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Chapter 4

4 | nteraction with communication (VHF), radar, AlS, D/F... and navigation systems
4.1 General introduction to electromagnetic radiation
4.1.1 What is electromagnetic radiation?

Electromagnetic radiation (EMR) is a wavelike pattef electric and magnetic energy
moving together. Types of EMR include X-rays, ultcdet, visible light, infrared and
radio waves. As a natural phenomenon, EMR is ethlttenatural sources like the Sun,
the Earth and the ionosphere. Radio frequency @R is commonly used for a wide
variety of communications applications from the dufocast of television and radio,
through to radars and mobile phones. It is impadrthat wind farms do not impact the
quality of this communications.

4.1.2 What do wind farms have to do with electromagnetic radiation?

From a wind resource perspective, high and expsged are attractive. So it is not
unusual for any of a range of telecommunicatiorstaliations; radio and television
masts, mobile phone base stations or emergencycseradio masts, to be located
nearby. Care must be taken to ensure that windnesldo not passively interfere with
these facilities by directly obstructing, refledior refracting the RF EMR signals from
these facilities. There is also potential for a dviturbine to actively interfere by
producing its own low energy RF signal.

4.1.3 What is electromagnetic radiation interferences?

Unwanted radio and background noise can impaircg¥e telecommunications which
rely on a strong signal to noise ratio. An apprageri transmitting antenna can
dramatically improve this signal to noise ratiotrAnsmitting antenna can also increase
the signal strength in a particular direction (i@vard a receiver).The directionality of a
receiving antenna can also be enhanced, thus regitie@ amount of unwanted noise.

4.1.4 How can wind farm electromagnetic radiation issues managed?

- Point to Point Communications: Careful siting and directional antenna can eliri@na
any impact on point to point links.

- Mobile Radio Services: Interference can be overcome by moving the malnili¢ a
short distance away as per normal practice for dwwgi any other structure. Any
interference to mobile radio services is usuallygligible and limited to mobile
communications within the wind farm site itself.
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- Television: Interference to television signals in the windniaarea can be caused by
either the reflection or obstruction of the sigi®l the turbine blades. With glass
reinforced plastic blades, modern wind turbine gatoes will cause minimal television
interference. It cannot however, be completely alisted for houses within a few
kilometres of turbines. If interference does becoapparent after construction, the
possible mitigation techniques include:

* the installation of a better quality antenna arendirectional antenna,

« directing the antenna toward an alternative bcaattransmitter,

* installation of an amplifier,

* relocation of the antennae to achieve betterasignnoise ratio,

« installation of a terrestrial, digital set topxdior digital TV,

* installation of satellite or cable TV, or

« if a wide area is affected then the constructiba new repeater station may be
considered.

Active interference is minimised or completely aled by ensuring that all equipment
complies with relevant electromagnetic compatipilgétandards, as all wind farm
equipment does. In the unlikely event that a pnobégises over time at a particular site,
the wind farm operator will usually be able to iigcit using one of the aforementioned
solutions. In the focus ofnteraction between offshore wind farms and masgtim
navigation, we will study the different equipmentadar (in particular VTS radar and
ship borne radar), radio communications (in paldicmaritime radio communications in
line with the GMDSS), Automatic Identification Sgst (AlS), direction finder (D/F),
global navigation satellite systems (GNSS) andrsthavigation systems.

4.2 Radar

The wind farm developers are urged to seek thecadwif radar operators before
submitting their application for building permithis phase should allow the developer to
obtain elements to guide the project and avoidctigje on the occasion of its possible
application for a building permit. This pre-constilbn also allows the following radar
operators to make as soon as possible to the centpg&tithority their opinions during
the investigation of the building permit.

At the end of the instruction as define by the cetapt Authority, radar operators
transmit to wind farm developers an opinion whichynbe favorable, favorable with
restrictions or unfavorable. In the latter two asthe notice may include information
specifying the location of favorable wind areasisTpreliminary view assumes no radar
operators, such a response does not prejudge shé reay be reserved in fine to a
request for building permission. Indeed, they domeressarily have at this stage all the
parameters of the wind project. Moreover, it shchgdnhoted that a positive opinion does
not constitute a reservation on the proposed logaif the wind farm.
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4.2.1 Radar operators

Given the impact on air, sea and river safety, lpradection, and the prevention
of natural disasters, radar operators opinion shdel considered in a decision
making process on the application for a buildingwpeto a wind farm developer.
We have considered the principal radar operatorg:aviation, national defense,
weather office and vessels traffic services.

a) civil aviation radars and systems

To protect paths approaches, Civil Aviation operat
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vessels in reporting, course and speed accordinthdw size, their cargoes,
seaworthiness and services that the state is segppgosprovide. The IALA VTS

committee has developed technical recommendat@mmgTS specifying in detail

the IMO Res. A.857(20).

In this context, the objectives of radar monitorimeye been set according to the
type of ships, navigation areas they frequent, ribeessary characteristics of
precision and separation.

The coverage areas of VTS radar are:

- Call zones where ships must report and VTS paismntrol them. In practice,
the limit of these areas is defined by means dadirperformance. These areas
include the Traffic Separation Scheme (TSS) andsaiecated adjacent to the
TSS;

- others coastal areas, some channels or passgeshim the local regulations,
access to ports where SOLAS vessels will approach;

- so-called passive surveillance areas that resfipadjeneral navigation
monitoring function. Are particularly targeted asdsetween TSS and all areas
within 50 miles of the coast where ships may beatgad.

The VTS radar transmitter-receiver equipments atwbbkd frequency diversity
mode to achieve high availability as close as pbs$0 100% per annum on all
sites.

As the harbour radar, their main function is to itmmwater access and port
operations.

4.2.2 principlesto avoid disruption of radar
4.2.2.1 Radar operator constraints

Radar operators deciding on the risk of disruptibtheir equipment especially in view:
- security issues such as the need to monitordtiermal airspace for defense,

- radio, land and aviation restricted area,

- constraints related to air and sea traffic,

- forecasting of weather disasters.

The mere fact that an aircraft proceeding or aipof space is affected by a wind
project is not sufficient to establish the unfa\aeaopinion.
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4.2.2.2 Restricted areas

Aeronautical constraints of release shall be impgdegrotect the evolution of aircraft in
the vicinity of aerodromes, the visibility of vidusids and operation of weather stations
or facilities of aerodromes.

Radio Electrical easements define areas and sedtt@isnce vis-a-vis the obstacles and
electromagnetic interference, radio stations around

No wind farm shall be located in an area subjesttth regulatory easements.

4.2.2.3 Analysis of co-visibility of a wind turbinewith radar

In the absence of co-visibility radar with wind thek of disruption of radar is zero.

If co-visibility of radar with a wind turbine, thiellowing method is suggested in order to
organize space around a wind farm: it is importantietermine whether the electrical
machine is located in a protected area or coorndimarea. In the case of a protected
area, the risk of disruption is too high to alldve installation of the machine. In the case
of a coordination area, it is important to condacspecial study to assess the risk in
coordination between the different services coreeitny the wind farm.

Radar operators should study co-visibility condugta simulation with a scanning field.
The extent of the scope of protected area and cwdrdn area depends on the
technology of radar equipment. It is specifiedha tollowing points.

a) Civil aviation radars

1) Primary radars

Distance between awind generator and a primary radar in co-visibility (d)
elevation angle d <5km 5knk d<20km| 20 knx d <30 km d> 30 km
originating home
to the radar
antenna
(o)
a<0.5° Protected area Area subject to authorization Area subject to
a>0.5° Coordination area Coordination areal authorization
in case of important
wind farm

The elevation angle is the elevation angle in the vertical plane hgumfocus the radar
antenna and passing through the tip of the bladleeoivind turbine in the highest
position.
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2) secondary radar

Distance between a wind generator and a secondary radar in co-visibility (d)
d<5km 5 kne d <30 km d> 30 km

Protected area Coordination area Area subject to authorization
in case of important wind farm

3) VOR

A study by the Civil Aviation showed that wind geat®r within a radius of less than 10
km from a VOR is likely to cause deviations fronb°l.to 2°. In fact, under the

precautionary principle, a closed area to instgliind turbines in a 2 km radius around
a VOR is established. Area, known as coordinatidhkm around VOR is created to
study case by case the risk of interference betwegimd turbine and a VOR.

There are two types of VOR: conventional VOR angier VOR. Given the greater
immunity to interference Doppler VOR reflections dhe obstacles, it could be
considered in some cases, the change of a conmah¥®R into a Doppler VOR. In this

case, the contribution of wind energy developerd @ an agreement with the civil
aviation.

b) National Defenseradars

Following the attacks of 11 September 2001, in maoyntries no wind turbine can be
installed in a temporary prohibited area mentioimethe aeronautical publications or the

triangular surface(s) joining ground-based radaa temporary prohibited area distant of
less than 30 km from the radar.

ground-based radar temporary

No wind generator within the triangle area

prohibited area

Distance < 30 km

Besides these features, the authorization to éstadiwind turbine depends on the type
of radar:
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1) high and medium altitude radar (HMA)

Distance between awind generator and a radar in co-visibility (d)
elevation angle d <5km 5knk d<20km| 20 knx d < 30km d>30 km
originating home
to theradar
antenna
(@)
a<0.5° Protected area | Coordination area Area subject to Area subject to
authorization authorization

a>0.5° Protected area Coordination area

2) low level altitude radar

Distance between awind generator and a radar in co-visibility (d)

elevation angle
originating home

d <5km

5kng d <20 km

20 knx d <30 km

d>30 km

totheradar
antenna
(o)
a<0° Protected area | Coordination area Area subject to Area subject to
authorization authorization
o>0° Protected area Coordination area

3) precision landing radar

Distance between a wind generator and a radar in co-visibility (d)

angle on either side of
the axis of the track,
whatever its direction.
The apex being the en
of the runway.

d<5km

5kng d <20 km

&> 20 km

authorization

®)
p<20° Protected area Protected area Area subject to
B>20° Area subject to authorization

Definition of anglef:

B=20°
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c) Weather radars

Distance between awind generator and a radar in co-visibility (d)

frequency band d <5km 5 km< d <10 km 10 km< d <20 km 20 km< d < 30 km d>30 km
of the radar

Band C Protected Coordination area Area subject to authorization
area

Band S Protected area Coordination area Area duioje
authorization

1) A project is authorized if all the following atitions are met:

* no wind turbines is within the protected area &f thdar;

» concealment of the radar beam by any group of \gamkrators is less than 10%;

* wind turbines are not aligned in the direction mhailing winds;

« the size of the Doppler area of the wind farm dugtsexceed 10 km in its largest
dimension.

2) Sensitive sites cases:
A sensitive site is a geographic area defined bycttimpetent Authority:

» which is responsive to the meteorological riskjuding particularly exposed to
risks of strong wind,

» which has an important socio-economic issues, agdhdustrial area or an area
with high urban concentration,

« and whose time responsiveness requested to thaevedtice is compatible with
warning capabilities for nowcasting.

Thus, companies for which a special contingency daleveloped and aerodromes are
considered sensitive sites.

The Doppler area of a wind farm must be distarkrh(at least from a sensitive si
d) VTSradars

Effect of the presence of awind farm on VT Sradar:

- The angle referred imperatively near horizontakes inevitable confusion between the
target position (ships) and windmills;

- No Doppler analysis and no Moving Target IndicgMTI) in signal processing make
the rotation of the rotor causes no interference;

- The fineness of the azimuth angle of the radanbes that the effects of a wind turbine
(or row) are taken into account separately.
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Radar Saturation:
Radars can be rendered inoperative if the powet [&the received signal is too large
compared to its operating range

Blind sectors behind wind generators
There are 2 types of blind sectors:

1) The most important is the blind sector generatethe mast of the wind generator

Wind
turbine

position of
the radar

—— Permanent blind sectors

Alternative blind sectors
(0.3 dB/rotor in average)

Blind sectors generated by wind turbines

Distance
lﬂdar/bate\au

‘ near field 3 km behind the mast

Distance radar/éolienns en km

Blind sector generated by the mast of wind turbine

Nota: Maximum dB attenuation of the radar signal retbehind a pole 7m diameter
(radar frequency = 9.2 GHz - Iso mitigation: 1 dB)
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2) The masking blades whose attenuation is lows a¥erage attenuation is about
0.3 dB on a round trip.

The appearance of falsetargets
- Because of their strong radar signature wind t@®igenerate a false echo from
the side lobes of the radar antenna. These ecppesfmawith an angular offset
relative to the clutter

A
wind generator | I Wind generator seen

i i : through the first side
image displayed | ;
by the radar Y lobe of the radar

radiation pattern of
the radar antenna

False target phenomena

- The multipath reflection of the radar signal tdrem the desired target

Example of false targets by multipath signal
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In consequences these disturbances significantjsade the capabilities of detection,
localization, identification of radar around winghine.

1) coastal VTS radars

Distance between awind generator and a radar in co-visibility (d)
frequency band of the d<5km 5 knm d <20 km & 20 km
radar
Band X Protected area Coordination area Area stitgje
authorization

2) harbour VTS radars
Compared to coastal VTS radar, the protected aramended as follows:

» protected distance is 10 km,
- the protected area is restricted to = 6 ° on eigd of the operating area radar

—

Recommendation for harbour radar
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e) Analysiswhen co-visibility in an area of coordination

If co-visibility in an area of coordination, rademoss section (RCS) is used in the impact
analysis between radar and wind generator. It cheniaes the ability of an element to
return the electromagnetic energy of the radahéosame radar. It is the expression of a
relationship between the energy re-emitted on #oeived energy density per unit area
and is expressed in m2 or dBmz.

RCS depends in particular on:

» the polarization of the wave,

» the wavelength of the radar,

» the shape of the wind generator,

« the geometry and the materials forming the windegator.

The highest of the RCS of the wind generator amavihd rotor can be either calculated
or measured and that from all angles from 0° to°3@hey can be given by the
manufacturer of wind generators or a specializadysbffice, failing the radar operators
instruct impact with RCS values of 200 mz.

4.3 Radiocommunications

In addition to their potential impact on radar syss, offshore wind farm structure may
also affect communications systems operating inntaene environment. This includes
vessel-to-vessel, vessel-to-shore and vessel-iwespiaks. Examples of systems that
potentially may be affected include satellite linkech as GPS (global positioning
system, 1.6GHz) for navigation and Iridium (1.6GHz)d GOES (400MHz) for data
relay by various ocean monitoring sensors, VHF [E@) radio for marine

communications, and AIS (160MHz, automatic ideatifion system) for vessel tracking.

™

N

&

A S
Rx
Signal - Af-M-41-FAm--------- - - Direct LOS
Strength

lFade Margin
. /
e
RE:

Rx position \

Tx2

Illustration of communications channels encountdrethe marine environment

A number of analytical and numerical approachesHhaeen applied to model the wind
farm blockage problem. A simple, approximate geoitedt blockage estimate can be
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derived based on the Fresnel zone argument. Thiwistandard methodology used to
estimate the shadowing effect due to wind turbitractures by the Federal Aviation
Administration (USA) obstruction evaluation process

Fresnel zone blockage calculation for assessinglwanbine blockage.

Base on different studies in the world, we can sanwe the effect of wind farms on
marine communications are as follows:

1) A distinct shadow region is observed behind thestoWulti-path interference is
observed outside the shadow region.

2) The shadow becomes more optical-like as frequenycreased, leading to
longer, narrower and deeper shadows. However idghaldade is still less than
6dB relative to the direct line of sight (LOS) sadip into the GHz range.

3) The vessel-to-vessel link and the vessel-to-shaten link are worst-cases
estimate of the vessel-to-satellite link.

4) The shadow becomes deeper when more than onedusdined up with respect
to the transceiver (Tx) line of sight (LOS) andrthibe fading risk is elevated.

5) Most communications systems have built-in link niado combat signal fading.
For example, typical GPS receivers have a fadeimafgl5dB or greater.

4.3.1 The Global Maritime Distress and Safety System (GMDSS)

The Global Maritime Distress and Safety System (@®Dis an internationally agreed-
upon set of safety procedures, types of equipnamt,communication protocols used to
increase safety and make it easier to rescue sistleships, boats and aircraft. The
GMDSS has been internationally regulated in the Rddlio Regulation and within IMO
in chapter IV of the Safety Of Life At Sea (SOLA&)nvention.

GMDSS consists of several systems, some of whiehnhaw, but many of which have
been in operation for many years. The system iend#d to perform the following

functions: alerting (including position determirmatiof the unit in distress), search and
rescue coordination, locating (homing), maritimésgainformation broadcasts, general
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communications, and bridge-to-bridge communicatiorpecific radio carriage
requirements depend upon the ship's area of operatather than its tonnage. The
system also provides redundant means of distresting, and emergency sources of
power.

Recreational vessels do not need to comply with G&8Dadio carriage requirements,
but will increasingly use the Digital Selective {aj (DSC) VHF radios. Offshore
vessels may elect to equip themselves further.alessder 300 Gross Tonnage (GT) are
not subject to GMDSS requirements. Nevertheless VliHnnel

4.3.2 GMDSS area

GMDSS sea areas serve two purposes: to descrilas areere GMDSS services are
available, and to define what radio equipment GMD$Sfjs must carry (carriage
requirements). Prior to the GMDSS, the number gpd bf radio safety equipment ships
had to carry depended upon its tonnage. With GMOB&,number and type of radio
safety equipment ships have to carry depends upenGiMDSS areas in which they
travel.

In addition to equipment listed below, all GMDSS$uated ships must carry a satellite
EPIRB, a NAVTEX receiver (if they travel in any aseserved by NAVTEX), an
Inmarsat-C SafetyNet receiver (if they travel iry @areas not served by NAVTEX), a
DSC-equipped VHF radiotelephone, two (if betwee@ &80d less than 500 GRT) or three
VHF handhelds (if 500 GRT or more), and two 9 GHzarsh and rescue radar
transponders (SART).

Sea Area Al: An area within the radiotelephone coverage ofeast one VHF coast
station in which continuous digital selective aadli(Ch.70/156.525 MHz) alerting and
radiotelephony services are available. Such an epe&d extend typically 30 nautical
miles (56 km) to 40 nautical miles (74 km) from f@east Station (depending mainly of
the hight of the antenna).

Sea Area A2: An area, excluding Sea Area Al, within the radeggthone coverage of at
least one MF coast station in which continuous D&187.5 kHz) alerting and
radiotelephony services are available. For planpimgoses, this area typically extends
to up to 180 nautical miles (330 km) offshore dgraaylight hours, but would exclude
any Al designated areas. In practice, satisfactorerage may often be achieved out to
around 150 nautical miles (280 km) offshore dunight time.

Sea Area A3: An area, excluding sea areas Al and A2, within ¢cbeerage of an
Inmarsat geostationary satellite. This area ligsvéen about latitude 76 Degrees North
and South, but excludes Al and/or A2 designatealsatamarsat guarantees their system
will work between 70 South and 70 North though iil wften work to 76 degrees South
or North.

Sea Area A4: An area outside Sea Areas Al, A2 and A3 is cdllea Area A4.
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IMO Res. A. 801(19) adopted on 23 November 1995ronisions for radio services for
the GMDSS, is the reference document to basic ipies to establish the different
GMDSS sea Areas. In patrticular, the formula to weiee the coverage of a Coastal
radio Station (CRS) has been defined and helpst@lo@tates to declare their GMDSS
infrastructure to IMO as requested in SOLAS IV R5.

The collection of all GMDSS sea area is consolididig the secretary of the IMO into
the GMDSS master plan. This plan helps to defimer#idio equipment to be carried on
board ships depending of the radio communicatifnastructures declared ashore.

Wind farms at sea are generally located in an aceara Al covered by VHF CRS. The
Doppler area generated by the wind farms may atieetreception, in particular the

reception of distress calls on channel 16 or dsgiecting calls on channel 70. It is

suggested that a study on the potential impactadio rtransmissions and coverage be
considered during the planning process for a wanthf

Saint-Brieuc

Saint-Brieuc (France) Wind Farm project
and the different VHF coverages (GMDSS sea area Al)

In any case, it is considered best practice tdbéstawhat the implications could be for
radio systems operating in the area around a vend,fand to carry out to the extent
possible.
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4.4 Automatic Identification System (AIS)

Automated Identification Systems (AlS): this isracking system, which involves radio
communication from ship to ship and also from sh@#lS stations ashore. The system
integrates VHF transmissions with a positioningtsyssuch as a GPS. The purpose of
AIS is first to identify ships in the vicinity caiing an AIS. In that respect AIS assist in
collision avoidance, but it should be keep in mii& is not mandatory on all ships.

AIS are transceiver and receptor on the VHF. Threysabject to the Doppler area of the
wind farm as the VHF radio as indicated in paraigré&3 above.

It is suggested that a study on the potential impad\IS transmissions and coverage be
considered during the planning process for a wanthf

4.5 Direction finder (D/F)

The disruption on phase due to wind farms may casm®e concerns on those
applications where phase information is used, siscHirection finding and precise GPS
relative and absolute positioning techniques basedarrier phase measurements. These
should be further examined.

In the case of the use of a direction finder (fation ashore, whether for the purpose of
a VTS or SAR, the D/F will be inoperative becaukthe Doppler area of the wind farm.

It is suggested to study an alternative solutiarttie D/F shore based station.

4.6 GNSS & others navigation systems

Depending from the importance of the informatiomvyided by GNSS or local radio

navigation system available, it is suggested thattidy on the potential impact on GNSS
and radio navigation transmissions and coveragedisidered during the planning
process for a wind farm. Last but not least thetedenagnetic field generated by wind
generator hampered magnetic compass.

46.1 GNSS

Multi-path disturbance effects of the satellite coumication already exist on a merchant
ship. These effects are generated by cranes antl ghdake ships. It is possible to

minimize the disturbance on the GNSS receptor icdéed setting. The problem on

ship is the regular change of the physical parammetéh the loading condition. The high

of the antenna, mast and crane are then changithigting loading condition because of
the draft.
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Studies have been focus on the DGPS:
1) The risk of disruption affects only the GPS siginain the reference station;

2) The reference station uses signals from satepibsgioned more than10 ° above the
horizon.

3) The consequences are respect a minimum distance:
- Between the reference station and wind turbine and
- Between the ship and the wind turbine.

4) A distance greater than 1200 m for a wind turbih&6® m and an angle of 8 °
distance above the horizon overcomes the potantgdct of multi-path between
satellite, boat, wind turbines and DGPS referetatos.

*  GPS satellite signal
=  GPS signal disrupted
= DGPS signal

Disruption of DGPS

To maintain the accuracy of DGPS, it is necessansure a distance of 1.2km between
wind turbines and ships, and between wind turbamesthe DGPS reference station.
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4.6.2 Radar
Ships are using two types of radar:

1) band X radar on 9.6 GHz frequency with a short wlamgth of 3 cm. This type
of radar is mainly used for accurate navigation amdetect targets around the

ship.

2) band S radar on 3 GHz frequency with a longer warmgth of 10 cm. This type
of radar is used for long distance detection axgdifut it is more sensitive to sea

and rain cluting.

Depending of their size, some merchant ships shealdy both type of radar in
compliance to SOLAS. Band X radar is also used b énd band S radar is also use by
weather services (see above). In consequence a&tigp are disturbed the same way as
explain above for VTS.

¢ ¢
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g

¢
.
2 S

\X

false targets

RSO
BRG 060°R
ANG O, B29na

|_Hbe noot ) ||
Example of false target generated on a ship radaeen

Interaction wind turbine/ship radar generates fedsgets by the side lobes of the
antenna. Clutter of the wind turbine is locatethatsame distance as the latter.
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Ahscisse : Abscisse du Bateau dans le repére radar
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Abscisse de la position du bateau en km

Quantifying the multi-path effect of order 1 comgrto the level of the direct path
depending on the position of the ship relativenewind generator (ship radar / wind
generator distance of 5 Km)

The table below gives an interpolation based onlith#s of VTS radar and weather
using radar vessels near a wind farm.

t to

Distance between awind generator and a radar in co-visibility (d)
frequency band d <5km |5 km< d <10 km 10 km< d <20 km 20 km< d < 30 km d>30 km
of the radar
Coastal VTS | Protected Coordination area Area subject to authorization
radar area
Band X
8-12 GHz
Weather radar Protected area Coordination area Area subjec
Band S authorization
2-4GHz
Ship radars Protected area To be checked
Band X & S

Jean-Charles Cornillou — PIANC/WG161

21



Chapter 4- Interaction with communication (VHF)dea, AlS, D/F... and navigation systems

Jean-Charles Cornillou — PIANC/WG161

22



