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Executive Summary

Overview

The Maritime and Coastguard Agency (MCA) has responsibility, on behalf of the
Department for Transport of the UK Government, for the safety of navigation under
the International Convention for the Safety of Life at Sea (SOLAS), for the direction
and co-ordination of search and rescue operations and for the prevention of marine
pollution.

In this context MCA has been consulted by the Department for Transport, of which it is
an executive agency, and the Department of Trade and Industry's Offshore Renewables
Consents Unit with respect to assessing all foreseeable marine safety risks associated
with applications made by wind farm developers.

Since no large-scale off-shore wind farms existed in the United Kingdom until the
North Hoyle site was developed, investigation into their potential effect on marine
radar, communications and navigation systems was necessarily limited to desk top and
laboratory research. The North Hoyle development therefore presented an opportunity
for QinetiQ and MCA to carry out experimental field tests for the first time in the
United Kingdom, the results of which would be used to inform the offshore wind
farm consents process and those whose operations could be affected by resulting
developments. MCA's participation in this research was funded by the Department for
Transport's Shipping Policy Division.

MCA trials

MCA's programme was intended to assess the effect of the wind farm structures on
marine systems in operational scenarios. The trials assessed all practical communica-
tions systems used at sea and with links to shore stations, shipborne and shore-based
radar, position fixing systems, and the Automatic Identification System (AIS). The tests
also included basic navigational equipment such as magnetic compasses.

The effects on the majority of systems tested by the MCA were found not to be significant
enough to affect navigational efficiency or safety, and an on-going collection of data on
such systems is expected prove these conclusions. This will be achieved by further trials,
where seen to be necessary and through the collation of data observed by mariners.

Some reported effects, such as those on short range radio devices, will be further
investigated as will some scenarios which could not be assessed during the trials
period, such as helicopter search and rescue operations within wind farms.

The only significant cause for concern found by the MCA during the trials was the
effect of wind farm structures on shipborne and shorebased radar systems. It was
determined that the large vertical extent of the wind turbine generators returned
radar responses strong enough to produce interfering side lobe, multiple and reflected
echoes. While reducing receiver amplification (gain) would enable individual turbines
to be clearly identified from the side lobes - and hence limit the potential of collisions
with them - its effect would also be to reduce the amplitude of other received signals
such that small vessels, buoys, etc., might not be detectable within or close to the wind
farm. Mariners will require guidence on these potential effects. Bearing discrimination

QINETIQ/03/00297/1.1

MCA MNA 53/10/366 Page 3

MCA and QinetiQ proprietary



MCA and QinetiQ proprietary

was also reduced by the magnitude of the response and hence the cross range size of
displayed echoes. If on passage close to a wind farm boundary or within the wind farm
itself, this could in some circumstances affect a vessel's ability to fully comply with the
International Regulations for the Prevention of Collisions at Sea. For full compliance,
mariners will need to pay particular attention to the determination of a safe speed and
to assessing risk of collision when passing near or through wind farms, particularly in
restricted visibility. The cited Regulations are contained in Appendix C of which the
relevant sections are Rule 6(b) (ii) (iii) (iv) and (v), Rule 7 (b) and (c), Rule 19 (a) (b) (c)
and (d). It was also found that the performance of a vessel's automatic radar plotting
aid (ARPA) , referred to in Rule 7 (b) ,could be affected when tracking targets in or near
the wind farm.

With respect to the multiple and reflected echoes produced when wind farm structures
lie between the observing radar and a relatively high sided vessel, gain reduction will
have similar effects to those described above. If, as in the trial undertaken, a shore or
platform based radar is intended to detect and track traffic in port approaches, Vessel
Traffic Services (VTS) or in the proximity of off-shore oil or gas installations, the effects
could be significant.

QinetiQ trials

The QinetiQ trials were designed to test the theoretical results calculated in previous
work [1]. The previous work had calculated the expected effects of the wind turbines
at the North Hoyle wind farm on marine communications, GPS and radar systems. In
this report the experimental tests carried out to validate the theoretical results [1] are
described. This work has been funded by NPower Renewables Ltd.

Four trials, covering the areas of GPS, VHF communications and radar tracking and
radar clutter were performed by QinetiQ.

The QinetiQ GPS trial involved traversing previously defined courses through and
around the wind farm. Along each course, the number of satellites visible to two
different GPS systems (a Garmin 152 and a Garmin GPSIII) and the position of the ship
were recorded. Our results show that on average between 8 and 11 satellites were
visible at any one time providing accurate positioning to within 5 metres.

The effect of wind turbines on VHF communications was investigated by QinetiQ using
a hand-held VHF transceiver that was run in series with an adjustable attenuator. A
link margin of 1 dB was achieved in free-space (away from any turbines). This required
an attenuation of 16dB to be added to the transceiver.

To explore the shadow region behind the wind turbines, four link margins, 2dB, 3dB,
4dB and 5dB were used. These link margins correspond to a total attenuation of 15dB,
14dB, 13dB and 12dB added to the transceiver. The closest approach to turbine 21
was 500 metres and approximately 5m behind turbine 26. As expected the depth of
shadow was greater when closer to a turbine. When behind turbine 21 the shadow
was found to be approximately 2dB to 3dB lower than the attenuation needed to give
a 1dB link margin in free space. For turbine 26 the shadow was deeper due to the closer
proximity of the VHF system. It was found that behind turbine 26 the depth of shadow
was approximately 10dB below the link margin in free space. The shadow depths are
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shallower than predicted theoretically confirming the worst case expectations of the
theoretical work.

The QinetiQ radar shadowing trials provided very little evidence that shadowing of
targets would present any significant problems. In particular the shadowing observed
was, like the VHF trials, less than predicted in the theoretical study. Clutter in the
radar display due to the presence of wind turbines was found to be quite considerable.
Both ring-around and false plots were observed (referred to by mariners as side-lobe,
multiple and reflected echoes). The observed problems could be suppressed successfully
by using the gain and range settings of the radar. However, this may have the unwanted
side-effect of no longer being able to detect some small targets.

Conclusions

The general findings were as follows:

i Global Positioning System (GPS)

No problems with basic GPS reception or positional accuracy were reported
during the trials.

ii Magnetic compasses

The wind farm generators and their cabling, interturbine and onshore, did not
cause any compass deviation during the MCA trials. As with any ferrous metal
structure, however, caution should be exercised when using magnetic compasses
close to turbine towers.

iii Loran C

Although a position could not be obtained using Loran C in the wind farm area,
the available signals were received without apparent degradation.

iv Helicopter radar and communications systems

These trials were not carried out due to helicopter call-outs to emergencies on
the trial days. The emergency services are keen that they should be undertaken
when convenient. MCA will co-operate with RAF Valley and other emergency
services to ensure that this is done.

v VHF and other communications

The wind farm structures had no noticeable effects on any voice communications
system, vessel to vessel or vessel to shore station. These included shipborne,
shorebased and hand held VHF transceivers and mobile telephones. Digital
selective calling (DSC) was also satisfactorily tested. The VHF Direction Finding
equipment carried in the lifeboats did not function correctly when very close to
turbines (within about 50 metres) and the BHP telemetry or short range radio
link to and from its deployed RIB (rigid inflatable boat) was similarly reported to
suffer interruptions.

vi The Automatic Identification System (AIS) carried aboard MV "Norbay" and
monitored by HM Coastguard MRSC Liverpool was fully operational.

vii Small Vessel radar performance.
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1. The wind turbine generators (WTG) produced blind and shadow areas in
which other turbines and vessels could not be detected unless the observing
vessel was moving.

2. Detection of targets within the wind farm was also reduced by the cross
and down-range responses from the WTGs which limited range and bearing
discrimination.

3. The large displayed echoes of WTGs were due to the vertical extent of the
turbine structures.

4. These returned strong responses from sectors of the main beam outside the
half power (-3dB) points and the side lobes outside 10° from the main beam.

5. Although such spurious echo effects can be limited to some extent by
reducing receiver amplification (gain) this will also reduce the amplification
of other targets, perhaps below their display threshold levels.

6. Sea and rain clutter will present further difficulties to target detection within
and close to wind farms. Weather conditions at the time of the trials were
such that these effects could not be examined.

viii Shore based radar performance

1. Short range performance (less than 6 nm)
When a small shore based radar was sited such that the height of its antenna
was about six metres above sea level, its performance with respect to small
vessels was similar to that of the vessel-mounted systems in terms of range
and bearing discrimination and target detection within the wind farm.

When moved to a height of 200 metres above sea level there was an
improvement in range discrimination.

When the higher powered and narrower beam width BHP Billiton radar was
used, at the same height, the visual detection of targets within, and beyond,
the wind farm was again improved.

2. Larger vessel detection
A larger vessel was easily detected within and beyond the wind farm.
However, while it was broadside on to the direction of the shore radar,
reflections from the turbines produced strong multiple echoes. At an oblique
aspect to the radar, multiple echoes did not occur, but some reflected echoes
were observed.

3. Long range radar (more than 12 nm)
When the wind farm was observed at long range by the Mersey docks and
Harbour Board radar the vessel was easily detected and tracked

ix Radar and ARPA carried on larger vessels

As with small vessel radars, range and bearing discrimination were affected by
the response from the WTGs. Definition was less on S band radar than on X band.
Numerous spurious echoes from side lobes and reflections were reported by MV
"Norbay" starting at a range of about 1.5 nm. The ship's ARPA had difficulty
tracking a target vessel within the wind farm due to target swop to the stronger
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response. This substantiated a similar report with respect to the BHP Billiton
radar's own tracking system

x Non type-tested radar, communications and navigational equipment

The effects on such systems will be similar to those tested during the trials but
will vary individually with respect to transmitted power, antenna performance,
radar beam width, etc. The Royal Yachting Association is assisting MCA by
providing ongoing information through the experiences of its membership.

With the exception of those noted in the next paragraph, most of the effects of offshore
wind farm structures on the practical operation of marine radar, communications and
navigation systems are not anticipated to significantly compromise marine navigation
or safety. Where questions are raised about specific systems during the on-going
collection of data they will, when possible, continue to be monitored and assessed.

There are however concerns about the use of both shipborne and shorebased radar as
an effective aid to both vessel and mark detection and, consequently, for ship-to-ship
collision avoidance in the proximity of wind farms. Wind farm structures generally have
high vertical extents and therefore will return very strong responses when observing
radars are close. The magnitude of such responses will vary according to transmitted
radar power and proximity to the structures but can prevent both the visual detection
of targets and the effective operation of automatic radar plotting aids (ARPA). These
effects can be mitigated by vessels keeping well clear of wind farms in open water or,
where navigation is restricted, keeping the wind farm boundaries at suitable distances
from established traffic routes, port approaches, routing schemes, etc. Other technical
solutions may be employed, particularly in port approaches.

For a particular wind farm these boundary distances should be determined in consul-
tation with the Maritime and Coastguard Agency's Southampton HQ in conjunction
with other stakeholders and included in the Environmental Statement submitted with
the consent application. A Department of Trade and Industry (DTI) funded navigational
risk assessment project is about to be undertaken. This will produce a methodology
for assessing navigational risk - and marine risk in general - in and around offshore
wind farms. It is intended to be used by government agencies for the assessment
and, where appropriate, acceptance of offshore wind farm applications, and for the
guidance of developers in the preparation of such applications. Included in this will be
recommendations on suitable distances of wind farm boundaries from traffic routes .
In the meantime, a set of recommendations based on domain theory, and taking into
account the above effects, has been produced as a draft working template by MCA.

With respect to shorebased or offshore platform based systems, the careful siting of
radar scanners in relation to traffic routes and wind farm configurations should enable
any degrading effects to be minimised. Again, the location or relocation of required
radar systems and their funding should be determined in consultation with the relevant
organisations, these data included in the Environmental Statement, and submitted
with the consent application.

Further work needs to be done, as for example identified in the report with respect
to adverse weather conditions, helicopter search and rescue operations, short range
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radio systems, non type-tested systems, etc. These should be carried out as soon as is
practical.
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1 Introduction
1.1 Background

Offshore wind farm installations are new to the United Kingdom and comparatively so
to other countries' waters. The installations are large in area, and in the number and size
of their structures. However, at the few sites where wind farms have been constructed,
little detailed practical research on their effects on navigation and communications
systems has been undertaken. Some relevant known research is listed in the reference
section at the end of this report [5][6][7].

Experience with other types of offshore structure and the results of desktop studies
indicated that offshore wind farm structures might have the potential to interfere with
shipborne, shorebased and airborne radar, VHF communications and also - although
with a lower probability - position fixing, guidance and Automatic Identification
Systems (AIS).

Offshore wind farms, consented under Round 1 and proposed under Round 2, cover
large areas of open water and hence present potential hazards to navigation. A number
of them are considered to be close to or encroach into waters where there is a high
density of shipping movements or be close to waters used by fishing vessels and
recreational craft. Their positions are necessarily those which are exposed to weather
conditions which could affect the navigation of vessels, particularly small craft. Their
locations are, for technical reasons, in relatively shallow waters near shoals, and
therefore in close proximity to restricted waters used by small craft and also shipping
inshore gaining access to ports or to those waters providing a more sheltered passage
required in inclement weather and sea conditions. Tidal streams of varying sets and
rates pass through all wind farm sites. Some sites are within port limits and some lie
within Vessel Traffic Services (VTS) operational limits.

Of necessity, when a vessel is within or close to a wind farm, mariners should be able to
place similar reliance on marine navigation systems as in open sea areas, or they should
be fully appraised of any induced errors or limitations which might be encountered.
From the aspect of collision avoidance, vessels need to be able to detect other craft
with which they might be in an encounter and to take appropriate avoiding action.

Port authorities and VTS operators require effective detection, identification and
tracking of vessels navigating in their areas so as to be able to organise traffic or provide
traffic information and navigational assistance services to vessels operating within
port approaches or prescribed routing schemes to meet their statutory responsibilities
in respect of the safety of navigation. The importance of effective detection and
identification is further emphasised by the implementation of the International Ship
and Port Facility Security (ISPS) Code from 1 July 2004.

Emergency services such as Royal National Lifeboat Institution (RNLI) vessels, HM
Coastguard and RAF helicopters require the ability to rapidly detect and react to
maritime casualties.

All of the foregoing require consistent and effective radio communications systems.

Failure of any radar, navigation or communication system could give rise to increased
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risks to safety or lead to marine casualties and insurance claims or reduce the
effectiveness of emergency service operations. Incidents involving passenger vessels
and those carrying dangerous and polluting cargoes could have serious consequences
for the public and the environment, both at sea and ashore.

1.2 Objectives
The proposed research was intended to obtain scientific and practical operational data
on various navigation and communications systems' performance within and in the
vicinity of offshore wind farms. In particular, any degradation of the performance
of systems was to be determined, quantified and, where considered necessary, cost
effective solutions recommended. The offshore wind farm used in the investigation
was the 30 turbine wind farm at North Hoyle, off the North Wales coast at Prestatyn.
A map containing the wind farm is presented in Figure 1-1.

These data will be used to inform mariners, the shipping and ports industries, the
General Lighthouse Authorities, the National Federation of Fishermen's Organisations,
the emergency services, the Royal Yachting Association, wind farm developers and
all other interested parties, of the extent of any system limitations, any consequent
increased risks and, where necessary, recommendations as to how these should be
mitigated.

This outcome may also be used to inform the consents process of offshore wind farm
applications.

In addition to these aims, experiments were carried out to test the theoretical results
from an earlier study [1]. This earlier study predicted the impact on marine radio
systems by the North Hoyle wind farm.

In the theoretical study [1] it was found that wind turbines have very large radar
cross-sections (RCS), which means that they will scatter a large proportion of any
incident electromagnetic energy. In addition to this shadows will be cast behind the
turbines looking from the direction of the transmitter.

The theoretical study suggested that small vessels within the North Hoyle wind farm
would be detectable with marine radar (3GHz and 9GHz) if they were not in the shadow
from a turbine. However, detection of the vessel could be compromised if it is very
close and directly behind a turbine. The effect of the shadow at 3GHz was found to be
much less severe than at 9GHz.

The impact on GPS was found to be minimal and any interference would very rarely
cause any corruption to the GPS data. It was determined that unless a GPS receiver
is within 70m (based on a signal-to-noise ratio of 15dB) of a wind turbine then any
interference would be insignificant.

The theoretical study [1] also considered VHF communications. It concluded that due
to the wavelength of the VHF systems any interference caused by wind turbines would
be negligible.

Four different trials were designed to test the validity of the results from the theoretical
study outlined above. The full technical details of these trials are presented in the trial
plan[2].
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Page 16 MCA MNA 53/10/366

MCA and QinetiQ proprietary



MCA and QinetiQ proprietary

1.3 Content

This report is separated into several sections that deal with the GPS, VHF commu-
nications and radar trials undertaken by QinetiQ and the MCA. In each section the
experimental process is described and the results are presented in full. The structure to
the report is as follows:

Section 2: QinetiQ GPS trials

Section 3: QinetiQ VHF communications

Section 4: MCA VHF communications

Section 5: QinetiQ Radar trials

Section 6: MCA Radar trials

Section 7: MCA marine navigation system trials
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Figure 1-1: The wind farm at North Hoyle
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2 QinetiQ GPS trials
2.1 Overview

The number of satellites visible to a GPS system bears a direct relation to the accuracy
of the positioning. For the GPS system to work there must be line-of-site to at least
four satellites. At any one time the GPS units can usually receive signals from up to
twelve satellites. The more satellites that can be used in a positioning measurement,
the more accurate the estimated position will be. The original theoretical study [1]
demonstrated that it is unlikely that any electromagnetic interference will effect the
normal operation of GPS system, unless the receiver is in very close proximity to a
turbine tower.

The GPS trials consisted of piloting a launch along three predefined courses. Two
control runs, away from the wind farm were also made. On each course the number of
satellites used by the GPS receiver was recorded along with position. Two GPS systems
were used, a Garmin GPSIII and a Garmin GPS152. The first is a typical hand-held GPS
receiver and the second is typical of what might be found installed on small ships,
launches and pleasure craft.

Full details of the experimental methods for the GPS trials can be found in the trial plan
[2].

The antenna for the GPS152 was positioned on the cabin roof as illustrated in Figure
2-1. The hand-held GPSIII unit was positioned at the centre of the rear deck of the
vessel.

Figure 2-1: The position of the antenna for the Garmin GPS152 unit
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2.2 Results

2.2.1 Control runs

Two control runs were made in order to determine the number of satellites visible
when there were no possible obstructions to the line-of-site. The number of satellites
locked with time is shown in Figure 2-2 for both the control runs.

Here we can see immediately that the visible number of satellites on each control run
and for each GPS system is relatively stable in time. Furthermore, the total number
of satellites visible is 9 for the GPSIII and 10 for the GPS152. This provides us with an
expected number of satellites to work with when considering the different courses in
and around the wind turbines. In addition to the expected number of satellites, we are
also able to estimate the likely uncertainty in position estimation by the GPS units and
compare these to the uncertainties provided when in the wind farm. In the control run,
the recorded uncertainty in position was between 4m and 5m.

Figure 2-2: Locked satellites on the two control runs

In 2-3 and Figure 2-4 examples of the displays for the GPSIII and GPS152 units are
shown. It can be seen in the figures that the number of satellites locked onto by the
two GPS systems is eleven in each case. Furthermore, a twelfth satellite that is visible
to the GPS152 unit.
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Figure 2-3: The display from the Garmin GPSIII unit during a control run

Figure 2-4: The display from the Garmin GPS152 unit during a control run
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2.2.2 Trial courses

The track data recorded by both GPS units along the three predefined courses is plotted
in Figure 2-5. The positions of the turbines are also indicated in the figure.

Figure 2-5: The recorded GPS track data for the three routes used in the trial

2.2.3 Course one

The first course is a path from the northern side of turbine 16 to turbine 20 (as described
in [2]). The course runs in a direction parallel to the longest side of the wind farm as is
shown by the green and brown lines in Figure 2-5.

In 2-6 we present the number of satellites locked onto by the GPS units with respect to
time. It can be noted from the plot that for both the GPSIII and GPS152 the number of
locked satellites is slightly less consistent than was seen in the control runs. However,
for both GPS units between 8 and 10 satellites remains locked at all times providing an
uncertainty in the estimated position of between 4m and 6m. It is important to note
that for successful operation of a GPS unit, only four satellites are required. A greater
number of satellites provide a greater accuracy in position.
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Figure 2-6: The number of satellites locked onto by the GPS units along course 1

2.2.4 Course two

The second course used to test the GPS systems ran parallel to the shortest side of the
wind farm from the western side of turbine 3 to turbine 28 (see the blue and purple
lines in Figure 2-5).

We found that on the course the number of satellites locked onto were 8 for the GPSIII
and 10 for the GPS152. The uncertainty in position was recorded as 5m. It is interesting
to note that the GPS152 appears to have a consistently higher number of satellites
than the hand held GPSIII. However, this is likely to be a result of the elevated position
of the GPS152 antenna (on the roof of the launch cabin). The hand held antenna was
much lower on the boat and thus more susceptible to shadowing from objects other
than the wind turbines. The results for the second course are presented in Figure 2-7.
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Figure 2-7: The number of satellites locked onto by the GPS units along course 2

2.2.5 Course three

The vessel was piloted diagonally through the wind farm from the south of turbine 5
to the south of turbine 26 and the data log of the course is shown in Figure 2-5 (red
and light blue lines).

Here we find that there is very little variation in the number of locked satellites for
either GPS system. The data is shown in Figure 2-8 and it can be noted that the
GPSIII has 8 or 9 satellites locked at all times. The uncertainty in the positioning is
around 4m. The GPS152 has 8 to 11 satellites locked and because of the variation
in satellite number, the uncertainty in position was found to be much more variable,
being between 3m and 5m. However, despite this overall operation of the GPS units
was not affected adversely at any time.
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Figure 2-8: The number of satellites locked onto by the GPS units along course 3

2.2.6 Additional tests

In addition to the courses described above the GPS units were tested whilst the launch
was stationary and adjacent to a turbine. Four turbines (numbers 7, 9, 13 and 17)
within the wind farm were used in an attempt to shadow different parts of the sky.

We found that regardless of our proximity to a turbine the GPS units operated normally
without any undue loss in the number of visible satellites. The results are summarised
in Table 2-1. It should also be noted that in each case the estimated error in position
with both the GPSIII and GPS152 was between 3 and 5m.

Number of satellites locked
Turbine GPS152 GPSIII
7 11 11
9 10 11
13 10 10
17 11 11

Table 2-1: Summary of visible satellites when adjacent to a turbine
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2.3 Summary

The various experiments performed during the GPS trial showed that the wind turbines
did not give rise to any loss in the number of locked satellites. The significant outcome
of this is that the normal operation of the GPS system was never at risk of failure, due
to interference from wind turbines.

The additional tests showed that even with a very close proximity of a turbine tower
the GPS antenna, there were always enough satellites elsewhere in the sky to cover for
any that might be shadowed by the turbine tower.
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3 QinetiQ VHF communications
3.1 Overview

The use of VHF communications within the maritime community is wide spread. It
is used for both ship-to-shore and ship-ship communication. It is essential that such
communications are free from interference induced by intermediary structures since
they are used in emergencies. The theoretical results have shown that the shadow
at VHF frequencies behind a wind turbine tower is relatively shallow and should not
adversely affect the normal operations of any VHF communication system. The VHF
trial was designed to assess the depth of shadow behind wind turbine and compare
the trial results with those expected theoretically.

The trial consisted of traversing a course that passed within 5m behind turbine 26 . A
continuous communication to the receiver set up on the shore at Prestatyn was used.
The track data along the course was recorded to provide an indication of when the
vessel was in the turbine shadows, thus affecting the signal. The antenna and receiver
set up at Prestatyn is shown in Figure 3-1. Link margins of 2dB, 3dB, 4dB and 5dB
were employed to estimate the depth of shadow experienced. The link margin is the
strength of the signal received above the noise level. In free space at a fixed range the
link margin was found to be 17dB (i.e. the signal is 50 times stronger than the noise
level). We added an attenuation of 16dB to reduce the link margin to 1dB above the
noise level and this was used as the baseline for all the VHF tests.

Figure 3-1: The VHF antenna and receiver set up at Prestatyn
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3.2 Results

In free space, away from the wind turbines, to get the link margin of 1dB required an
attenuation of 16dB to be added in series with the receiver antenna.

The results from all the different link margins are plotted together in Figure 3-2 and in
Figure 3-3. The first of these figures shows the courses taken by the vessel when a 2dB
and 3dB link margin was being used. In each case the uncertainty in our measurement
is 1dB. On the graphs, the loss of signal is represented by the sudden drop in northing on
the track. This "drop" shows the point at which the VHF signal was lost. The projection
of the turbine shadows are shown as thick black lines.

In Figure 3-2 it can be seen that the shadows from turbines 26 and 21 have contributed
to a loss in the VHF signal. It can also be noted in the figure that with a 2dB link margin
there is a loss in the signal that occurs between the easting values of 301913m and
301942m. Similarly another loss, not attributable to any turbines exists around the
easting value of 302075m. These are the result of interference from other sources, such
as another broadcasts on the same VHF channel.

Turbine 21 is approximately 500m from the path of the launch. At this distance behind
a wind turbine the shadow predicted is approximately 2dB (at 150MHz). Considering
that the uncertainty in the link margins is of the order of 1dB, our experimental results
are in very good agreement with the predictive work undertaken previously [1].

Figure 3-2: Position of VHF signal loss relative to turbine positions with a 2dB and 3dB
link margin
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Figure 3-3 shows the position at which a signal loss was observed when the link margins
were 4dB and 5dB. Here the signal loss only occurs in the shadow of turbine 26. This is
expected since the 2dB and 3dB link margin results (Figure 3-2) showed the shadow of
turbine 21 at 500m to be only 2dB to 3dB.

A further experiment to find the depth of shadow immediately behind a wind turbine
was undertaken. This test involved adjusting the link margin when immediately behind
a turbine in the shadow until the signal was regained. We found that the depth of
shadow at this position behind a turbine was around 10dB.

Figure 3-3: Position of VHF signal loss relative to turbine positions with a 4dB and 5dB
link margin

3.3 Summary

The shadows found experimentally agree with the theoretical results outlined in the
original study [1]. The affects are small and will not effect the VHF systems used in
the wind farm 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.
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4 MCA VHF communications trial
4.1 Overview

To evaluate the operational use of typical small vessel VHF transceivers when operated
close to wind farm structures.

4.1.1 Equipment used

The following was required for the trial:

• A person with a hand-held VHF radio landed on a turbine platform and a vessel
fitted with a typical small craft VHF radio;

• Co-operation of RNLI lifeboats, with RNLI shore stations, HM Coastguard and
Mersey Docks and Harbour Board.

4.1.2 Method

In calm weather conditions, a person was landed on the platform of turbine 28 from
the Hoylake lifeboat "Lady of Hilbre" which then moved away from the turbine. The
Rhyl lifeboat "Lill Cunningham" was stationed as close to the south of turbine 3 as was
safe and practical. The person on the platform positioned himself on the northerly
side of the turbine tower, i.e. at the point at which the full diameter of the tower lay
between him and the direction of the lifeboat.

Using VHF channel 10 and others designated for this purpose by HM Coastguard, the
person on the platform transmitted in a normal conversation voice. The quality of the
reception was noted by the lifeboat crew and the designated shore stations.

The lifeboat's VHF radio direction finding equipment then used this signal to determine
its bearing and a comparison made with the true known bearing, any difference being
recorded.

The Rhyl lifeboat then proceeded in an easterly direction on a course passing as close
as was safe and practical to the other turbines on the southern boundary of the wind
farm. The quality of the reception being recorded. When past turbine 1, the course was
reversed, and the effects similarly noted until turbine 5 was reached. This schematic is
illustrated in Figure 4-1.

The vessel's GPS positions were recorded during the whole exercise so that if any
degradation of communication or direction finding is found to exist, the arcs over
which this occurred could be calculated.

A principle of these tests was that, if small vessel ship-to-ship and ship-to-shore
communications were not affected significantly by the presence of wind turbines, then
it is reasonable to assume that larger vessels, with higher powered and more efficient
systems would also be unaffected.

During this time a number of mobile telephone calls were made from ashore, within
the wind farm, and on its seawards side. No effects were recorded using any system
provider.
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Figure 4-1: MCA VHF communications evaluation schematic

4.2 Results
4.2.1 VHF Communications

The wind farm structures had no noticeable effect on voice communications within the
wind farm or ashore.

However, the use of the lifeboat's automatic digital direction finding equipment was
severely impaired when very close to a turbine tower on the far side of which lay the
transmitting vessel's direction. This was resolved when the lifeboat moved further
than 50 metres from the tower.

If this effect is recognised, it should not be a problem in practical search and rescue
(SAR).

4.2.2 Other communication methods

• Mobile telephone communications : There was no noticeable effect on mobile
telephone communications systems.

• Digital Selective Calling (DSC) : The DSC system communications within the
wind farm, contact being made via Holyhead and Liverpool Maritime Rescue
Sub-Centres.

• Automatic Identification System (AIS) : AIS operated satisfactorily between
vessels and as monitored by HM Coastguard MRSC Liverpool, indicated that both
VHF and GPS components operated satisfactorily.

Since it had already been determined that GPS and VHF were not significantly
affected by the wind farm structures, the "Norbay" was simply asked to use
her AIS when around and in the wind farm, and Liverpool MRSCC to log the
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reception from the ship. "Norbay" reported that she picked up other vessels' AIS
transmissions without problems and Liverpool that they had similarly picked up
the ship itself.

It could be argued that there might have been a ship in the area which did not
receive "Norbay"s signals, or was not picked up herself by "Norbay". In view of
the other evidence, however, this seems very unlikely. As noted in the Executive
Summary with respect to on-going data collection, AIS-fitted vessels and HM
Coastguard will report any possible omissions.

• Telemetry Links : The UHF telemetry link between the service vessel "Clwyd", its
RIB and the BHP Billiton shore station at Gwaenysgor was reportedly interrupted
when the RIB was close to turbine towers. Telemetry is normally used on fixed
installations for communicating measurements such as wave and tidal heights,
wind speeds, etc. However, the Radio Agency has specific requirements for short
range devices that do not require licensing and may be used on marine mobiles.
Any reported effects should be investigated further.
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5 QinetiQ radar trials
5.1 Overview

There were two parts to the radar trials. The first dealt with the clutter effects on
ship-borne radar and the second considered shadowing from wind turbines.

The radar shadow trial involved a launch travelling along a predefined course whilst
being monitored by an on-shore radar at Prestatyn. The radar clutter (spurious echoes)
trial used the launch "Fast Cat" to see what effect the wind turbines have on the radar
display at different ranges and gain settings. Full technical details of these tests can be
found in the trials plan [2].

5.2 Radar clutter trial results

Four different positions from the centre of the wind farm were used for the spurious
radar echo trial. The first position is at the centre of the wind farm. The second and
third positions are 1000m and 3000m from the centre of the wind farm respectively.
The fourth position is approximately 6000m from the wind farm centre. The radar
screens at each of these ranges, when using different gain settings, are shown in Figure
5-1 to Figure 5-6. In all the figures the position of the launch is in the centre of the
radar display, at the bottom of the vertical line.

At the centre of the wind farm, the radar display when the gain is automatically set
and manually adjusted is shown in Figure 5-1. It can be noted that the automatic gain
setting is inappropriate in this case. The figure shows significant numbers of false
plots (spurious echoes) of turbines and the beginning of ring-around (side lobe echoes).
Using manual adjustment to reduce the gain from 60% to just 20%, the spurious echoes
are almost removed entirely.

In Figure 5-2 the radar display at the second position, 1000m from the wind farm
centre is presented. Here it can be observed that at a range setting of 1/2 nm there
is effectively no clutter visible. However, with a 3nm range setting there is significant
clutter on the radar display. In both cases the radar gain was on the automatic setting.
The radar displays at position 2 illustrate how altering settings on the radar system can
improve the visible output. In this case moving to a shorter range has lowered the gain.
A different pulse length is also used on this range scale.

The radar displays observed at position 3 are presented in Figure 5-3. These figures
show that the wind turbines are much clearer at the lower gain setting. Furthermore,
in both cases there are very few false plots or evidence of side lobe break through
originating from the turbines.

In Figure 5-4, Figure 5-5 and Figure 5-6 the radar screens observed with gain settings
of 64% (automatic setting), 54%, 44%, 34% and 24% are shown. It can be noted that
the turbines are visible as discrete plots. The large region of clutter is the coastline. As
the gain is reduced, the wind turbines remain on the screen although by a gain of 34%
a number of the turbines have disappeared. With a gain setting of 24% the number of
visible turbines has reduced significantly. It is interesting to note that the turbines that
do disappear are turbines that are shadowed by other turbines. A further consequence
of reducing the gain is that small targets at long range may no longer be detectable.
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Figure 5-1: Position 1, the wind farm centre, with gain settings of 60% (left) and 20%
(right)

Figure 5-2: Position 2, 1000m from wind farm centre, close up (left) and the whole wind
farm (right) with an automatic gain setting
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Figure 5-3: Position 3, 3000m from wind farm centre, 74% gain (left) 44% gain setting
(right)

Figure 5-4: On route to the wind farm with 64%(left) and 54%(right) gain settings
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Figure 5-5: On route to the wind farm with 44%(left) and 34% gain settings

Figure 5-6: On route to the wind farm with 24% gain setting
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5.3 Radar shadow trial results

As outlined above and in more detail in the trial plan, the radar shadow trials involved
monitoring the radar display of a shore based radar at Prestatyn. Specifically, the
purpose of the trial was to look for signal loss of the target boat, due to the presence of
wind turbines. Shadows at the radar frequency of 9.4GHz are deeper than those seen
at VHF frequencies (150MHz).

If we consider the gain settings of the radar then an estimate of the shadow depth can
be gauged.

The peak power of the radar is 4kW which corresponds to 36 dB. Assuming a log
adjustment to the gain we find that, for example, at 54% gain the power is 19.44
dB. With a gain setting of 54% or 19.44 dB the wind turbines were visible. However,
reducing the gain to 44% or 15.84 dB we found that the unshadowed turbines were
still visible, but the shadowed turbines had disappeared from the display. The distance
behind the shadowing turbine was approximately 1000m. A further reduction of the
radar gain to 4% or 1.44 dB, it was found that the unshadowed turbines began to
disappear. This can be seen in Figure 5-4 to Figure 5-6

From these observations we find that the difference in power required to detect an
shadowed (1000m behind a shadowing turbine) and unshadowed turbine is approxi-
mately 14.4 dB.

At 1000m the theoretical study[1] suggests that the shadow depth behind a wind
turbine is approximately 14.5 dB, which agrees very well with the estimate made using
the radar displays and radar gain settings.

5.4 Summary

There were two parts to the radar trials. The first dealt with the clutter effects on
ship-borne radar and the second considered shadowing from wind turbines.

In the first trial it was found that adjusting the radar gain could reduce the number
spurious echoes significantly. However, a consequence of gain reduction is that small
targets at long range may no longer be detectable. And at very low gain settings
(approximately 34% or less) some shadowed wind turbines start to disappear.

The second part to the trial dealt with radar shadows behind wind turbines. It
was found that the depth of shadow at a distance of 1000m behind a turbine was
approximately 14.4dB. This value was consistent with those determined in theoretical
studies undertaken previously [1].
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6 MCA Radar trials
6.1 Overview

The wind turbine generators (WTG) are very large structures in the vertical plane and
significantly so in the horizontal plane. Although the towers are cylindrical, their
diameter of 5 metres and height above the water - around 70 metres - is such that
they have a comparatively large reflecting surface area. This is compounded by the
reflecting surfaces of the platforms, ladders and other structural features of the towers,
an average total of about 80 square metres of signal returning surface at any time and
from any direction. The three bladed rotors have a total reflecting area of around 200
square metres when their plane is at right angles to the direction of the radar scanner,
and around half that when in line with it. The nacelle and boss have reflecting areas of
up to 16 square metres. Thus in the vertical plane the North Hoyle WTGs can have a
radar signal returning area of around 300 square metres. The sections of turbine which
are other than at right angles to the shipborne radar, i.e. non-returning, may produce
reflected and other spurious echoes. The scale of the structures is better illustrated in
Figure 6-1.

Figure 6-1: North Hoyle Vestas wind turbines

This is a critically important factor when shipborne or VTS radars are close to the WTGs.
Here the vertical beam width, for most ships' radars this being between 25 and 30
degrees, has a greater effect than the horizontal beam width, usually between 1 and 2
degrees.

When close to turbines, the response from individual transmitted pulses may therefore
be significantly greater than if, for example, at the same range from a large ship which
would be unlikely to have an equivalent vertical extent.

This has some advantages in, for example, detecting wind farm structures by radar,
but can have disadvantages with respect to the use of radar in SAR, automatic radar
plotting aids (ARPA), collision avoidance or vessel traffic services (VTS). It will also have
implications for the siting of radar beacons (RACONS).
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Figure 6-2: Typical radar scanner horizontal and vertical beamwidths

As the radar station increases in distance from the wind farm, this effect reduces in
significance. For example, as will be seen in subsection 6.16.1, at the range of the
Mersey Docks and Harbour Board's Seaforth radar from the wind farm, 14 nautical
miles (nm), the vertical extent of the WTGs has little effect and larger vessels such as
the "Norbay" (17,464 Gross Tons ) could be detected and tracked. Smaller vessels, such
as the lifeboats and service craft could not be detected at this range.

Technical details of all the radar systems used by the MCA during the trials can be
found in Appendix B.

This report is not intended to explain marine radar systems or their operation. A
number of publications are available that deal with this and other marine navigation
subjects. An example is suggested in reference [4].

6.2 Small vessel radar evaluation
6.2.1 Overview and method

To evaluate the operational use of typical small vessel radar systems when used to
detect vessels within and close to wind farms.

With the Rhyl lifeboat "Lill Cunningham" lifeboat stationary very close to the northern
side of turbine 3, the Hoylake lifeboat "Lady of Hilbre" traversed the wind farm on
a track midway between the turbine rows 10 to 6 and 15 to 11, on a straight line
course parallel to these towers. The vessel then proceeded to the south of turbine
21 and similarly passed between the rows 16 to 20 and 21 to 25. Finally, the vessel
proceeded to a point 250m north of turbine 30 and followed a course parallel to the
northern boundary of the wind farm. The stationary "Lill Cunningham" at turbine 3,
fitted with the video camera, with the radar set on the 3 nautical miles range, recorded
the displayed data. The data was analysed to determine the blind arcs and shadow
areas produced by turbine 3 and others in the wind farm. The courses followed are
illustrated in Figure 6-3 and pictures of the life boats used are shown in Figure 6-4 and
Figure 6-5.
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Figure 6-3: MCA small vessel radar detection capabilities schematic

Figure 6-4: The Rhyl RNLI lifeboat "Lady of Hilbre" (top) and the Hoylake RNLI lifeboat
"Lill Cunningham" (bottom)
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Figure 6-5: The Rhyl RNLI inshore lifeboat

6.3 Results of the trials
6.3.1 Shadow and blind areas

As has been noted previously, the WTGs produced blind and shadow sectors behind
them in which other turbines and vessels could not be detected and displayed. An
example of this is illustrated in Figure 6-6. Additionally, the strong response of the
WTGs when nearby, and with their close spacing, appears to produce saturation areas
in which targets are not detected, particularly if receiver gain is reduced to reduce side
lobe and other spurious echoes. However, in general, this would only be a significant
problem if:

• the search vessel or target were not able to move to different locations from
where the target was not in these sectors;

• the target lay within the poor cross and down range discrimination areas of the
WTG responses, as illustrated in the following trials.

With gain turned right down to re-
duce side lobe effects turbines 8, 13,
18, 23 and 28 are in blind areas.
What appear to be echoes of these
turbines are actually side lobes.

"Lady of Hilbre" lost in blind sector

Figure 6-6: Shadow and blind arcs with side lobe echoes
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6.4 Principles of range and bearing discrimination testing

The effect of turbine blades on turbine echo size is illustrated in Figure 6-7, where the
plane of the rotor blades is approximately at right angles to the direction of the radar
scanner. Here the angular width of the turbine is 1.6 times that of the anemometer
mast. Corresponding sizes of the echoes displayed at the relevant ranges are about 610
metres and 300 metres respectively. The displayed size of turbine and anemometer
mast is 2 tan(θ/2)×R, where R is the range in metres and θ is the angle subtended by
the displayed echo. The displayed range discrimination is approximately 200 metres.

Figure 6-7: Range and bearing discrimination
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6.5 Range discrimination test one
6.5.1 Method

With Hoylake lifeboat "Lady of Hilbre" stationary, alongside turbine 1, on its Northerly
side, Rhyl lifeboat "Lill Cunningham" maintained a Northerly course towards turbine 1.
With the radar initially set on its 6 nautical miles range and using a video recorder, the
display was recorded continuously from a distance of 4 nautical miles from turbine 1.
Additionally, it was noted whether and at what range, if any, the echo of target vessel
"Lady of Hilbre" could be visually resolved from the return from the turbine. As "Lill
Cunningham" approached turbine 1 the radar was progressively set to shorter ranges
and pulse lengths.

It should be noted that the initial four nautical miles range was chosen since it was a
fair representation of the range at which search and rescue activities would be fully
under way. The track followed is in Figure 6-8.

Figure 6-8: MCA range discrimination test 1 schematic

6.5.2 Results of the trial

As the "Lill Cunningham" approached the wind farm, the echo of "Lady of Hilbre"
could not be seen to separate from that of turbine 1. This is shown in Figure 6-9.
With "Lill Cunningham" 1.5 nm from turbine 1 and "Lady of Hilbre", 30 metres west
of turbine 1 and 25 metres down range from it, the radar was put on a 3nm range,
short pulse setting. It can be seen (see Figure 6-10) that there is no echo separation.
The anemometer mast, approximately 170 metres to the west of turbine 26, is not
separated in azimuth from it due to beam width effects.
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On medium pulse length at a range
of 3.64 nm the displayed down range
echo of each turbine is approximately
300 metres in depth. "Lady of Hilbre"
not visible behind turbine 1.

"Lill Cunningham"

Figure 6-9: "Lady of Hilbre" in turbine shadow on 6 nm range

Figure 6-10: Still in shadow on 3nm range
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6.6 Range discrimination test two
6.6.1 Method

Since there was no down-range separation of the echo of "Lady of Hilbre" from that of
the turbine on these radar ranges, then the following trial was carried out with "Lill
Cunningham" initially stationary 3 nautical miles to the south of turbine 1, its radar
set to the 3 nautical mile range and "Lady of Hilbre" very close to turbine 1. "Lady of
Hilbre" headed slowly towards turbine 6, the object being to note where its echo clearly
separated from that of turbine 1 on "Lill Cunningham"'s radar . This separation was
however not observed. Therefore, a series of runs were performed by "Lady of Hilbre"
while "Lill Cunningham" slowly proceeded towards turbine 1. The courses followed are
illustrated in Figure 6-11.

Figure 6-11: MCA range discrimination test 2 schematic

6.6.2 Results of the trial

While "Lady of Hilbre" remained in the shadow of turbine 1, no echo was received.
However, when she kept on a line 30 metres to the west of that joining turbines 1 and
6, the echoes separated at a down range distance of some 200 metres from turbine
1, when "Lill Cunningham" was 1.4 miles from turbine 1, radar set to 1.5 miles range,
short pulse, and with the gain control turned down to reduce side lobe and reflected
echoes. The observed range discrimination is shown in Figure 6-12.
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Figure 6-12: Observed range discrimination

6.7 Bearing Discrimination
6.7.1 Objectives and method

The objectives of these trials are similar to those of range discrimination, but in azimuth
rather than down range.

Hoylake lifeboat traversing East and West of turbine 1, with "Lill Cunningham"
stationary 3 nautical miles South of turbine 1, its radar set to the 3 nautical mile
range and "Lady of Hilbre" very close to the northerly side of turbine 1, the size of
the cross-range arc of the returned echo of turbine 1 was measured using the radar's
bearing markers. The course is illustrated in Figure 6-13.

"Lady of Hilbre" could not be visually distinguished from the echo of the turbine
therefore proceeded slowly on a westerly course until its echo on "Lill Cunningham"s
radar visually separated from that of the turbine. "Lady of Hilbre" then proceeded
on a reciprocal easterly course until its echo on the radar on "Lill Cunningham" again
separated from that of the turbine. Radar bearings and ranges of "Lady of Hilbre"
were recorded at both of these instances. The full procedure was recorded by video
camera. It should be noted that the radar beam width, unlike pulse length, will not
vary significantly with the range to which the system is set and thus, the bearing
discrimination in degrees will be effectively a constant. Cross-range response widths
can be calculated for other ranges from the turbines at which the search vessel ("own
ship") may lie (see Figure 6-7).
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Figure 6-13: MCA bearing discrimination test schematic

6.7.2 Results of the trial

Full separation both west and east of turbine 1 was achieved at an angle of 4 degrees
at the observation range of 3 nm. This angle is measured from the centre of the turbine
echo to the centre of the target echo and equates to a distance of 388 metres.

It should be noted that the target would only show as a distinct and separate echo
when some 385 metres clear of the turbine tower and therefore it would not be
detectable for a distance of 770 metres from one side of the turbine to the other. As
can be appreciated, the echo of a target travelling through this turbine array would be
separate from nearby turbines and trackable by ARPA for only short periods of time
and distance.

The results are illustrated in 6-14.
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Figure 6-14: Bearing discrimination trials results

QINETIQ/03/00297/1.1

Page 48 MCA MNA 53/10/366

MCA and QinetiQ proprietary



MCA and QinetiQ proprietary

6.8 Down and across range target discrimination
6.8.1 Overview

The problem here relates to the scanner beam width and pulse length in use. Theoreti-
cally the across range size ( in metres) of a displayed target is equal to its beam width
at that particular range from the target plus twice the cross range target size, i.e:

W = 2 tan(θ/2)×Rtarget + Rcross, 6-1

where W is the beam width in metres, θ is the horizontal beam width angle, and Rtarget

and Rcross are the target range and target cross range sizes respectively.

Echo depth in metres is equal to half the pulse length in microsecs, times the speed
of propagation of radio waves, plus the down range depth of the target, which can be
expressed as:

Decho = (p× 300/1µs)/2 + Dtarget, 6-2

where Decho is the echo depth in metres, p is the pulse length in µs and Dtarget is the
target depth.

However, the displayed sizes of the North Hoyle WTGs from Gwaenysgor are signifi-
cantly greater than that, the across range echo size being around 600 metres at a range
of 5.2 nm and the down range depth being around 200 metres.

The across range effect is due to the fact that, since the vertical extent of the turbines is
large, when the transmitting vessel is close they will return power outside the nominal
beamwidth of the radar. That is, the response will include significant power from
outside the half power (-3dB) points of the main beam.

This has two effects, firstly that a vessel initially close to the turbine will not be detected
until it has moved some hundreds of metres across range or a smaller distance down
range. Additionally, the effects of side lobes. shadow and blind sectors and multiple or
reflected echoes may compound these ranges.

For ARPA or VTS / Port radar tracking systems the effects are likely to be that tracking
vessels within or close to wind farms is difficult. This was found to be the case with the
"Norbay" ARPA systems and with the BHP Billiton tracking system at Gwaenysgor.

6.9 Side lobe, reflected and multiple echoes

The objectives of this part of the trials were to examine the potential effects of spurious
echoes on target detection and general navigation in the vicinity of the wind farm.

With Rhyl lifeboat "Lill Cunningham" 50 metres WSW of turbine 1, Hoylake lifeboat
"Lady of Hilbre" proceeded on a straight line course parallel to the boundary line of
turbines 1 to 5 and 50 metres from each turbine, commencing at turbine 5 (as shown
in Figure 6-15). "Lill Cunningham" used her radar set to the shortest relevant ranges
with normal gain settings and any side lobe, multiple or reflected echo effects were
recorded. The results can be seen in Figure 6-16.
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Figure 6-15: MCA Schematic for assessing side lobe, multiple and reflected echo effects

As with all ranges closer than
about 1.5 nm, side lobe echoes
and multiple echoes were very
strong.

Side lobe echoes

Multiple echoes

Detection of small targets or
buoyage would be extremely dif-
ficult in these circumstances.

"Lady of Hilbre" at a range of 0.3
nm (550 m)

Figure 6-16: Radar on 0.75 nm range and short pulse
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6.10 Further side lobe, reflected and multiple echoes identification
6.10.1 Objectives and method

The objectives of this trial were two fold. Firstly the spurious echoes inside the wind
farm were to be examined and secondly the response of "Lill Cunningham" to a shore
based radar were to be recorded (see subsection 6.12 for details of this).

"Lill Cunningham" was to proceed north between turbine columns 1 to 26 and 2 to 27.
This is shown in more detail in Figure 6-17.

Figure 6-17: Further side lobes schematic

6.10.2 Results of the test

With the set tuned correctly and with proper brilliance levels, the gain control was
adjusted to various levels. Within the wind farm it was found that , with the radar set
on the 1.5 nm range, ie. a shorter range than the length of the wind farm site, and on
short pulse, significant quantities of spurious echoes were produced at all gain levels.

i With the gain level set higher than its optimum on this range the display was
severely affected by side lobe echoes.

ii, iii The gain control set at its mid level, either manually or by use of the automatic
gain control, would be the unit's normal level. Turning gain down to further
reduce side lobe or multiple echoes would affect the detection of smaller target
vessels or buoyage.

iv With gain levels approaching zero, side lobe echoes were reduced to a minimum
but, with this very low level of signal amplification, small targets and buoyage
would be very difficult - if not impossible - to detect.

The photographs in Figure 6-18 illustrate the effects on side lobe echoes of reducing
gain manually and that obtained using the automatic gain control. It should be noted
that the use of swept gain anti-sea clutter controls would also reduce gain at a specific
distance from the observing vessel.

QINETIQ/03/00297/1.1

MCA MNA 53/10/366 Page 51

MCA and QinetiQ proprietary



MCA and QinetiQ proprietary

Figure 6-18: Adjusting gain levels

6.10.3 Summary

Since marine radar scanners are not perfect directional propagators some emissions
occur in directions other than the main beam. These are not usually critical unless
strongly reflecting surfaces are in close proximity, when spurious echoes may be
received from directions other than that of the main radar beam.

These were found to occur in a number of radar systems at ranges of less than 1.5 nm
(2800 metres) from the wind farm. This happened in both the X band and S band type
tested and approved radars carried in the "Norbay". The effects were greater on S band
(See subsection 6.14).

At a range of 0.6 nm (1100 metres) from the turbines "Norbay" reported very heavy
spurious echoes on S-band radar.

This effect was also examined on the X band radar of the Rhyl lifeboat "Lill Cunningham".
Within the windfarm where the maximum distance from the nearest WTG is always
less than 430 metres, the side lobe effect with normal gain levels was very heavy.

This would make the detection of other craft or buoyage difficult, and impossible in
some conditions.
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Reducing gain levels would reduce side lobe effects but would also reduce the response
of those vessels for which a lifeboat might be searching, or from which other craft
might be seeking to keep clear.

The experience of the "Lill Cunningham" was that, to reduce side lobe effects to zero,
the gain had to be set at its minimum level. At this level small craft would not be
detected, especially if they were close to WTGs (see shadow areas and bearing / range
discrimination in subsections 6.2 and 6.4), in rain, or in sea clutter.

Setting the gain control at its mid level or applying the automatic gain control when
less than about 500 metres from WTGs resulted in a significant proportion of spurious
echoes.

For RNLI vessels' search and rescue (SAR) operations this has obvious implications.
For other vessels there could be problems in collision avoidance. This would apply
particularly to large or high speed vessels in which there might be a requirement to
keep radars on longer range scales and with normal gain levels, when in the vicinity of
wind farms, so as to plan required manoeuvres in ample time.

This would apply particularly to vessels within higher density shipping lanes which
might be near to larger Round 2 offshore wind farms, and which might have joining or
crossing traffic or buoyed waypoints.

MCA have proposed that a research project should be undertaken to look at im-
provements in the detection and discrimination of small targets, supporting the need
highlighted at IMO NAV 50 in June 2004, following high-profile incidents such as the
loss of the High Speed Craft (HSC) "Sleipner", in which there were sixteen deaths. It
might be possible to use the results of this project to examine the overall effects of
offshore wind farms on the detection of small craft, obstructions and buoyage. This
could also provide further guidance to the clearance of wind farm boundaries from
traffic routes or from critical buoyage and its data could be included in the proposed
DTI navigational risk assessment methodology referred to in the Executive Summary

New international standards for type tested marine radars will become available after
2008. The effects of offshore wind farm structures on these will need to be assessed.

6.11 Sea and rain clutter within the wind farm

High winds and swell will produce sea clutter within the wind farm which will itself
interfere with the detection of targets. The presence of WTGs against which waves
might break may increase the overall sea clutter, which can be reduced by the swept
gain control on basic radar equipment. Again, however, the reduction of gain may
reduce detection and tracking abilities.

Tripod foundations may produce greater sea clutter than monopiles.

Rain clutter is produced by reflection from water droplets and, again in simple radar
systems, its effect is reduced by employing fast time constants (FTC). There is generally
a noticeable reduction in detection abilities when FTC is employed. An example of a
radar display showing rain clutter near to the wind farm is shown in Figure 6-19.

At all times when the trials were being undertaken, there were light winds, calm seas
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Figure 6-19: Precipitation effects

and clear visibility. This had some advantages in that the vessels involved were able
to look at effects close to turbines. However, because of these conditions, the effects
of sea clutter and precipitation in combination with the wind farm's own interference
effects were not able to be examined.

Benchmarks for the range of first detection in clutter conditions are to be included in
the MCA project mentioned above, clutter environments for both sea state and rainfall
and as combinations of these being defined.

6.12 MCA tests on the effects of wind farm structures on shore based radars
6.12.1 Overview

The objectives were to inform the operation of VTS and Port approach radar systems in
the vicinity of offshore wind farms.

Two radar systems were used in these trials, one being the mobile radar unit kindly
loaned to the MCA by the Environment Agency and the other being the radar unit
at Gwaenysgor, above Prestatyn. This unit is used by BHP Billiton to monitor traffic
around the Douglas oil field and the Hamilton gas field, these being sited some 7.5 nm
north of the North Hoyle wind farm.

Raw and filtered radar data were recorded by the Denbridge Marine APX-8000 system.

"Lill Cunningham" and "Lady of Hilbre" carried out the exercises described in the
foregoing on July 21st and 22nd 2004, testing their on board systems to determine if
they were degraded in any way by the wind farm. During this time, their movements
were being monitored and recorded by shore based radars. The shore radar sites were
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Figure 6-20: North Hoyle wind farm with radar positions (Not to scale)
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as illustrated in Figure 6-20, the mobile radar first being located at a site almost in line
with turbine column 5 to 30 and then being relocated near to the BHP Billiton radar.
The recording equipment was, on the following day, then transferred from the mobile
radar unit to the BHP Billiton unit.

The mobile radar was first sited along the promenade and access road next to the
Prestatyn yacht club, where it had a scanner height of approximately 6 metres above
sea level and was 4 nm from the wind farm.

6.12.2 Results from the first radar position

The results from the first radar position are shown in Figure 6-21 and Figure 6-22.
In Figure 6-21 the radar is on medium pulse and the turbine echoes are displayed as
approximately 600 metres in azimuth and 70 metres down range. Whilst in Figure 6-22
the radar is on long pulse and the displayed wind farm echo sizes are respectively 610
metres by 300 metres. The eastern met. mast shows clearly, but with a significantly
narrower azimuth than the turbines.

It should be noted that it was very difficult, with the radar at this low height (about 6m
above sea level), to detect small targets within the wind farm itself.

Figure 6-21: Radar is on medium pulse

On the medium pulse length the transmitted power was such that the eastern
anemometer mast was only just detectable, but neither lifeboat could be seen on the
display. On the long pulse length the turbines were very prominent, but, as with the
lifeboats' own radars, the boats could only be detected rarely by the shore radar.

As with the RNLI lifeboat radars, there was no discernable variation in the magnitude of
the turbine response with respect to blade disc direction or rotation. Had the blade disc
direction varied to a significant extent during the trials, it might have been possible to
accurately measure any variations in across range response distances.
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Figure 6-22: Radar set to long pulse length

An example of the detection of the "Lady of Hilbre" is illustrated in Figure 6-23. It can
be noted in the figure that the vessel can just be detected between turbines 20 and 25.

The "Lady of Hilbre" can just
be detected between tur-
bines 20 and 25

Figure 6-23: Detection of the "Lady of Hilbre"
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6.13 Mobile radar at higher location

The mobile radar was then taken close to the BHP Billiton radar site at Gwaenysgor. At
this site it was approximately 200 metres above sea level and 5.2 nm from the wind
farm.

In Figure 6-24 it can be seen that the detection of small targets was not greatly
improved but the discrimination of the western meteorology mast from turbine 26 and
the service vessel immediately south of turbine 6 was apparent.

New mobile radar site
(close to BHP Billiton site)

Figure 6-24: Mobile radar at Gwaenysgor

6.14 BHP Billiton radar

The radar recording unit was then transferred to the BHP Billiton Raytheon radar unit,
close by. The position of this radar relative to the wind farm is shown in Figure 6-25.
The displayed sizes of the North Hoyle WTGs from Gwaenysgor appear significantly
greater than theoretical calculated size, the across range echo size being around 610
metres at a range of 5.2 nm and the down range depth being around 200 metres. For
ARPA or VTS / Port radar tracking systems the effects may be that tracking vessels
within or close to wind farms may be problematic . This was found to be the case with
the "Norbay" ARPA systems and with the BHP Billiton tracking system at Gwaenysgor.

The raw radar image with high persistence level is shown in Figure 6-26. Using a high
persistence level the recorded data would, when filtered, detect targets if not directly
behind turbines. This is illustrated in Figure 6-27. When target vessel to the North of
the wind farm was clear by approximately 1500 metres, its response was increased
noticeably, as is shown in Figure 6-28.
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Figure 6-25: Relative Position of BHP Billiton Raytheon radar head at Gwaenysgor

Figure 6-26: Raw radar with high persistence level
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Figure 6-27: Filtered display - high persistence

Figure 6-28: Target lifeboats clear of the wind farm

6.15 MCA larger vessel radar detection and ARPA evaluation

6.15.1 Overview

To evaluate the effects of wind farm structures on type-tested radars using larger
scanner sizes.

The equipment required for this trial was:

• Larger vessel, with type-tested MCA approved radar equipment;

• Smaller vessel fitted with a radar reflector, carrying out a detection exercise
described in the following paragraphs.

In the week following the trials undertaken by the two lifeboats, on July 29th 2004, the
P & O passenger / cargo ferry MV "Norbay" was used to make a passage around and
through the wind farm. During this time her officers observed the wind farm service
vessel "Fast Cat" which was carrying out the detection exercise through the wind farm.
The "Norbay" was herself monitored by the Mersey Docks and Harbour Board port
radar, sited at Seaforth Dock, Liverpool and by the BHP Billiton radar at Gwaenysgor.
The courses followed during the trial are shown in Figure 6-29.
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"Norbay" was fitted with Raytheon X and S-band radars, each with Raytheon M34
Automatic Radar Plotting Aids (ARPA). "Fast Cat" was fitted with a Firdell Blipper 210-7
radar reflector.

"Norbay" also monitored her communications systems, her Automatic Identification
System (AIS) and her Global Positioning System (GPS) equipment whilst within and
close to the wind farm (see the Masters exercise report in sub-subsection 6.16.3).

"Norbay" has a length overall of 166.7 metres, beam 23.4 metres and 17,464 Gross
Tonnage. Two photographs of the "Norbay" can be seen in Figure 6-30. Whilst a
photograph of the "Fast Cat" and its radar reflector are shown in Figure 6-31.

Figure 6-29: Larger vessel trials schematic
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Figure 6-30: MV "Norbay"

Figure 6-31: "Fast Cat" and its "Blipper" radar reflector

6.16 Results of the Trials

The results are presented in Figure 6-32 to Figure 6-37. In Figure 6-32 the raw radar
display as "Norbay" begins to pass at a distance of 800 metres across the northern
boundary of the wind farm is shown. Whilst in Figure 6-33 the filtered recording of
"Norbay" passing turbine 30 is presented. Note that in both the raw and processed
radar displays, strong multiple echoes of turbines are visible.

As the "Norbay" passes turbine 29 multiple echoes are still visible as is shown in Figure
6-34 and in Figure 6-35 as the vessel passes turbine 28. In Figure 6-36 the raw radar
display, as the "Norbay" rounds NW corner of the wind farm, shows heavy multiple and
reflected echoes.

In Figure 6-37 the filtered display, with high persistence is shown. As the "Norbay"
leaves the wind farm it resumes its passage with a hull aspect of about 150 degrees.
No multiple echoes are see at this aspect, but some small reflected echoes are visible.

QINETIQ/03/00297/1.1

Page 62 MCA MNA 53/10/366

MCA and QinetiQ proprietary



MCA and QinetiQ proprietary

Figure 6-32: Raw radar data as the "Norbay" passes turbine 30 at a range of 800 metres

Figure 6-33: Filtered radar data as the "Norbay" passes turbine 30 at a range of 800
metres

Figure 6-34: Filtered radar data as the "Norbay" passes turbine 29
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Figure 6-35: Raw radar data as the "Norbay" passes turbine 28

Figure 6-36: Raw radar data as the "Norbay" rounds NW corner of the wind farm

Figure 6-37: Filtered radar data as the "Norbay" leaves the wind farm
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6.16.1 The Mersey Docks and Harbour Board long range radar

This radar, at a range of 14 nautical miles (26 km) from the wind farm, successfully
tracked the "Norbay" during her passage around and through the turbine array, with
the Norcontrol VOC500 tracking and recording equipment. However, no smaller vessels
could be detected or tracked at this range.

6.16.2 Reflected and multiple echoes in general

Since the WTGs are strongly reflecting when vessels and / or shore based radars are
close by they can produce significantly interfering reflected and multiple echoes.

Reflected echoes occur when signals are reflected at an angle from one structure to
another and returned to the radar via the same route. The latter target will then be
indicated on the display in the direction of the initial reflecting surface, and at a range
equivalent to the total distance from radar to initial reflector plus the distance from it
to the second surface.The target may additionally be indicated at its correct range and
bearing.

This effect occurred within the wind farm when signals were reflected between WTGs.
Multiple echoes occur similarly when two strongly reflecting surfaces reflect signals
backwards and forwards between them, such that echoes of the latter target occur a
number of times behind the initial reflecting target, the distance between each such
spurious echo being that of the two targets.

This was found to occur with the BHP Billiton radar sited at Gwaenysgor, whose purpose
is to monitor traffic in and around the Douglas and Hamilton oil and gas fields. These
fields lie 14 nm from the radar site, the North Hoyle wind farm lying in the same
direction but only 5.2 nm from the radar site. The Gwaenysgor radar scanner is 200
metres above sea level.

When the P & O ferry "Norbay" was proceeding along the northern boundary of the
wind farm and at a distance of around 800 metres from it (as indicated by the radar
ranges) very strong multiple echoes were found to occur on its far side (see subsection
6.16) At this time the "Norbay" was almost broadside on to the scanner direction, such
that its reflected echoes to the WTGs would be maximum.

Both of these effects may have implications for port approaches, Vessel Traffic Services,
search and rescue, and for collision avoidance. As with side lobe echoes, the effects can
be reduced by turning down the receiver gain, but again with the penalty of reducing
the displayed response of other vessels or buoyage.

For radars used in Vessel Traffic Services, for monitoring infringements, or in port
approaches the effects of multiple and reflected echoes may be significant, particularly
where a number of vessels may be required to pass or anchor close to a wind farm
boundary. However, they may be reduced by the careful siting of shore radars relative
to shipping routes and wind farms, or if necessary, by using radars at different sites to
resolve ambiguities.

Previous laboratory studies have indicated that there is high potential for such reflected
signals to trigger Racons when a turbine is within 1000 metres of them. No Racons
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were at this distance from the North Hoyle turbines and therefore this could not be
substantiated. However, if Racons were to be considered for use in marking wind farms,
this effect should be determined. Trinity House Lighthouse Service, which maintains a
number of Racons, have agreed to investigate this.

6.16.3 Report from the Master, MV "Norbay"

mv.NORBAY

MCA RESEARCH INTO CLOSE NAVIGATION AROUND
THE NORTH HOYLE WIND FARM.

Vessel's route : West along North edge of wind farm approx. 300m off line of
turbines, South along Western edge approx. 300m off line of turbines then East to
midway between turbines 2 and 3 then North between rows of turbines to resume
passage to Dublin.
Weather on scene : Light winds, strong ebb tide fine and clear.

Bridge team : Master M. Ingham
Rel. Master J. Moore
Ch. Officer D. McAuley
2nd Officer A. Saulnier

Radar Types : 1 x Raytheon M34 Arpa 3cm
1 x Raytheon M34 Arpa 10cm

Observations : Internal and external radio communications satisfactory.
AIS fully satisfactory.
All navigational equipment functioned satisfactorily.

Radar observations :
1. On long pulse experienced no definition between close targets.
2. Definition on 3cm radar better than the 10cm set.
3. Experienced difficulties in plotting targets running close to turbines as target

swap to larger echo (turbine) occurred before plot had been calculated.
4. Small targets could only be identified when they were at a distance of more

than 300m off the turbines.
5. Experienced numerous false echoes close to the turbines when about 1.5

miles off.
6. Echoes of targets on 10cm radar joined up in sweep at a distance of 0.6

miles off.
7. When vessel and targets running N/S along columns of turbines there were

no problems experienced in plotting targets with both 3 and 10cm sets
so long as the targets remained over 300m from turbines. However, the
strength of the echo on the 3cm set faded the closer the target became.
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7 MCA navigation system trials

7.1 The Global Positioning System (GPS)

Basic GPS operated satisfactorily in all areas near to and within the wind farm with no
change in signal to noise ratios , indicating that there was no interference being caused
to the UHF satellite signals by the wind farm generators.

The lifeboat crew did report that the Magnavox "Professional" receiver used in the "Lill
Cunningham" would not accept Differential GPS signals whilst in the wind farm. The
differential transmitter used in this area is sited at Point Lynas, Anglesey, using the low
frequency of 297.5 KHz.

However, no other vessel has reported difficulties with the reception of Differential
signals and theory suggests that wind farm structures should not affect them. Other
vessels have been asked to report any failures.

7.2 Magnetic compasses

No problems with respect to magnetic compasses were reported. However, small
vessels with simple magnetic steering and hand bearing compasses should be wary of
using these close to WTGs - as of course with any structure in which there is a large
amount of ferrous material.

Note : Under the DTI Renewable Energy Fund projects to be undertaken on offshore
wind farms and other offshore renewable energy installation (OREI) proposals, the
magnitudes and frequencies of electromagnetic and acoustic emissions from such
installations will be monitored. These data could also be used to infrom navigational
and other off-shore concerns.

7.3 Loran C Trial
7.3.1 Trial overview and objectives

The objectives of this trial were to see whether the wind farm structures would affect
low frequency signals in general and degrade the use of Loran C equipment in their
vicinity.

Since none of the participating vessels carried Loran C, portable equipment was
obtained from Trinity House Lighthouse Service and set up on the "Lill Cunningham". A
photograph of the Loran C receiver is shown in Figure 7-1 below.

The equipment was set up before entering the wind farm and, during exercises within
the farm, connection with various chains was attempted.
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Figure 7-1: Furuno LC- 90 Loran C receiver

7.3.2 Results of the trial

Loran C, which operates at Low Frequency (100 KHz), is - currently at least - the electronic
navigation fall back system if GPS were to fail. It was not fitted in any of the vessels
used in the trials - being mostly used in ships on and near the US coast, although some
GPS receivers have built-in Loran C software - and therefore a carry-aboard Foruno LC
-90 system was used in the "Lill Cunningham".

The system failed to operate successfully and could only lock on to the Lessay Chain
transmissions. Even here, only one hyperbola could be obtained. This was, however,
probably due to operational errors or the closing down of the Loop Head transmitter in
the Republic of Ireland, rather than the effects of the wind farm on the received signals.

The signals received jittered as would normally be expected from ground and skywave
interference.
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7.4 MCA helicopter search and rescue systems
7.4.1 Overview

The aim of this test was to evaluate the capabilities of search and rescue helicopters in
detecting and communicating with casualties within offshore wind farms.

The following equipment was required:

• A small vessel fitted with a typical VHF radio (ideally an RNLI vessel);

• A search and rescue helicopter.

A schematic of the trial is shown in Figure 7-2. The helicopter to approach the wind
farm from a direction and at a suitable height selected by its crew. The small vessel is
to be positioned alongside or very close to a turbine selected by the helicopter crew,
diametrically opposite the approach direction of the helicopter. The helicopter crew
will attempt to detect the vessel using its radar and to communicate via VHF using a
channel selected by themselves, initially when some distance away and until directly
over the vessel. The helicopter crew will determine any other trials that they might
wish to undertake and that might involve the use of other vessels or shore stations.

Figure 7-2: Schematic of helicopter radar trial

7.4.2 Results of the trial

There are no trials results as yet. During the original trials period, arrangements were
made on three occasions for these to take place. Unfortunately on each occasion
the helicopter was called out to other emergency duties and therefore the trials were
cancelled.

The Commanding Officer of RAF Valley SAR Flight is keen that the trials should take
place and will arrange for this with the Rhyl Lifeboat crew on a mutually convenient
date. HM Coastguard Holyhead MRSC will co-operate in setting up these trails.
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7.5
Effects of wind farm structures on non type tested radar, communications and
navigation equipment

The effects on the majority of recreational vessels and their radar, communications
and navigation systems will be similar to those described in the foregoing, but some
non type tested systems could be more adversely affected.

During the short period of the MCA trials at North Hoyle no recreational craft were
available to take part. However, the Royal Yachting Association (RYA) has asked its
members to report any significant data. The letter is shown in Appendix A.
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8 Conclusions and recommendations
8.1 MCA trials

MCA's programme was intended to assess the effect of the wind farm structures on
marine systems in operational scenarios. The trials assessed all practical communica-
tions systems used at sea and with links to shore stations, shipborne and shore-based
radar, position fixing systems, and the Automatic Identification System (AIS). The tests
included basic navigational equipment such as magnetic compasses.

The effects on the majority of systems tested by the MCA were not found to be significant
enough to affect navigational efficiency or safety, and an on-going collection of data
on such systems is expected to prove these conclusions.

Some reported effects, such as those on short range radio devices, will be further
investigated as will some scenarios which could not be assessed during the trials
period, such as helicopter search and rescue operations within wind farms.

The only significant cause for concern found by the MCA during the trials was the effect
of wind farm structures on shipborne and shorebased radar systems. It was determined
that the large vertical extent of the wind turbine generators returned radar responses
strong enough to produce interfering side lobe, multiple and reflected echoes. While
reducing receiver amplification (gain) would enable individual turbines to be clearly
identified from the side lobes - and hence limit the potential of collisions with them - its
effect would also be to reduce the amplitude of other received signals such that small
vessels, buoys, etc., might not be detectable within or close to the wind farm. Bearing
discrimination was also reduced by the magnitude of the response and hence the cross
range size of displayed echoes. If on passage close to a wind farm boundary or within
the wind farm itself, this could in some circumstances affect a vessel's ability to fully
comply with Rules 6, 7 and 19 of the International Regulations for the Prevention of
Collisions at Sea and might also affect the performance of its automatic radar plotting
aid (ARPA).

With respect to the multiple and reflected echoes produced when wind farm structures
lie between the observing radar and a relatively high sided vessel, gain reduction will
have similar effects to those described above. If, as in the trial undertaken, a shore or
platform based radar is intended to detect and track traffic in port approaches, Vessel
Traffic Systems or in the proximity of offshore oil or gas installations, the effects could
be significant.

Recommendations from these trials are that:

• This report should be made feely available to all interested parties.

• Information appropriate to the safety of life at sea, such as recommendations
with respect to navigating or carrying out activities such as fishing within or
close to wind farms, should be promulgated as necessary by the use of Marine
Guidance Notes, Marine Information Notes, Merchant Shipping Notices, etc.

• the siting of wind farm boundaries from recognised marine traffic routes should
be determined in consultation with MCA HQ and other stakeholders using a
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recommended risk assessment methodology, prior to the submission of consent
applications.

• Similarly the location and relocation of fixed radar surveillance systems should
be determined in consultation with relevant organisations.

• Further work to be done, as for example identified in the report with respect
to adverse weather conditions, helicopter search and rescue operations, short
range radio systems, non type-tested systems, etc., should be carried out as soon
as practical.

• The results of such research should be promulgated where significant.

• The collation of data with respect to all offshore renewable energy installations
(OREI) should be an ongoing activity.

8.2 QinetiQ trials

Four trials, covering the areas of GPS, VHF communications and radar tracking and
radar clutter were performed by QinetiQ.

The QinetiQ GPS trial involved traversing previously defined courses through and
around the wind farm. Along each course, the number of satellites visible to two
different GPS systems (a Garmin 152 and a Garmin GPSIII) and the position of the ship
were recorded. Our results show that on average between 8 and 11 satellites were
visible at any one time providing accurate positioning to within 5 metres. The effect of
wind turbines on VHF communications was investigated by QinetiQ using a hand-held
VHF transceiver that was run in series with an adjustable attenuator. A link margin of 1
dB was achieved in free-space (away from any turbines). This required an attenuation
of 16dB to be added to the transceiver.

To explore the shadow region behind the wind turbines, four link margins, 2dB, 3dB,
4dB and 5dB were used. These link margins correspond to a total attenuation of 15dB,
14dB, 13dB and 12dB added to the transceiver. The closest approach to turbine 21
was 500 metres and approximately 5m behind turbine 26. As expected the depth of
shadow was greater when closer to a turbine. When behind turbine 21 the shadow
was found to be approximately 2dB to 3dB lower than the attenuation needed to give
a 1dB link margin in free space. For turbine 26 the shadow was deeper due to the closer
proximity of the VHF system. It was found that behind turbine 26 the depth of shadow
was approximately 10dB below the link margin in free space. The shadow depths are
shallower than predicted theoretically confirming the worst case expectations of the
theoretical work.

The QinetiQ radar shadowing trials provided very little evidence that shadowing of
targets would present any significant problems. In particular the shadowing observed
was, like the VHF trials, less than predicted in the theoretical study. Clutter in the
radar display due to the presence of wind turbines was found to be quite considerable.
Both ring-around and false plots (side lobe and spurious echoes) were observed. The
observed problems could be suppressed successfully by using the gain and range
settings of the radar. However, this may have the unwanted side-effect of no longer
being able to detect some small targets.
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8.3 Summary

Most of the effects of offshore wind farm structures on the operational use of marine
radar, communications and navigation systems do not significantly compromise marine
navigation or safety. Where there are questions about specific systems they will
continue to be monitored and assessed when possible.

There are however some concerns about the use of both shipborne and shorebased
radar in the proximity of wind farms. Wind farm structures generally have high vertical
extents and therefore will return very strong responses when observing radars are
close. The magnitude of such responses will vary according to transmitted radar power
and proximity to the structures but may affect both the visual detection of targets and
the effective operation of automatic radar plotting aids (ARPA).

These effects can be mitigated by vessels keeping well clear of wind farms in open
water or, where navigation is restricted, keeping the wind farm boundaries at suitable
distances from established traffic routes, port approaches, routing schemes, etc.

With respect to shorebased or offshore platform based systems, the careful siting of
radar scanners in relation to traffic routes and wind farm configurations should enable
any degrading effects to be minimised.

The overall results are summarised as:

i Global Positioning System (GPS)

No problems with basic GPS reception or positional accuracy were reported
during the trials.

ii Magnetic compasses

The wind farm generators and their cabling, interturbine and onshore, did not
cause any compass deviation during the MCA trials. As with any ferrous metal
structure, however, caution should be exercised when using magnetic compasses
close to turbine towers.

iii Loran C

Although a position could not be obtained using Loran C in the wind farm area,
the available signals were received without apparent degradation.

iv Helicopter radar and communications systems

These trials were not carried out due to helicopter call-outs to emergencies on
the trial days. The emergency services are keen that they should be undertaken
when convenient with the co-operation of HM Coastguard Holyhead MRSC.

v VHF and other communications

The wind farm structures had no noticeable effects on any voice communications
system, vessel to vessel or vessel to shore station. These included shipborne,
shorebased and hand held VHF transceivers and mobile telephones. Digital
selective calling (DSC)was also satisfactorily tested. The VHF Direction Finding
equipment carried in the lifeboats did not function correctly when very close to
turbines and the BHP telemetry link was similarly reported to suffer interruptions.
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vi The Automatic Identification System (AIS) carried aboard MV "Norbay" and
monitored by HM Coastguard MRSC Liverpool was fully operational.

vii Small Vessel radar performance.

1. The wind turbine generators (WTG) produced blind and shadow areas in
which other turbines and vessels could not be detected unless the observing
vessel was moving.

2. Detection of targets within the wind farm was also reduced by the cross
and down-range responses from the WTGs which limited range and bearing
discrimination.

3. The large displayed echoes of WTGs were due to the vertical extent of the
turbine structures.

4. These returned strong responses from sectors of the main beam outside the
half power (-3dB) points and the side lobes outside 10° from the main beam.

5. Although such spurious echo effects can be limited to some extent by
reducing receiver amplification (gain) this will also reduce the amplification
of other targets, perhaps below their display threshold levels.

6. Sea and rain clutter will present further difficulties to target detection within
and close to wind farms. Weather conditions at the time of the trials were
such that these effects could not be examined.

viii Shore based radar performance

1. Short range performance (less than 6 nm)
When a small shore based radar was sited such that the height of its antenna
was about six metres above sea level, its performance with respect to small
vessels was similar to that of the vessel-mounted systems in terms of range
and bearing discrimination and target detection within the wind farm.

When moved to a height of 200 metres above sea level there was an
improvement in range discrimination.

When the higher powered and narrower beam width BHP Billiton radar was
used, at the same height, the visual detection of targets within, and beyond,
the wind farm was again improved.

2. Larger vessel detection
A larger vessel was easily detected within and beyond the wind farm.
However, while it was broadside on to the direction of the shore radar,
reflections from the turbines produced strong multiple echoes. At an oblique
aspect to the radar, multiple echoes did not occur, but some reflected echoes
were observed.

3. Long range radar (more than 12 nm)
When the wind farm was observed at long range by the Mersey docks and
Harbour Board radar the vessel was easily detected and tracked
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ix Radar and ARPA carried on larger vessels

As with small vessel radars, range and bearing discrimination were affected by
the response from the WTGs. Definition was less on S band radar than on X band.
Numerous spurious echoes from side lobes and reflections were reported by MV
"Norbay" starting at a range of about 1.5 nm. The ship's ARPA had difficulty
tracking a target vessel within the wind farm due to target swop to the stronger
response. This substantiated a similar report with respect to the BHP Billiton
radar's own tracking system

x Non type-tested radar, communications and navigational equipment

The effects on such systems will be similar to those tested during the trials but
will vary individually with respect to transmitted power, antenna performance,
radar beam width, etc. The Royal Yachting Association is assisting MCA by
providing ongoing information through the experiences of its membership.

QINETIQ/03/00297/1.1

MCA MNA 53/10/366 Page 75

MCA and QinetiQ proprietary



MCA and QinetiQ proprietary

A RYA letter

NORTH HOYLE WIND FARM

Assessing effects on recreational craft communications
and radar?

PLEASE TAKE PART AND FEED BACK YOUR EXPERIENCES

The RYA is helping the MCA in testing the impact of offshore wind turbines on
communication and radar equipment. Whilst they can see the effect on high tech
equipment carried on board the MCA vessels, we need to assess the effect on small
craft equipment, e.g., VHF, small boat radar, etc.

We have been asked to report back to the MCA the effects on recreational equipment
which can only be done by those who use the area - your involvement in this is
important.

If you are sailing past the area, please do take part.

Ideally we are looking for two medium size vessels (30 foot) - but reports from
individual vessels will also be valuable - fitted with radar and VHF, also Loran C if
available. We need the vessels to enter the wind farm area, record the display on their
radar - ideally with a digital camera - test VHF communications between vessels and
also with the coastguard at Holyhead.

What to do:

1 Before entering the wind farm area, please call up the Wind Farm Operations
Manager, Mike Bradley (07736631513) to check whether any maintenance
vessels are operating. If maintenance vessels are operating please keep 500m
clear of them

2) Approaching the wind farm area look at the effects on your radar screen, ideally
take a digital picture of them, or sketch them out. If you turn the signal down
to avoid distortion of the signal, ensure you would still be able to pick up other
small vessels

30 Before entering the wind farm area, call the Holyhead Coastguard, District
Controller, Jim Paton (01407767951) and tell him what you are doing and carry
out a (VHF) radio check outside the wind farm area. If you have a hand held you
may also want to carry out the exercise with this too.

4) Once inside the wind farm area, look again at the effect on your radar screen and
report as in (2)

5) Once inside the wind farm area, carry out a second radio check with the
Coastguard.

6) If you are sailing with two vessels, get behind the turbines out of direct sight
of one another and test radio communications with one another. You can also
check to see the effects on your radar.
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7) Please also report the type of equipment you have on board (VHF and radar),
height of VHF mast, proximity to the turbines when you carried out the record-
ings.

8) Then send your findings back to Susie Tomson (Planning and Environmental
Officer) at the RYA either by phone, email or post.

Contact details: Susie Tomson, RYA House, Ensign Way, Hamble, Hants, SO31
4YA. Email Susie.tomson@rya.org.uk . Please call if you have any queries my
direct line is 023 8060 4222.

Please feel free to add any other comments on your experience of sailing through the
area.

THANK YOU FOR YOUR HELP AND COOPERATION
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B Radar specifications

B.1 Environment Agency radar (mounted in Ford Transit van)

Racal Decca Bridgemaster 250 series specifications:

Magnetron peak power 10kW
Frequency 9410 MHz± 30MHz
Pulse lengths / prf 0.05 µs 1200 Hz.
(nominal) 0.25 µs 1200 Hz.

1.00 µs 600 Hz

Racal Decca antenna specifications:

Aperture size 4 ft (1.22 m.)
horizontal beam width 2° (to -3 dB)
vertical beam width 24° (to -3 dB)
sidelobes within 10° of beam -23 dB
sidelobes outside 10° of beam -30 dB
Polarisation Horizontal
Rotation speed 28 rpm
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B.2 Mersey class lifeboat radars

JRC JMA 3910 series specifications:

Magnetron peak power 10 kW
Frequency 9410 MHz± 30MHz
Pulse lengths 0.08 µs
(nominal) 0.2 µs

0.4 µs
0.8 µs

JRC antenna specifications:

Aperture size 4 ft (1.22 m)
horizontal beam width 1.9° (to -3 dB)
vertical beam width 25° (to -3 dB)
sidelobes within 10° of beam -23 dB
sidelobes outside10° of beam -26 dB
Polarisation Horizontal
Rotation speed 25 rpm
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B.3 BHP Billiton Gwaenysgor Radar (ashore above Prestatyn)

Raytheon series specifications:

Magnetron peak power 25 kW
Frequency 9410 MHz± 30MHz
Pulse lengths / prf 0.06 µs 3000 Hz
(nominal) 0.25 µs 2000 Hz

0.5 µs 1000 Hz
1.0 µs 750 Hz

Raytheon antenna specifications:

Aperture size 12 ft (3.66m)
horizontal beam width 0.7° (to -3dB)
vertical beam width 23° (to -3dB)
sidelobes within 10° of beam -30 dB
sidelobes outside10° of beam -? dB
Polarisation Horizontal
Rotation speed 22 / 26 rpm
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B.4 M.V. "Norbay"

Two radars, X and S band, each fitted with Raytheon M34 ARPAs

Raytheon Pathfinder specifications:

X band S band
Magnetron peak power 25kW 30 kW
Frequency 9410 MHz± 30 MHz 3050 MHz ± 30

MHz
Pulse lengths / prf 0.08 µs 0.75 µs
(nominal) 0.25 µs 1.0 µs

Pathfinder Antennae specifications:

X band S band
Aperture size 7ft (2.1m) 12 ft (3.66m)
horizontal beam width 1° (to -3dB) 1.9° (to -3dB)
vertical beam width 25° (to -3dB) 30° (to -3dB)
sidelobes within 10° of beam -32 dB -32 dB
sidelobes outside10° of beam ? ?
Polarisation Horizontal
Rotation speed 22-24 rpm 22-24 rpm

B.5 Mersey Docks and Harbour Board Port Radar

Uses Norcontrol VOC500 Tracking system

Decca 65160 series specifications:

Magnetron peak power 25 kW
Frequency 9410 MHz± 30MHz
Pulse lengths / prf ? µs ? Hz
(nominal) ?

Decca 65276U Antenna specifications:

Aperture size 18 ft (5.49 m)
horizontal beam width 0.43° (to -3dB)
vertical beam width 15° (to -3dB)
sidelobes within 10° of beam ?
Polarisation Horizontal
Rotation speed ? rpm
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C Rules extracted from the International Regula-
tions for Preventing Collisions at Sea

C.1 RULE 6 Safe Speed

Every vessel shall at all times proceed at a safe speed so that she can take proper and
effective action to avoid collision and be stopped within a distance appropriate to the
prevailing circumstances and conditions. In determining a safe speed the following
factors shall be among those taken into account:

(a) By all vessels:

(i) the state of visibility;

(ii) the traffic density including concentrations of fishing vessels or any other
vessels;

(iii) the manoeuvrability of the vessel with special reference to stopping distance
and turning ability in the prevailing conditions;

(iv) at night the presence of background light such as from shore lights or from
back scatter of her own lights;

(v) the state of wind, sea and current, and the proximity of navigational hazards;

(vi) the draught in relation to the available depth of water.

(b) Additionally, by vessels with operational radar:

(i) the characteristics, efficiency and limitations of the radar equipment;

(ii) any constraints imposed by the radar range scale in use;

(iii) the effect on radar detection of the sea state, weather and other sources of
interference;

(iv) the possibility that small vessels, ice and other floating objects may not be
detected by radar at an adequate range;

(v) the number, location and movement of vessels detected by radar;

(vi) the more exact assessment of the visibility that may be possible when radar
is used to determine the range of vessels or other objects in the vicinity.
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C.2 RULE 7 Risk of collision

(a) Every vessel shall use all available means appropriate to the prevailing circum-
stances and conditions to determine if risk of collision exists. If there is any doubt
such risk shall be deemed to exist.

(b) Proper use shall be made of radar equipment if fitted and operational, including
long-range scanning to obtain early warning of risk of collision and radar plotting
or equivalent systematic observation of detected objects.

(c) Assumptions shall not be made on the basis of scanty information, especially
scanty radar information.

(d) In determining if risk of collision exists the following considerations shall be
among those taken into account:

(i) such risk shall be deemed to exist if the compass bearing of an approaching
vessel does not appreciably change;

(ii) such risk may sometimes exist even when an appreciable bearing change is
evident, particularly when approaching a very large vessel or a tow or when
approaching a vessel at close range.

C.3 RULE 19 Conduct of vessels in restricted visibility

(a) This Rule applies to vessels not in sight of one another when navigating or near
an area of restricted visibility.

(b) Every vessel shall proceed at a safe speed adapted to the prevailing circumstances
and conditions of restricted visibility. A power-driven vessel will have her engines
ready for immediate manoeuvre.

(c) Every vessel shall have due regard to the prevailing circumstances and conditions
of restricted visibility when complying with the Rules of Section I of this Part.

(d) A vessel which detects by radar alone the presence of another vessel shall
determine if a close-quarters situation is developing and/or risk of collision
exists. If so, she shall take avoiding action in ample time, provided that when her
action consists of an alteration of course, so far as possible the following shall be
avoided:

(i) an alteration of course to port for a vessel forward of the beam, other than
for a vessel being overtaken;

(ii an alteration of course towards a vessel abeam or abaft the beam.

(e) Except where it has been determined that a risk of collision does not exist, every
vessel which hears apparently forward of her beam the fog signal of another
vessel, or which cannot avoid a close-quarters situation with another vessel
forward of her beam, shall reduce her speed to the minimum at which she can
be kept on her course. She shall if necessary take all her way off and in any event
navigate with extreme caution until danger of collision is over.
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