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Report Wind turbine parks and safe navigation

Preamble

This report ipart of our education at the Rotterdam Mainport University of applied scienteis is
not a follow upprojectand isaboutwind turbineparks and some of its nautical aspeds.
descriptionwill be made abouthe problems one caencounter while sailingearwind turbine
parks, and the changes theyake to sailing patterns.

The followingquestionswill be discussed:

Main guestion: How can safety in the vicinity of wind turbine parks be improved in order to create
safe navigation?

What is the presensituation 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 Seareimd Rescue operations in the vicinity of wind farms?
How do wind farms affect the ecological system in the North Sea?

ok wbNE

There aresomelimitationsto this project. The project will nahcludefor example the noise wind
farms produce or the costs of buitdj these parksOnly through corporation this project can reach
its full potential.

A special thanks goesit all teammembers of the nautical project group, tipeincipal the manager
and all other parties involved.

Rotterdam,04-July2014

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 Rottendslainport University of applied
sciences. The stakeholders of this project are the Rotterdam Mainport University of applied sciences,
Dutch shipowners, environmental organisations, local and national governments, European Union
and the IMO. These stakeldaers will be able to attain a large amount of information about the

changes thatvind turbineparks 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 projeaudoproject 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 foruetb seek out new sources of energy.

These new sources of energy need to be less destruatitbe environment than the current ways

2F 1SSLMAYy3 dzlJ 6AGK (GKS RSYlFLyRa 2F K2dzaSK2f R& | YR
Sy S NH & Q QgovefarSentsfaiiedbi international treaties, has set an objective to make sure

that the Netherlandd IN2 RdzOS Y2 NB WQODNBSYy QQ SySNHeé® 5dz5 (2 i
solar cells the Dutch government has decided thid turbines are the bestwd (12 LINR RdzOS WwQ
Sy S NH & Qundturigirié @agksSare set to be constructed in the North Sea, inside our territorial

waters.

Currently there are already soménd turbineparks just off the coast neddmuidenwhich are no
obstruction to the shippig industry. However with the planned construction of many meired
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 welgsiie/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 withowvithe turbine
parks alreadyangestion points for ships.

a o0 The@ver Strait is one of the busiest international seaways in the world, regularly used by over

400 commercial vessels dailf.became the firstMO approved Traffic Separation Scheme in the

g2NI R Ay GKS SINIé mptnaz FyR gl a ({(MaStimgantlk (i G2 C
Coastguard Agenc012)

The shipping industry is concerned that with the construction of thveisel turbine parks, which are

Ywoy2 3200 T12ySa F2NJ aKALBESET GKS b2NIK {SF FyR (GKS
dangerous areas for ships to sail in. The dangers for safe navigation are unclear and possibly
underestimated. Therefore this research will bedsed on the different ways safe navigation can be

adversely influenced by tha&ind turbineparks. The research will be done in respect to the

construction ofwind turbineparks in the North Sea concerning the following subjects:

Communication, currents ahshoals, routing and approaches, navigational equipment, search and

rescue, shipping density, collregs, changes caused by wind turbines and darfiggrsrofenfishing

in small proximity to the other ships in narrow waters.

Problem definition: Safe nayation on the North Sea is made more difficult by the creatiowiofi
turbine parks.

Objective To secure the safe navigation for ships in respect to the constructiasmafturbineparks
in the North Sea.

Main gquestionHow can safety in the vicinitf wind turbine parks be improved in order to create
safe navigation?

Subquestions:

1. Where in the North Sea will th&ind turbinefarms be placed?

2. What influence do wind farms have concerning the communication between ships and
coastal stations?
What influences will thevind turbines have on the currents and shoals?
What influence do wind turbinefarms have concerning routings and approaches?
What influence do wind turbinefarms have on navigational equipment?
What are the effects on SearchdRescue operations in the vicinitywind turbinefarms?
How will wind turbine farms affect the surrounding area in the North Sea?

Nookw

Page 7 06/04/2015



Report Wind turbine parks and safe navigation

The research method

Subquestion | Methodology Qualitative or Information source
Quantitative
1 Literature research Qualitative Internet, magazinesnterview
Rijkswaterstaat
2 Literature research Qualitative Internet
3 Literature/ field research Qualitative Internet, interview Rijkswaterstaat
4 Field research Qualitative Interview Rijkswaterstaat
5 Literature Qualitative Internet
6 Field research Qualitative InterviewKNRM
7 Literature/ field research Qualitative Internet

Tabe 1.1: research methods

The research method we use is based on project work. With this method we determine whether our
stipulatedgoals 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 toet 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.

=A =4 =4 =4 -4 =9
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2. Location of wind turbinefarms in the North Sea

In thischapteran explanation will be given and places will be shawere and why thewind turbine

farmswill be builtand locatedWhen buildingvind turbinefarms,the perfect spot toplace them has

to be found.There are a lot of variablés determinethis position. Some factors arghipping lanes,

fishing grounds, offshore projects, pipelines, power lines, ketcinstancethe wind turbines annot

be built on a foundationor a gas pipeas this wold cause seous problems. At firstite most
commonshippingroutes on the North Seawill have to bedoked at secondlya closer viewvill be

givenof the fixed objects onhte bottom of the North Sea that might obstruct the building wind

turbine farms.Finally a clos&p why thewind turbinefarms that already exist where build at that

particular locationThere willbd:  a dzY Yl NB 2 F (KS wind&miFeSAidfthisa L2 G G 2
information has come frondesk researcland field researclusing thequalitative research methad

-
2.1 The planning é .1% eln_nedgzlcgrigsncitcss Site selection tec\r/;\:]%(li)gy
Before a wind turbingarm s built, there is a list of £ [
thingsthat have to be thought aboun the wind T 0.§ [Wind] [Building ground] é@na
GdzNDAYS aLINR2SOG¢ GKSNB 53 Oy 068
distinguished: -
H |
3 Ela.r:(;l.lng p:ase Fina@ [Planning]  [WEC/ Grid]
uilding phase
1 Operation phase £
§ Type of
Inthese phases there are 3pectsthat have to be et Buildng applicaion and
kept in mind: environmental impact review
1 Technical aspects 1 L |
Financing Construction Feed-in
1 Legal aspects S contract permit contract
: ®
1 Economic aspects £ i
I Erection and contract
In picture 2.1 a schedule of the building of a wind conmissionng
turbine farmcanbe see,y G KS dabl (A 2 =
anditsNBGAaA2ya aRS adNHOGd |8 58¢ | NB
where wind turbine farms might be situated are s
marked This process based on °

p|an|\/| ER (environmentahpactreport), Picture 2.1: flow chart of a wind powered project (Wwindea. 2005
with whichall new plans in theNetherlands have to comply&hen 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 irdts. For each lathe bestconfiguration of a wind ttbine

park has to be researchddppendix 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 lowahd conditions have to be assessed

The wnd patterns consisbf three components wind speedwind fetchand the direction These are

of great importance. If for example the wind speeds @@ lowthis will cause extra wear and tear
andconsiderably less power outputh&se factors wilinake the wind turbine farnmefficient. In the

North Sea the requirwind speeds are present atilierefore they are currently building wind

turbine farms in the North Sea. The presence of other wind turbimdisaffectthe wind patterns and
therefore the wind turbinesvill need b 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 dependsonthé y R LI GG SNy a a RA&aOdzaa

Another major factor ini K S ®BrdegfolRptis the number of wind turbie farms present. In the
designphase the client usually has approximate power output specified. The moretput a farm
generateghe largerit has to be and the more turbines it has to include. There hagtspace to
place these turbinesso the output says something about the space that is required for the farm.
The output of the wind turbine farm eterminedby considering th wind power and its direction
combined with the frequency that padular wind occurs. This is dofa all the wind directions.
Thencalculations can be made to take the performacbaracteristicof the wind turbines ito
account by the layout of thevind turbine farm. Changing the layout or placemehthe individual
wind turbinein a wind turbine farm can greatly increasedacreasehe performance of the whole
wind turbinefaam¢ KA a4 Aa RdzS (2 (GKS &g Ay RWiadshaBSthe S| OK
decrease in the force/speed of the wind if it passes an obstdigure2.2 showsthe optimal layout
for a wind turbine farnoptimised for theeffects of wind shade. For this wind shagatternit does
not matterif the wind turbine is placed oland or at seas long as the surface is more or less flat
This layout is designed with mostly westerly winds in nfmthimizingthe effectsof the wind shade)
but does als@erformwell in winds from other direction@Vwindea, 2005)

777717777777’7 .
Road /J/Aé/j//ééz i
Field track i U (S
: o N
— = Site border i @\
, 1 i \
% Commercial area \ '._/@ \
s \
4 Residential area A \
. \
@ Wind energy converter ! ! 2 \\
1‘ 3\ ’\)
! 7/
Access track i [ @_\/ /
1 . V4
—-— Internal power line ] g%‘@ 7
— p— ,
=0k Transformer and switches % N===‘=’$
= 20 k¥ power line L . -
| s m—

Picture 2.2Wind farm layout with planned infrastructuréWwindea, 2005)
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The final plan should contaan optimal arrangementfahe wind turbines on the space provided
while giving the highest possible energy output possible over the duration of the wind turbme far
life. Butthis is not always possible because of #ieas where the farmeannotbe bult. Examplesf
these areas are: military exase areasunsuitable sea bottom characteristics astipping lanes.
There are some planning tools fibre development ofvind turbine farms that haveeenproven
over timeg these are WinPro and/indfarmer. These software programs provide eptimal layout
for wind turbine farms in a quick and efficient wayhere are some additi@t restrictions the layotu
of awind turbine farm haso complywith, for exampleregulationsto protect the environment, the
maximumair draughtand maximum number dlirbinesper farm are not just the result of the
technical possibilities but aldor a great deal restricted baws andregulationsimposed by(local)
governments. Before a wind turbine farmanbe build it is wise to find out whatinds of permits are
needed andvhat restrictions the governments impogg/windea, 2005)

2.1.2Legal

The legislatiorthat has to be complied with is like a maZdereare differed governments that have
a say in these project$his makes things both interesting and complicated.

To give an overview of the parties involved:
1 Local governmentgthe city and the province)
1 National government (the Netherlands)
1 International government (Europedunion).

The national governmentdtill hasto determing for a part of the Nrth Sea, where wind turbine parks
may and wilbe build.There are differedntereststhat compete over these areathe most
importantinterestsare:

Hshery,

Qil exploitation

Gas exploitation

Sand exploitation

Shipping,

Military exercises

= =4 =4 =4 -8 -4

All theseinterestsneed to ke comparedand achoicehas to be made fathe most suitableprofitable
andwhat the bestinterests arefor that location.To build a wid turbinefarm the following three
permits are needed:

1. Alotresolutiort i K S(natiowak gdviesnmentiletermines what theconditionsthe builder
of a wind turbinefarm has tocomplywith. The Minister of Economic Affairs together with
the Minister of Infrastructure and Environment grants this lot resolution.

2. A Wind permit is needed’he Minister of Economic Affairs will grant this permit to the best
contractor.

3. Ad2 I G SNF S i 6 p&miHsdzgedetl 16 Sohstruct the power outleRijkswaterstaat
will grant this permit.

Besideghese permits for theseabasedend of the operation various permits for the shebased

operation are needed but these are beyond wmope of this reportappendix 6 Rijkswaterstaat
2014).
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2.1.3 Economic

Of coursea wind turbine farm has to be viable. If it is ratonomicallyinterestinga farmwill never
be build beause no one W invest in them. Therefore before amd turbine farm is build the costs
and benefits needto be calculatedIf this calculation proves profitahlthe farm will eventually be
build if allpartiesagree. The European Unisabsidises the building of wind turbine farms to
encourage countries to produgaore green enagy and to be less depended on fo$géls, which
mostly comes from other regions than Euradfself.

There are plans faso-calledoutlet plugs in the North Sea to cut tlvestsfor getting the electricity
ashore These power outlets woul be placedt strategic places in the North Sea so that new wind
turbine farms can be easily connected to the main power giids makes the use of separate power
lines to the shore for eachind turbine farm obsoletéappendix 6 Rijkswaterstaat 2014

Fornow mostwind turbine farms are build with government subsidising, jpuspects areghat this
will change in the future due to bigger witarbinesthat produce more powerThis means thahe
costs for buildingvind turbine farms will declin@Vwindea, 2005)

2.2The perfect spot

The perfect spbto place a wind turbine farrs a place where the negative effects of the placement

of such a farmis minimised.On the North Sea this means: ther N & KIF @S (G2 06S LJX I OSH
waters, they need to bplaced in places where theind is as steady as possible, a place where the
placement of the foundation is possible and as cheap as possill@referably a place that has a

power outlet to connect the new wind turbine farms tall theseoptions and posbilitieslead to the

current phn that is shown in chapter 2.8 the national water plan one two areas have been

selected to build wind turbinéarmsnamely: Borssele and Ijmuiden V&urrently a procedure is

goingto determine the future vision of wihturbinefarmsat the North Sealn this vision there are

G662 Y2NB 4 LipiNgRHe Galional gdeind@ent (het Rijk) finsisitable to develop wind

turbine farms. These areasdreil (G KS a1l 2t f F yRaSé¢ O21 &ai (dppemiixl 02 3S
6, Rijkswaterstaat 2014
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2.3 Current placement and plans

Aangewezen windenergiegebied
IJmuiden Ver

| Borssele

I Hollandse Kust

Bestaande windparken

M Offshore Windpark Egmond aan Zee (OWEZ)
Prinses Amalia Windpark

Windparken bouw in voorbereiding
197 Q10/ Eneco Luchterduinen

Windparken vergund
[0 Breeveertien |1

West Rijn

Den Helder |

Brown Ridge Oost

[0 Tromp Binnen

Beaufort

Q4

Windparken in procedure
Q4 West
Windparken subsidiaire aanvraag
Helmveld
Scheepvaart
| Scheepvaartroute
* Seperatiezone scheepvaart
[ Clearways
I Te vermijden gebieden
[ Voorzorgsgebied
1 Ankergebied
[ Diepwaterroute
Olie- en gaswinning
¢ Productieplatform
| Mijnbouwvakken
[ Helikopterzone 5 NM

Begrenzing
"' Nederlandse wateren / EEZ
- = = Grens territoriale zee (12-mijlszone)
Il Verdragsgebied Eems-Dollard
Kabels en leidingen
Pijpleidingen
Electra kabels
Telecom kabels
Militair oefengebied
[ Militaire gebieden
Reserveringsgebied zandwinning
~ Zandwinning reserveringsgebied
Natura 2000-gebieden
[ Natura 2000

Picture 2.3: Planned and existing wind turbine farms (Ministerie van Infrastructuur en Milieu (2013).

Page 13

06/04/2015



Report Wind turbine parks and safe navigation

As can be seen picture 2.3 thee are 10new applications for the building of wind turbine farms in
the North Sea near the Dutch coagiurrently there are only 2 wind turbirfarmson the Dutch
coast and these are placed just aboyraudiden Above theWest Frisian Island @fmeland a new
wind turbine farm is currently being build, its named GenAnliayout of this plarfa continuation of
picture 2.3can be found in appendix ohd-urthermore a ne wind turbine farm is beinfuilt off the
coast in betweendnuiden and Noordwijk aan Zedi$ farm is called LuchterduingRijkswaterstaat,
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 therenarevind turbine farms
west of linuidenand more are pending
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3. Wind turbine farmsinfluences on ommunication

In this chapter the research concerning communications will be preseites.has been researched
through the qualitative research method.

Althoughthe communications on land gsmore and more through satellitesn the sea we still
mostly rely on radio to communicate with the shore but also with other ships. With the introduction
of wind turbineparks in the North Sea these radio waves could becdisierted and therefore the

fear is that communications will become impossible neard turbineparks.To give this chapter

some structure, aivisionhas been made. The followitgmswill be reviewedto give a clear picture
of the influences of windurbine farms concerning communication.

1. The need for communication
2. Means of communication
3. Hfectsof wind turbinefarmson 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 lighthe second world war radio
communication had been developed. When the application on ships radio eeckar radio soon
became the way to communicate at sea.

In the maritime industy today radio communication has become a vital part of safe navigation and
cannot be ignored aanimportant part of collision avoidancé#.a ship is unclear of thatentions 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 shifand the \éssel Traffic ServiceT8) 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 approadbhato important to

ignore In theapproachego the port of Rotterdanthe 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 coigdlbthe entrance to the harbour and
cause major economic damage.

Radioon boardis also used taall a pilot for harbour approach but also archipelagos and large rivers.
WiththeonboardN> RA 23X &KA LA OlFy 2NRSNI I L3tlodsidethey | ROl y O
harbour before they can go in. This improves the turnaround time and safety as shipping companies

will not refuse to take a pilobn boardbecause it is time consuming. The radioboardis also used

to confirm the BtimatedTime of Arrival (ETA) at thepilot 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:

1 Other ships

1 Vessel Traffic Services in busy waters

1 Vessel Traffic Servisat harbour approaches

9 Pilot ordering and confirmatian
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3.2Means of communication
Modern ships have a variety of communication devices available and although soneelanelant
they all have a different way of transmitting or have another function. fbhlewing communication
devices can be found on the bridge of a modern ship:
VHF radip
MF/HF radio
Inmarsat C
Iridium phone
EPIRB

= =4 =4 =4 A

3.2.1VHF 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 cigeéthe earth means that the VHF radio has a
limited range. The picture belopicture 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 rangdS.H. Smith Marine, 2013)

Picture3.1: Range of VHF (FrugMariner, 2014)

3.2.2MF/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

satellitecommunicationit is still a mandatory lonosphere

communication devicgvhich can e found on the
bridge of any vessel. Where VHF signals travel
only in a straight linéhe MF/HF signals follow
two directions. The first signal follows the curve
of the earth over the ground the so called
WODNRdzyR 2+ @#SQQd ¢KS
the air and bounces back and forth between the
lonosphere and the ground, this is the so called
Ywo{l1e 21 3SQQd ¢ Wisturd3RD
shows the pats the signals folloyikipedia,
2014) Picture 3.2 Radio wavepropagation 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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3.2.3InmarsatC

The InmarsatC communication device is a satellite telex device. This means that short, typed
messages can be sent to other Inmar€atievices using a satellite to relay the message. This means
that for it to work an Inmarsa€ has to be logged in on a slite to relay the message. The signal
goes straight through the atmosphere and to the satellite from where it will be redistributed.
InmarsatC has a four region system which determents which satellite the Inm@réats to be

logged on to. The pictureelow (picture 3.3) shows the fowegions and their service ar¢Remote
Satellite, 2014)

Global Beam Coverage Global Beam Servic Spot Beam Services

..
. Fleet 77 voice, fax, MPDS, 64kbps Fleat 77 128kbps ISON
Pacific Ocean Region 1SON Fleat 55 faw, ISON, MPDS, 3.1Khz audio
Atlantic Ocean Region-West Floet S5, 33, vaice Fleot 33 fax, 9.6kbps data, MPDS

Atlantic Ocean Region-East It N2M Mini M (ol services)

Indhan Ocean Region Inmarsat B {all sorvices)
Inmarsat M (all sorices)
Inmarsat C {all services) [ e Ragan West, Actusl cover 230 i this aras wil b canfemed snce
Inmarsat D+ (al services) The ser v v B Tanlerred and testong i3 compiete

2770 Owrnotes targuted adftions’ st beam covwrage ance servion have
bown Uansler red b e 14 10105 10 02 the 3 satwl te 5 the Afart <

Picture 3.3: InmarsatC network coverage ¢(gat, 2014)

3.2.4Iridium phone

The iridium phone is a satellite telephone that can be found on the bidlgemodern ship. Itis a
normal telephone but is sends its signals not through a telephone wire but through a satellite. Which
in turnwill relay it to the recipient(Wikipedia, 201Q)

3.2.5EPIRB

Although not acommunication device as that it allovigr two way communication the EPIRB
(Emergency Position Indicating Radio Beacon) sends an automated distress magsageosition

to aRCC (Rescue Coordination Centtaherefore communicates with a RCC that a ship is in distress
and it gives its psition.

The above mentioned communication devices are foandoardships and are all tools for safe
navigation or to provide for communication during search and re¢Epéab, 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 equipntentthe
communication devices on board it is of the greatest importance they tvork at altimes, as they
are required to send out a distress signal when necessary.

3.3.1 Radio communications

From the study performed by thiniversity of Leuven in 20@9s determined that radio
communications can follow one of three paths anola cylindrical object such as a wind turbine.
Below a enumeration of the paths which can be taken by radio signals:

1. The signal reflectsfbthe surface of the cylindrical object.

2. The signal partially penetrates the surface of the cylindrical object.

3. Thesignalcurves aroundhe surface of the cylindrical object.

Dependant on the path that the radio signals follow, the transmission will not, partially or completely

reach the recipientFor the maritime industry only complete messages are acceptable gsatke

required for search and rescue. A partial message could miss some important information about the

distresssituationwhich could cost lives.

A study and experimergerformedby the Maritime and Coastguard Agency in 20f14tes the
following:

(...) The shadows found experimentally agree with the theoretical results outlined iotiganal
study. The affects are small and will not affect the VHF systems use@ddrfarms unless the link
margin between the transmitter and receiver is very low.

This wil only occur at long range and other effects caused by other users on theRdHkel are
likely to present a greater problem. (...)

This means that according to the experimgetformedby theMaritime and Coastguard Agengy

2004the radio signaapparently curves around the wind turbines and seems to reach the recipient
without too much loss of signal strengtBo the conclusion is that all communications devices using

radio waves can be used in a normal way

3.3.2 Satellite communications

The stellite communication apparatus on the

ONARIS gAtf ySSR G2 08 kot &y
they communicate with. The question isill

these devices be able to see and communicate

with their satellites close to a wind turbine farm. Heeluetand:,
The expectations are #t there will be no

problems with the finding and connecting to the

satellites.

Transmitter and
. Transmit Antenna

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 ,ﬁ y
that there will belittle or no interference from AS //1“
wind turbine farms. The picture to the right Originating Ground
(picture 3.4) shows the path the signals follow S

Destination Ground
Station

from and to the satellite. Picture3.4: Communication with satellites (Teach engineering, 2014)
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Inthe study performed by thélaritime and Coastguard Ageny2004it 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 tatellites, as wasxpeced.

3.4 Conclusion

In this chapter the functioning of the various communication devices found on the bralgebeen
described. A live trial performed by the maritime and coastguard agency showed that the radio
waves where not blocked by the large metal constiutof 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 poblems 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 mighthave influences on the navigation. The problems that occur are that shoals will be in
different positiors from where they are situated now. Due $tallow waters the current will hawve
different influence on the seabedthich in has an effect on vesselsvigating in these waters

4.1 Depth and soitype 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 tvemch extends

parallel to the Norwegian shoreline fro@sloto an area nath of Bergenlt is between 20 and 30
kilometres wide and has a maximum depth of 725 metfesieltknown 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 camise up to 13 metres below sea level.

The seabed of the North Sea generally consists of sand, someasieeeovered with sand, grit and

rocks. At the places that the current is not so stroimg seabed normally consists sift, on places

where the currat is strongyou will have the rocky seabd®ffshorewind, 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 N@&ea 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 anttlockwise. This is illustrated in the image bejmature 4.1(Zeeinzicht,

' Gt
NN s
L

—gp OndErstroom

W74
A

g7’

Picture 4.1: North sea current&€omare 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 direatbstruction 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.

FHoating Wind

4.3.1 Floating wind turbines Torbine Concepts

MIT has been workingrothe concept of a floating wind i
turbine. This new construction would enable the buildir |

of wind turbines in the open ocean and in places where L ’
the seabeddoes not meet the requirements that are . i : '
needed to build the current wind turbine farmthis
dramatically changes the influees on the shoals near
windmills. h picture 4.2 somexamples of the floating
wind turbines are visibl€A. Pratt, 2012)

Picture 4.2: Floating wind turbine concept (A. Pratt, 201:
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 neadoundation (for
now) to be built on, this would cut in the building costs. L
While with wind turbines or sea turbines only the area g
above the sea or below the surface is used, thereisa === == ==
tremendous area of space unused that cannot be used j;%"r_%é_ z
for other purpos. If the wind and sea turbine are = =
combined the use of the available space is optimal. Fo
example a ship cannot sail near a wind turbine nor a se
turbine. If the two units are placed next to each other t
area used is twice as big as if when they wddde been
combined, this mean two things. Wind/sea farms can b
smaller with the preservation of their power output, thus
taking less space and causing less hinder.

Or wind/sea farms stay the same size as they planned with the current plans for wirgketfabms,
and the power output is twice as bilp picture 4.3 thésea turbiné is visiblg(Inventorspot, 2014)

Picture 4.3: Sea turbine (Seageneration, 201
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4.4 Sediment transport

Sediment transport is the movement dftslue to a combination of gravity acting on the sediment,
and/or the movement of thefluid in which the sediment is entrained. An understanding of sediment
transport is typically used in natural systems, where the particleslasgicrocksA(composed of
broken fragment)sand grave| boulders mud, orclay. The fluid is air, water, or ice and the force of
gravity acts to move the particles éuo the sloping surface on which they are resting. Sediment
transport due to fluid motion occurs mivers oceanslakes seasand other bodies of watedue

to currentsandtides; in glaciersas they flowand on terrestrial surfaces under the influencesond.
Sediment transport due only to gravity can occur on sloping surfaces in general, igdiildgiopes
,scarpscliffsand thecontinental shelf continental slope boundaryn 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-sgtin the North Sea this will influence the normal
pattern the sediment wald move to. The wind turbines form an obstruction which deposits the
sediment somewhere else causing shoals. These shoals influence the wave &eibtits strengths
of the currentg(Wikipedia,2014)

4.5 Actions taken by Rijkswaterstaat

The advent ofvind turbines has had no effect on the frequency of the survBgsthe surveys will be
done constantlywhichcandetermineif there would be remarkable changesdapthsand give
notice tovesselsavigatingn the areas.

In the current Water Act permitior wind farms is recorded that lights must be instaltedwind
turbines on behalf of shipping and should fre@videdof AlS Theactionsthat are takenduring
constructionare a guararessel present ancestricted areaecorded in the charts.

After corstruction, a secalled safety zone around the wind faisimplemented in the charfThis is
a stripof 500 meters wide around the wind farmhere is an assessment framework for safe
distances. The basic principle of this measure in the event is torstdiicient space in case of
emergency to alter course preveng collision with wind turbindappendix 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 thigl probablynot be a problem. A seafarer must at all times take
into account various aspects that arise as a gjgaim the weather and it is considered that they do

not just rely on data but rather setheck by the means of navigational aids and knowledge.
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5. Influences of wind turbine farms concerning routings and approaches

In thischapterthe effects ofwind turbine farms on traffic flows havbeen investigated. Ass well
knowna shipcannotpass through avind turbineneither is it allowed to come neangind turbine
(farm). Thereforeghe building of thesdéarmswill (greatly) influence the paths merchant shipping and
fishermen will follow. After this a further look will beaken into the congestiorthis mightcreate and
what the response will be to the increasing traffic density at the already busy NortlrBaisyit has
beenchecledif the VTSS®ieededto be adjusted, moved or expanded to cope with the diffare

traffic flows.All this will lead to saver shipping in combination with mewad turbines. All of this
information has come from desk research araddiresearch using the qualitative research method.

5.1 Recent changes and current situation

Since the first oAugust 2013he vessel traffic separatioscheme (VTS8) the Dutch coast has been
revised(see figure 5.1)The purpose of thisevisionin The North Sea is to em® the current and

future safetyof shipping, to improve the accessibility the Dutchmain ports and tallocate the
availablespace more efficiently. Theteave been a lot of changéar the international shipping. For
the most part the existing routes where pservedbut there are some additional VTSS routesti@n
right side ofpicture5.1you can se¢he current situation in the North Sea, on the left you can see the
situation before the last changas July 2013appendix?).

Present situation Siruuﬁon.as per/August 1st 2013 00:00 UTC{,,O';&OO it /

7
1y

Announcement to all vessels New edition of charts available as from mid June 2013

For approaches to Rotterdam:
NL/BA 163; 1416)

NL/BA 110 1473)

NL/BA 122 1472)

On 01/08/13 at 00:00 UTC, 02:00LT, existing routeing measures will be amended and new
routeing measures will be implemented in the Dutch part of the North Sea.

NL/BA 1631 (Int. 1418) For passage planning: NL1570
NL/BA125 (Int. 1469) Deep Draught Planning Guide: HP &
For small craft: NL 1801

For approaches to lJmuiden: ‘ For through traffic: NL 1035 (Int. 1046); BA 1406, 1408, 2181A

Charts provided by Netherlands Hydrographic Office

Picture 5.1: TSS changes Dutch shipping routes August 2013. (Watersportbank, 2

A new TrafficSeparatiorScheme (TSS) was introduced at IJmuigenthermore there are new
anchorage areaand part of the TSS fno Rotterdam to Idhwuiden has been enlarged to streamline
the traffic flows. With the new situatioit is a lot less likelfor ships in the VTS8 interfere with
ships that are entering and leaving the porfsnew shipping lane neamnididen ensures that ships
do not navgate through theexistingtwo wind turbinefarmsnearby (Watersportbank, 2013).
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While the new VTS&hhances thesafetyand efficiency of shipping it also restrains the building of
new wind turbine farms near the coastibie Netherlands. In appendix 1 there is@rerviewof the
newly planned wind turbine farmsAs can be seen picture 2.3n chaptertwo, the number14 of

the planned farms clearly interferes with the new VTSS. The taptanned between the exit of
IImuiden to the north and thenext coastal TSS near TexX@al.cope with this problem the farm should
be moved more to the shore side or masat to sea(Watersportbank, 2013)

5.2 Effects omouting

The placement of wind turbine farms near tBaitchcoast andnside the VTSS imposes a couple of
hazardsFor instance if a wind turbine farm is placed in between two shipping lanes of a VTSS (as is
currently the plansee chapter 23hips are not able to cross the VTSS here. This leads to an intrease
traffic densty in other area®f the VTSS where crossing is possible.iAndrn this leads to

decreasing overall safety for the sailing stipsause more ships mean more chanoés
(fatal)mistakesAnother problemwhichwind turbine farms inside VTSS impose aredtided

regions a shigannotdeviate in order to steer clear of incoming vessels according to the

international regulations

If a ship loses control of her ability timanoeuvre For instance failuref the steering gear or a
blackout), ships are not able twaid 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@alise®nsand possbly
even international disastergseciallyif 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 againfi$hing vesselsThis is obviously a pro for the
environment, but where ddhe fishing vesselgo? Slowly the Northea of the coast of the
Netherlands is becoming impeded with obstructions suchraliary areas, offshore activities such
as production rigawind turbine farms, anchorage areas and shipping lanes. In most af tineas
fishing vesselare rot allowed to fish or even sailhefishing vesselwill 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 lobf highly active shipping are@é/atersportbank, 2013)

According to Rijkswaterstaaé building of wind turbine farms in the North Sea have no further
conseqguences on the VTSS. With the current configuration of the VTSS (which has recently (2013)
been updated) the placement of new witarbine farms has been takentmaccount. The objedte

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 turbifeems For the near foreseeable future there are no
further adjustments to the VTSS to accommodate viimtdine farms By creating a safe distance
between shipping lanes and wind turbifeemsthe safety of shipping will be maintained and the
negative effects on shipping Wile decreaseftkliminated(appendix 6 Rijkswaterstaat 2014

5.3 Approaches

Dueto the building of wind turbine farms approaches ports such as Rotterdam andnididen,
whichare already busyshipping movementwill only intensify. This will also cause safezardsas
seen before in chapter 5.2. The wind turbine farms limit the routessstém take to enter a harbour,
usuallythese routes are already limiteathd theconsequences that the options a captain or ptlo
has to safely guide a shipdna harbour argestrictedeven more.This makes ships moxeilnerable
for weather conditions as thegannottake appropriatemeasures tdake the weather conditions into
account or space to manoeuvre to safety due to the placement of wind turbine féwoesrding to
Rijkswaterstaat the recent (2013) changes in the appros@msure 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 iEjsgthipping lanes and
approaches at various places along the Dutch coast. The exact location of these farms can be found

in appendix oneThe IMO in conjunction witRijkswaterstaat took the building of the wind turbine
farmsinto account when revising ¢hRouting 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.
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6. Influences of windurbine farmson navigational equipment

This chapter will clarify the different influences of wind turbine farms onnéad@gational equipment
of seagoing vessel€rew of seagoing vessels sailing through the North Sea are dependieigable
navigational equipment. It is therefore required to determine thtuences orthe ships
navigational equipmenthich is compulsorfo safely navigate through these watets this chapter
the following equipment will be subjected to research:

i Radar,

1 VHF (communication, also see chapter 3 of this report),
1 GPS,

1 AIS,

1 Echo sounder,

1 Electromagnetic log.
All of the information has come from desk research using a qualitegs@arch method.

From research that was done by tMaritime and Coastguard Agenaythe 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 onaritime navgational equipment{Maritime and Coastguard
Agency, 2004/2007)

During theresearch they examined the influences of wind turbine farms on navigational equipment.
They concluded that wind turbine farms do not have noticeable effects on VHF, GPSh@\IS, ec
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 miagbortant 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 ube radar system for safe navigation. It assists bridge aite

navigate the North sea in a safe way.

Research done by thdaritime and Coastguard Agenstates that wind turbine farms can havieet
following effects on the ships radar system:

9 It causes blind sports behind the wind turbine farm,

9 It causes falsechoes

6.1 Blind spots

Wind turbine farmsare visible on the radar screen as a group of
echoes, all standing in similar distance from each other as show
picture6.1. You can imagine when two ships are sailing on either
side that their radar systemaill not be able to detect each other
because of the interference of the wind turbines ébject has to

0 S A Yineaf KB IWeiveen the path the radar pulses make
from scanner to object) to be detected by the systaffhen there

is an obstruction beveen the target and the radar scanner, the
object will be in the shadow of the obstruction and possiimt o
visible on the radar screen. Picture6.1: wind turbine farm on radar screen (ktitime and Coastguard Agengy2004).
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Investigations at thé&lorth Hoyle wind turbine farm shotihat small E,
craftin a radius of 300 metsefrom the wind turbines were not visible,

on the radar system. Vessels as showpiature6.2 might not be g
visible on the radar screen and a possible collision danger mighteng
determined.

Picture6.2: 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 oeduen 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 cabland bridges,

the effect of a ship in heavy seas.

=4 =4 =4 =8 -8 -8 -9

6.2.1 Echoes by side beams

Side echoes might occur by objeatsa short s -
distance from the vessel. They are hit by a side i T

beam of the radar energy and reflect this L F.-_',?:_:'}_,--“:._.-';L.h.. / ' \
energy. This causes multiple echoes onthe .-~ ~ " /7=i. " = /

radar screen at the same distance in various
directions in addition to the true echo. The

false echoes are weaké#ran the true echo , )
and therefore recognizable as suéticture6.3 . \ ' f
shows the principle of echoes caused by side '

beam. \\J /

Points A, B and @ picture6.4 show false
WideCechoesthat occurredduring 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 withthe false
echo andcollision danger will therefore
not be determined(Maritime and
Coastguard Agency, 2007)

11/05/2006="

Picture6.4: Kentish Flats false side beam echoesafime and Coastguard Agne¢y007).
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6.2.2. Indirect echoes

Indirect echoes cahe caused by:

- an obstruction on board of the own ship,

- an obstruction ashore/at sea,

- anearby 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 objed®icture 6.5shows 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 eclsoe

- inthe blind sector,

- behind the obstruction ashore/at sea,

- behind a nearby vessel.

Picture 6.6hows an indirect echo (red square).
When the vessel is approaching the wind turbi
farm on its starboard side. A false echo occurs
on its portside at thesame distance. It is caused

by the deflected energy from the true wind
turbines. : gl L e |
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 todidve 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 shopinotire 6.7 Multiplied echoes have
the following charateristics:
- 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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