations are no-go zones for ships, the participation of ships in
search and rescue could be severely hampered.
From an interview with the Dutch rescue services it became clear that in Search And Rescue
operations the rescue services and merchant ships are allowed to enter the wind turbine farms.
However there will be a limitation to the length of the ships which can enter a wind turbine farm
without problems. This means that the larger, less manoeuvrable ships will not be able to actively
participate in the SAR operation inside the wind turbine farm and therefore these ships will need to
participate in the SAR operation outside the boundaries of the wind turbine farm.
The Dutch rescue services have special boats which can always enter and operate inside a wind
turbine farm. They said that the SAR operation will become somewhat easier because the wind
turbines themselves offer a solid point to which persons and rafts can hold onto so they will not drift
away. In this regard the wind turbines are in fact a help to the rescue services as the people can get
out of the water and onto a solid frame (which will help in the fight against hypothermia) and rafts
can be tied to the wind turbines so the time it takes to find a raft is decreased (see appendix 4).

7.4 Conclusion
From an interview with the Dutch rescue services (appendix 4) a conclusion can be made that the
wind turbine farms are not to be considered a problem in SAR operations. The Dutch rescue services
have specialised equipment and the wind turbine farms themselves may tend to the need of
survivors to stay out of the water and therefore decrease the chance of hypothermia. All together
the Dutch rescue services do not believe the construction of wind turbine farms will be a problem for
SAR operations in the future.
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8. Influences of wind turbine farms on shipping areas
In this chapter the research concerning the influences on the shipping area’s caused by wind turbine
farms will be presented. These result are obtained through an qualitative study. Nowadays there is
an increased interest for alternative energy sources, most governments have chosen wind turbines
as the best alternative energy source. With the construction of wind turbine farms next to vessel
traffic lanes there could be changes in the surrounding shipping area, which can cause some major
problems to ships passing these areas. The problems which merchant ships are confronted with are:
hazards caused by the wind turbines structure, fisherman forced to fish near passing ships due to
shifting fishing grounds and factors that are decreasing the human functioning on ships.
In order to achieve a structured layout, a division of the different aspects have been made. The
following problems that could be confronting the shipping industry will be explained and answered
by means of qualitative desk research method.
-

Effects of wind turbine farms on the fish population, forcing fisherman to fish near traffic
lanes.
The effects of shadow flickers to watch keeping officers.
The effects for the crews functioning and health regarding the wind turbine syndrome.
The possibility of icing thrown by turbine blades which can lead to possible damage and
injuries.
The constructional dangers concerning breaking of turbine blades which can lead to possible
damage.
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8.1 Effects of wind turbine farms on the fish population, forcing fisherman to fish near
traffic lanes
Fishing is an industry that has been practiced for as long humans are on this world.
The demand for fish is high but fishing grounds are being depleted faster due to the use of technical
means to catch fish more efficiently. The need for rich fishing ground is high, even if it is a busy traffic
area. Creating more potential collision situations.
With the construction of new wind turbine farms in the North Sea , the question arises: what are the
consequences for the shipping industry. Because wind turbine farms are for now prohibited areas. In
the near future however these areas could be open for fisherman. While there is no problem when
the fishing vessels stay in the wind turbine farm areas, there will be problems when these ships are
passing the vessel traffic lanes to enter/leave the wind turbine farms.
The following research literature studies have been selected to show if fishing density is increasing in
wind turbine farms and if so, will the fishermen be more likely to come in to the vessel traffic lanes?
Therefore research has to be done to assess these developments.
Several studies have been performed to investigate the possible increase in fish density nearby wind
turbine farms. The research which have been used for this literature study to investigate the possible
shifting of fishing grounds are:
- Effect of the Horns Rev 1 Offshore Wind Farm on Fish Communities (Vattenfall Vindkraft A/S,
2011).
- Effects of an offshore wind farm on temporal and spatial patterns in the demersal fish
community (Bergström, et al, 2013).
The Effect of the Horns Rev 1 Offshore Wind Farm on Fish Communities study is an field research to
investigate the before/after situation in means off changes in the fish density at the Horns Rev
Offshore Wind Farm.
These research surveys are conducted in 2002 and 2009 using the following methods:
 Gillnets
 Hydro-acoustic
Surveys were conducted just before the construction of the wind turbine which was in 2002 and later
in 2009. Between these surveys there were additional investigations:
 2003 till 2005 each spring and autumn by placing gillnets at one single turbine
 Visual observations by scuba divers (Leonhard and Pedersen, 2006) .
The conclusion of the: ‘’Effect of the Horns Rev 1 Offshore Wind Farm on Fish Communities’’ study
states that after the construction of the Horns Rev 1 Offshore Wind Farm there where only minor
changes in the fish density and diversity.
Another study that is relevantis the: ‘’Effects of an offshore wind farm on temporal and spatial
patterns in the demersal fish community’’ at the Lillgrund offshore wind turbine farm.
This study is done in 2 time intervals (Bergström, et al, 2013).
- before construction of the wind turbine farm from 2002 till 2005
- In the operational stage of the wind turbine farm from 2008 till 2010
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For this study fishing stations with ‘fyke nets’ where
placed in three areas:
- Southern reference area
- Northern reference area
- Wind farm area
The reference areas where used to measure if the
same changes did also occur at the wind farm area.
The ‘fyke nets’ where placed and the fish that were
caught where measured and described. The positions
of the fish stations are shown in picture 8.1.
Picture 8.1: 3 research areas (Bergström et al, 2013)

The ’Effects of an offshore wind farm on temporal and spatial patterns in the demersal fish
community’’ at the Lillgrund offshore wind turbine farm study states:
(…) No major change in fish densities (…).
There was however a change if the data which was obtained by the fish stations, was compared with
areas near the wind turbine foundations and areas not close to the foundations, four species
preferred the foundations.
Another research on the ‘’Windpark Egmond aan Zee’’ (OWEZ) did not show a change in fish
density. According to Rijkswaterstaat, bottom fishing will be prohibited while other types of fishing
are currently being discussed by Rijkswaterstaat. Therefore fishing vessels could cause more traffic
near wind turbine farms in the future (appendix 6, Rijkswaterstaat 2014).

Conclusion
After combining the conclusions from both studies the result is, wind farm foundations attract fish
that live in the vicinity of foundations. Total shifting of fishing grounds were not observed during
these studies. The wind turbine farms do not have an impact on fishing density’s. However these
wind turbine farms could still be areas, where fisherman are interested in because the wind turbine
area is an undisturbed place where fish can reproduce more quickly. The increased risk of collision
between merchant vessels and fishing vessels is therefore present and has to be taken into
consideration.
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8.2 The effects of shadow flickers to watch keeping officers
In this chapter the research concerning wind turbine flickers will be presented. This has been
researched by means of qualitative desk research. Navigation is a process where constant alertness is
required. But what if watch-keeping officers become distracted by external factors like flashes?
While the Netherlands already have several wind turbine farms in working order and plans to build
even more in the North Sea the question arises: will shadow flickers caused by wind turbines have a
negative effect on safe shipping? In order to have a structured approach, a division has been made.
The following topics will be explained in order to show the influences caused by wind turbine shadow
flickers in relation with the safe shipping:
1. Emergence of shadow flickers.
2. Possible effects of shadow flickers on humans.
3. Dangers to safe shipping.

8.2.1 Emergence of shadow flickers
Wind turbine shadow flickers are a phenomena that occurs when the sun is behind an wind turbine.
Wind turbine blades are blocking the incoming sun light and create an shadow on the surface below.
When the turbine blades are rotating the shadow on the surface below is also rotating. The sunlight
that is now affected by the rotating turbine blades is creating an stroboscopic effect. Stroboscopic
effect is best explained with an flashlight which is turned on and off continuously. The stroboscopic
light is what is called shadow flickers caused by wind turbines. On picture 8.2 shadow flickers are
showed.
However shadow flickers are not visible all day long. For
shadow flickers to occur the sun needs to be in a specific
angle. When the sun is at his highest point in the sky, the
shadow is small. When the sun is lower and can be seen on
the horizon the shadows are much taller. The same implies
for shadow flickers, when the sun is high no flickers occur.
When the sun is at the horizon with an angle of at least 3%
shadow flickers can occur. The sun however needs to be
covered by the wind turbine as much as possible to create
shadow flickers (Greenrhinoenergy, 2013).
The speed of shadow flickers depends on the frequency of
the wind turbine blades. The wind turbines which will be
built in the North Sea probably will have an operating
speed of 30 to 60 rpm. A wind turbine turning at 60 rpm
can generate shadows flickers of 3 Hertz. When wind
turbines are placed in an wind turbine farm
Picture 8.2: Shadow flickers (MtEmeraldWindFarm, 2010)
more shadow flickers are created as shown in (Verkuijlen & Westra, 1984).
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8.2.2 Possible effects of shadow flickers on humans
The effects of wind turbine shadow flickers could be:
1. Epilepsy,
2. Mental stress,
3. Psychological stress.
Epilepsy

Epilepsy is a disease what takes place in the human brain. Epilepsy is caused by nerve cells, with an
abnormal high activity. The human brain does respond to these activities by generating seizures.
Epilepsy on-board ships is a major risk and can lead to various accidents. 10% of all adults are
disturbed by flashing lights at an range from 15 to 20 Hz. (Burton et al, 2001). The most common
range causing problems was from 5 to 14 Hz. (Collins & Hopkinson, 1957; Schreuder, 1964).
Mental stress

Stress what is causing human bodies to react to certain reactions is called mental stress. There are
two levels. Normal stress, preparing your body to concentrate on work faster etc. Symptoms can be:
1. Heart rate goes faster together with breathing ,
2. Sweating,
3. Energy boost.
When more unhealthy stress takes place there is a different type of stress. This is caused by stress
that is not explainable or when stress cannot be resolved. Symptoms are:
1. Feel threatened by difficult situations,
2. Hard to concentrate,
3. Bad judgemental thinking leading to bad decisions.
Psychological stress

Stress that is causing malfunction of normal thinking is called psychological stress.
There is short term psychological stress causing:
1. Become nervous,
2. Cannot sleep.
Long term psychological stress is caused by experiencing stress for a longer amount of time.
These symptoms are (Understanding and Dealing With Stress, 2014):
1. Disorder,
2. Panic attacks,
3. Cannot take decisions,
4. Insomnia.
Both mental and psychological stress caused by wind turbine shadow flickers have been researched.
The conclusion: Shadow flicker do not cause stress for the short therm. However when humans are
exposed to longer periods of shadow flickers the person will mentally and physically break and the
shadows will become very annoying (Pohl et al, 1999).
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8.2.3 Dangers to safe shipping
Shadow flicker generated by wind turbines has been researched as shown in the chapters before.
Now with the known information an analysis can be made:
Flickering will be irritating to ship’s crew while in some cases, will generate epilepsy for people who
are vulnerable to this. According to the seafarers medical health check. Seafarers with epileptic
seizures are not seen fit for service and will never sail on ships as crew. Ship’s crew will not be in
these area’s for a long time.
At a distance of two times the rotor diameter the shadow flicker will be present for 2 to 7 hours per
day for 13 to 26 weeks a year. For a distance of 10 times the rotor diameter, the maximum amount
of shadow flickers was calculated at 30–45 minutes per day for 10-14 weeks per year (Cornwall
County Council, 1989).
Rijkswaterstaat mentioned that recreational craft might be allowed inside wind turbine parks
(appendix 6). If this case becomes reality, safe shipping for recreational ships will be affected. For
maintenance vessels the problem is more relevant because these ships/crew spend a lot of time
inside wind turbine parks.

Conclusion
Blades will still create flickering shadows which can distract officers from watch keeping duties.
However ships spend very little time near wind turbine farms so wind turbine shadow flickers are less
likely to affect watch keeping officers. Recreational ships passing the wind turbine farms are also
likely to be affected but as said before flickers should only have an annoyance factor. Maintenance
vessels are affected for longer periods and crew can be affected by more stress caused by shadow
flickers.
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8.3 The effects for the crews functioning and health regarding the wind turbine syndrome
In this chapter the research about the wind turbine syndrome will be presented. This has been
researched through the qualitative desk research. Some people claim that the wind turbine farms
have caused health issues, while people were living in the vicinity of the wind turbine farms. The
question that arises is: are these symptoms real and is there a health risk for people working in the
vicinity of wind turbine farms? This chapter have been divided in two subjects, which will be
explained to give an impression of the wind turbine syndrome.
1. Wind turbine syndrome.
2. Possible effects on the ship’s crew.

8.3.1 Wind turbine syndrome
The wind turbine syndrome creates a list of symptoms that is said to be caused by the low frequency
noise emitted from wind turbine installations. These low frequency noises are said to be the cause of
disturbing the human body and brain. According to Pierpont the symptoms are: Not being able to
sleep, headaches, ear problems, spinning of the surrounding area, concentration/memory problems
and panic attacks. This is the wind turbine syndrome explained in a simple way (Pierpont Phd., 2009).

8.3.2 Possible effects on the ship’s crew
Phd. Piermont researched a group of voluntary people living near wind turbines. The respondents
had to fill in a form were they had to fill in medical problems they had before the building wind
turbines, medical problems during the operation fase of the wind turbines and medical problems
after they left the wind turbine area. These results showed that problems developed during the
operation fase of the wind turbines. (Pierpont Phd., 2009).
The Dutch Wind Energy Associate (NWEA) did respond to the research done by Nina Piermont and
states: “During the international research no results have found for the symptoms the respondents
of the study (Wind Turbine Syndrome A report on an natural Experiment) did experience and no
scientific prove has been found for: high blood pressure, heart disease, hearing loss, ringing in the
ears (tinnitus) diabetes and migraine caused by wind turbines.” (NEWA, 2008).
However it has been proven that sound can cause stress and insomnia. This is valid for all sounds.
The wind turbines in the Netherlands have a maximum sound level of 47 Db. While the human ear is
able to hear sounds above 50 Db. The NWEA therefore relate a lot of symptoms to the nocebo effect.
This is an psychological effect that people who believe something is bad, get symptoms that are
described by their theory but are not existing.
The Waterloo Wind Farm environmental noise study researched the sound levels at six sites near an
wind turbine installation. The research shows no excessive low frequency sound. However wind
turbine farms do generate low frequency sound, but well under the maximum sound level set by the
government of 40 Db(A). At some sites no sound was measured at all. However some people have a
higher sensitivity for low frequency sounds. These people could get problems after a longer period of
time.
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Conclusion
The results of the different studies are still not clear, because a technical study does not show if
people really have problems. On the other hand the study of Nina Piermont shows results. But due
the fact that most of these people already felt like wind turbines were causing problems it could be
explained by the nocebo effect.
Therefore the best suggestion is to keep at least a distance between the wind turbine and ships. The
passing ships should have no problems for their short stay. Maintenance and pilot vessel’s crew
could get problems. In Picture 8.3 a layout with isophones is shown marking the area’s with sound
levels. In order to make the right conclusion there needs to be an independent study.

Picture 8.3 Layout wind farm with isophones (wwindea, 2005)
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8.4 The possibility of icing thrown by turbine blades which can lead to possible damage
and injuries
In this chapter the research concerning ice forming on turbine blades will be presented. This research
has been done through the qualitative research method. Although ships normally don’t come close
to wind turbine farms there are plans for the building of wind turbine farms in the North Sea next to
vessel traffic areas. The question arises what if ice is thrown from a wind turbine.
For ships passing the vessel traffic lane there might be a potential risk for crewmembers to be hit by
an ice shard, which causes injuries or worse. Ice will only be formed when the temperature is below 0
degrees Celsius. This is possible on the North Sea where temperature easily drops below 0 degrees
Celcius during wintertime. In this situation the turbine is not in working order and moist can be
formed on turbine blades and freeze. It will not be discharged through motion, because the turbine is
inoperative. When the wind turbine is taken in to operation afterwards the ice will be discharged in
big chunks through motion.
Already there has been a risk analysis of ice throw from wind turbines and in this analysis it is stated
that the ice shard will land somewhere within a 100 meter radius of the wind turbines. The ice shards
that have been thrown were in a range from <100 grams to >1000 grams. There have been tests in
wind tunnels where the ice shards were thrown with speeds of 18 m/s. (Seifert H. et al, 2003) Even in
a case study ice shards have been found with measurement from 30 x 30 x 5 cm within 100 meters,
this is a very common dimension (Garrad Hassan Canada Inc, 2007).
In the risk analysis of ice throw from wind turbines it is determined that from a 50 meter rotor the
safe distance must be 400 meters from the wind turbine. To prevent ice throwing heating elements
should be applied or wind turbine farms should be closed for passage. During weather conditions
where ice is likely to form.

Conclusion
Considering the ranges in which ice shards could be thrown it could be a danger to ships if the
shipping routes will get close to the wind turbine farms. The routes will need to be at least 0.2
nautical mile away from wind turbine farms to avoid danger. Another option could be adding heating
elements inside the blades, preventing ice to form.
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8.5 The constructional dangers concerning breaking of turbine blades which can lead to
possible damage
In this chapter the research of wind turbine failures will be presented. The research strategy is
qualitative desk research. With wind turbine farms in the North Sea being build next to vessel traffic
lanes a safety question arises: “Are they safe?” In this chapter only the turbine blade failures will be
researched. Turbine blades can be thrown away a long distance, picture 8.4 shows a thrown wind
turbine blade. Other failures like fire and structural failures are not researched, because vessels are
not allowed to navigate close to wind turbine farms at this time. However by building more wind
turbine farms nearby Traffic Separation Schemes (TSS’s) it will be inevitable to keep a certain
distance from the wind turbine farms at all times and close contact situations can occur.
In reported accidents entire blades where found
150 meters away and a blade fragment was
found 500 meter away (Rideout K., 2010).
In the “Handboek Risicozonering Wind turbines”
made by DNV KEMA there is even a diagram in
which is shown that the throwing distance can
be 716 meter for a 5000 KW wind turbine that is
over speeding. However this is an calculation
done in a ballistic model without the factors
wind and air resistance. In picture 8.4 an thrown
off wind turbine blade. Still this calculation gives
an insight about the potential dangers (p. 18,
Faasen C.J. et al, 2013).
Picture 8.4: Thrown turbine blade (adeva-villebeon, 2008)

In table 8.1 there is a frequency calculation about what the chance is of a failure.
Failure frequency
Expectation value
95% reliability percentage
Blade cracking
6,3E-04
8,4E-04
Normal operations
6,2E-04
8,4E-04
During over revolutions
8,5E-06
5,0E-06
Structural failure
5,8E-05
1,3E-04
Partial structure failure
8,3E-06
complete failure
5,0E-05
Breaking off top part wind turbine
1,8E-05
4,0E-05
and/or rotor
Table 8.1: Failure frequency (p. 77, Faasen C.J. et al, 2013).

On picture 8.5 a wind turbine that is
exploding. This is just an indication that wind
turbines are not that safe. Also fire on wind
turbines can only be extinguished by an fire
fighter helicopter.
Picture.8.5: Explosion wind turbine (imgur, 2014)
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The following blade failures have been reported on the Caithness Windfarm Information Forum.
- Blade failure 26/02/2014 Methil, Fife, Scotland UK 7MW,
- Blade failure25/02/2014 Dunlo, Adams Township, Cambia County, Pennsylvania United
States,
- Blade failure 20/02/2014 Tillmouth Farm,Norham, Berwickshire,Scotland UK Hannevind,
- Blade failure19/02/2014 Wildcat wind farm, Tipton County, Indiana United States GE 1.6
MW,
- Blade failure29/01/2014 Saeby wind farm, Jutland Denmark Vestas V90 3.0MW,
- Blade failure 15/01/2014 Echo wind park, Huron county, Michigan United States GE 1.6 MW,
- Blade failure 15/01/2014 High West Thickley Farm, Bildershaw, Teesdale, England UK,
Please note that the website has not been updated till March 2014
In appendix 6 Rijkswaterstaat mentioned that research is in progress to determine if recreational
craft are allowed to navigate through wind turbine farms. If this will be allowed ships could get hit by
blades or fragment of broken wind turbines.

Conclusion
In order to guarantee a safe passage for ship’s crew and cargo there should be a sufficient amount of
space between wind turbines and ships. The best distance between ships and wind turbines should
be 0.5 nautical mile. For recreational craft the danger is present and should be taken into
consideration.
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9. Conclusion
To answer the main question, some sub-questions were created. In this chapter the conclusions of
the sub questions will be presented and the main question will be answered.
9.1 Location of wind turbine farms in the North Sea
Wind turbine farms will be build in the North Sea at various places along the Dutch coast. The exact
location of these farms can be found in appendix one. Currently there are two wind turbine parks
west of IJmuiden and more are pending.
9.2 Wind turbine farms influences on communication
A live trial performed by the maritime and coastguard agency showed that the radio waves where
not blocked by the large metal construction of the wind turbine. It even showed that the radio
communication was not hampered at all. From the information gathered a conclusion can be made
that the communication devices are not affected by the presence of a wind turbine farm, and
therefore problems with communication cannot be used as an argument against the construction of
wind turbine farms.
9.3 Influences of wind turbines on currents and shoals
The influences wind turbines have on currents is that the strength and direction will be changed. Due
to stronger currents and change in wave patterns the shoals will move according the sediment
transport of the seabed. Even thou it have influence on the vessels in vicinity it’s is the seafarers duty
to use all navigation equipment and maintain safe distance of the wind turbines for a safe voyage.
9.4 Influences of wind turbine farms concerning routings and approaches
Wind turbine farms will be build in the North Sea in harmony with the existing shipping lanes and
approaches at various places along the Dutch coast. The exact location of these farms can be found
in appendix one. Rijkswaterstaat took the building of the wind turbine parks in to account when
revising the Routing and approaches near the Dutch coast as seen in appendix two therefore
according to Rijkswaterstaat wind turbine farms will have no negative effect on routing and
approaches. Research has showed that small vessels and fishing vessels might impose risks to
merchant shipping when they are near or in a wind turbine farm.
9.5 Influences of wind turbine farms on navigational equipment
Wind turbine farms do have influences on the vessels navigational equipment. It does not affect the
communications (VHF, DSC, etc.), GPS, AIS, echo sounder and electromagnetic log. On the other hand
it seriously affects the ships radar system. Different kind of false echoes and blind spots are created
by the wind turbine farms, which potentially cause hazardous situations in busy traffic routes.
Mariners might not be able to determine a collision danger, which lead to dangerous situations.
Reducing the gain can reduce false echoes, but small vessels will also vanish from the radar screen
when the gain is reduced. Therefore reducing the gain is not a solution to the problem and other
solutions have to be found.
9.6 Effects of wind turbine farms on Search And Rescue operations
From an interview with the Dutch rescue services (appendix 4) a conclusion can be made that the
wind turbine farms are not to be considered a problem in SAR operations. The Dutch rescue services
have specialised equipment and the wind turbine farms themselves may tend to the need of
survivors to stay out of the water and therefore decrease the chance of hypothermia. All together
the Dutch rescue services do not believe the construction of wind turbine farms will be a problem for
SAR operations in the future.
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9.7 Influences of wind turbine farms on shipping areas
Wind turbine parks will have changes on the surrounding shipping areas. It does affect fish
populations with minor changes in fish populations and creates a safe place for fish to multiply. Wind
turbine parks are therefore interesting places for fisherman. What could result in more traffic near
wind turbine farms. Especially in the vessel traffic lanes, what fishing ships will use to enter the wind
turbine park. Bottom fishing is already prohibited by Rijkswaterstaat. Other types of fishing are still
discussed if they are granted access in wind turbine farms.
Ice thrown by wind turbines will be no threat to ships passing the wind turbine park. Because the
minimal distance between ship and wind turbine park will be 500 meters according to
Rijkswaterstaat. As mentioned by Rijkswaterstaat, recreational craft might be allowed inside wind
turbine parks. These ships will still be at risk in weather where ice is easily formed. Also maintenance
vessels do have a risk factor.
Wind turbines blades can break off and will cause problems to surrounding areas. While
Rijkswaterstaat ensures that wind turbine structures are build, with all safety requirements. The
possibility still exists that something could go wrong. With a safety zone of 500 meters between ships
and wind turbine park. Ships could be a potential target. Also Rijkswaterstaat mentioned that
recreational craft might be allowed inside wind turbine parks. For the recreational craft including
maintenance vessels it is a far bigger threat, than for the merchant navy.
The wind turbine syndrome is still a mystery and therefore no conclusion can be made for this
subject.
Wind turbine shadow flickers will be formed within 10 times the rotor distance. However due to the
seafarers medical check, no person on board should be vulnerable for epilepsy. So the result will be
an annoying factor. For maintenance vessels crew is it a more serious problem due to the fact that
they spend long periods inside wind turbine parks.

The answers given on the sub-questions can be related to give an answer to the main question of this
project. The main question of the project is:
How can the navigation in the vicinity of wind turbine parks be improved or modified in order to
create safe navigation?
To improve the safe navigation in the vicinity of wind turbine farms a few solutions can be taken in to
consideration. Permanent monitoring of the areas in which wind turbine farms are situated. For
example by enlarging VTS-areas or posting guard vessels, which can lead to accurate situation
awareness. Accurate situational awareness leads to quick response to occurring threats, however the
fact still remains that wind turbines have a negative effect on the ships radar system. Therefore a
solution which minimizes that effect has to be found by further research. Before building wind
turbine farms regulations must be made and possible threats must be known to ensure the safety of
the ship and crew.
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10. Recommendations
In this chapter the recommendations will be put forward and categorised by sub question.
10.1 Location of wind turbine farms in the North Sea
More research should be done to determine if more wind turbine farms could be build without
impairing sailing area of the merchant shipping fleet and the environment while reaping the benefits
of clean energy.
10.2 Wind turbine farms influences on communication
Because the Maritime and Coastguard Agency already did research and live trails near wind turbine
farms concerning communications, no extra research is required at the time. However with the
development of new types of wind turbines and therefore the changing shapes of them, new
research is required to test the interference on communication of these new wind turbine types.
10.3 Influences of wind turbines on currents and shoals
Because the use of wind turbines contribute to a cleaner environment a further research on floatable
wind turbines is recommended, this to measure the influence on the current and decrease the
shifting of shoals.
10.4 Influences of wind turbine farms concerning routings and approaches
Further research should be done about the implications wind turbine farms impose on shipping
activity to make sure that wind turbine farms do not negatively influence merchant shipping and
their safety. Furthermore new approaches might be developed to deal with the presence of wind
turbine farms.
10.5 Influences of wind turbine farms on navigational equipment
From research that was done by the Maritime and Coastguard Agency at the North Hoyle and Kentish
Flats wind turbine farms we can conclude that wind turbines affect the ships radar system. Research
has shown that the wind turbines situated at the North Hoyle wind turbine farm have a larger impact
on the ships radar system, due to its construction. By designing a new type of wind turbine the effect
on the ships radar system could be reduced. Therefore more research is required to solve the current
problem.
10.6 Effects of wind turbine farms on Search And Rescue operations
From an interview with the Dutch rescue services a conclusion can be made that the construction of
the wind turbine farms do not have a negative impact on SAR operations. However the question on
how to proceed with SAR operations in or near a wind turbine farm remains for the ordinary bridge
officers and captains. Another item is how to proceed with SAR operations from the air? Will there
be problems or is flying near or in a wind turbine farm no problem at all?
Therefore the recommendation is the continued research on the underlying effects on SAR
operations and especially the SAR operations from the air. Also research will need to be done on how
the maritime officer gets to know the rules and regulations concerning SAR operations in and near a
wind turbine farm.
10.7 Influences of wind turbine farms on shipping areas
More research has to be done to find the far-reaching consequences wind turbine farms have on the
environment and their inhabitants. Ice throw from wind turbines should be eliminated by using
appropriate counter measures. Due to the chance of increasing vessel traffic, fishing vessels should
cause no extra problems. Therefore researches should be done to investigate what could be done as
counter measures, or if fishing vessels should be prohibited at all times. For the maintenance crew
the risks should assessed for shadow flickers and the effects on their health.
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Summary
Wind turbine farms will be build in the North Sea at various places along the Dutch coast. The exact
location of these farms can be found in appendix one. Currently there are two wind turbine parks
west of Ijmuiden and more are pending.
Basically there are two types of communication devices found on the bridge, direct radio
communication and communication via satellites. Because both use standard radio signals at a
different frequency it could be possible that the radio transmissions could receive interference from
the large metal structures that are wind turbines. In a study and live trails performed by the Maritime
and Coastguard Agency in 2004 this theory was put to the test and failed. It appeared that the wind
turbines had little or no effect at all on the radio communications.
The influences wind turbines have on currents is that the strength and direction will be changed. Due
to stronger currents and change in wave patterns the shoals will move according the sediment
transport of the seabed. Even thou it have influence on the vessels in vicinity it’s is the seafarers duty
to use all navigation equipment and maintain safe distance of the wind turbines for a safe voyage.
Wind turbine farms will be build in the North Sea in harmony with the existing shipping lanes and
approaches at various places along the Dutch coast. The exact location of these farms can be found
in appendix one. Rijkswaterstaat took the building of the wind turbine parks in to account when
revising the Routing and approaches near the Dutch coast as seen in appendix two therefore
according to Rijkswaterstaat wind turbine farms will have no negative effect on routing and
approaches. Research has showed that small vessels and fishing vessels might impose risks to
merchant shipping when they are near or in a wind turbine farm.
Wind turbine farms do have influences on the vessels navigational equipment. It does not affect the
communications (VHF, DSC, etc.), GPS, AIS, echo sounder and electromagnetic log. On the other hand
it seriously affects the ships radar system. Different kind of false echoes and blind spots are created
by the wind turbine farms, which potentially cause hazardous situations in busy traffic routes.
Mariners might not be able to determine a collision danger, which lead to dangerous situations.
As there are still accidents happening at sea with sometimes the result that people will have to
abandon ship, SAR operations are still needed and people are trained of it. The question remains,
what if a raft with people inside drifts into a wind turbine farm? From an interview with the Dutch
rescue services it became clear that small ships are allowed into the wind turbine farms to participate
in SAR operations. In fact the searching part may be sped up as the survivors may attach the raft to a
wind turbine or may climb onto one of them. It appears that the rescue workers do not consider
wind turbine farms a problem in SAR operations.
Wind turbine park do have influences on shipping areas. The question is will these influences Effect
the safety of merchant/maintenance and recreational ships? In an interview with Rijkswaterstaat it
was clear that fishing vessels could cause problems to ships in vessel traffic lanes. If they are allowed
inside wind turbine parks. Ice thrown of wind turbines is a potential danger to ships inside wind
turbine parks. Therefore solutions must be found to prohibited ice to form on wind turbines.Breaking
off wind turbine blades/fragments is a potential danger to ships. Especially in the close vicinity of
wind turbines. These risks should be taken into consideration for vessels in the vicinity of wind
turbine parks and especially for vessels inside wind turbine parks.
Wind turbine shadow flickers where found to have an irritating effect on watch keeping officers. Due
to the fact that merchant vessels/recreational vessels, are only a short time in the vicinity of shadow
flickers. It can be said that wind turbine farms cause no threat to vessels passing by. However
maintenance vessels are at risk due to long periods of time inside wind turbine parks.
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(Ministerie van Infrastructuur en Milieu, 2013)
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Appendix 2

TSS changes Dutch shipping routes August 2013. (Watersportbank, 2013)
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Appendix 3

‘Windmolens voor kust Maasvlakte te gevaarlijk'
Havenbedrijf Rotterdam en het Loodswezen hebben ernstige bezwaren tegen de komst
van een windmolenpark in zee ter hoogte van de Maasvlakte van Rotterdam. De
winturbines zouden gevaar opleveren voor het drukke scheepvaartverkeer aldaar.
Het kabinet wil meer windmolens in zee plaatsen binnen de 12-mijlszone. Uit een onlangs
verschenen haalbaarheidsstudie blijkt dat vooral het zeegebied voor de Maasvlakte zeer
geschikt is. Het Loodswezen vreest echter dat de recreatievaart om het windmolenpark heen
moet varen en dan in de drukke vaarroute voor de zeehaven terechtkomt. Ook het
Havenbedrijf vindt dat in het drukst bevaren deel van de Noordzee geen windmolenpark
thuishoort. Het zou ook te dicht bij het ankergebied voor Rotterdam komen te liggen. Het
Havenbedrijf is wel akkoord met de bouw van meer windmolens op het land van de Tweede
Maasvlakte.
Volgens de onderzoekers zou buitengaats van de Maasvlakte zeker één windpark van 100 tot
150 megawatt kunnen worden gebouwd. Daarbij zijn parken binnen de 12-mijlszone 250 tot
280 miljoen euro goedkoper zijn dan verder op zee. Ze zijn namelijk gemakkelijker
bereikbaar.
Het kabinet neemt voor de zomer een besluit over de bouw van nieuwe windparken op zee.
Er zal dan een structuurvisie worden opgesteld voor verder onderzoek om te komen tot
definitieve aanwijzing en begrenzing van gebieden die voor windenergie in aanmerking
komen. Eerder werden al vijf gebieden geselecteerd die mogelijk geschikt zijn voor
windenergie: Zeeland, Maasvlakte, Zuid-Holland, Noord-Holland en Ameland. (Schuttevaer,
2014)
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Appendix 4
Interview with the skipper from the rescue boat Koos van Messel, T. Haasnoot from the Dutch
rescue services (KNRM).
1. Which resources do you have at your disposal to do Search And Rescue (SAR) operations and
where are they used for?
The Dutch reascue services (KNRM) has 45 rescue stations along the Dutch coast from where
the 75 rescue boats operate. To keep thing clear there is a fleet plan and a number of
conditions the KNRM needs comply with to be able to operate. Some of these conditions are
to launch the rescue boat(s) within 10 minutes after the alert and to be able to rescue 400
persons till 10 nautical miles from shore within 1 hour.
2. How does a SAR operation look like for you?
First we receive a distress call by the Dutch coastguard or by the regional relay station, then
we launch the boat, we start the search, rescue if possible and then sail back to the rescue
station.
3. How often do you launch for a rescue operation on the North Sea?
The average of the KNRM is about 50 times a year per rescue station. For the rescue station I
work at (IJmuiden) we have an average of once per 10 days.
4. What are the most common dangers you face during a rescue operation?
The most common dangers are the normal nautical dangers. Of course we also have to deal
with terrible weather. The question remains: how do you do the rescue work on a small
rolling boat at windforce 10?
5. How do you experience the presence of the wind turbine farms already present in the North
Sea during SAR operations?
So far the wind turbine farms themselves have not caused any problems at all. SAR
operations are usually limited to problems with tenders/stand-by ships. Some of them we
have already assisted. Further the wind turbine farms to not pose us inconvenience, if
necessary we sail right trough them, nobody makes a fuss about that.
6. Are there any recourses you cannot/ are not allowed to use in or near the wind turbine
farms?
Not to my knowledge, as we prefer. Good seamanship also applies for us near or in the wind
turbine farms, so the rule is to use your common sense. However the question that needs
answering is: when I go in, do I get out? If the answer is no, we do not get in. You do get a gut
feeling to deal with dangerous situations.
7. Are there any appliances/ recourses which can make the SAR operation in wind turbine farm
safer/faster?
There are two things with can be distinguished here: (1) a SAR operation within a wind
turbine farm because of for example a ship which drifts into a wind turbine farm and (2) a
SAR operation because of a calamity on a turbine. In the first case the only thing that is
different is the presence of the wind turbine farms which you will need to sail around. In the
second case there are agreements made on how to proceed. Note that the safety plans of
the wind turbines assume only own use and apparently say that the first case is not possible.
8. How do you deal with the dangers of ice shards falling down from wind turbines in winter?
Just like we would do with ice chards coming from airplanes, ignore it. Also in this cast we
need to think about good seamanship.
9. Does the presence of wind turbine farms have any effect on the speed with which you can
search and area and if so, how much?
The presence of wind turbines do not have any effect on the speed with which we can search
an area, although it is of course wise to check if anybody climbed onto a wind turbine. In
most cases it would in fact decrease the time we need to search as the Dutch coastguard will,
as is written in SOLAS, ask any ships in the area to participate in the search.

Page 54

06/04/2015

Report Wind turbine parks and safe navigation

10. Are ships engaged in SAR operations allowed to enter the wind turbine farms? In normal
navigation wind turbine farms are no-go zones for ships.
Yes, any ship engaged in search and rescue is allowed to enter a wind turbine farm. It would
be a bad thing to limit SAR operations. Don’t worry, if you have to abandon ship and end up
in a wind turbine farm you will still be rescued.
11. How will merchants ships participate in future SAR operations near or in wind turbine farms?
Captains have an international obligation to assist in SAR operations, if this is possible
without jeopardising his own ship to make sure the situation doesn’t get worse. As in any
SAR operation the deployment of other ships will have to be considered and fine-tuned.
Large vessels will never be asked to do their part of the SAR operation inside the wind
turbine farms, for smaller ships this is still a possibility.
12. If you participate in a SAR operation with you boats, how will they be deployed and what are
they allowed to/ can they do what other ships can’t/ are not allowed to?
A SRU (Search And Rescue Unit, for us that is a rescue boat) is a specially designed and build
for this task vessel and has a crew of people especially trained for SAR operations. Because of
this our rescue ability is better than that of an average ship. But the question is what is
rescue? Saving what can be saved is not an expression which covers what we do. Every
situation is a different one and every situation should be looked at and dealt with as such.
We do not have a script available and we do not have time to make a voyage plan. The way
we are deployed and is determined when we know what is going on, the question “Are we
allowed to?” is not applicable. We have to make the best of it. A tidbit: The international,
comprised by the UN, SAR program (as described in IAMSAR) has a worldwide range and
knows no limits. The Dutch government has therefore not imposed any restrictions on the
rescue services. If there is a case in which this seems to be the case, an agreement is made
and a solution is found which takes away the limitation.
13. How do you deal with the effects wind turbines have on the effectiveness of the RADAR?
Our boat has a scanner height of four meters with which we are sailing in areas with more
than five meter high waves. I do have other concerns than the effect of wind turbines on my
RADAR image. In these conditions I am happy to spot a small ship one nautical mile away and
we stay far away from buoys. We can find the breakwaters off Ijmuiden with the electronic
chart and GSNN. The RADAR on the shore can’t see us anyway. To find the wind turbines we
don’t need a RADAR. All in all I don’t think the wind turbines will affect our work that much
so I don’t worry much about this point.
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Appendix 5
Extract IBP
Mijnbouwwet
Incidenten voortvloeiend uit mijnbouwactiviteiten op zee, zowel binnen als buiten de territoriale
wateren, vallen onder de Mijnbouwwet. De verplichting voor de operatorom incidenten te melden
vloei voort uit het Mijnbouwbesluit en de Mijnbouwregeling.
Het Kustwachtcentrum en de Inspecteur Generaal der Mijnen ontvangen de incident-melding van de
operator. De Mijnbouwwet is uitgewerkt in het Mijnbouwbesluit en de
Mijnbouwregeling. Het betreft voorschriften die de belangen van andere activiteiten op zee en
bijvoorbeeld het milieu beschermen.
8.2.1 Kustwacht en Search and Rescue (SAR)
De SAR-dienst is belast met de opsporing en redding van in nood verkerende bemanningen en
passagiers van vliegtuigen, helikopters, schepen en offshore
mijnbouwinstallaties.
8.2.2 Uitgangspunten SAR
Voor de SAR hanteert het ministerie van Infrastructuur en Milieu bij de afhandeling van een incident
de volgende beleidsdoelstelling (bron: Nota Maritieme en
Aeronautische noodhulp op de Noordzee, hoofdstuk 'Het opsporen en redden van mensen in nood').
De beleidsdoelstelling van de overheid bij het opsporen en redden van
mensen in nood is het 24/7 garanderen dat er een adequate SAR-dienst is voor het snel opsporen en
effectief redden van in nood verkerende bemanningen en passagiers
van schepen, luchtvaartuigen en mijnbouwinstallaties, of betrokken bij andere activiteiten op zee.
Uitgangspunt van het beleid is dat als zich een voorval voordoet aan boord van schepen,
luchtvaartuigen en mijnbouwinstallaties waarbij de veiligheid in het geding komt
dit met de aan boord aanwezige middelen en kennis bestreden moet kunnen worden. Wanneer dit
niet mocht lukken dan dienen de bemanning en passagiers over
voldoende middelen, kennis en tijd te beschikken om het schip, het luchtvaartuigen en/of
mijnbouwinstallatie te kunnen verlaten en te overleven. De omringende
scheepvaart is verplicht bij een oproep door de bemanning of de Kustwacht hulp te bieden. Deze
uitgangspunten gelden internationaal en zijn in verdragen vastgelegd.
De overheid verleent (aanvullende) hulp. De aangeboden diensten zijn additioneel ten opzichte van
de eigen verantwoordelijkheden van de scheepvaart, luchtvaart en
mijnbouw. Dit betekent echter niet dat hulp wordt verleend “in het uiterste geval”, want bij iedere
melding wordt door de Kustwacht een risico inschatting gemaakt en
desnoods preventief hulp aangeboden. Ondanks de bereidheid tot uiterste inspanningen, kan de
overheid nimmer garanderen in alle gevallen succesvol te hulp te kunnen schieten.
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8.2.3 Regeling inzake de SAR-dienst 1994
Voor de benodigde middelen kan de SAR-dienst te allen tijde beschikken over SAR eenheden. Voor
zover op het gewenste moment inzetbaar zijn de middelen van de in de
Kustwacht participerende diensten beschikbaar voor het ondersteunen van SAR acties. Daarnaast
kan de directeur Kustwacht zich verzekeren van de beschikbaarheid van andere middelen zoals in de
artikelen 7, 8 en 9 van de Regeling inzake de SAR-dienst.
De leveranciers van SAR eenheden verplichten zich om op verzoek van het JRCC Den Helder naar
beste vermogen te reageren en de gevraagde middelen in te zetten. Zij
stellen deze eenheden beschikbaar aan het JRCC Den Helder. De betrokken instanties/diensten zijn
zelf verantwoordelijk voor de uitrusting van hun eenheden, de
opleidingen en training van de bemanningen en de kwaliteit van uitvoering van de operatie. Het JRCC
Den Helder is primair verantwoordelijk voor de keuze van de in te
zetten reddingseenheden en de coördinatie van de acties. Voor de werkwijze van het JRCC Den
Helder wordt verwezen naar operationele procedures in Deel B, hoofdstuk 6.
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Appendix 6
Interview with Rijkswaterstaat
What is in the government the best place and needed requirements to place and build a windmill
park?
Answer: in the first National Water there are two designated areas for building windmill parks:
Borssele and IJmuiden Ver. The process runs for determining the structural Offshore. It also
designates two areas where the government deems most promising to develop a windmill park.
These are the Dutch Coast area and the North region of the Waddenzee. For more information, see
http://www.noordzeeloket.nl/images/ontwerp-rijksstructuurvisie-windenergie-op-zee_3068.pdf
Where will the windmill parks be situated around the Dutch coast?

How are the places where windmill parks will be built determined?
Answer: in the National Water plan and during the review of them , the structural vision wind on sea
will determine in which areas the windmill parks will be located. This is done on the basis of an
PlanMER. Then there is a process to determine within which the areas windmill parks can be built.
The areas are divided into so-called plots. Each plot is examined to see which configuration and
bandwidth can be used to build wind turbines. For more information, see
http://www.internetconsultatie.nl/wetwindenergieopzee
Does the construction of windmill farms in the North Sea have future implications for the existing
VTSS (that where adapted in 2013 for example) and will there be new the VTSS due to the coming of
windmills? Principles of changing the VTSS was to improve the safety of shipping, while
simultaneously giving enough space for the construction of windmill farms.
Answer: There are no further changes to the routing due to the plans for the wind turbine parks.
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Which licence must the given by the government before a windmill park may be built? (short
overview)?
Answer: At the new regime for building a windmill park requires:
- (Kavelbesluit) It is determined by the government which conditions a builder of a windmill park
needs. The Minister of Economic Affairs grants along with the Minister of Infrastructure and the
Environment the plot decision
- One (wind) license. This is granted by the Minister of Economic Affairs to whoever comes out on top
as the best in the tender.
For more information see: http://www.internetconsultatie.nl/wetwindenergieopzee
In addition, a permit is required for the so-called sockets, which ensure that the electricity is
generated, transformed and brought ashore. Wired For sockets and cables in the North Sea is a
Water Act Permit required by Rijkswaterstaat.
The cable route on land also requires various permits and a final destination. For electricity facilities
generally a rijksinpassingsplan is drafted.
What effects does the windmill parks have approaches of ports? (obstruction etc.)
Answer: The new routing for approaches of the Dutch seaports is guaranteed. There are no
obstructions met by the construction of windmill parks.
Will there be an impact on the safety of the ships, what does the government think about this?
Answer: By creating a safe distance between the shipping lanes and windmill parks there won’t be a
negative impact on shipping safety.
These are some sub-questions from our research:
1. Where in the North Sea will the wind turbine farms be placed?
2. What influences do wind turbine farms have concerning routings and approaches?
3. How will wind turbine farms affect the surrounding area in the North Sea?
Do you happen to have additional information about; a professional look, comments or other
important points that could help us with our research?
Fishing
What does the Rijkswaterstaat think about the effects for fishing industry?
Answer: the windmill parks will be closed for soil interfering fishing.
Will the fish population grown due to the windmill parks?
Answer: So far, research in OWEZ windmill park has not shown that there are bigger fish populations
present by the windmill parks. It may not have been measured long enough and this is
visible after 5 or more years (the recent research time) Or the windmill park OWEZ was to small in
proportion to obtain population-level effects. There were more codfish spotted, but this is the effect
of the introduction of hard substrate surrounding the foundation piles. More information can be
found at: http://www.noordzeewind.nl/?attachment_id=1627
Will the fishermen be prohibit to sail near the windmill parks?
Answer; there is a prohibition to sail around the windmill parks. Currently there is an deliberations
for shared use and navigable possibilities for use (which may include some fisheries) and passage.
Safety is always first.
Potential safety hazards
What are the positive aspects of windmill parks according Rijkswaterstaat for shipping?
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Answer: In the Energy Agreement of September 2013 defines the scope MW of wind energy in the
North Sea will be placed. With the structural Ministry of Infrastructure and the Environment makes it
possible to build spatially. Wind farms RWS is preparing the plot decision implementing organization.
What are the positives generally wind parks according Rijkswaterstaat?
See the answer above.
Rijkswaterstaat
How often are surveys taken in the North Sea, with the advent of wind turbines?
Answer: The advent of wind turbines has had no effect on the frequency of the surveys.
What are the actions taken regarding navigation in the vicinity of wind turbines by Rijkswaterstaat?
(E.g. extra careful for different flow)
Answer; in the current Water Act permits for wind farms is recorded that lights must be installed on
wind turbines on behalf of shipping and should be provided of AIS. The actions that are taken during
construction are a guard vessel present and restricted area recorded in the charts.
After construction, a so-called safety zone around the wind farm is implemented in the chart. This is
a strip of 500 meters wide around the wind farm. Besides maintenance vessels are not allowed in
the safety zone, the windmill park is therefore not navigable. Currently windmill parks are being
examined to determine possible navigation for pleasure crafts in these areas.
There is an assessment framework for safe distances. The basic principle of this measure in the
event is to retain sufficient space in case of emergency to alter course preventing collision with wind
turbine.
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