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ROBIN RIGG OFFSHORE WIND FARM (NAVIGATION AND FISHING)
(SCOTLAND) BILL COMMITTEE

AGENDA

1st Meeting, 2003 (Session 1)

Monday 24 February 2003

The committee will meet at 10.30 am in the Town Hall, Kirkcudbright.

1. Item in private: The committee will consider whether to take item 4 in private.

2. Robin Rigg Offshore Wind Farm (Navigation and Fishing)(Scotland) Bill:
The Committee will take evidence on the Consideration Stage of the Bill from—

Mr Dan Badger, Project Manager, Offshore Energy Resource Limited

Mr Rupert Steele, Head of Regulation and Government Affairs, TXU for
Solway Offshore Resources

Mr John Beattie, Senior Risk Analyst, Anatec

Mr John Gallagher, Technical Director of Electromagnetics, QinetiQ

Mr Alfred Bennett, Solway Shell-Fisherman’s Association

Mr Alan Cubbin, Director of Quality and Standards, Maritime and Coastguard
Agency

Mr Jerry Eardley, Legal and Environment Adviser, Royal Yachting Association
UK

Mr James Copland, Past Commodore, The Solway Yacht Club

The Committee will hear closing submissions on behalf of the Promoters and the
Objectors.
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3. Robin Rigg Offshore Wind Farm (Navigation and Fishing) (Scotland) Bill:
The Committee will consider whether to take its discussion on the draft
Consideration Stage Report on the Bill in private at its next meeting.

4. Robin Rigg Offshore Wind Farm (Navigation and Fishing)(Scotland) Bill:
The committee will consider its approach to the Consideration Stage Report.

David Cullum
Clerk to the Committee

Room G11, Committee Chambers
Ext. 0131 348 5951
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The following papers are attached for this meeting:

Agenda item 2

Precognition from Dan Badger RR/03/4/1
Map of Solway Area RR/03/4/2
List of Solway Yacht club Vessels RR/03/4/3
Submission from Solway Yacht Club:  Leisure Craft Usage in the
Solway Firth

RR/03/4/4

Precognition from Rupert Steele RR/03/4/5
Submission from Promoters on De-Commissioning
Requirements: Extracts From Draft FEPA License and Crown
Estate Lease

RR/03/4/6

Draft FEPA Licence RR/03/4/7
International Association of Lighthouse Authorities – Guideline 0-
117

RR/03/4/8

Precognition from John Beattie RR/03/4/9
Review of Recreational Craft Collision Risk with Robin Rigg Wind
Farm Structures

RR/03/4/10

Precognition from John Gallagher RR/03/4/11
Letter from the Solway Shell-Fisherman’s Association RR/03/4/12
Precognition from Jeremy Eardley RR/03/4/13
Precognition from James Copland RR/03/4/14
Letter from Paul Irving RR/03/4/15
Submission from Scottish Executive RR/03/4/16
UNCLOS Article 60 RR/03/4/17
Supplementary Precognition from Dan Badger RR/03/4/18
Met Ocean Data RR/03/4/19
Met Ocean Data Tables RR/03/4/19/A
Still Water Levels Plus Wave Height at High Tide on Robin Rigg RR/03/4/20
Highest 150 Water Levels at High Tide on Robin Rigg RR/03/4/21
Historical Water Levels on Robin Rigg RR/03/4/22
Supplementary Precognition from Dan Badger on GPS and
Radar

RR/03/4/23

Supplementary Precognition from Jeremy Eardley RR/03/4/24
Table to go with Supplementary Precognition from Jeremy
Eardley

RR/03/4/25

Other Papers relevant to the meeting which have been circulated previously:

• Robin Rigg Offshore Wind Farm (Navigation and Fishing) (Scotland) Bill
• Promoters Statement
• Explanatory Notes
• Navigation Risk Assessment
• Environmental Statement
• Non-Technical Summary of Environmental Statement
• Robin Rigg Offshore Wind Farm (Navigation and Fishing) (Scotland) Bill

Committee Official Report 11 November 2002
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• Preliminary Stage Report on the Robin Rigg Offshore Wind Farm (Navigation and
Fishing) (Scotland) Bill

• Preliminary Stage Debate Official Report 9 January 2003
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ROBIN RIGG OFFSHORE WIND FARM
(NAVIGATION & FISHING) SCOTLAND BILL

COMMITTEE HEARING
24 FEBRUARY 2003

Precognition of Dan Badger on behalf of Solway Offshore Resources and

Offshore Energy Resources Ltd

_____________________________________________________________

Blade Collision Risk Assessment and Mitigation Measures
_____________________________________________________________

February 2003
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1. My name is Dan Badger. I am a project manager for Robin Rigg offshore wind
farm on behalf of Office Energy Resources Ltd (“OERL”). For the purposes of this
precognition I speak also for Solway Offshore Limited, although Rupert Steele is
here today to speak on behalf of the project on other issues.

2. I have been employed by Babcock & Brown, owners of OERL, for thirteen months.
For eleven years prior to that I was Vice President for Project Development with
Enron Europe Limited. For five years prior to that I worked for Putnam, Hayes and
Bartlett, an energy economics consultancy. For five years prior to that, I worked as
an analyst in the Oil Industry Division of the International Energy Agency in Paris.
For five years prior to that, I worked as an analyst in the Office of Policy of the
U.S. Department of Energy in Washington. I have a Bachelor of Arts degree from
Yale University and a Master of Arts degree in Public Policy from Harvard
University.

Scope of Precognition

3. The scope of my precognition is as follows:

3.1. An explanation of the provisions we are seeking in the Private Bill that relate
to wind turbine generator (“WTG”) blade clearance.

3.2. A summary of the objections raised by the Royal Yachting Association
“RYA” to these provisions.

3.3. The Promoters’ analysis of the blade collision risk that would exist if no
mitigation measures are taken, and the conclusions of that analysis.

3.4. A description of the further measures we propose to mitigate the blade
collision risk still further.

Provisions of the Private Bill Relating to Blade Collision Risk

4. Section 1(2) of the Bill provides that “The turbines shall be constructed and
maintained so that there shall be a minimum distance of 25.0 metres between the
lowest point of the rotating blades and the level of high water.” The reference to the
level of high water is defined as being  “Mean High Water Springs.”

5. Since proposing the Bill, the Promoters have received bids to build the wind farm
from five contractors. It is apparent from these bids that the cost of the wind farm is
highly dependent on the height of the towers. Since Offshore Wind is a new and
expensive technology, whose economics are such as to require financial support
from the DTI, significant extra costs must be rigorously justified.

6. On the basis of the quantitative collision risk assessment described below, the
Promoters have come to the view that a proper balance between cost and risk is
achieved with a minimum distance of 18.0 metres. The Promoters therefore propose
to amend Section 1(2) accordingly.
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7. In order further to mitigate the risk of blade collision, we will propose a new
section of the Private Bill prescribing a Navigation Emergency Management
System (“NEMS”). The principles of the proposed system are described more fully
below.

RYA Objection

8. RYA have objected on the basis that the provision for a 25 metre minimum
clearance above Mean High Water Springs originally proposed by the Promoters
would present an unacceptable risk of collision between moving blades and the
masts of sailing vessels.

Quantitative Collision Risk Analysis

9. We have prepared a probabilistic analysis of the risk of collision between a moving
blade and vessels in various mast height classes.  The following assumptions have
been adopted for purposes of this analysis.

9.1. The WTGs are installed such that the distance between a blade in the 6
o’clock position and Mean High Water Spring is 18.0 metres.

9.2. The diameter of each WTG rotor is 104 metres. If we imagine a sphere of
radius 52 metres around the nacelle of the WTG, in actuality the blades will
only occupy about 0.5% of this sphere at any point in time. However, we
have assumed for this analysis that the blades are simultaneously present
throughout the entire sphere. In effect, therefore, we have assumed that the
nacelle of each WTG is surrounded by a solid globe of moving blade with a
radius of 52 metres.

9.3. The assumed water level throughout the wind farm site is 2.1 metres above
Mean High Water Springs (6.0 metres above Mean Sea Level) at all times.

9.4. The relevant area for analysis is the irregular polygon (the “Solway Area”)
formed by straight lines from Hestan Island to Maryport, from Maryport to
Whitehaven, from Whitehaven to Kirkcudbright, and from Kirkcudbright to
Hestan Island. This area comprises approximately 520 km2.  Please see PM/6.

9.5. Cruising vessels navigate within the Solway Area for a total of 48,100 vessel-
hours per year. This assumption is derived using the following information
estimated by the Solway Yacht Club (see PM/7 and PM/8) (using the upper
end of the SYC ranges), and assuming also that a vessel sails 10 hours per
day during March through September, and 8 hours per day during the
remaining months:

9.5.1. Fifteen sailing vessels navigate within the Solway Area on Saturday
and Sunday in March, April and May.

9.5.2. Thirty-five sailing vessels navigate within the Solway Area on
Saturday and Sunday in June, July, August and September.
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9.5.3. Fifteen sailing vessels navigate within the Solway Area on weekdays
in June, July, August and September.

9.5.4. Five sailing vessels navigate within the Solway Area on Saturday and
Sunday in the remaining months.

9.5.5. No sailing vessels navigate within the Solway Area on weekdays
during the remaining winter months.

9.6. These sailing vessels navigate randomly throughout the Solway Area at an
average speed of 4.4 m/sec. Vessels make no attempt to avoid the site of the
wind farm, and take no evasive action when approaching a collision with a
WTG.

9.7. The diameter of the masts at the top is 2 metres, to make allowance for
collision with rigging fixed to the mastheads, as wells as with the masts
themselves.

9.8. The mast-height distribution of these vessels is the same as the distribution of
mast heights for the 39 offshore sailing cruisers berthed at the Solway Yacht
Club for which we were able to estimate mast heights.1

10. On balance we believe these assumptions to be very conservative, and that they
overstate the actual risk of collision by somewhere between a factor of 10 and 100.

Results of the Quantitative Analysis

11. On the basis of these assumptions, we have made calculations that produce the
results summarised in Table 1. The Table shows that:

11.1. The combined probability of a collision for all vessels over a 20 year period is
0.062%. This can be seen by summing the figures in row 8 of Table 1. None
of this risk relates to vessels under 16 metres (accounting for 90% of the
vessels), for which the combined probability of collision over 20 years is
zero.

11.2. On these assumptions, it would take about 3,400 years for the probability of
one collision to exceed 10%.2

11.3. There would have to be about 170 cruisers in each of the three largest mast
height classes in order for the probability of one collision in 20 years to
exceed 10%.3

                                                
1 Solway Yacht Club provided a list of the offshore sailing cruisers registered with the Club as of March,
2002.  A total of 87 vessels are listed, and for 39 of these the Class shown included an indication of the
vessel length. For these vessels, we estimated mast height as 1.25 times vessel length.

2 By summing the probabilities in row 7, it can be seen that the probability of collision for any vessel in 1
year is 0.0031%.  Therefore the probability of no collision for any vessel in 1 year is 99.9969%.  The
probability of no collision for any vessel in 5000 years is (0.999969)3400 = 0.990.
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Conclusions of the Quantitative Analysis

12. On this basis, the Promoters believe that the risk of blade collision for vessels
sailing in the Solway is acceptably low.

Navigation Emergency Management System

13. The Promoters believe it is necessary and useful to employ quantitative methods to
evaluate the safety risk that the wind farm would pose, and take considerable
comfort from these findings. Nevertheless, acknowledging that what is apparently
impossible sometimes happens, the Promoters recognise that it is sensible to take an
active rather than a purely passive approach to mitigating the risk of blade collision.
They therefore propose the following additional measures:

14. The wind farm will be designed and constructed to satisfy the following design
requirements for emergency rotor shut-down:

14.1. All wind turbine generators (WTGs) will be marked with clearly visible
identification numbers.

14.2. All WTGs will be equipped with control mechanisms that can be operated
from the Central Control Room of the wind farm.

14.3. The WTG control mechanisms will allow the Control Room Operator to shut
down any of the WTGs within 60 seconds of initiating the shut-down
procedure.

14.4. The WTG control mechanisms will allow the Control Room Operator to fix
and maintain the position of the WTG blades to within 5 degrees of the 12/4/8
o’clock position (the “Emergency Shut-Down Position”).

15. The wind farm will be operated to satisfy the following operational requirements
and procedures for emergency rotor shut-down:

15.1. The Central Control Room will be manned 24 hours a day.

15.2. The Central Control Room operator will have a chart indicating the WTG
identification numbers and the GPS positions of each of the WTGs in the
wind farm.

15.3. The MCA office that operates radio communication links with mariners in
distress in the Solway will be advised of the telephone number of the Central
Control Room.

                                                                                                                                                
3 This would increase the probability of a collision for any vessel in one year to 0.525%, so that the
probability of no collision for any vessel in 1 year is 99.475%, and the probability of no collision for any
vessel in 20 years is  (0.99475)20 = 0.990.
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15.4. The MCA office that operates radio communication links with mariners in
distress in the Solway will be provided with a chart indicating the GPS
position of each of the WTGs in the wind farm.

15.5. Upon receiving a distress call from a mariner who is concerned about a
possible collision with a WTG, MCA personnel would be able immediately to
call the Central Control Room and report to the operator the GPS position of
the mariner and the identification numbers of any WTGs which are visible to
the mariner.

15.6. The control room operator will immediately initiate the shut-down procedure
for any WTG in the immediate vicinity of the mariner, and will maintain the
WTG in the shut-down position until it is safe to restart the WTG.

Conclusion

16. This precognition has addressed the risk of a collision between wind turbine blades
and the mast of a sailing vessel.  It is the Promoters’ position that, without any
active management measures, the risk of such a collision is, on the basis of a
quantitative analysis, extremely unlikely, and that this risk is acceptably low. 
Nevertheless the Promoters have proposed active management measures which will
further mitigate the risk of collisions between turbine blades and the mast of vessels
sailing in the Solway.
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Submission from Solway Yacht Club

Leisure Craft Usage in the Solway Firth

1. The average size of sailing leisure craft transiting the area will be 25’-35’ length
overall with a mast height of 35’-45’.  90% of daily leisure craft are fitted with
auxiliary engines.  A small number of power craft may also be involved,
approximately 25’-30’.

2. The leisure craft are mostly based at Maryport, Harrington, Whitehaven
(Cumbria) and Kippford, Kirkcudbright (Dumfries and Galloway) plus visitors from
other ports in Lancashire, the Isle of Man and further afield.

3. Numbers:

March, April and May 10-15 per weekend
June, July, August and September 25-35 per weekend

10-15 per day on weekdays
Remaining months 0-5 per weekend

James Copland
Past Commodore

31 January 2003
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1. My name is Rupert Steele.  I am the Vice-President of Regulation and
Government Affairs at TXU Europe Group plc (in Administration) (“TXU”), which
has supported the project as owner of Solway Offshore Limited (“SOL”).  TXU is
providing my services to SOL and I am giving evidence on behalf of both SOL and
Offshore Energy Resources Limited (OERL).

2 I am a former Civil Servant with in depth experience of a wide range of
energy matters including the original privatisations, the introduction of competition in
gas supply and the 1998 Energy Review.  At TXU I had frequent contact with the UK
Government to advise on aspects of the Utilities Act 2000 including the definition of
the Renewables Obligation.

2.1 Following the transfer of much of TXU’s UK business and most of the
workforce to Powergen in October 2002, I stepped in to lead TXU’s continuing
support to the Robin Rigg Offshore project.  Since 19 November 2002, this has also
involved consultation with Ernst & Young, who were then appointed joint
administrators for TXU Europe Group plc and certain companies (not including SOL)
within the group.

2.2 For the purposes of the subjects I am giving evidence on in this hearing, I
speak also for Offshore Energy Resources Limited, while Dan Badger is speaking on
behalf of the project on other issues

3 The scope of the evidence I shall be giving, and which is described in this
precognition, is as follows:

o The need for exclusion zones during construction and operation of the
wind farm

o How such exclusion zones would be policed

o The impact of our proposals on fishing, especially in relation to brown
shrimp, and how we intend to mitigate such impacts

o The provisions to secure the necessary funding for decommissioning of the
wind farm

o The arrangements for the marking and lighting of the Wind Farm and
notification of exclusion zones

The need for exclusion zones

4 The powers which the Bill would provide in relation to exclusion zones are set
out in section 5.  This provides that, subject to certain notification requirements being
met, three separate exclusion provisions may be declared by the undertaker.

4.1 The specific restrictions are:
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4.1.1 During the construction of the wind farm, a restriction on navigation within so
much of the relevant area (essentially the wind farm site plus an allowance for
manoeuvring construction vessels) as may be notified from time to time

4.1.2 From the commencement of construction through to decommissioning, a
restriction on trawling and anchoring throughout the wind farm site

4.1.3 From the commencement of construction through to decommissioning, a
restriction on navigation within 50 metres of any wind farm structure

4.2 The restriction on trawling and anchoring can be dealt with quickly.  While I
shall need to come back to the impact of the restriction on fishing, nobody queried the
need for the restriction in the Preliminary Stage of the Bill.  The only economic
approach will be for the cabling within the wind farm site to be laid in shallow
trenches (about 1 metre deep) on the sea bed.  Tidal movement of sand would
however periodically uncover sections of cable and while it would tend to “self bury”
because of its weight, it cannot be ruled out that some would be exposed.  The cables
will be armoured to reduce the risk of damage.  However, the potential danger for
those who might seek to trawl or anchor within a network of high voltage (33,000
volt) electrical cables is so obvious that the need to prohibit it is clear.  Mr Dobson,
the chief officer of the Cumbria Sea Fisheries Committee, commented that he “would
not be foolish enough to try to tow a set of gear through an area in which I knew that I
would be likely to get snagged on exposed cables”.

4.3 The Developers agree with Mr Dobson on this point and believe that the
trawling and anchoring exclusion zone is fully justified in the interests of health and
safety.  While self-interest of responsible mariners could be sufficient to discourage
trawling and anchoring, we believe that it is important to underline the seriousness of
the issue with a prohibition.  This is in accordance with wider approaches to health
and safety, where dangerous practices are prohibited, even where the risk to the
person involved might be said to provide an incentive to avoid the practice.  Examples
range from the safety zones around manned and unmanned oil and gas installations
through to the requirement for motor cyclists to wear crash helmets.

4.4 The other two exclusion zones relate to navigation.  In this respect, they reflect
the approach used in Article 60 of the United Nations Convention on Law of the Sea
(UNCLOS) which enables Member States operating exclusive economic zones to
establish reasonable safety zones around artificial islands, installations and structures,
extending up to 500 metres from the installation’s outer edge.  The Convention
requires that all ships must respect these safety zones and shall comply with generally
accepted international standards regarding navigation in the vicinity of artificial
islands, installations, structures and safety zones.

4.5 Nevertheless, some witnesses raised questions in the preliminary stage,  In
particular:

4.5.1 The Maritime and Coastguard Agency have said that they consider
navigational exclusion zones to be unnecessary for the Robin Rigg wind farm
because a similar warning could be achieved by a formal notice to mariners or
an area-to-avoid notice.
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4.5.2 The Royal Yachting Association have expressed similar views, noting that the
exigencies of navigation may mean that a vessel may transgress accidentally
into the zone.  They prefer to stress the importance of education.

4.6 Other witnesses took a different view:

4.6.1 The Commissioners of the Northern Lighthouses did not object to a navigation
exclusion zone and commented that such a zone was a way of emphasising the
seriousness of the restriction on navigation.  It was not necessary for there to
be a prosecution in relation to every transgression.  Indeed they made the point
that if asked whether they would recommend an exclusion zone – a zone of
prohibition around the site – the CNL would so recommend, very firmly.

4.6.2 The Solway Yacht Club did not object in principle to a navigation exclusion
zone, recognising that there were varying levels of seamanship and
competence.  One could not rule out the possibility that jet-ski users, for
example, would behave irresponsibly.

4.7 Correspondence since the Preliminary Stage has not added significantly to this
position.

4.8 The Promoters’ view on the need for navigational exclusion zones is that there
are real issues of health and safety concerned with vessels navigating through active
parts of the construction site or travelling too close to the towers during operation.  In
addition, trespass on the active parts of the construction site could have significant
disruptive effects on the process, potentially affecting the timetable for the realisation
of the public interest benefits the project will bring.

4.9 While responsible mariners would, we believe, heed advisory notices, the
Promoters do not believe that this is sufficient to deal with any less experienced or
less competent users of the sea who might disregard advisory notices.  Neither would
it provide the Promoters with any means to deal with deliberate trespassers.

4.10 We would observe that the prohibition is subject to the defence of reasonable
excuse.  We believe this is appropriate and should assure mariners who are forced on
a particular occasion to encroach on the exclusion zone by exigencies of navigation or
seamanship, that they would not be committing an offence.

4.11 The Promoters’ views on enforcement are set out below.  We can assure the
Committee that we would not intend to be heavy-handed on this; we are seeking the
exclusion zones in order to protect the public and the wind farm and to ensure that
persistent or wilful navigation in the excluded areas can be dealt with.

4.12 The Promoters would also observe that offshore wind is a new form of
development, the economics of which are under some pressure.  Uncertainties of any
kind, including the possibility of navigation causing difficulties or safety problems in
the construction phase, will undoubtedly make the financing of the development more
difficult.
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4.13 In relation to the Construction exclusion zone, the Promoters recognise the
need to balance stability in the definition of the zone with not excluding a larger area
than is reasonably necessary for efficient and safe construction.  We will consult with
leisure and fishing interests in formulating the programme.

4.14 The Committee is requested to approve the inclusion of the provisions of
section 5 in the Bill.

Enforcement of exclusion zones

5 The Bill is silent on the enforcement of exclusion zones, but the Committee
has asked the Promoters, in the light of the debate which took place on this topic at
the Preliminary stage, to fully explain how the exclusion zones would be enforced in
practice.

5.1 The Promoters are not asking that the Maritime and Coastguard Agency, or
indeed any other public authority, should devote effort to monitoring the zone for
possible breach.  We recognise that it will be for the wind farm operator to judge
according to circumstances how fully the various zones should be policed and to
arrange appropriate surveillance using whatever combination of video cameras, radar
and manned vessels as will be justified by the nature of the operations on the site.

5.2 For the great majority of the time, we would expect monitoring of the zones to
be undertaken remotely by radar and/or video as manned surveillance would be too
expensive.

5.3 Where we become aware of trespass in the exclusion zones, we would
normally expect to form a view on the seriousness of the infringement – including its
persistence and likely health and safety impact – before deciding whether to take
action.  The most likely actions would either be to warn the person concerned and
seek undertakings that the behaviour would not be repeated, or to gather evidence to
report the matter to the appropriate authorities.

5.4 In their written evidence, the MCA made it clear that if the developer provided
evidence of any contraventions, the MCA would consider the evidence on a case by
case basis and the merits of taking it forward to the Procurator Fiscal.  We are holding
further consultations with the MCA and the Police to clarify the evidential
requirements and other operational details which would apply where we feel the need
to seek a prosecution.

5.5 In this context, it may be useful to note the parallel between what we are
proposing and the approach used in relation to the safety zones surrounding oil and
gas installations.  These are enforced by the Health & Safety Executive by virtue of
the Offshore Safety Act 1992; however, the initial detection of any breaches is for the
operator of the installation.  The operator then reports the breach to HSE for possible
prosecution using a standard form.
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Impact of proposals on fishing, especially Brown Shrimp

6 At the preliminary stage of the Bill, there was some discussion as to whether it
was correct for the Promoters to say that the impact of the Wind Farm was not
significant to the commercial viability of the fishing industry in the Solway firth.

6.1 It is important here for us to clarify what was meant by this statement.  While
we remain of the view that the wind farm will not have a significant impact on the
industry as a whole, for the reasons set out in the environmental statement which
show that most of the fishery is remote from the area of the wind farm, we do accept
that there are some groups where there may be a significant, though still relatively
limited, impact.

6.2 This was recognised in the discussion of the impacts on fishing interests set
out in section 9.15.2 of the Environmental Statement.  This included the following:

There has been a fishing special interest group set up to discuss the Robin
Rigg proposal, including fishing bodies and representatives from both sides of
the border. The group has met 3 times during the twelve months leading up to
this submission, covering all aspects of the development, its operation, the
surveys carried out, and the issues of compensation. The developers have
agreed to compensate fishing interests which are directly affected by the
construction, operation and decommissioning of the proposal.

This compensation would be based on information gleaned from the vessels’
log-books and annual accounts. The discussions would be conducted through a
group representing both Scottish and English interests, which could be an
extension of the specialist group’s remit. Once the timetable for the project is
known, including which turbines will be developed first and the speed of the
progression of the project; the mechanism and sums of compensation can be
fine-tuned and agreed. During construction, operation and decommissioning
the wind farm would pay annual sums into a fund agreed by the above
mentioned cross border group that would then be responsible for the
distribution of the money to individuals. There will be a need for experienced
boatmen both during the construction and operational phases of the wind farm
and it may be that alternative stable employment can be provided which would
mitigate the requirement to pay compensation.

6.3 The Solway Shell-Fishermen’s Association, which mainly represents boats
based in Silloth, is the only part of the fishing community to have objected to the Bill.
We have held discussions with the Association and sought to understand more fully
the nature of the issues they will face as a result of the exclusion zones consequent
upon the wind farm.  As a result of these discussions, we have been able to make an
assessment of their likely losses arising from the wind farm and to convert this into a
capitalised sum of compensation.

6.4 We have reached agreement in principle with the Association about this sum
of compensation in relation to the activities of specified vessels and expect that it will
be possible to sign an agreement with the Association ahead of the consideration stage
that will allow their objection to be withdrawn.
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6.5 The Promoters recognise the possibility that other fishing interests may also be
affected, although such interests have not objected to the Bill.  To this end, we are
willing to set up a fund of £50,000 for compensating such wider interests, to be
disbursed against proof of loss by a small committee representing fishing and local
interests and the project.  We envisage the committee meeting annually until the
compensation fund is exhausted at which point it would be disbanded.

6.6 The vessels and enterprises comprised in the current membership of the
Solway Shell-Fishers Association would not be eligible for this wider fund, having
agreed a full and final compensation settlement at this earlier stage.

6.7 In addition to the compensation fund, we envisage that there will be
opportunities for some of the affected fishing vessels to gain work from the promoters
in assisting with maintenance and monitoring work related to the wind farm.  The
income arising from this will be taken into account in any compensation awards.

6.8 The Committee is requested to note the arrangements that the Promoters are
putting in place to secure that any residual impacts on fishing will be dealt with by
appropriate compensation.

Decommissioning

7 The Bill does not make specific provision in relation to the obligations of the
Promoters to secure the decommissioning of the wind farm.

7.1 The Promoters explained at the Preliminary Stage that decommissioning was
an obligation under the terms of the Crown Estate lease, and that the Crown Estate
were insisting on a parent company guarantee to cover the fulfilment of these
obligations.

7.2 This approach was however questioned by representatives of the Royal
Yachting Association and the Solway Yacht Club, who felt that additional financial
assurance should be required and that the matter should not be left to arrangements
between the Promoters and their Landlord, the Crown Estate.  Members of the
Committee also wanted further confirmation as to whether the Crown Estate
requirements were sufficient to be relied on.

7.3 Separately to the Private Bill process, the Promoters have been discussing the
same issue with the Scottish Executive in the context of section 5 of the Food and
Environmental Protection Act 1985 (“FEPA”).  Under this UK legislation, a licence is
required from Scottish Ministers for the deposit of articles (other than certain exempt
items including the laying of cables) in or under the sea bed in Scottish waters.

7.4 I produce the current draft (as PM/1), produced in February 2003, of one of
two FEPA licences required for the Robin Rigg Wind Farm.  It can be seen that
condition 11 of each licence requires the Promoters to do the following:

7.4.1 At least one month prior to commencement of the works to install the wind
farm, present to the licensing authority details of the arrangements which the
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licensee proposes to put in place to ensure that adequate funds are available to
carry out the decommissioning plan at the end of the useful life of the works,
taking into account any arrangements that have been agreed between the
licensee and the Crown Estate Commissioners; and

7.4.2 At least one month prior to commencement of the works to install the wind
farm, secure the approval of the licensing authority to such arrangements.

7.4.3 Comply with the approved arrangements or such revision thereto as may be
approved by the licensing authority from time to time on application from the
licensee.

7.5 Some very minor tidying up of the drafting may yet take place before the
licence is finalised, but it is clear that the Promoters will be subject to an obligation to
demonstrate to the Scottish Executive how decommissioning will be financed (in the
light of the obligations to the Crown Estate), seek approval of the financial
arrangements from the Executive and then comply with the approved arrangements.

7.6 The Promoters believe that this is an appropriate structure for addressing this
issue and providing further assurance that this matter will not simply be left as a
private matter between the developers and the Crown Estate.  In particular, we would
note the following:

7.6.1 The optimum scale and structure of financial assurance and how it relates to
the Crown Estate guarantees will depend both on the engineering detail of the
wind farm, which can only be finalised once contractors are appointed, and on
the manner in which construction is financed – which itself will depend on the
final arrangements for sale of the renewable electricity.

7.6.2 In these circumstances, we believe there is insufficient information at this time
to prescribe precise requirements that are workable yet sufficient – it will be
necessary for us to propose arrangements at a later date and for these to be
rigorously assessed in the public interest.

7.6.3 The Scottish Executive is, in our opinion, the most appropriate body to judge
the public interest in this regard, having both the democratic legitimacy
deriving from the Scottish Parliament, and the relevant specialist expertise
from the Fisheries Research Service and other Scottish Departments and
Agencies.

7.6.4 We would naturally encourage the Scottish Executive to consult interested
parties in relation to the question of funding of decommissioning, and to take
into account any matters raised.

7.7 If the Committee were to accept that what I have described is the most
appropriate way to assess and enforce the question of financial assurance, then we
need to address how the relevant obligations should be placed on the developers.  In
looking at this, it is important to note that decommissioning obligations and any
related financial commitments cannot be owed to and enforced by the Parliament
itself – these matters will need to reside with the Executive.
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7.8 In principle, the obligations to present proposals for review by the Executive
and comply with approved arrangements could be put in the Private Bill, if they are
within its scope, or they could be specified in the FEPA licence (which is the context
in which the Executive is already addressing the issue), or both.

7.9 The Promoters believe that as a matter of good administrative practice, the
same obligation should not normally be enforced under more than one statutory
provision or power.  Duplication carries the risk that small differences in the
provisions could lead to conflicting obligations.  Clearly this can be reduced by
ensuring that the same decision taker is involved, but nevertheless our preference is
for a single obligation.

7.10 The Promoters do not have any issue of principle as to whether this matter is
dealt with in the FEPA licence or the Private Bill.  Our slight preference is to view
this matter as one which is a matter of wider public policy import than just Robin
Rigg, and therefore more suited to the public policy framework of FEPA than the
specifics of this Bill which is intended to deal with exceptions from the general law
rather than its development.

7.11 The Promoters therefore assure the Committee that the structure I have
described will be reflected in the conditions of the FEPA licence for the Robin Rigg
wind farm and on that basis we recommend to the Committee that no provision in the
Private Bill is necessary.

Marking, Lighting and Notification

8 The Bill would provide in sections 3 and 4 for the developers to lay down such
buoys and exhibit such lights as the Commissioners of Northern Lighthouses shall
direct for the purpose of preventing danger to navigation.  This requirement applies
respectively for damage etc to any part of the wind farm and the permanent markings
during the operational period.

8.1 The Bill also would provide in section 5(2) and (3) that the commencement
and termination of the exclusion zones discussed in parts 4 and 5 of this evidence
shall be notified to shipping through the following means:

8.1.1 Publication in Lloyds List or some other newspaper specialising in shipping
news and circulating in the United Kingdom

8.1.2 Publication in a newspaper circulating in the vicinity of the wind farm

8.1.3 Through such other means as Scottish Ministers may direct.  It is understood
and accepted that these measures will include notices to mariners.

8.2 In evidence at the Preliminary Stage, Mr Copland on behalf of the Solway
Yacht Club asked that the notification of workings, exclusion zones and various
construction aspects should be dealt with more comprehensively than is proposed in
various documents.  He also asked that the visibility of the marker buoys and the
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towers should be significantly enhanced and mentioned that he had detailed concerns
about the range of the foghorn.

8.3 Also at the Preliminary Stage, the Commissioners of Northern Lighthouses
explained their jurisdiction over marking and lighting that is conferred by section 195
of the Merchant Shipping Act 1995.  They explained that there is a standard of
marking which has been established by the International Association of Lighthouse
Authorities and quoted that body’s guideline 0-117 as the standard which the
Commissioners are advising the Scottish Executive should apply (see PM/2).

8.4 In their evidence, the Promoters assured the Committee that they would work
with the Commissioners of Northern Lighthouses and other relevant groups to discuss
marking of the towers.

8.5 The Committee noted these matters in paragraphs 40-42 of their First Report
and recommended:

8.5.1 That the Promoters should include representatives from the fishing industry in
discussing the arrangements for lighting, buoys, sound warnings and other
navigational aids to warn mariners of the presence of the wind farm.

8.5.2 That, on the basis of the precautionary principle, the markings to be used
should be clear throughout the wind farm.

8.6 The Promoters’ view is that lights, buoys, tower markings, foghorns and
advice to mariners concerning the exclusion zones are all matters where it makes
sense to consult with affected parties in preparing our final proposals to the
Commissioners of Northern Lighthouses and Scottish Executive.  We wish all these
devices and arrangements to be as effective as possible in assisting marine traffic that
enters, our would otherwise enter, the wind farm site, while recognising also the need
to avoid excessive visual and audible intrusion on shore.  While in theory, the cost
effectiveness of these arrangements will need to be taken into account, we do not in
practice think it is likely to be a constraining factor.

8.7 We believe that the best way to achieve this optimum will be through
consultation with affected parties.  However, we do not think that it would be good
practice for the Private Bill to place duties of consultation on the Commissioners for
Northern Lighthouses as these could cut across or differ from their existing
procedures and the competence which is given to them by section 195 of the
Merchant Shipping Act 1995.

8.8 Accordingly we are happy to give the assurance that both fishing and yachting
interests will be consulted by the promoters in finalising the plans for the various
navigational aids prior to our discussions with the Commissioners for Northern
Lighthouses and that we will also consult these users, together with the MCA, about
the best way to ensure that the presence of the exclusion zone is well known to
mariners. Obviously, we would welcome the Commissioners, the MCA and the
Scottish Executive having any discussions directly with affected parties that they felt
they wished to have.
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8.9 We believe that this approach, under which the various authorities will be
responsible for approving our plans, formulated after due consultation, is preferable to
attempting to fix the requirements at this stage, with the risk that the optimal
requirements are missed.

Rupert Steele
10 February 2003
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Robin Rigg Offshore Wind Farm De-Commissioning Requirments

Extracts From Draft FEPA License and Crown Estate Lease

Draft FEPA License

The following provisions are included in the draft FEPA License which the Scottish Executive may
issue to authorise construction of the wind farm.

11. The licensee shall

(a) At least 1 month prior to commencement of the works approved under this licence
present to the licensing authority details of the arrangements which the licensee proposes to
put in place to ensure that adequate funds are available to carry out the decommissioning
plan at the end of the useful life of the works, taking into account any arrangements that
have been agreed between the licensee and the Crown Estate Commissioners; and

(b) At least 1 month prior to commencement of the works approved under this licence
secure the approval of the licensing authority to such arrangements.  

c) Comply with the approved arrangements or such revisions thereto as may be approved by
the licensing authority from time to time on application from the licensee.

 
12. a) The licensee (or the legal successors to their interest in this licence) shall, not less than 6

months in advance of the cessation of operation or such shorter period as may be agreed
with the licensing authority, notify the licensing authority of their intention to
decommission the wind farm turbines and associated equipment. The licensee shall submit a
decommissioning plan to the licensing authority, which plan shall be in
compliance with all relevant legislation and relevant European Community (EC) and Under
Annex II, Article 7 of the Convention for the Protection of the Marine Environment of the
North-east Atlantic (OSPAR) Directives, detailing in particular the intended
decommissioning process; the steps to be taken to minimise risk to human health and the
environment; and setting out the fate of all deposits made under authority of this licence.  It
should be noted that the licensing authority has a presumption in favour of the removal of
all licensed structures at decommissioning so as to enable the area to be returned to its pre-
existing natural state.  Insofar as the proposals in the decommissioning plan relate to matters
that are the responsibility of the licensing authority under FEPA, no steps shall be taken by
the licensee pursuant to the implementation of that plan unless approved by the licensing
authority. The licensing authority shall, once satisfied in respect of the decommissioning
plan, confirm their approval of the decommissioning plan in writing, but may approve that
plan subject to conditions.

b) If, in the opinion of the licensing authority, the licensee fails to give full effect to the
decommissioning plan (so far as that failure relates to matters which are the responsibility
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of the licensing authority under FEPA), the licensing authority may take such steps as it
considers fit to give full effect thereto and any costs incurred by it in so doing [(together
with such reasonable administrative costs as have been incurred in relation thereto)] may be
recovered from the licensee.

c) If the licensee ceases to operate the works without submitting a decommissioning plan or without
submitting an acceptable decommissioning plan to the licensing authority, that authority (so far as
necessary for the purposes of matters which are the responsibility of the licensing authority under
FEPA) may take such steps as it considers fit to decommission the works and any costs incurred by it
in so doing (together with such reasonable administrative costs as have been incurred in relation
thereto) may be recovered from the licensee.

Crown Estate Lease

The following provisions are included in the list of the Obligations of the Tenant in the Lease
which is included as Part 4 to the Agreement for Lease which was signed by the Crown Estate
Commissioners and OERL on December 13th, 2002:

3.15. Reinstatement

3.15.1. Prior to the expiry or sooner determination of the Term (unless the Landlord

otherwise requires in writing) to remove the Works and the Supply Cables

(except as provided in clause 3.15.2) and to restore the Premises the Sub-

Station Site and Designated Areas to a safe and proper condition and in

accordance with all Legal Obligations

3.15.2. the Tenant shall not be required to remove a part or parts of the Works and/or

Supply Cables where at the date of expiry or sooner determination of the

Term:-

3.15.2.1. any lease of any neighbouring premises or any part thereof subsists and

the tenant thereunder will continue to use such part or parts of the Works

and/or Supply Cables after the date of expiry or determination of this

Lease

3.15.2.2. removal is prohibited under a Legal Obligation; or

3.15.2.3. removal is neither required nor prohibited upon decommissioning of the

Works under a Legal Obligation and it would be unreasonable for the

Landlord to require removal on the grounds of its interests as owner of the
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Premises the Sub-Station Site and Designated Areas and surrounding

seabed (which interests include without limitation the need to prevent

future liabilities arising from and to facilitate future uses of the Premises

the Sub-Station Site the Designated Areas and surrounding seabed)

3.15.3. on the expiry or sooner determination of the Term to deliver up the Premises

and the Sub-Station Site to the Landlord in good and safe order and condition

in accordance with Tenant’s covenants in this Lease

3.15.4. to carry out the works of removal and restoration required under clause 3.15.1

in accordance with a Decommissioning Plan agreed by the Landlord and

Tenant or determined in accordance with the following provisions:-

3.15.4.1. the Tenant shall submit to the Landlord at least 12 months before the

expiry or sooner determination of the Term a proposed Decommissioning

Plan and

3.15.4.2. any difference arising between the Landlord and the Tenant as to whether

the proposed Decommissioning Plan properly provides for removal and

restoration in accordance with clause 3.15.1 or as to whether the period

provided in the Decommissioning Plan for carrying out the works of

removal and restoration is longer than is reasonably necessary may be

referred by the Landlord or the Tenant on notice to the other for

determination by Arbitration

3.15.4.3. and the Decommissioning Plan agreed or determined under this clause

3.15.4 shall be a complete statement of the Tenant’s obligations under

clause 3.15.1 other than in respect of any Legal Obligation arising after

the date of agreement or determination of the Decommissioning Plan

3.15.5. notwithstanding the expiry or sooner determination of the Term to comply with

all Legal Obligations relating to any parts of the Works and/or Supply Cables

which the Tenant is not required to remove under clause 3.15.1 pursuant to

clause 3.15.2.2 or 3.15.2.3 and this obligation shall continue in full force and

effect for as long as any such Legal Obligation continues to apply.
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Babcock & Brown LP Guarantee

Part 3 of the Agreement for Lease which was signed on December 13th, 2002 is a Guarantee in

Favour of the Crown Estate Commissioners provided by Babcock & Brown LP, the owners of

Offshore Energy Resources Limited, as Guarantor. This Guarantee includes the following

provisions:

“Secured Obligations” means the obligation to pay all sums from time to time due or expressed to

be due to the Landlord from the Tenant under the Lease and to perform all other obligations which

from time to time are or are expressed to be obligations of the Tenant under the Lease or the English

Lease

2. Guarantee

2.1. In consideration of the Landlord granting the Lease and the English Lease to the Tenant

the Guarantor unconditionally and irrevocably undertakes and guarantees to the Landlord

that the Tenant will pay and discharge the Secured Obligations when the same fall due or

are expressed to fall due under the Lease for payment and discharge.  This undertaking

and guarantee is subject to the Landlord observing the requirements of clause Error!

Reference source not found.

2.2. The guarantee contained in clause 2.1 shall further extend to be a guarantee of:

2.2.1. payment by the Tenant to the Landlord of any sums due under or by virtue of

any compromise or arrangement agreed to between the Tenant and the Landlord

under which the Landlord agrees not to seek (or to cease to seek) to exercise any

of its rights or powers under the Lease or to compromise abandon or waive any

of such rights or powers or any claim against the Tenant

2.2.2. the due observance and performance of all covenants and conditions to be

observed or performed by the Tenant by virtue of any of the matters referred to

in clause 2.2.1

2.2.3. the due payment of any sums payable and the due performance of any condition

to be performed by the Tenant subject to which the Tenant obtains an order of

any court relieving it against forfeiture of the English Lease
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2.2.4. payment by the Tenant of any rent or other sums due from the Tenant and the

observance and the performance by the Tenant of all covenants and conditions

on its part contained in any licence or other deed supplemental to or associated

with the Lease or the English Lease (including any variation to the Lease or the

English Lease agreed between the Landlord and the Tenant)

2.3. The Guarantor shall upon being requested to do so by the Landlord enter into any deed of

variation licence consent or other document to which in each case the Tenant is a party

and which is in each case supplemental to the Lease or the English Lease for the purpose

of acknowledging that the Guarantor’s liabilities under this Deed extend to it

2.4. The guarantee and covenant contained in clause 2.1 shall continue notwithstanding (and

shall not be discharged in whole or in part or otherwise affected by):

2.4.1. any forbearance by the Landlord to enforce against the Tenant its covenants in

the Lease or the English Lease

2.4.2. the giving of time or other concessions or the taking declining or failing to take

or the holding of or varying realising releasing or not enforcing any other

security or guarantee for the liabilities of the Tenant

2.4.3. any legal limitation or incapacity relating to the Tenant

2.4.4. the invalidity or unenforceability of any of the obligations of the Tenant

2.4.5. the  occurrence of a Terminating Event

2.4.6. the giving and subsequent withdrawal of any notice to determine the Lease or

the English Lease

2.4.7. any increase or reduction in the Premises or the English Rights or in the rent

payable under the Lease or any other variation to the Lease or the English Lease

2.4.8. anything which would not have discharged or affected the Guarantor’s liability

if the Guarantor had been a principal debtor to the Landlord as opposed to a

guarantor

2.4.9. any other act or omission of the Landlord or any other circumstances which but

for this clause 2 would discharge the Guarantor
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2.5. and for the purposes of this clause 2 the Tenant shall be deemed to be liable to continue

to pay and discharge the Secured Obligations notwithstanding any of the above matters

and any money expressed to be payable by the Tenant which may not be recoverable

from the Tenant for any such reason shall nevertheless be recoverable by the Landlord

from the Guarantor
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FOOD AND ENVIRONMENT PROTECTION ACT 1985, PART II DEPOSITS IN THE SEA (AS
AMENDED) (FEPA)

LICENCE AUTHORISING DEPOSITS IN THE SEA IN CONNECTION WITH THE
CONSTRUCTION OF AN OFFSHORE WIND FARM (MULTIPILE STRUCTURE)

Licence Number: 1891 Reference Number: FKB/Z169

The Scottish Ministers (hereinafter referred to as "the licensing authority") hereby authorise:

Offshore Energy Resources Ltd / Solway Offshore Ltd
1 Fleet Place
London
EC4 7MR

to deposit in the sea the substances or articles (except for dredge spoil) used in the execution
of works described in Part 1 of the attached Schedule.  The licence is subject to the conditions
of use set out, or referred to, in Part 2 of the said Schedule.

This licence shall be valid from 1 March 2003 until 28 February 2006, other than for the
purposes of Part 2 - Condition 12

It shall remain the responsibility of the licensee to obtain any other necessary consents or
permissions which may be required in order to give full effect to the decommissioning plan.

Signed:

James McKie

For and on behalf of the licensing authority

Date: 1 March 2003

The licensee is requested to read carefully all the conditions and requirements of this Licence
which are set out in the Schedule.  The recipient should acknowledge receipt of this licence and
confirm that they have understood its terms in writing within 28 days of the date of issue.



RR/03/4/7

2

Part 1 - Particulars

1. Name and address of agent acting on behalf of licensee (if appropriate):

Bond Pearce
Oceana House
39-49 Commercial Road
Southampton
SO15 1GA

2. Location of deposits:

Robin Rigg, Solway Firth

3. Location co-ordinates:

Within the polygon bounded by the points

(To be confirmed)

4. Description of works:

Construction of an offshore wind farm

5. Nature and quantity of all deposits below Mean High Water Springs:

Multipile Structure 

Steel/iron
Concrete
Sand
Gravel
Clay
Scour protection
Ancillary deposits

(Subject to further agreement in accordance with Licence Conditions 16 and 17.).
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Part 2

Deposit Conditions

1. The licensee shall separately notify the licensing authority of the date of commencement
and the date of completion of all operations relating to the licence.

2. a) The licensee shall ensure that all substances or articles deposited during the
execution of the works are inert and do not contain toxic elements which may be
harmful to the marine environment, the living resources which it supports or human
health.

b) The licensee shall ensure that all chemicals used in the construction works, e.g.
biocides, corrosion inhibitors, drilling muds and fluids etc, are selected from the List of
Notified Chemicals assessed for use by the offshore oil and gas industry under the
Offshore Chemicals Regulations 2002.  The use of any chemical not on this list will
require prior consent from the licensing authority following an ecotoxicological
hazard/risk assessment undertaken at the licensee’s own expense.

3. The licensee shall ensure that only the substances or articles described in Part 1 of the
Schedule shall be deposited under authority of the licence and that any debris or waste
materials arising during the course of the works are removed from the site of the works
for disposal at an approved location above the tidal level of Mean High Water Springs.

4. The substances or articles described in Part 1 of the Schedule (the authorised deposits)
shall be deposited in the following authorised deposit area:

Within the polygon boundary (as per para 3 page 2)

'Force majeure' may apply when, due to stress of weather or any other cause, it is
necessary to deposit the substances or articles at a location other than that specified
above because the safety of human life, or a vessel or vehicle, is threatened. If the
substances or articles are deposited in an unauthorised area, full details of the
circumstances shall be immediately notified to the licensing authority.

5. The licensee shall ensure that the substances or articles described in Part 1 of the
Schedule are located on the sea bed within the authorised deposit area, and shall
undertake regular maintenance operations to relocate or remove any deposits that are
located out with this area. Any deposits permanently removed from the seabed shall be
disposed of at an appropriate location above the tidal level of Mean High Water Springs
or as maybe otherwise approved.

6. a) The licensee shall prepare a detailed works schedule and method statement following
licence issue.

b) The licensee shall ensure that all the works are carried out in accordance with the
works schedule and method statement as agreed with the licensing authority.

c) The licensee shall put in place a contingency plan in accordance with the
requirements of the Oil Pollution Preparedness, Response and Co-operation (OPRC)
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Convention to deal with the impact of accidental spills of oil or chemicals in the marine
environment.  The licensee shall also put in place a contingency plan to deal with the
impact of catastrophic events on the marine environment.

7. The licensee shall ensure that all ancillary equipment, temporary deposits and
structures deployed or deposited during the course of the works, such as, for example:
stone, steel, concrete, buoys, wires, ropes, ballast weights, anchors and lifting bags, etc
are removed as soon as they are no longer required to prevent interference with other
legitimate uses of the sea and for the protection of the marine environment.

8. The method of deposit shall be:

Direct deposit from a vessel and/or diver emplacement. (Details to be notified by the
licensee in due course.)

9. The method of relocation or removal shall be:

By a vessel and/or diver.

Names, and operators, of the vessels to be employed to undertake or support the
deposit, relocation or removal operations:

(Details to be provided by the licensee in due course)

10. The licensee shall ensure that all vessels employed to perform the deposit operation
under this licence shall be so constructed and equipped as to be capable of the proper
performance of these operations.   

11. The licensee shall

(a) At least 1 month prior to commencement of the works approved under this licence
present to the licensing authority details of the arrangements which the licensee
proposes to put in place to ensure that adequate funds are available to carry out the
decommissioning plan at the end of the useful life of the works, taking into account any
arrangements that have been agreed between the licensee and the Crown Estate
Commissioners; and

(b) At least 1 month prior to commencement of the works approved under this licence
secure the approval of the licensing authority to such arrangements.  

c) Comply with the approved arrangements or such revisions thereto as may be
approved by the licensing authority from time to time on application from the licensee.

 
12. a) The licensee (or the legal successors to their interest in this licence) shall, not less

than 6 months in advance of the cessation of operation or such shorter period as may
be agreed with the licensing authority, notify the licensing authority of their intention to
decommission the wind farm turbines and associated equipment. The licensee shall
submit a decommissioning plan to the licensing authority, which plan shall be in
compliance with all relevant legislation and relevant European Community (EC) and
Under Annex II, Article 7 of the Convention for the Protection of the Marine Environment
of the North-east Atlantic (OSPAR) Directives, detailing in particular the intended
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decommissioning process; the steps to be taken to minimise risk to human health and
the environment; and setting out the fate of all deposits made under authority of this
licence.  It should be noted that the licensing authority has a presumption in favour of
the removal of all licensed structures at decommissioning so as to enable the area to be
returned to its pre-existing natural state.  Insofar as the proposals in the
decommissioning plan relate to matters that are the responsibility of the licensing
authority under FEPA, no steps shall be taken by the licensee pursuant to the
implementation of that plan unless approved by the licensing
authority. The licensing authority shall, once satisfied in respect of the decommissioning
plan, confirm their approval of the decommissioning plan in writing, but may approve
that plan subject to conditions.

b) If, in the opinion of the licensing authority, the licensee fails to give full effect to the
decommissioning plan (so far as that failure relates to matters which are the
responsibility of the licensing authority under FEPA), the licensing authority may take
such steps as it considers fit to give full effect thereto and any costs incurred by it in so
doing [(together with such reasonable administrative costs as have been incurred in
relation thereto)] may be recovered from the licensee.

c) If the licensee ceases to operate the works without submitting a decommissioning
plan or without submitting an acceptable decommissioning plan to the licensing
authority, that authority (so far as necessary for the purposes of matters which are the
responsibility of the licensing authority under FEPA) may take such steps as it considers
fit to decommission the works and any costs incurred by it in so doing (together with
such reasonable administrative costs as have been incurred in relation thereto) may be
recovered from the licensee.

13. The licensee shall, within 28 days of completion of the works or within 28 days of the
date of expiry of the licence, whichever is the sooner, submit a written report to the
licensing authority stating the nature and quantity of all the substances and articles
deposited below Mean High Water Springs under authority of the licence. Where
appropriate, nil returns must be provided.

14. The licensee shall ensure that copies of the licence are available for inspection by any
authorised Enforcement Officer at:

a) The premises of the licensee;

b) The premises of and on board any vessel owned or chartered to any agent acting on
behalf of the licensee in respect of any other works authorised under this licence.

15. In the event of the licensee becoming aware of any change to the information on which
the licence was based, the licensing authority shall be immediately notified of the
details.

16. The licensee must apply to the licensing authority for a formal variation to this licence as
soon as the details of future changes to the wind farm turbine equipment or associated
deposits (including the method of deposit, relocation and removal) are known providing
appropriate information on the nature of the materials to be used and the quantity and
intended locations for each deposit.
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17. In the event that the licensee wishes any of the particulars set down in Part 1 of the
Schedule to be altered, the licensing authority shall be immediately notified of the
proposed alterations.  It should be noted that certain changes can invalidate a licence,
and that as a consequence an application for a new licence may be necessary.

Monitoring Conditions

18. The licensee shall submit the details and specifications of all studies and surveys to the 
licensing authority for their information and approval as necessary.

19. The licensee shall undertake monitoring at 6 monthly intervals during the licensed
construction period and then annually for a further two years following the completion of
all construction works in order to assess changes in sea bed conditions in and around
the wind farm site. The monitoring should specifically address the following: scour,
sedimentary, erosional, hydrological processes and their impact on marine benthos and
ecosystem function. The licensee shall produce a report of their findings including the
need for scour protection within one month of completion of each monitoring study.

20. The licensee shall produce proposals for pre-construction baseline and post-
construction surveys of fish species (both migratory and non-migratory) in the area of
the wind farm.  The licensee shall, in drafting these proposals, canvas the views of local
fisheries interests (both freshwater and marine).

21. The licensee shall undertake such ornithological monitoring as Scottish Executive
experts advise.

22. The licensee shall make provision during the construction phase of the wind farm to
monitor subsea noise and vibration during the construction work and for the first year of
the operational phase of the wind farm.

23. The licensee shall, prior to construction of the wind farm, provide the licensing authority
with a report on ‘best practice’ relating to the attenuation of field strengths of cables by
shielding or burial designed to minimise effects on electro-sensitive species. Such ‘best
practice’ guidance as is identified shall be incorporated into the working Method
Statement of the Robin Rigg development.

24. The licensee shall arrange to have no more than five (5) composite sediment samples
collected from the area of the wind farm for the purpose of measuring representative
values of radioactivity in the finer particle material (clay, etc) excavated from the site.
The samples should be analysed by an independent party on behalf of the licensee.

25. The licensee shall submit the reports, studies and surveys described in paragraphs 19 –
24 to the licensing authority at the appropriate time in order to allow the licensing
authority to consider what, if any, action may be required as a consequence.

26. The licensee shall ensure that during the construction phase all reasonable steps
should be taken to minimise any disturbance to cetaceans. This should include
temporary suspension of piling operations if cetaceans are sighted in close proximity to
the works.
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27. The licensee shall detail in a plan the working arrangements to be put in place during
the construction period to minimise interference with other legitimate users of the sea,
the plan must provide details on: issuing Notices to Mariners, appointing onshore and
offshore liaison officers and alerting fisheries interests.

NOTES

1. You are deemed to have satisfied yourself that there are no barriers, legal or otherwise,
to the carrying out of the licensed operations.  The issue of the licence does not absolve
the licensee from obtaining such authorisations, consents etc which may be required
under any other legislation.

2. Under Section 8 of Part II of the Food and Environment Protection Act 1985 (as
amended) (FEPA), the licensing authority may vary or revoke the licence, if it appears to
the authority that there has been a breach of any of the provisions of the licence or for
any other reason that appears to be relevant to the authority.

3. Under Section 9(1) of Part II of FEPA, it is an offence to deposit any substances or
articles in contravention of the provisions of the licence.  It is a defence under Section
9(3) for a person charged with such an offence to prove that the operation was carried
out for the purpose of securing the safety of a vessel or vehicle or of saving life (‘force
majeure’), and that the person took steps within a reasonable time to provide full details
of the incident to the licensing authority.  (Under Annex II, Article 7 of the Convention for
the Protection of the Marine Environment of the North-east Atlantic (the OSPAR
Convention), the licensing authority is obliged to immediately report ‘force majeure’
incidents to the Convention Commission).

4. All correspondence or communications relating to the licence should be addressed to:

Fisheries Research Services (FRS)
Environment Protection Group
Marine Laboratory
PO Box 101, 375 Victoria Road
Aberdeen      AB11 9DB

Tel: (01224) 295331
Fax: (01224) 295524



Recommandation pour la signalisation des
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Recommandation AISM O-117
Mai 2000

(traduction française en cours)

Recommendation for the marking of
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IALA Recommendation O-117
May 2000
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IALA Recommendation on the marking of offshore wind farms
May 2000

THE COUNCIL

RECOGNIZING the increase in the number of areas with multiple wind generators (wind
farms) being established and the danger posed to shipping,

RECOGNIZING ALSO that it is a matter for a National Authority to decide on whether
and/or how wind farm need to be marked, depending on the risk involved,

RECOGNIZING FURTHER that marking is to improve the safety of navigation and
protect the wind generators themselves,

HAVING CONSIDERED the proposals by the IALA Operations Committee,

RECOMMENDS

Offshore Wind Farms should be marked so as to be conspicuous by day or night with
consideration given to prevailing conditions of visibility and vessel traffic. The Council
recognizes that there are already sufficient recommendations contained within the IALA
Maritime Buoyage System to fully cover the marking of wind generators and wind farms.
Where possible multiple wind generators should be contained within a defined block in order
for the wind farm to be marked as a unit as follows:

a) The corners and other points of change of direction of the boundary
should be marked by sufficient flashing yellow lights so as to be visible
from all directions and with a nominal range of at least five (5) miles
with a character as for a "special mark."   In extended blocks, a flashing
yellow light of different character, and which may have a different
range, should be used to mark other wind generators along the perimeter
or within the interior of a block of wind generators at intervals of no
more than two (2) miles.

b) The lights described herein should have an availability of better than
99.0 %.

c) The lights shall be mounted at a height above Highest Astronomical
Tide (HAT), as determined by the National Authority, but below the
lowest point of the arc of the rotor blade.

d) The tower/pile of a wind generator shall be yellow from HAT to the
height of the lights.  Consideration should be given to the use of retro-
reflective materials.

e) Consideration should be given to the use of Racons,  Radar Reflectors,
and/or Radar Target Enhancers in recognition of the poor radar
conspicuity of some vertical cylindrical structures.

f) Consideration may be given to the provision of sound signals when
appropriate given prevailing conditions of visibility.



Annex 1
Notes for National authorities:

1. If a single (stand alone) wind generator is constructed, it
should be marked in accordance with the above
recommendation. However, due to the increased danger
posed by such an isolated structure it should be lighted as an
any other offshore structure (i.e. a white light with flashing
morse code "U").

2. During the construction of the wind farm, working areas
should be established and marked in accordance with the
IALA Maritime Bouyage System (MBS).

3. Notice to Mariners and /or Local Radio Navigational
Warnings must be promulgated in advance of and during any
offshore wind generator construction and remind mariner that
wind generators and cables may cause propagation problems
and electro-magnetic interference in onboard navigation
equipment.

4. Ideally, power cables from wind generators should be
trenched.

5. National Authorities may consider establishing safety zones
or prohibiting, excluding or restricting vessels and craft from
wind farms on a case-by-case basis.  If necessary, such areas
should be marked in accordance with the IALA Maritime
Buoyage System and shown on the navigation chart as
appropriate.
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INTRODUCTION AND SCOPE OF PRECOGNITION

1. My name is John Beattie, B.Eng (Hons) and M.Sc. I work as a Senior Engineer and Risk
Analyst for Anatec UK Ltd, a marine and offshore risk consultancy firm.

2. Anatec UK have extensive experience in shipping analysis and marine and offshore risk
assessment. We have worked on marine risk projects for a wide variety of energy,
engineering and shipping companies as well as Government departments and agencies.
Recently we have assessed the navigational risks associated with several proposed
Offshore Wind Farms in the UK, including sites in Liverpool Bay and off the East Coast
of England.

3. In 2002 Anatec were commissioned to assess the navigational risks associated with the
proposed Robin Rigg Offshore Wind Farm. This study (PM/4) reviewed and quantified
the collision risks associated with commercial shipping and fishing vessels, and
qualitatively reviewed the recreational craft activity.

4. At that time, quantitative risk modelling was not carried out for recreational craft owing
to the lack of comprehensive accident or activity data for these vessels. However,
following the issue being raised at the Scottish Parliament meeting in Dumfries on 11
November 2002 the members of the Committee decided there was benefit to be had in
gathering more data to allow a best-estimate of the collision risk to be made.

5. Anatec UK were therefore commissioned by Offshore Energy Resources Ltd (OERL) and
Solway Offshore Ltd (SOL) to perform a more detailed review of recreational craft
activity in the Solway Firth and to investigate the risk of collision with the proposed
Robin Rigg wind farm structures (PM/5).  It is emphasised that the risk of a mast/rotor
blade collision was excluded as this risk has been assessed separately and hence was
outwith the scope of our study.

6. This precognition summarises the recreational craft activity and historical accident review
carried out for the Solway Firth and, based on this, estimates the risk of a collision
between recreational craft and the proposed Robin Rigg wind farm structures.

RECREATIONAL CRAFT ACTIVITY REVIEW

7. The data researched during preparation of the Environmental Statement (PM/3) and
Navigational Risk study was used as a basis to collect more details on recreational craft
activity in the area of the proposed wind farm through consultation with local users.

8. From the previous research it was identified that most sailing activity is within 5km of the
coast. This inshore activity will not interact with the proposed wind farm. The exception
is the trans-Solway route between Dumfries & Galloway (e.g., Kippford, Kirkcudbright)
and Cumbria (e.g., Maryport, Harrington and Whitehaven) used by local vessels and
visitors from other ports such as Lancaster, Isle of Man and further afield.

9. The use of this route was researched further through contact with the local sailing clubs,
ports and marinas, in particular, discussions with Mr James Copland, the Immediate Past
Commodore of The Solway Yacht Club.
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10. It was identified that there are two general routeing options for leisure craft crossing this
part of the Solway (between the area bounded by Kippford, Maryport, Whitehaven and
Kirkcudbright):

(i) Recommended Route: Based on Sailing Directions produced by the South West
Scotland Sailing Association1, whose member clubs include the Solway Yacht Club
and Kirkcudbright Sailing Club. This is the recommended route as it is safe and
available in all tidal conditions and avoids the sand banks, such as Robin Rigg, which
may be exposed at certain times. However, it is longer than the direct route.

(ii) Direct Route: The direct route across the Solway Firth which is only available at
certain times around high water but leads to a shorter transit time.

11. An example of these options is presented in Figure 1 for leisure craft crossing between
Hestan Island and Maryport. It can be seen that the direct route provides a shorter transit
but brings vessels in proximity to the sand banks and hence the wind farm.

12. Obviously, the route taken will vary depending upon the start and end points of the
crossing, e.g., Maryport, Harrington or Whitehaven on the Cumbrian coast. In addition,
for a given crossing, the precise track taken will be dependent upon wind, tide, individual
preference, etc., therefore, the plot merely illustrates the sea area crossed.

 Wind 
 Farm 

 DIRECT 

 RECOMMENDED 

 Maryport 

 Hestan Is 

 Two Feet 
 Bank Buoy 

222222222 444444444000000000

nmnmnmnmnmnmnmnmnm
Figure 1 Example Route Options – Hestan Is / Maryport (for Illustration only)

13. Mr Copland supplied estimates of the average number of transits at different times of the
year, as detailed in Table 1.

                                                
1 South West Scotland Sailing Association, Solway Sailing Directions (Ravenglass to Loch Ryan) (July 1999).
Copy requested.
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Table 1 Estimate of Recreational Craft Usage of Solway

Months Return Trips (estimate)

Weekdays Weekend

October-February 0 0-5

March-May 0 10-15

June-September 10-15 25-35

14. It can be seen that during the Summer months activity peaks at weekends and there is also
some activity during the week (Monday to Friday). In other months the weekend activity is
lower and no significant activity occurs during weekdays.

15. Taking the average of the ranges presented in Table 1 gives approximately 1,800 return-trips
per year (or 3,600 crossings). The vast majority of these transits are made by cruising sailing
yachts with a small proportion by powered pleasure craft.

16. It is not known with any certainty what proportion of transits follow the direct route
compared to the recommended route South of the Two-Feet Bank buoy.

ACCIDENT REVIEW

17. Recreational craft accident data for the Solway Firth has been analysed to investigate the
frequency, location and causes of accidents.

18. Data on maritime casualties is collated by HM Coastguard in the Coastguard Management
Information System (CMIS). This database records all maritime incidents / emergencies
where there was a response from the Coastguard or RNLI. Details are logged on each
individual incident including the geographical location and time at which the incident
occurred.

19. The CMIS database has been available in a comprehensive and computerised format since
1998. Data was analysed up to and including the last full year available (2001). A total of
10,891 incidents involving recreational craft (sail and powered) were logged in the UK region
over the period 1998-2001, as shown in Figure 2.
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Figure 2 Recreational Craft Incident Locations (CMIS 1998-2001)

20. A grid of cells was used to colour-code the incident density for different parts of the UK
(red=highest, blue=lowest). The density of incidents in the two cells within the Solway Firth
was below the average for the UK coastline as shown in Figure 3.

21. The highest areas for recreational craft incidents in the UK were along the South and SE
coast of England and around Anglesey, where the activity and hence exposure is much
higher.

Recreation Incidents
(per Year)

>= 50
20  to 50
10  to 20

5  to 10
1  to 5
0.2 to 1
0  to 0.2

Figure 3 Recreational Craft Incident Frequency in Irish Sea (CMIS 1998-2001)
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22. The incident locations within the Solway Firth between 1998 and 2001 are plotted in Figure
4. (It is noted in some cases the co-ordinates are approximate and hence appear on land.)

23. There were a total of 58 incidents in this four-year period, none of which resulted in fatalities.
It can be seen from Figure 4 that the vast majority of incidents occurred near the coast, with
no incidents logged either within or in the immediate vicinity of the proposed wind farm site.
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Figure 4 Recreational Craft Incident Locations in Solway Firth (1998-2001)

24. Details on the incidents reported within 4 nautical miles (7.4km) of the wind farm are
presented in Table 2.

Table 2 Recreational Craft Incidents near Robin Rigg Wind Farm (1998-2001)

ID Date Time Type of Craft Cause Distance

23 Aug 2001 1826 Sail yacht with
auxiliary engine

Machinery Failure 1.7nm
(3.1km)

24 Sep 2001 1406 Sail yacht with
auxiliary engine

Machinery Failure 3.9
(7.2km)

27 May 1998 2046 Sail yacht, no
auxiliary engine

Vessel abandoned 4.0
(7.4km)

25. Therefore, the closest reported incident over the four years was 1.7nm (3.1km) from the
nearest point of the proposed wind farm perimeter. All three vessels involved in the above
incidents were sail yachts, two of which were equipped with auxiliary engines. All three
incidents occurred in Spring/Summer during daylight hours in good or moderate sea states
and visibility. This follows the general pattern identified in an analysis of all the Solway Firth
incidents.
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26. The cause of the incidents was reported as machinery failure in two cases, with the third
being vessel abandonment. No more detailed information was available to investigate the
underlying causes of these incidents.

27. This review of recreational craft incidents confirmed that the recreational activity in the area
of the Solway Firth is below the UK average. It also confirmed that the majority of accidents
(because the majority of activities) are within 5km of coast, which agrees with the
consultation carried out with local users.

28. Less than one incident per year was reported within a 4nm range of the wind farm perimeter,
the nearest of which was 1.7nm (over 3km) from the proposed site.

RECOVERY OF A VESSEL

29. In the event of a vessel in difficulty contacting Liverpool Coastguard, the position of the wind
farm site means that the response time of emergency services should be low. Information
from a study of UK Search and Rescue resources has been used to investigate this further.2

30. The Royal Navy helicopter base at Prestwick is approximately 50nm to the North West of the
proposed Robin Rigg Wind Farm site. Based on a flying speed of 110 knots and a maximum
daytime response of 15 minutes and night-time response of 45 minutes, the helicopter can be
on the scene in 45 minutes to 1 hour 15 minutes of a call.

31. There are RNLI stations at Workington, Kippford, Kirkcudbright, St Bees and Silloth. The
all-weather lifeboat at Workington is within 7nm (13km) of the wind farm and has a speed of
18 knots. The other stations have inshore lifeboats with speeds of up to 32 knot.

32. Response times vary but an average declared by RNLI is 14 minutes for all-weather lifeboats
and 7 minutes for inshore lifeboats. This is the time from callout to launch. Likely voyage
times to the wind farm are around 20-30 minutes (dependent on conditions).

33. Overall, it can be seen that in the worst-case scenario of a recreational craft being in difficulty
near to the wind farm, there is a good prospect of rapid recovery by the emergency services to
avert a potential collision. This could be in less within 30 minutes and almost certainly within
1 hour.

34. The developers will consult the appropriate authorities, including Liverpool Coastguard, to
ensure emergency response procedures specific to the wind farm are developed and practised.

QUANTITATIVE ASSESSMENT OF COLLISION RISK

35. Based on the relatively low recreational activity identified near the wind farm site and the
measures planned to mark the site (visually and audibly) and to notify local leisure users, it is
considered that the only collision risk comes from a vessel in difficulty due to equipment
failure and/or adverse weather.

36. The frequency of such occurrences was identified using the CMIS incident database. As
presented in Figure 4, there were 58 such incidents in the Solway Firth between 1998 and

                                                
2 Anatec UK Ltd, Risk Based Optimisation of UK SAR Helicopters, April 2002, for HM Coastguard.
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2001, giving an average frequency of 14.5 per year. However, the vast majority of these
incidents were close to shore, well away from the proposed development.

37. Based on the likely response times of the emergency services (worst case one hour) and the
tidal rates (worst case 4 knots), it is considered that only incidents occurring within a 4nm
radius of the wind farm present a potential collision risk.

38. Figure 5 show the three incidents in four years occurring within 4nm of the proposed wind
farm, giving an average frequency of 0.75 per year. Vessels within this range are likely to be
using the trans-Solway route and it is assumed the incident location is equally likely
anywhere within the 4nm radius around the wind farm.

39. The probability of a collision was modelled assuming the vessel would drift from the incident
location at 4 knots (worst case) under the influence of tide, i.e., no working engine, steerage
or anchoring. The proposed wind farm layout and structure dimensions were modelled to
estimate the frequency of a drifting vessel colliding with a structure. The tidal stream
directions vary, and drift direction may also be influenced by wind and sea conditions, as
well as any action by the vessel, therefore, several scenarios were run to find the worst case.

40. The result was an estimated recreational craft/wind farm structure collision frequency of
0.0065 per year, an average of one collision in 155 years. Based on a more realistic drift rate
of 2 knots, the model predicted an average collision frequency of 1 in 930 years.

41. The above frequencies are considered pessimistic as they do not consider the high proportion
of craft with auxiliary engines, potential for using sail and/or rudder to steer clear of the wind
farm, as well as potential to anchor in an emergency.

Figure 5 Recreational Craft Incidents within 4nm of Proposed Robin Rigg Wind 
Farm Perimeter (CMIS 1998-2001)
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QUALITATIVE REVIEW OF COLLISION RISK

42. In good conditions the wind farm will be visible, especially as the majority of passages
are made during daylight. In this case, vessels will, if competently skippered, be able to
navigate safely to avoid the structures. Even if a sailing vessel were to get into difficulty,
around 90% have auxiliary engines so should be able to avoid the structures, or could
anchor if necessary to avoid drifting closer to the wind farm whilst they fix the problem
or call for help.

43. The main risk of collision is considered to be in bad weather, especially poor visibility,
where a small craft could fail to see the wind farm and inadvertently end up closer than
intended. The average annual probability of visibility less than 1km recorded at
Dundrennan (10nm NW of the Robin Rigg site) is 3%. If there were poor visibility
combined with adverse weather and/or strong tides, the vessel may not be able to anchor.

44. The risk of small craft being in the area during bad weather is reduced by the fact that
most craft are fitted with radio receivers and VHF so will be able to listen to regular
broadcasts of the weather forecast by the BBC and hourly by the Coastguard. It is also
standard practice for harbours, marinas and clubs to post weather forecasts on notice
boards. However, it is recognised that local conditions in the Solway can lead to forecasts
being unreliable at times.

45. Given the estimated number of transits (see Table 1), the short voyage time, the growing
use of GPS and ready availability of weather forecasts, the risk of a vessel being in
proximity to the wind farm in bad weather is considered to be low but not negligible. In
this scenario, a vessel unable to make way from the wind farm and at risk of collision
may alert the Coastguard using (in order of preference) VHF, mobile phone (dial 999 and
ask for Coastguard) or flares.

46. To minimise the risk of collision in this worst-case scenario, two key measures have been
agreed to by the developers following discussions with the RYA and local club
representatives.

47. Firstly, it will be ensured, consistent with the requirements of the Commissioners
Northern Lighthouses (CNL), that the Wind Farm structures are marked in such a way as
to enhance the prospect of visual observation by passing recreational craft even in adverse
conditions. This will provide maximum warning to any leisure craft in the area to allow
them to make prudent decisions. The markings will include a yellow band around the
base of the outermost turbine towers on all sides of the development to allow sailors in
bad visibility to identify if they were on the outside of the development or within the wind
farm upon sighting a tower. Similarly, a unique number will mark each tower such that
any vessel in trouble within the wind farm perimeter can report its exact position to aid
recovery by emergency services.

48. CNL have undertaken to consider the needs of small leisure craft by taking into account
the likely traffic type and density when determining the correct level of marking for the
works or the completed site. The wind farm will also be fitted with a foghorn to audibly
warn vessels in periods of bad visibility, minimising the risk of encountering the
structures with no warning.
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49. Secondly, the Operator will ensure notification of the development to the leisure craft
community is widespread and effective throughout all phases. Information will be
promulgated to yacht clubs, marinas, harbour masters, etc.

50. These measures mean that whilst the collision risk cannot be completely eliminated it will
be reduced to a level as low as reasonably practicable.

51. This qualitative review of the risk of collision with the structures concurs with the views
expressed by the RYA and RYA (Scotland) who consider there is a “small but not
negligible risk that a sailing vessel might be driven into the area of an array by one or
more circumstances as a consequence of steering, rig, or other mechanical failure, error of
navigation, or during very bad visibility, perhaps aggravated by strong tides. Given the
presence of the wind farm, such a ‘passive’ collision risk has to be accepted, and reduced
as far as possible by effective marking and lighting so as to give crews the maximum time
to take avoiding or damage limitation action.”3

CONCLUSION

52. From consultation with local users it was identified that the majority of recreational craft
activity in the Solway Firth takes place within 5km of the coast, well away from the
proposed Robin Rigg Offshore Wind Farm. This was confirmed by a review of HM
Coastguard incident data which showed a below average frequency of incidents in the
Solway Firth, and most incidents occurring near to shore.

53. Quantitative modelling based on pessimistic assumptions estimated a collision frequency
of 1 in 155 years based on 4 knot tidal rates (worst-case) and 1 in 933 years based on 2
knot tidal rates. A qualitative review also concluded the risk was low but not negligible
and could be minimised through use of appropriate marking and effective notification,
which is planned by the developers.

                                                
3 Letter of 27 August 2002 from Mr Hugh Henderson, RYAS Vice-Chairman and Chairman of RYAS Cruising
Committee, to Ms Alison Campbell, The Non-Executive Bills Unit, Scottish Parliament.
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1. Introduction

1.1 Background
Anatec UK were commissioned by Offshore Energy Resources Ltd (OERL) and Solway
Offshore Ltd (SOL) to perform a Navigational Risk Assessment (Ref. i) of the Robin Rigg
Wind Farm, which considered collision risks associated with commercial shipping and
fishing vessels, and qualitatively reviewed recreational craft activity. Information on
recreational craft was also reported in the Robin Rigg Environmental Statement (Ref. ii).

Quantitative risk modelling was not carried out for recreational craft owing to the lack of
comprehensive accident or activity data for these vessels. However, following the issue being
raised at the Scottish Parliament meeting in Dumfries on 11 November 2002 the members of
the Committee decided there was benefit to be had in gathering more data to allow a best-
estimate of the collision risk to be made.

This study presents the results of the more detailed review of recreational craft activity in the
Solway Firth including the analysis of the risk of collision with the proposed Robin Rigg
wind farm structures.

It is emphasised that the risk of a mast/rotor blade collision is excluded as this risk has
been assessed separately and hence is outwith the scope of this study.

1.2 Objectives
The objective of this assessment is to qualitatively review the recreational craft activity in the
Solway Firth and the risk of a collision. Following this, the risk is quantified using Anatec’s
collision risk models to provide an indication of the likely level of risk of collision between a
recreational craft and the proposed Robin Rigg Wind Farm surface structures. The risk of
blade/mast impact is excluded from the assessment.

1.3 Abbreviations
The following abbreviations have been used in this report:

CMIS - Coastguard Management Information System
CNL - Commissioners of Northern Lighthouses
GPS - Global Positioning System
HMCG - Her Majesty’s Coastguard
km - Kilometre
m - Metre
MCA - Maritime and Coastguard Agency
nm - Nautical Miles (1nm � 1,852metres)
OERL - Offshore Energy Resources Ltd
RNLI - Royal National Lifeboat Institution
RYA - Royal Yachting Association
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SAR - Search and Rescue
SOL - Solway Offshore Ltd (SOL)
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2. Development Details

2.1 Location Overview
Full details on the wind farm are presented in the Navigational Risk Assessment report (Ref.
i). In summary, the proposed wind farm will consist of 60 turbines located on the Robin Rigg
sub-tidal sand flat within the Solway Firth.

Figure 1 shows the positions of the planned 60 turbines as well as the substation and
anemometry mast. The minimum distance from a turbine to shore is approximately 4.7nm
(9km) from Balcary Point on the South West coast of Scotland.

The overall area of the wind farm boundary is approximately 10.4 square kilometres and
there are approximately 450m between turbines. The wind farm surface structures occupy
less than 0.02% of the total area bounded by the perimeter structures.

Figure 1 Detailed Chart of Planned Robin Rigg Wind Farm
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3. Activity Review
The data researched during preparation of the Environmental Statement and Navigational
Risk study was used as a basis to collect more details on recreational craft activity in the area
of the proposed wind farm through consultation with local users.

From the previous research it was identified that most sailing activity is within 5km of the
coast. This inshore activity will not interact with the proposed wind farm. The exception is
the trans-Solway route between Dumfries & Galloway (e.g., Kippford, Kirkcudbright) and
Cumbria (e.g., Maryport, Harrington and Whitehaven) used by local vessels and visitors from
other ports such as Lancaster, Isle of Man and further afield.

The use of this route was researched further through contact with the local sailing clubs, ports
and marinas, in particular, discussions with Mr James Copland, the Immediate Past
Commodore of The Solway Yacht Club (Ref. iii).

It was identified that there are two general routeing options for leisure craft crossing this part
of the Solway (between the area bounded by Kippford, Maryport, Whitehaven and
Kirkcudbright):

(i) Recommended Route: Based on Sailing Directions produced by the South West Scotland
Sailing Association (Ref. iv), whose member clubs include the Solway Yacht Club and
Kirkcudbright Sailing Club. This is the recommended route as it is safe and available in all
tidal conditions and avoids the sand banks, such as Robin Rigg, which may be exposed at
certain times. However, it is longer than the direct route.

(ii) Direct Route: The direct route across the Solway Firth which is only available at certain
times around high water but leads to a shorter transit time.

An example of these options is presented in Figure 2 for leisure craft crossing between
Hestan Island and Maryport. It can be seen that the direct route provides a shorter transit but
brings vessels in proximity to the sand banks and hence the wind farm.

Obviously, the route taken will vary depending upon the start and end points of the crossing,
e.g., Maryport, Harrington or Whitehaven on the Cumbrian coast. In addition, for a given
crossing, the precise track taken will be dependent upon wind, tide, individual preference,
etc., therefore, the plot merely illustrates the sea area crossed.
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Figure 2 Example Routes – Hestan Is / Maryport (for Illustration only)

Mr Copland supplied estimates on the average number of transits at different times of the
year, as detailed in Table 1.

Table 1 Estimate of Recreational Craft Usage of Solway (Ref. v)

Months Return Trips (estimate)

Weekdays Weekend

October-February 0 0-5

March-May 0 10-15

June-September 10-15 25-35

It can be seen that during the Summer months activity peaks at weekends and there is also
some activity during the week (Monday to Friday). In other months the weekend activity is
lower and no significant activity occurs during weekdays.

Taking the average of the ranges presented in Table 1 gives approximately 1,800 return-trips
per year (or 3,600 crossings). The vast majority of these transits are made by cruising sailing
yachts with a small proportion by powered pleasure craft.

It is not known with any certainty what proportion of transits follow the direct route
compared to the recommended route South of the Two-Feet Bank buoy.
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4. Accident Review

4.1 Introduction
Recreational craft incident data for the Solway Firth has been analysed to investigate the
frequency, location and cause of accidents. This section presents the source of the data and
highlights the main results of the analysis. A full review is presented in Appendix A.

4.2 UK Incident Data
Data on maritime casualties is collated by HM Coastguard in the Coastguard Management
Information System (CMIS). This database records all maritime incidents / emergencies
where there was a response from the Coastguard or RNLI. Details are logged on each
individual incident including the geographical location and time at which the incident
occurred.

The CMIS database has been available in a comprehensive and computerised format since
1998. Data was analysed up to and including the last full year available (2001). A total of
10,891 incidents involving recreational craft (sail and powered) were logged in the UK region
over the period 1998-2001, as shown in. This included the following vessel categories:

� Sail Yacht with Auxiliary Engine
� Sail Yacht, no Auxiliary Engine
� Sailing Dinghy
� Pleasure Craft
� Powered Pleasure Craft

The locations of incidents are shown in Figure 3 and Figure 4. From visual inspection it can
be seen that the Solway Firth is below average in the number of incidents.

This was confirmed by counting the incidents within a grid of cells and colour-coding the
grid based on the frequency per cell (red=highest, blue=lowest). From Figure 5 and Figure 6
it can be seen that the number of incidents in the Solway Firth cells was below the UK
average. The highest areas for recreational craft accidents were along the South and SE coast
of England and around Anglesey, where the activity and hence exposure is much higher.
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Figure 3 Recreational Craft Incident Data (CMIS 1998-2001)

Figure 4 Recreational Craft Incidents in Irish Sea Region (CMIS 1998-2001)
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Figure 5 Frequency of Recreational Craft Incidents (CMIS 1998-2001)
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Figure 6 Recreational Craft Incident Frequency in Irish Sea (CMIS 1998-2001)

The incident locations within the Solway Firth are plotted in
Figure 7. (It is noted the co-ordinates are approximate and hence some plotted locations
appear on land.)
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Figure 7 Recreational Craft Incident Locations in Solway Firth (CMIS 1998-2001)

There were a total of 58 incidents in the four-year period between 1998 and 2001, none of
which resulted in fatalities. Full details on these incidents are presented in Appendix A.

It can be seen that the vast majority of accident occur near the coast, with no incidents logged
either within or in the immediate vicinity of the proposed wind farm site. Details on all
incidents reported within 4nm of the Robin Rigg wind farm are presented in Table 2.
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Table 2 Recreational Craft Incidents near Robin Rigg Wind Farm (1998-2001)

ID Date Time Type of Craft Cause Distance

23 Aug 2001 1826 Sail yacht with
auxiliary engine

Machinery Failure 1.7nm
(3.1km)

24 Sep 2001 1406 Sail yacht with
auxiliary engine

Machinery Failure 3.9
(7.2km)

27 May 1998 2046 Sail yacht, no
auxiliary engine

Vessel abandoned 4.0
(7.4km)

Therefore, the closest reported incident over the four years was 1.7nm (3.1km) from the
nearest point of the proposed wind farm perimeter.

Therefore, the closest reported incident over the four years was 1.7nm (3.1km) from the
nearest point of the proposed wind farm perimeter. All three vessels involved in the above
incidents were sail yachts, two of which were equipped with auxiliary engines. All three
incidents occurred in Spring/Summer during daylight hours in good or moderate sea states
and visibility. This follows the general pattern identified in an analysis of all the Solway Firth
incidents (see Appendix A).

The cause of the incidents was reported as machinery failure in two cases, with the third
being vessel abandonment. No more detailed information was available to investigate the
underlying causes of these incidents.

4.3 Summary
This review of recreational craft incidents confirmed that the recreational activity in the area
of the Solway Firth is below the UK average. It also confirmed that the majority of accidents
(because the majority of activities) are within 5km of coast, which agrees with the
consultation carried out with local users.

Less than one incident per year was reported within a 4nm range of the wind farm perimeter,
the nearest of which was 1.7nm (over 3km) from the proposed site.
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5. Recovery of a Vessel
In the event of a vessel in difficulty contacting Liverpool Coastguard, the position of the wind
farm site means that the response time of emergency services should be low. Information
from a study of UK Search and Rescue resources has been used to investigate this further
(Ref. vi).

The location of helicopter bases and RNLI stations around the UK are shown in Figure 8. The
Royal Navy Sea King helicopter based at Prestwick is approximately 50nm to the North West
of the proposed Robin Rigg Wind Farm site. Based on a flying speed of 110 knots and a
maximum daytime response of 15 minutes and night-time response of 45 minutes, the
helicopter can be on the scene in 45 minutes to 1 hour 15 minutes of a call.

Details on the RNLI stations in the area are given in Figure 9 and Table 3. All the lifeboats
are well within range of the wind farm and have a minimum capacity of 10. Response times
vary but an average declared by RNLI is 14 minutes for all-weather lifeboats and 7 minutes
for inshore lifeboats. This is the time from callout, i.e., first intimation from HMCG to the
lifeboat station to launch. Likely voyage times to the wind farm are around 20-30 minutes
(dependent on conditions).

Overall, it can be seen that in the worst-case scenario of a recreational craft being in difficulty
near to the wind farm, there is a good prospect of rapid recovery by the emergency services to
avert a potential collision. This could be in less within 30 minutes and almost certainly within
1 hour.

Table 3 RNLI Stations in Solway Firth

Location Distance (nm) Lifeboat Operating Limits Speed

Workington 7 All-
weather

Rough Sea (Daylight),
Moderate Sea (Dark)

18

Silloth 12 Inshore Moderate Seas (Daylight),
Light (Dark)

32

Kirkcudbright 12 Inshore Rough Seas (Daylight),
Moderate Seas (Dark)

32

Kippford 7 Inshore Moderate Seas (Daylight),
Light Seas (Dark)

20

St Bees 16 Inshore Moderate Seas (Daylight),
Light Seas (Dark)

32

The developers will consult the appropriate authorities, including Liverpool Coastguard, to
ensure emergency response procedures specific to the wind farm are developed and practised.
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Figure 8 RNLI Stations and SAR Helicopter Bases in UK

Figure 9 RNLI Stations in Vicinity of Wind Farm
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6. Quantification of Collision Risk
Based on the relatively low recreational activity identified near the wind farm site and the
measures planned to mark the site (visually and audibly) and to notify local leisure users, it is
considered that the only collision risk comes from a vessel in difficulty due to equipment
failure and/or adverse weather.

The frequency of such occurrences was identified in Section 4 using the CMIS incident
database. For the Solway Firth there were 58 such incidents between 1998 and 2001, giving
an average frequency of 14.5 per year. However, the vast majority of these incidents were
close to shore, well away from the proposed development.

Based on the likely response times of the emergency services (worst case one hour) and the
tidal rates (worst case 4 knots), it is considered that only incidents occurring within a 4nm
radius of the wind farm present a potential collision risk.

Table 2 and Figure 10 show the three incidents in four years occurring within 4nm of the
proposed wind farm, giving an average frequency of 0.75 per year. Vessels within this range
are likely to be using the trans-Solway route identified in Section 3. It is assumed that the
incident location is equally likely anywhere within a 4nm radius of the wind farm and a grid
of cells was created to store this exposure data (see Figure 11).

The probability of a collision was modelled assuming the vessel would drift from the incident
location at 4 knots (worst case) under the influence of tide, i.e., no working engine, steerage
or anchoring. The proposed wind farm layout and structure dimensions were modelled to
estimate the frequency of a drifting vessel colliding with a structure. The tidal stream
directions vary, and drift direction may also be influenced by wind and sea conditions, as
well as any action by the vessel, therefore, several scenarios were run to find the worst case.

The tidal streams vary over time, and drift direction will also be influenced by wind and sea
conditions, as well as any action by the vessel, therefore, several scenarios were run to find
the worst case.

The result was an estimated recreational craft/wind farm structure collision frequency of
0.0065 per year, an average of one collision in 155 years. Based on a more realistic drift rate
of 2 knots, the model predicted an average collision frequency of 1 in 930 years.

The above frequencies are considered pessimistic as they do not consider the high proportion
of craft with auxiliary engines, potential for using sail and/or rudder to steer clear of the wind
farm, as well as potential to anchor in an emergency.
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Figure 10 Recreational Craft Incidents within 4nm of Proposed Robin Rigg Wind 
Farm (CMIS 1998-2001)

Figure 11 Grid of Cells within 4nm of Proposed Robin Rigg Wind Farm Perimeter
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7. Qualitative Review of Risks
In good conditions the wind farm should be visible, especially as the majority of passages are
made during daylight. In this case, vessels will, if competently skippered, be able to navigate
safely to avoid the structures. Even if a sailing vessel were to get into difficulty, around 90%
have auxiliary engines so should be able to avoid the structures, or could anchor if necessary
to avoid drifting closer to the wind farm whilst they fix the problem or call for help.

The main risk of collision is considered to be in bad weather, especially poor visibility, where
a small craft could fail to see the wind farm and inadvertently end up closer than intended.
The average annual probability of visibility less than 1km recorded at Dundrennan (10nm
NW of the Robin Rigg site) is 3% (Ref. i). If there were poor visibility combined with
adverse weather and/or strong tides, the vessel may not be able to anchor.

The risk of small craft being in the area during bad weather is reduced by the fact that most
craft are fitted with radio receivers and VHF so will be able to listen to regular broadcasts of
the weather forecast by the BBC and hourly by the Coastguard. It is also standard practice for
harbours, marinas and clubs to post weather forecasts on notice boards. However, it is
recognised that local conditions in the Solway can lead to forecasts being unreliable at times.

Given the estimated number of transits (see Section 3), the short voyage time, the growing
use of GPS and ready availability of weather forecasts, the risk of a vessel being in proximity
to the wind farm in bad weather is considered to be low but not negligible. In this scenario, a
vessel unable to make way from the wind farm and at risk of collision may alert the
Coastguard using (in order of preference) VHF, mobile phone (dial 999 and ask for
Coastguard) or flares.

To minimise the risk of collision in this worst-case scenario, two key measures have been
agreed to by the developers following discussions with the RYA and local club
representatives.

Firstly, it will be ensured, consistent with the requirements of the Commissioners of Northern
Lighthouses (CNL), that the Wind Farm structures are marked in such a way as to enhance
the prospect of visual observation by passing recreational craft even in adverse conditions.
This will provide maximum warning to any leisure craft in the area to allow them to make
prudent decisions. The markings will include a yellow band around the base of the outermost
turbine towers on all sides of the development to allow sailors in bad visibility to identify if
they were on the outside of the development or within the wind farm upon sighting a tower.
Similarly, a unique number will mark each tower such that any vessel in trouble within the
wind farm perimeter can report its exact position to aid recovery by emergency services.

CNL have undertaken to consider the needs of small leisure craft by taking into account the
likely traffic type and density when determining the correct level of marking for the works or
the completed site. The wind farm will also be fitted with a foghorn to audibly warn vessels
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in periods of bad visibility, minimising the risk of encountering the structures with no
warning.

Secondly, the Operator will ensure notification of the development to the leisure craft
community is widespread and effective throughout all phases. Information will be
promulgated to yacht clubs, marinas, harbour masters, etc.

These measures mean that whilst the collision risk cannot be completely eliminated it will be
reduced to a level as low as reasonably practicable.

This qualitative review of the risk of collision with the structures concurs with the views
expressed by the RYA and RYA (Scotland) who consider there is a small but not negligible
risk that a sailing vessel might be driven into the area of an array by one or more
circumstances as a consequence of steering, rig, or other mechanical failure, error of
navigation, or during very bad visibility, perhaps aggravated by strong tides. Given the
presence of the wind farm, such a ‘passive’ collision risk has to be accepted, and reduced as
far as possible by effective marking and lighting so as to give crews the maximum time to
take avoiding or damage limitation action (Ref. vii).
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8. Conclusions
From consultation with local users it was identified that the majority of recreational craft
activity in the Solway Firth takes place within 5km of the coast, well away from the proposed
Robin Rigg Offshore Wind Farm. This was confirmed by a review of HM Coastguard
incident data which showed a below average frequency of incidents in the Solway Firth, and
most incidents occurring near to shore.

Quantitative modelling based on pessimistic assumptions estimated a collision frequency of 1
in 155 years based on 4 knot tidal rates (worst-case) and 1 in 933 years based on 2 knot tidal
rates. A qualitative review also concluded the risk was low but not negligible and could be
minimised through use of appropriate marking and effective notification, which is planned by
the developers.



RR/03/1/10
Project: A1111

Client: OERL and SOL

Title: Recreational Craft Collision Risk Assessment – Robin Rigg Wind Farm www.anatec.com

Date: 10.02.2003 Page: 18
Doc: RR-03-1-10.doc

References

i Robin Rigg Offshore Wind Farm- Navigation Risk Assessment, June 2002, Report 
No. A1066-NPC-CR-1

ii Robin Rigg Offshore Wind Farm Environmental Statement produced by Natural 
Power for OERL and TXU.

iii Telecons between John Beattie and James Copland, 5 February and 7 February 2003.

iv South West Scotland Sailing Association, Solway Sailing Directions (Ravenglass to 
Loch Ryan) (July 1999).

v James Copland (Immediate Past Commodore, The Solway Yacht Club, and 
Immediate Past Chairman, the South West Scotland Sailing Association), 
“Information Requested on Leisure Craft Usage”.

vi Anatec UK Ltd, Risk Based Optimisation of UK SAR Helicopters, April 2002, for 
HM Coastguard.

vii Letter of 27 August 2002 from Mr Hugh Henderson, RYAS Vice-Chairman and 
Chairman of RYAS Cruising Committee, to Ms Alison Campbell, The Non-Executive
Bills Unit, Scottish Parliament.



Agenda item 2

Robin Rigg Bill
Committee

24 February 2003

RR/03/1/10/A

Anatec Main Office Aberdeen Office
Address: 16 Ward Way, Witchford, Ely, Cambs, CB6 2JR, UK 105 Union Grove, Aberdeen, AB10 6SL, Scotland, UK
Tel: 01353 661200 01224 573434
Fax: 0709 2369326 0709 2367306
Email: info@anatec.com aberdeen@anatec.com

Recreational Craft Incident Data
in Solway Firth

(Appendix A)

Prepared by: Anatec UK Limited

On behalf of: OERL and SOL

Date: 10 February 2003

Revision No.: 01

Ref.: A1111-OE-RA-1



RR/03/1/10/A
Project: A1111

Client: OERL and SOL

Title: Appendix A - Recreational Craft Incident Data in Solway Firth www.anatec.com

Date: 10.02.2003 Page: i
Doc: RR-03-1-10-A.doc

TABLE OF CONTENTS

1. RECREATIONAL CRAFT INCIDENT DATA IN SOLWAY FIRTH.....................1



RR/03/1/10/A
Project: A1111

Client: OERL and SOL

Title: Appendix A - Recreational Craft Incident Data in Solway Firth www.anatec.com

Date: 10.02.2003 Page: 1
Doc: RR-03-1-10-A.doc

1. Recreational Craft Incident Data in Solway Firth
This appendix presents full details on the 58 recreational incidents in the MCA CMIS
database in the Solway Firth between 1998 and 2001, as well as analysis of the incidents by
the following factors:

� Type of Vessel
� Cause
� Month
� Time of Day
� Visibility
� Sea State

The incident locations are presented in Figure 7. Table 1 lists all the incidents and includes
details on time, cause, weather, etc.

The following figures present analysis of the Solway Firth recreation craft incidents. Firstly,
Figure 1 shows the majority of incidents in the Solway Firth involved sail yachts with a
smaller proportion of powered pleasure craft and sailing dinghies. The vast majority of the
yachts involved had auxiliary engines.

Sail Yacht with Aux
Engine
Powered Pleasure Craft

Sailing Dinghy

Sail Yacht No Aux.
Engine

Figure 1 Incident Distribution by Recreational Craft Type

Figure 2 shows the reported cause of the incidents. The main cause was machinery failure
(47%), followed by sail/mast/rigging failure (9%), capsize (7%) and meeting adverse
conditions (7%).
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Adverse Conditions

Capsize

Machinery Failure

Sail/Mast/Rigging

Overdue

Stranded

Taking In Water

Other

Figure 2 Incident Distribution by Cause

As shown in Figure 3 and Figure 4, around 90% of incidents occurred in the six months from
May to October and a similar percentage between 8am and 8pm. This reflects the higher
exposure during these periods as identified by the activity distribution presented in the Main
Report.
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Figure 3 Incident Distribution by Month
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Figure 4 Incident Distribution by Time of Day

Figure 5 shows that 93% of incidents occurred in good and moderate visibility conditions.
Only one incident was reported in poor visibility (1-2km) and none were reported in fog (less
than 1km horizontal visibility).
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Figure 5 Incident Distribution by Visibility

Finally, Figure 6 shows the distribution of incidents by sea state. Again, the majority
occurred in good conditions with only 2 out of 58 incidents in rough seas. No incidents were
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reported in the most severe sea state categories (very rough, high, very high and
phenomenal).
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Figure 6 Incident Distribution by Sea State
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Figure 7 Recreational Craft Incident Locations
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Table 1 Recreational Craft Incidents in Solway Firth (CMIS 1998-2001)

ID Year Month Time Craft Cause Length (m) Wind Force Sea State Swell Visibility

1 2000 May 1612 Sail Yacht with Aux. Engine Sail/Mast/Rigging Failure 7 5 Smooth Slight Good

2 2000 May 1326 Sail Yacht with Aux. Engine Vessel Stranded 8 5 Smooth Moderate Good

3 2000 Jul 1216 Sail Yacht with Aux. Engine Machinery Failure 9 3 Smooth None Moderate

4 2000 Jul 1220 Sail Yacht with Aux. Engine Machinery Failure Unknown 2 Calm None Good

5 2000 Jul 2138 Sail Yacht with Aux. Engine Out Of Fuel 8 1 Calm None Moderate

6 2000 Jul 0945 Sail Yacht with Aux. Engine Vessel Stranded 13 3 Calm None Good

7 2000 Jul 0747 Sail Yacht with Aux. Engine Sail/Mast/Rigging Failure Unknown 4 Smooth None Good

8 2000 Jul 1059 Sail Yacht with Aux. Engine Machinery Failure 7 2 Calm None Good

9 2000 Aug 1409 Powered Pleasure Craft Vessel Unsure Of Its Location Unknown 6 Slight Slight Moderate

10 2000 Aug 2137 Sail Yacht with Aux. Engine Machinery Failure Unknown 4 Smooth Slight Good

11 2000 Sep 1652 Sail Yacht with Aux. Engine Sail/Mast/Rigging Failure 7.5 4 Slight Moderate Good

12 2000 Sep 1750 Sail Yacht with Aux. Engine Machinery Failure 4 4 Smooth Slight Good

13 2000 Oct 1226 Sail Yacht with Aux. Engine Vessel Meeting Adverse Conditions 8 5 Moderate Slight Good

14 2001 May 1606 Sail Yacht with Aux. Engine Sail/Mast/Rigging Failure 8 6 Moderate Slight Good

15 2001 Jun 1650 Sailing Dinghy Capsize Unknown 4 Moderate Slight Good

16 2001 Jun 929 Sail Yacht with Aux. Engine Other Cause 8 4 Moderate Moderate Good

17 2001 Jul 1946 Sail Yacht with Aux. Engine Vessel Meeting Adverse Conditions 8 5 Rough Moderate Poor

18 2001 Jul 1339 Sail Yacht with Aux. Engine Fouled Propeller 8 1 Glassy Calm None Moderate

19 2001 Jul 1049 Sailing Dinghy Capsize Unknown 4 Moderate Slight Good

20 2001 Aug 1452 Powered Pleasure Craft Vessel Taking In Water 5 2 Calm None Good

21 2001 Aug 1521 Sailing Dinghy Sail/Mast/Rigging Failure Unknown 5 Slight Moderate Good

22 2001 Aug 1756 Sailing Dinghy Capsize 5 4 Slight Slight Good

23 2001 Aug 1826 Sail Yacht with Aux. Engine Machinery Failure 5.5 3 Calm Moderate Moderate

24 2001 Sep 1406 Sail Yacht with Aux. Engine Machinery Failure 10 4 Moderate Slight Good

25 2001 Sep 1545 Powered Pleasure Craft Machinery Failure Unknown 2 Smooth None Good

26 2001 Oct 1150 Sail Yacht with Aux. Engine Machinery Failure 7 4 Slight Slight Good
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ID Year Month Time Craft Cause Length (m) Wind Force Sea State Swell Visibility

27 1998 Jan 2046 Sail Yacht no Aux. Engine Vessel Abandoned 8 6 Smooth Slight Good

28 1998 Feb 1959 Powered Pleasure Craft Vessel Stranded 13 5 Smooth None Good

29 1998 Mar 1206 Sail Yacht with Aux. Engine Machinery Failure 6 2 Calm Slight Good

30 1998 Apr 2005 Sail Yacht with Aux. Engine Machinery Failure 8 3 Calm None Good

31 1998 May 1243 Sail Yacht no Aux. Engine Capsize 5 5 Calm Slight Good

32 1998 May 1551 Sail Yacht with Aux. Engine Vessel Stranded 10 4 Slight Slight Good

33 1998 May 1540 Powered Pleasure Craft Vessel Overdue 6 4 Moderate Moderate Good

34 1998 Jun 1117 Sail Yacht with Aux. Engine Other Cause 13 4 Slight Slight Moderate

35 1998 Jun 0838 Sail Yacht with Aux. Engine Vessel Stranded 11.9 3 Slight None Moderate

36 1998 Jun 0039 Powered Pleasure Craft Machinery Failure 7 3 Smooth Slight Good

37 1998 Jun 1356 Powered Pleasure Craft Machinery Failure 5 3 Slight Slight Poor

38 1998 Jul 1029 Powered Pleasure Craft Machinery Failure Unknown 3 Slight Slight Good

39 1998 Aug 1000 Powered Pleasure Craft Vessel Dragging Its Anchor 9 0 Smooth None Moderate

40 1998 Aug 1136 Powered Pleasure Craft Machinery Failure 7 3 Calm None Good

41 1998 Aug 1911 Powered Pleasure Craft Machinery Failure 9.3 1 Smooth None Good

42 1998 Sep 1329 Powered Pleasure Craft Machinery Failure 4 2 Smooth None Moderate

43 1998 Sep 1443 Sail Yacht with Aux. Engine Vessel Meeting Adverse Conditions 14 7 Rough Heavy Good

44 1998 Nov 1406 Powered Pleasure Craft Machinery Failure Unknown 4 Smooth Slight Good

45 1999 Feb 0027 Powered Pleasure Craft Machinery Failure 3.2 1 Smooth None Good

46 1999 Apr 0920 Sail Yacht with Aux. Engine Machinery Failure 7 5 Smooth Slight Good

47 1999 Apr 1628 Powered Pleasure Craft Machinery Failure 5 3 Slight Slight Moderate

48 1999 May 1519 Sail Yacht with Aux. Engine Machinery Failure 12 2 Calm Slight Moderate

49 1999 May 1126 Sail Yacht with Aux. Engine Medical Evacuation Unknown 0 Glassy Calm None Unknown

50 1999 May 1241 Sail Yacht with Aux. Engine Machinery Failure 9 1 Smooth Slight Good

51 1999 Jun 1231 Powered Pleasure Craft Machinery Failure 10 3 Calm None Good

52 1999 Jul 0934 Powered Pleasure Craft Machinery Failure Unknown 3 Calm Slight Good

53 1999 Aug 1614 Powered Pleasure Craft Machinery Failure Unknown 4 Slight Slight Good

54 1999 Aug 2115 Powered Pleasure Craft Vessel Meeting Adverse Conditions 5 4 Slight None Good
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ID Year Month Time Craft Cause Length (m) Wind Force Sea State Swell Visibility

55 1999 Sep 1819 Powered Pleasure Craft Vessel Overdue 5.5 2 Slight None Good

56 1999 Oct 1659 Powered Pleasure Craft Machinery Failure 5 5 Smooth Moderate Good

57 1999 Oct 1328 Sail Yacht with Aux. Engine Vessel Taking In Water 9 4 Calm Slight Good

58 2000 Jun 1034 Powered Pleasure Craft Search Unknown 0 Glassy Calm None Unknown
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Precognition document structure

The structure of this document is laid out under the following headings:

Introduction 
This section briefly summarises the qualifications and relevant expertise
of the author of the precognition.

Scope of precognition 
In this section the issues addressed by the precognition are identified.

Discussion of issues 
This describes the concerns expressed by the MCA and leads in to a
discussion of these in the subsequent headings.

Radio frequency and radar shadowing
Here we discuss the meaning of electromagnetic shadowing which is
relevant to radar and VHF systems operations.

Radar
In this section a brief description of the marine radar environment is
given and the operation of radar in the presence of the wind farm  is
described.

VHF communication
This summarises the marine VHF communications environment for the
Solway Firth.

GPS
This section describes the operation of GPS and discusses GPS maritime
operation on the open sea and in the vicinity of the wind farm.

Conclusions on radar, VHF communications and GPS
The concluding section summarises the impact of the wind farm on
operations of the three radio systems identified within the scope of the
precognition.

Glossary
This section lists the abbreviations used in the precognition and defines
some of the common scientific terms used.
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Introduction

1. My name is John Gallagher - BSc (1974), PhD (1977) Glasgow University. I am the
Technical Director of Electromagnetics, Spectrum Solutions, QinetiQ plc. My role in
the project is to assess and advise on the electromagnetic impacts on radar,
communications and GPS systems.

2. After University I worked at Barr and Stroud and in 1979 joined the Royal Signals
and Radar Establishment (the predecessor of QinetiQ). I have worked on radar
research throughout my career. I designed and installed the Malvern Compact Range
for radar and antenna measurements. I was head of the Radar Signature Prediction
theoretical group in and was responsible for developing the parallel computing
resources and prediction programme.

3. I provided support to Tornado, Eurofighter, PAAMS, FMRAAM project offices and
was a member of the FOAS IWG that formulated the initial TDP programmes. I
initiated a number of international collaboration research programmes involving
NATO countries, Australia and UK industry. I have acted as a consultant to the
European Commission assessing and supporting the Framework R&D programmes.

4. I won the 1990 John Benjamin Memorial Prize for the development of a new class of
electromagnetic structure. I am the author of more than forty patents and
publications. I organised,

• The 1987 Workshop on Mmwave Snow Clutter;
• The 1994 UK Low Observables Conference;
• The 1996 Workshop on RCS Prediction.

I was a member of the organising committee for,
• The 3rd International Conference and Workshop on Approximations

Numerical Methods for the Solution the Maxwell Equations, 20-24 March
1995, at the University of Oxford.

I was a member of the scientific committee for,
• The European Symposium on Numerical Methods in Electromagnetics,

Toulouse 6-8 March 2002.

5. From 1998 to 2002 I was the Business Group Manager for Target Signatures and
Array Technology within the Radar Department. I pioneered QinetiQ’s
electromagnetic offerings to the airport and wind farm sectors. I am currently
concentrating on the wind farm sector and supporting the DTI, regulatory bodies and
wind farm developers on radar and electromagnetic impact assessments.
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Scope of precognition

6. The scope of this precognition considers the effects of the Robin Rigg wind farm
on marine radar navigation, and communication systems. There are three elements
addressed each looking at different radio systems:

• Radar systems;
• VHF communication systems;
• Global positioning systems (GPS) and differential corrections (DGPS).

7. The proposal is for a 60 turbine offshore wind farm located on a sub-tidal sand flat
known as Robin Rigg in Scottish waters in the mid area of the Solway Firth. The
turbines would be situated some 9 km from the Dumfries and Galloway shoreline
within Scotland, and 12 km from the Cumbrian coastline at their nearest points.
The 60 turbines would be arrayed in a grid pattern comprising 10 rows of between
2 and 8 turbines, separated by a distance of between 450m and 550m. Each
turbine will have a hub height of between 66m and 80m above mean sea level.
The blade diameter will be between 80m and 104m. Although the turbine type has
not yet been selected the turbine blades have an aerofoil cross-section and I have
assumed a maximum blade width of 2m, which is typical of blades of 50m length.
Similarly for 80m high towers the tower diameters at the base are typically about
6m tapering to 2m at the top of the tower.

Discussion of issues

8. The MCA expressed concern about the radar visibility of small craft, such as
yachts, inside the windfarm. In its statement RR/02/2/4, submitted to the 2nd

Meeting of Robin Rigg Offshore Wind Farm (Navigation and Fishing) (Scotland)
Bill Committee of Monday 11 November 2002, the concerns expressed were
specifically that,

a) the generators and their mountings could produce radio interference such as
reflections or phase changes, with respect to any frequencies used for marine
positioning, navigation or communications, including Automatic Identification
Systems (AIS).

b) the generators could produce radar reflections, blind spots or shadow areas:
i) Vessel to vessel.
ii) Vessel to shore.
iii) VTS radar to vessel.
iv) Racon to/from vessel.

9. There are a number of issues raised here but essentially the concern is about the
consequences arising from a reduction in radar visibility inside the wind farm.
This may compromise the ability of a rescue vessel to detect small craft,
particularly in bad weather conditions. This may have an impact on the rescue
services ability to respond to incidents that occur inside the wind farm. The
reduction in visibility could originate from the shadowing effects of the wind
turbines, or multipath effects. It is also possible that radar sidelobe reflections
from a turbine could lead to spurious detection of vessels inside the wind farm
with false positions.
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10. I will now consider these issues in the context of the operation of radar, VHF
communication and GPS systems. Electromagnetic reflections, blind spots or
shadows are the issues to be considered for the three systems mentioned above.
First I will discuss electromagnetic shadowing so that it can be understood from
the point of view of its impact on the radar and communications issues.

Radio frequency and radar shadowing

11. The MCA expressed concern about the effects associated with radio and radar
frequency shadowing. A large amount of scattering occurs in the forward scatter
direction. This forward scatter direction can be thought of as the direction behind
the turbine as viewed from the transmitter where the optical shadow would be.
The field from a transmitter spreads out in a spherical wave front. This field is
then scattered from a collection of points on the wind turbine, which can be
thought of as a collection of point scatterers. The field contributions from these
point scatterers will then reach the receiver with some phase differences. These
phase differences depend on the differences in path lengths travelled by each
component of the interfering fields.

12. The total field in the forward direction is the sum of the direct field and the
forward scattered field. The direct field is that field that would exist if the turbine
were not present. The scattered field arises from the interactions of the incident
radio wave with the turbine. These fields, the direct and scattered fields, can
interfere with each other either constructively, enhancing the forward total field,
or destructively reducing the forward total field. Therefore, a radar shadow may
be cast behind the wind turbine as viewed from the transmitter. However, because
of the wave nature of electromagnetic radiation this shadow region is not
completely “black”. The shadow cast by the wind turbines will not be completely
“black” because the wind turbine does not obscure the whole width of the first
Fresnel zone. The field that is scattered into the shadow region is not large enough to
completely cancel the direct field.

Radar

13. The issues for radar are the visibility of the turbines, the detection of vessels
within the wind farm and the possibility of false target positions within the wind
farm.

14. Many large vessels that operate in the Solway Firth will have their own tracking
radar. These will be typical marine radar which operate either at 3GHz or 9GHz.
Since these vessels are mobile the distance from the radar to the wind farm will
vary. The down-range resolution does not depend on distance. The cross-range
resolution is proportional to distance.

15. A typical marine radar in wide use is the Raytheon Pathfinder X-band surveillance
radar. It operates at 9.41GHz in horizontal polarisation and is used to track the
movements of vessels in its surrounding area. The antenna is 12ft long. The radar
has a horizontal beam width of 0.65 degrees and the cross-range resolution at a
distance of 10km is approximately 115m. It can give radar coverage up to a
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distance of 50km. The radar can operate with pulse lengths of 0.06s, 0.25s, 0.5s
or 1s and results in down-range resolutions of 9m, 37.5m, 77m or 150m
respectively. The distance a vessel would need to be from the wind farm for the
cross-range resolution to equal the minimum separation of the turbines (450m) is
40km. At such a range it would be difficult to resolve vessels inside the wind
farm. However, as the vessel with the radar gets closer to the wind farm the cross-
range resolution would decrease and make it easier to resolve craft inside the wind
farm.

16. Using a simplified turbine blade model the maximum specular radar cross section,
RCS, from a turbine blade is calculated to have a value of 45dBsm. This value of
RCS is what would be typically seen with very large vessels, such as a Royal
Navy Type 42 Destroyer. So a marine radar, such as the Raytheon Pathfinder, will
detect strong echoes from the turbine blades.

17. The radar signal will fluctuate due to the rotation of the turbine blades. The radar
may detect a strong reflection from certain turbines on one particular pass and
another strong reflection from a different set of turbines on the next pass. This is
because the RCS of the turbines changes with the blade orientation. On each radar
sweep pulses of energy from the radar are reflected from a turbine. On the next
sweep the blade orientation is likely to have changed and so the reflected signal
will be different. Therefore, the radar is likely to see fluctuations in the echo
returns with only a few turbines visible on the radar display during any one sweep.
The radar display will be configured to have a persistence on the screen and
should result in all the turbines being visible to the radar and displayed to the
radar operator. This has been observed in other work carried out by QinetiQ. For
example, on the radar display at RNAS Culdrose in Cornwall. The above will also
be true for ship based radar used in the Solway Firth area.

18. It is possible that radar sidelobe reflections could lead to the identification of
scatterers (vessels) with false positions. The turbines being considered have very
large RCS and it is possible that the energy that originates from the radar’s
sidelobes will undergo a reflection from a turbine. This reflected energy might
then be detected by the radar receiver. The magnitude of this scattered energy
could be above the detection threshold level of the radar because of the large RCS
of the turbines. All signals above the threshold are assumed to have originated
from energy in the main beam. Therefore, it will appear on the radar operator’s
display indicating that there is a scatterer in the direction of the main beam,
whereas in fact the reflection originated from the direction of one of the radar
sidelobes.

19. An exact treatment of sidelobe scattering depends on the type of radar being used.
By way of an example I illustrate sidelobe scattering using the Raytheon
Pathfinder radar. This has azimuthal sidelobes within 10 degrees of the main beam
which are 30dB below the level of the main beam. Therefore, the signal strength
of a specular reflection coming in to the radar through one of the radar’s sidelobes
will be 60dB below a similar specular reflection coming in through the main
beam. Consequently, any signal originating from sidelobe reflections will be much
weaker than those obtained from the main beam.
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20. The final topic for consideration in this section is the effect of turbine shadowing
on radar operation. In the previous section we said that the field that is scattered
into the shadow region is not large enough to completely cancel the direct field. So
when a radar views a target directly behind a turbine the forward scattered field only
partially cancels the direct field. The extent of the shadow and the depth of the
shadow depend on a number of parameters, for example the radar frequency, the
antenna size, the size of the blockage and the range to the turbine. The reduced field
that occurs in the shadow region behind the turbine illuminates the target this is
reflected back towards the radar and undergoes a further reduction in intensity. A
substantial reduction in echo strength will occur close to the turbine. By way of an
example, the reduction in echo may be a factor of  10 at 2 km behind the turbine.
However, the azimuthal extent of the shadow is narrow, about 10 meters. For large
vessels it is likely that not all the vessel will be in shadow and so enough energy will
be scattered back to the radar to permit detection. For small vessels it is possible that
they will be in deep shadow and not detectable. However, as at least one of the
vessels will be moving the shadow area positions will change and so it should be
possible to detect vessels in the wind farm.

VHF communication

21. The issue for VHF communication is the electromagnetic shadow effect of the
turbines causing potential blind spots inside the wind farm.

22. Information was obtained from Liverpool Coastguard on the maritime VHF
communications channels operating in the Solway Firth. The radio substation at
Caldbeck covers all of the Solway Firth area and the information gathered there is
relayed to Liverpool Coastguard by landline. The marine communications band
spans 156MHz to 162MHz. A variety of analogue and digitally modulated signals
are received at the substation. Two private channels are used by the Coastguard
and nine public channels are used for distress, safety and calling services (DSC).
Two of the public channels are allocated to automatic ship identification and
surveillance and there are some other channels that can be used for on-board
communications and for those engaged in co-ordinated search and rescue
operations. All these systems operate in the 156-162MHz band.

23. The Caldbeck receiving antennas are low gain folded half-wave dipole antennas.
This means that there is wide angular coverage, 270 degrees, with a hole in
coverage on the landward side. For ship transmissions in the VHF communication
band, the shadowing effect is the main issue. There will be some impact from
electromagnetic shadows cast by the turbine structures but it will be less than for
the radar systems as the communication wavelengths are longer at VHF
frequencies. This will affect ships operating within the wind farm and there is
likely to be a drop in signal strength when the transmitting system is close to a
turbine. However, there is a separation distance between the turbine and the vessel
beyond which the VHF signal from the vessel’s transmitter would not be
impaired. Taking a conservative approach, we estimate this minimum separation
distance as no more than 150 metres. Additional calculations are being performed
to verify this.
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GPS

24. The issue for GPS is the operation of GPS in the vicinity of the wind farm and in
particular the effect of multiple scattering of the satellite signals within the wind
farm from the turbines, which may give rise to false determination of position.

25. The Global Positioning System (GPS) allows the user to find his position to an
accuracy of some tens of metres, by reference to the positions of a set of satellites
in orbit around the earth. There are 24 satellites in total; of these typically 8 will
be visible to the user at any one time. The satellites transmit information at a
carrier frequency of 1.57542 GHz (a wavelength about 19 cm). The satellites
broadcast three types of information, by different modulations of the carrier
frequency. The three types of information are the Navigation Message, the Coarse
Acquisition Messsage and the Precise Code.

26. The Navigation Message contains information on the satellite’s orbit parameters,
corrections to its clock, and other system parameters. These data are transmitted at
50 bits (one or zero) every second, and the total message contains 1500 bits. It
takes 30 seconds to receive the complete message. In order to operate correctly,
the GPS receiver needs to have this information from at least four satellites. When
a GPS receiver is started up, it will take at least 2 minutes for this information to
be collected from the four satellites. Once the information has been collected it
changes very slowly. It is considered valid for several hours before changes
become significant. Therefore, for a continuously operating GPS receiver, it does
not matter much if some of the navigation messages are corrupted by interference,
as there will be more opportunities to receive the updated information before it
becomes seriously out of date.

27. The Coarse Acquisition Message consists of a repeated sequence of 1023 bits,
transmitted at a rate of about 1 Mbit per second. Thus the sequence is repeated at
intervals of about 1 millisecond. The sequence of bits is fixed but different for
each satellite. The GPS receiver generates its own sequence of bits according to
the fixed sequences. It then applies various time delays to these sequences and
compares the results to the sequences being received. When a match is found, the
GPS receiver (a) knows which satellite is being received, and (b) knows the time
delay from when the satellite transmits the sequence and it being received at the
GPS receiver. Since the signals travel at the known speed of light, this gives the
receiver distance from the satellite. The 1 MHz bit rate corresponds to an error of
about 300 metres in range.

28. Since it involves comparing the whole sequence of 1023 bits the comparison
process is very robust against interference. If a few of these bits are corrupted,
either from interference or from electrical noise, which is always present, it only
slightly reduces the correlation found for the correct time delay, but does not
destroy it. It will still be clear which is the correct time delay, unless the
interference is very severe. This comparison process can be repeated many times
per second, and so even if one measurement were to be corrupted, there is another
opportunity very quickly afterwards to obtain the correct sequence.
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29. The Precise Code is a very long sequence of bits transmitted at a frequency of
about 10Mbits per second. This is compared to a sequence of bits generated within
the GPS receiver with various time delays. From the Coarse Acquisition Message
the receiver already knows roughly what delay to expect. This gives a more
precise estimate of the time delay in transmission from the satellite, and hence the
distance to it. The higher bit rate corresponds to an error of about 30m in range.
For the same reasons that the Coarse Acquisition Message process is robust this
process for the Precise Code is robust against interference.

30. In this way, the GPS receiver obtains its distance from three satellites. This
information is sufficient to calculate the position of the receiver in latitude,
longitude, and height, which is then displayed to the user. Typically, a minimum
of six satellites will be visible at any one time, and they will be sufficiently far
above the horizon for good signal reception. By checking the consistency of these
distances with its estimated position, it can discover and correct any error in its
own internal clock, and also eliminate any signals that are corrupt. Erroneous
positions can also be rejected if they are implausible, e.g. not at a reasonable
height from the surface of the earth, or at a great distance from the previous
position.

31. The basic GPS system is robust against interference as long as the receiver has a
clear view of the sky in most directions. This is likely to be satisfied for a ship in
the open sea. In this respect maritime use is less problematic than use on land.

32. GPS operation has been described and it was shown how GPS is robust to
interference in the open seas areas. The possible interference of GPS systems
arises from multipath and multiple scattering of the satellite signals. This will
occur when the GPS receiver attempts to operate in the vicinity of the wind farm.
From electromagnetic analyses that we have carried out for other offshore wind
farms we expect that GPS operation would only be adversely affected if it were
less than 70m from a turbine.

33. The accuracy of the standard GPS is limited to some tens of metres because of
uncontrollable errors in its operation, e.g. variation in the properties of the
atmosphere, which slightly change the time that signals take to travel from the
satellites to the GPS receiver. For some purposes it is desirable to provide greater
position accuracy, for example in guiding a ship into port. This is achieved by
applying differential corrections and is referred to as DGPS. Since no DGPS use
has been identified for this area I will not consider this further.

Conclusions on radar, VHF communication and GPS issues

34. The effects on radar, communications and GPS associated with shadowing require
some further consideration. Some calculations specific to the Robin Rigg wind
farm proposed for the Solway Firth area need to be carried out. These will be
carried out prior to the Committee meeting scheduled for the 24 February 2003.
But before these calculations are completed I think it would be helpful to draw
some general conclusions. These conclusions are based on our experience of
analysing the electromagnetic impact of other offshore wind farms.
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35. Wind turbines of the size to be installed at Robin Rigg have very large values of
RCS and will be highly visible to radar systems approaching the wind farm.
Consequently, this will enable vessels to identify the locations of the turbines
when approaching in bad weather and poor visibility.

36. Such large scatterers will introduce electromagnetic shadows in the vicinity of the
turbines. This shadow will not be completely black and will have a limited extent.
It should be possible to detect vessels in the wind farm area. For large vessels it is
likely that not all the vessel will be in shadow and so enough energy will be
scattered back to the radar to permit detection. The detection of some smaller
vessels close to the turbines may be compromised. . For small vessels it is possible
that they will be in deep shadow and not detectable. However, as at least one of
the vessels will be moving the shadow area positions will change and so it should
be possible to detect vessels in the wind farm.   This is to be analysed further and
will be reported to the Committee at the meeting on 24 February 2003.

37. For the VHF communication band 156-162MHz the shadowing effects are to be
determined by further analysis. Although there will be some impact it will be less
than for the radar systems as the communication wavelengths are longer at VHF
frequencies. There is likely to be a drop in signal strength when the transmitting
system is close to a turbine. For a vessel transmitting from within the wind farm
the shadow effect will occur when the line of sight from the transmitter to the
receiver is blocked by a turbine structure. However, there is a separation distance
between the turbine and transmitter beyond which the VHF signal would not be
impaired.  Taking a conservative approach, we estimate this minimum separation
distance as no more than 150 metres.  Additional calculations are being performed
to verify this.

38. GPS operation has been described and it was shown how GPS is robust to
interference in the open seas areas. The possible interference on GPS systems
arises when the GPS receiver attempts to operate in the vicinity of the wind farm.
From electromagnetic analyses that we have carried out for other offshore wind
farms we expect that GPS operation would only be adversely affected if it were
less than 70m from a turbine.

39. In conclusion, the radar and communication systems used in the Robin Rigg area of
the Solway Firth should operate with minimal degradation in the presence of the
wind farm.
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GLOSSARY

AIS Automatic Ship Identification System
bits a binary digit 0 or 1 used in digital computers and

communications
dBsm a logarithmic measure of radar target signal strength – decibels

relative to a square metre
DGPS Differential Global Positioning System
DTI Department of Trade and Industry
FMRAAM Future Medium Range Air to Air Missile
FOAS Future Offensive Aircraft System (the Tornado replacement)
Framework R&D The European Commission’s R&D Framework Programmes e.g.

Framework IV, Framework V, framework VI
Fresnel zone A wave construction method of Augustin Fresnel for analysing

diffraction phenomena using the Huygens wavelet principle
GHz GigaHertz – 1 billion cycles per second
GPS Global Positioning System
Hz Hertz – 1 cycle per second
IWG Integrated Working Group
Mbits Megabits
MCA Maritime Coastguard Agency
MHz MegaHertz – 1 million cycles per second
Mmwave Millimetric wavelengths – 30 GHz to 300 GHz
Multipath Refers to electromagnetic radiation originating from indirect

scattering directions which can cause interference with energy in
the main beam of the antenna.

NATO North Atlantic Treaty Organisation
PAAMS Principal Anti-Air Missile Systems -  the main weapon system

of the Franco-Italian Horizon-class air-defence frigates and the
UK's Type 45 destroyers.

Polarisation Usually defined with respect to the orientation of the electric
field component of an electromagnetic wave in the direction of
maximum radiation.

Racon A radio beacon is a transponder device that senses an
interrogating microwave beam and responds with identification
and timing data to give ships range and bearing information

RCS Radar Cross Section - is the area intercepting that amount of
power which, when scattered equally in all directions, produces
an echo at the radar equal to that from the target.

RNAS Royal Naval Air Station
Sidelobes For antennas not all radiation is confined to the main beam.

There are subsidiary beams, referred to as sidelobes and usually
of lower intensity, that are manifest in directions other than the
main beam direction.

Specular Refers to electromagnetic reflections that are mirror-like.
TDP Technology Demonstrator Programme
VHF The frequency band 30 MHz to 300 MHz
X-band The radar band 8 GHz to 12.5 GHz
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 SOLWAY SHELL-FISHERMEN’S ASSOCIATION

07/02/03

Dear Mr. Cullum,

I am writing on behalf of the Solway Shell-Fishermen’s Association to inform you that

compensation arrangements have now been agreed with the Promoters which satisfactorily

address all our concerns about the Bill, both in respect of the construction and the operation of

the wind farm.  We therefore withdraw our objection to the Bill.

In the circumstances, unless the Committee wishes to hear from us, we would not propose to

appear and give evidence at the hearing of the Committee on 24th February.

Yours truly,

Alan

W A Ray, Chairman

Solway Shell Fishermen’s Association
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1 Introduction

Personal details

1.1 My name is Jeremy Martyn Eardley.  I am a member of staff at the Royal
Yachting Association, which is the UK Governing Body for sailing and
powerboating, and the representative organisation for recreational boating in
the United Kingdom.  Throughout this matter I have worked closely with my
colleagues at RYA Scotland.

1.2 Since qualifying as a solicitor in 1979 I have worked both in the private and
public sectors.  I have worked in the Legal and Government Affairs
Department at RYA since September 1988.  Prior to that date I was the
manager of a solicitor’s practice.

1.3 I also have seven years’ industrial experience as a design and commissioning
engineer.

1.4 I have Bachelor of Science (Hons) (Engineering) and Bachelor of Laws
(Hons) degrees.

1.5 I have about forty five years small boats experience of various kinds, and have
been a active sailor for the past twenty two years.   Most of this sailing
experience has been gained exploring the west coast of Scotland, and also the
northern and north eastern coasts, including Orkney and Shetland.  I have not
sailed in the Solway Firth, but that is an omission I intend to remedy.

Policy background

1.6 The Committee will be aware, from the evidence I gave at the Preliminary
Stage, what RYA’s general policy is on the development of wind farms in UK
coastal waters.  That policy has not changed since November last.  We accept
that wind farms will be built around the coast, and we also accept that it is our
responsibility to help our sector cope with the navigational risks they create.
We intend to continue closely to monitor individual developments, both by
informal liaison with developers and by responding to consent applications,
pointing out where we think designs pose an unacceptable risk to leisure
navigation and should be changed to remove or reduce that risk.  That is the
spirit in which we have made technical objections to the present Bill.

1.7 This policy is based on the principle that the right of navigation is an
important right, which should only be extinguished where absolutely
necessary, and then only to the minimum extent needed to enable works
occupying the sea bed to be built and operated effectively.  The onus of proof
of that need remains throughout firmly on whoever asserts it, which in this
instance is the Robin Rigg Offshore Wind Farm Bill applicant.

1.8 This evidence follows the form of our original objection lodged in August last,
 ie it deals with the topics of
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- navigational exclusion zones
- rotor blade clearance
- dereliction

in that order.

2 Exclusion Zones

2.1 The following italicised section reproduces that part of our original objection
which explained our view on Clause 5 and Schedule 2 of the draft Bill, which
relate to exclusion zones.

Exclusion zones for navigation and anchoring

2.2 Clause 5 and Schedule 2 of the Bill state the proposals for exclusion zones

- during the construction phase
- during the operational phase.

The following comments apply only to pleasure craft navigation; we are not
commenting on whether there is a need to exclude fishing operations.

Construction phase

2.3 Paragraph 20 of the Explanatory Notes to the Bill says

‘The purpose of the construction exclusion zone is to address the hazard to
mariners and to those constructing the works which would result from
unauthorised persons navigating the area where construction vessels and
equipment are being mobilised or used.’

2.4 The proposal provides for the possibility of a smaller zone to be introduced
around a ‘first-stage’ construction area if the work is done in two stages, but
nevertheless gives power to declare an exclusion zone which would extend
around the whole of the wind farm area, with a perimeter approximately 350
metres beyond the outermost structures.

2.5 By comparison with many other parts of the coast (including some areas
where wind farms are proposed) the area to be occupied by the turbine array
is very lightly used for navigation .  On the basis of the information provided
by the developer1 we are not convinced that a construction exclusion zone of
this extent, or indeed any extent, is needed.

2.6 Each year a number of marine works are authorised which involve the use of
stationary exploration, drilling, dredging or similar vessels, together with

                                                
1  The papers accompanying the Private Bill, the Environmental Statement, and the Navigation Risk
Assessment



RR/03/1/13

4

associated support and service vessels.  Some of these works take place in
busy shipping areas, such as in the mid part of the English Channel.  In
general, these works are carried on without reliance on exclusion zones, and
with no record of accidents or incidents that gives rise to concern.  The works
are notified by Notices To Mariners (NTM), and the vessels involved are
marked and lit in the conventional way.

2.7 For many years coastal military firing ranges have been operated on the
principle that vessels have a right to transit the range, but that notice of times
of exercises are given in advance through the usual channels of
communication, and that recreational craft will avoid the working area at
these times.  A patrol vessel is kept on duty to request vessels in the vicinity to
keep clear.  Yachtsmen are familiar with this system, which is clearly
explained in nautical almanacs, and it operates without the need for formal
exclusion zones.  Such a firing practice area (marked on charts) occupies a
substantial part of the north west side of the outer Firth.

2.8 Some of the wind farm developers seeking consents in the current round of
proposals have stated that they will not be seeking exclusion zones for either
the construction or operational phases of their projects.  All these projects are
very similar, both operationally, and in the works needed to establish the sites.
It is unclear why one developer should assert the need to exclude vessels from
a large sea area in which construction is taking place, while another does not.

2.9 Irrespective of whether or not a formal exclusion zone is in existence, the only
practicable means of promulgating information about the need to keep clear
of the construction site would be via Notices to Mariners (NTM) and
equivalent informal notices distributed to organisations (such as clubs,
marinas and harbour authorities) who provide navigational information for
local users.  It is impractical to ring the site with Keep Out signs.  In our view,
an explanatory notice giving the location of current works, description of the
vessels engaged, signals used, and any other relevant information, would
provide the navigator with all that is needed to ensure that a recreational
vessel keeps a safe distance from construction work in progress.  As with all
such decisions, what is a safe distance is then a matter of judgement for the
skipper of the vessel in the particular prevailing circumstances that apply to
that vessel.

2.10 Creation of a formal exclusion zone adds further complications to an already
complex development project.  The enforcement of most offences based on
zonation is problematic, unless the defined area (say, within a harbour) is
easily marked, and capable of being patrolled by officials with the necessary
experience who can be deployed to do such work as part of their duties.
Developers’ consultants have concluded2 that the risk of merchant vessel
collision is negligible, but have not specifically analysed risks during the
construction operations caused by the presence of small vessels using the site
area.  In view of the relatively small numbers of such craft, and the likelihood
that most will have local knowledge, in our view the effort, expense and

                                                
2 Navigation Risk Assessment, paras 3.7.1, 3.7.3
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uncertainty that would be involved in maintaining a formal exclusion zone is
likely to be greater than the benefits it would bring.  It seems to us that all the
safety benefits that an exclusion zone could realistically be expected to
achieve would be more easily achieved by a carefully designed and consulted
system of national and local Notices to Mariners.

Operational phase

2.11 Para 20 of the Explanatory Notes goes on to say

‘The purpose of the permanent 50-metre exclusion of navigation is to prevent
collisions between vessels and the wind farm structures’

2.12 Oil and gas production rigs maintain navigation exclusion zones.  However,
these are active operational centres, handling large quantities of highly
flammable or explosive substances, with many personnel on site and exposed
to risk.  They are mostly located well offshore and liable to be passed by
commercial shipping of all sizes. In the event of a marine accident there is a
substantial pollution risk.  By contrast, the present series of wind farm
developments are, except for repair and maintenance work, unmanned, do not
handle substances liable to cause injury or pollution, and are located well
away from major shipping routes.  In our view, therefore, there is no
comparison between the need for exclusion zones for these two types of
development.

2.13 So far as small vessels are concerned, their skippers are familiar with the
presence of permanent isolated features in otherwise navigable areas of the
sea; such as rocks (marked or unmarked), fixed beacons, moored navigational
aids, and other engineered operational structures.

2.14 Navigation includes making a series of judgements about how the presence of
such features should be taken into account during an offshore passage.  In
some instances it would be prudent to pass such a feature at a considerable
distance; in other cases the object can safely be passed close-to.  Wind farm
arrays will be a new type of marine feature; larger, but in principle no
different to any other which needs to be accommodated in a passage plan.

2.15 A 50 metre exclusion zone would not in itself prevent a collision with a turbine
tower.  All it could do would be to deter what might otherwise be a deliberate
attempt to navigate a vessel into close proximity.

2.16 A wind turbine monopile tower will, at sea level, consist of a steel cylinder
about eighteen feet in diameter with walls three inches thick.  About eighty feet
above the sea there will revolve a rotor blade three hundred and thirty feet in
diameter.  We think it extremely unlikely that the skipper of a vessel of such a
size as would be capable of inflicting damage to such a substantial structure
would deliberately choose to take the vessel close to it.

2.17 In our view the most serious risk of collision with a turbine tower is that of a
vessel being driven out of control into the array in heavy weather, as a
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consequence of steering, rig or machinery failure, error of navigation, very
bad visibility or strong tides, or a combination of these events.  If the vessel is
large, there might be damage to the tower; if small then damage to the vessel
would probably be serious, possibly fatal, but significant damage to the
structure would be unlikely.  In either case the existence of an exclusion zone
is irrelevant, because external circumstances, rather than navigational
decision, dictate the outcome.

2.18 As with all penal legislation, there is no point in introducing it unless the
managing authority intends to enforce it in a predictable, consistent and
equitable way.  The comments made above about the difficulties of doing so
for a construction zone also apply to an operational zone, but with the added
difficulty that there will be no staff normally present at the site to take
enforcement action.

2.19 We therefore take the view that both kinds of exclusion zone are unnecessary
and impractical, and that local navigational safety at the site can be achieved
by the usual informal and semi-formal system of information and Notices.

Anchoring

2.20 Although the legal right to navigate in tidal waters includes that of anchoring
in the course of that navigation, such is the need to do work or place objects
or cabling on the sea bed that there is a need to modify that right in certain
defined places, to protect both the works and the safety of anchoring vessels.
Charts therefore show areas where anchoring is prohibited.

2.21 On some parts of the coast, anchoring by small vessels (even well offshore,
amongst banks) is a traditional practice, and accepted as good seamanship;
for example, when taking shelter, or waiting out a tide.  It is possible that such
practices might conflict with proposals to locate wind farms and their
associated works and cabling.  However, on the basis of the advice given by
local users of the Robin Rigg area of the Firth, we do not think that this
applies (other than in an emergency) to the area contained within the co-
ordinates defining the anchorage exclusion area given in Schedule 3 of the
Bill, and shown diagramatically in Figure 3 of the Navigational Assessment.
We therefore do not object to such part of Clause 5(1)(b) of the Bill as applies
to anchoring.

2.22 Our position on exclusion zones remains basically as set out above.  There
should be no assumption in favour of the exclusion of navigation from any
part of tidal waters unless an applicant has made a convincing case for this.  If
significant doubt remains as to whether this onus has been discharged then this
part of the application should fail.

2.23 Since we lodged these objections in August last year a number of other
development applications have been made.  We have had the opportunity of
discussing the subject with the present applicant, with other wind farm
developers and their professional advisers, and with others whose views are
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relevant.  I would therefore like to make some additional points, and modify
slightly what we said in our original objection.

2.24 Our attention has been drawn to the guidance leaflet ‘Safety zones around
offshore oil and gas installations in waters around the UK’ issued by the
Health and Safety Executive in October 1995.  It can be accessed at
http:www.hse.gov.uk/pubns/indg189.htm.  In my view the contents of this
advice, which include why oil and gas installations may be vulnerable to
collision with ships and fishing vessels, are consistent with our argument
against the need for such zones for inshore wind farms.  To illustrate this point
I attach a photograph3 of a North sea gas installation (the Miller platform),
which shows the complexity of the rig and indicates why special measures are
used to prevent big ship collisions and entanglement with fishing vessels.

2.25 We pointed out that although the applicant’s consultants had analysed the risk
of merchant vessel collision that analysis did not include the risks, either
during the construction or the operational phases, of leisure craft collision.
This work is now being done 4, but at the time of preparing this precognition it
is not available to us.

2.26 In its explanatory notes to the draft Bill the applicant stated that the purpose of
the construction zone is to deal with hazards, and that of the operational zone
is to prevent collisions.  The applicant has subsequently added a second
reason, which is to prevent nuisance users5.  In our objection we addressed the
issue of safety;  with regard to the risk of nuisance our comments are these.

2.27 First, there is no experience of operating wind farms in the UK, so a
suggestion that leisure craft users will, either deliberately or through
ignorance, become a nuisance to the builders, is a speculation.  We admit that
any view we have on this is also a speculation, but nevertheless we think it
most unlikely that yachtsmen using the Firth will want to treat the building
area as a place to dally at, and even those that might pause to have a look at
what is going on are unlikely to approach so close at to constitute a nuisance
to safe operations.  Even more unlikely is the scenario in which such a close
observer refuses to heed the advice of a constructor’s patrol vessel to keep a
safe distance off, but instead wilfully persists in holding up the progress of the
works.

2.28 Second, there was some discussion at the Preliminary Stage hearing about
whether the antics of personal watercraft users illustrated the kind of leisure
craft nuisance risk that justified imposing such a zone.  A few users of such
craft do flout sea safety rules and accepted good practice in an outrageous
way, but in my view it would be as difficult to catch and successfully
prosecute them after breach of an offshore exclusion zone as it has, to the
chagrin of some harbour authorities, proved to be in relation to incidents
taking place closer to the shore.  Several years ago, with the help of colleagues

                                                
3 Guardian newspaper, February 7 2003 (attached to the electronic version of this document as a
separate jpg file)
4 minute of the timetabling meeting, 31 January 2003, paragraph 7
5 minute of timetabling meeting, 31 January, paragraph 14
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in the British Marine Federation and partners from local and harbour
authorities I wrote a personal watercraft management guide for coastal
authorities6.   In case the subject is aired again at Consideration Stage I have
circulated copies of this publication.  However, my personal view is that the
topic is de minimis to the application.

2.29 Third, the applicant has expressed its concern that wind farm construction
might become held up by the deliberately orchestrated action of protestors
who, for whatever reasons, object so strongly to the building of the farm that
they would adopt direct action tactics to stop or delay the works, or simply to
attract attention to their views.

2.30 I have no reason to suspect that anyone in the yachting community would take
such action, and I would be astonished if they attempted to do so.

2.31 The applicant feels that, for exclusion zones to be effective, it needs to be able
convincingly to threaten the prosecution of those who appear intent on
breaching them.  It seems to me that the experience of infrastructure
construction direct action protests is precisely that protestors wish to make
transgression of the law a central feature of their action; so a threat to
prosecute would have no deterrent effect at all.  The subsequent legal
proceedings would simply give the protestors an additional theatre in which to
make their views public.  The experience of the Skye bridge protests might be
an instructive example here.

2.32 It may be worth noting that the organisation which has skilfully cornered the
market, so to speak, in marine direct action is heavily committed in favour of
wind farm development7.

2.33 In summary then, while we are sympathetic to the applicant’s concern about
the impact that disruption would have to the construction programme, we
know of no indications that such disruption is likely to happen.

2.34 In our objection we pointed out that wind farm developers were taking
different views about the need for exclusion zones.  A number of new
applications have since been made, and as we understand the position, the tally
now looks like this:

                                                
6 ‘Managing Personal Watercraft’  (1998)
7 see www.greenpeace.org.uk/contentlookup/
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   Project Construction Operation

   Robin Rigg          a          a

   Barrow           x           x

   Shell Flat           a          a

   Burbo           a           x

   North Hoyle            x           x

   Rhyl            x           x

   Scarweather Sands           a          a

   Kentish Flats           a          a

   Gunfleet           a           x

   Norfolk           a          a

   Lynn           a          a

   Inner Dowsing           a          a

   Teeside not yet app for not yet app for

2.35 This variation in policy between developers intending to build substantially
similar works, using much the same construction techniques, is a further factor
making less convincing an applicant’s argument for needing such zones.

2.36 For the reasons given above we see no need for zoning to carry criminal
penalties simply in order to warn sea users of the need to keep clear of the
area, so as to reduce the risk of collision.  We repeat our view that the most
likely collision incident will be that which follows breakdown or loss of
control, bad weather conditions, error of navigation, or similar mischance,
rather than deliberate action.  The offence Clause in the Bill excludes liability
in such accidental circumstances.

2.37 However we do agree that it is necessary to ensure that vessels other than
those engaged in the construction process,  particularly the potentially
hazardous business of erecting the monopile steelwork, turbine nascelles, and
the rotor blade into position, should  keep well clear of the working area.  We
have no problem with taking appropriate measures to warn sea users to keep
well clear.  We are glad that the applicant  has stressed that such areas ‘to be
avoided’ need not cover the whole of that specified in Schedule 2 to the draft
Bill, but rather will be patches of the wider area, notified as work on the site
progresses.  We agree with that suggestion, which is sensible and practical.
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Our difficulty is with the notion that such moving areas can be made subject to
criminal sanctions against those who failed to comply.  We realise that the
applicant has said it is not its intention to use the criminal law unless a sea user
failed to heed a warning, but with respect this misses the fundamental
legislative principle that sanctions carrying criminal penalties ought to be
clear, capable of being brought to the notice of those whom they will affect,
and consistently and equitably enforced.  The essentially administrative
process which the applicant envisages, which in practical terms is sensible and
unobjectionable, does not meet these criteria.

2.38 We have an alternative suggestion which may meet the applicant’s wish to
have some criminal sanction available to prevent obstruction or misuse of the
works.  Several of the other developers applying for consent via the Transport
and Works Order route have included in their draft Orders a penal clause in
the following form:

Obstruction and misuse of authorised works

2.39 Any person who without lawful authority or reasonable excuse –

(a) obstructs another person from constructing or maintaining any of the
            authorised works;

(b) makes fast to any part of any authorised work;
(c) in any other way interferes with any of the authorised works or their

operation

shall be guilty of an offence and shall be liable on summary conviction to a
fine not exceeding level 3 on the standard scale.

2.40 This in effect creates an offence of criminal trespass to the works (by contrast
to  criminal damage, which is already an offence under the general law).

2.41 Our organisation does not have a policy on the creation of such offences, other
than the obvious one of not supporting behaviour which would constitute such
an offence.  My personal view is that it is not self-evident that a developer of
offshore works is entitled to the benefit of special criminal sanctions not
normally available to commercial organisations working onshore.  However, if
a developer can make a convincing case for it then this kind of provision is
preferable, as a means of dealing with deliberate disruption, to that of making
criminal the use of nearby waters, irrespective of whether obstruction or
interference has been caused.

3 Rotor clearance height

3.1 The argument set out in our original objection to the Bill remains our basic
position on this topic.  Again, for convenience, I reproduce this in the
italicised extract below:
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Turbine rotor clearance

3.2 Various parts of the developers’ application8 and associated navigational risk
assessment9 deal with turbine clearances.  However, as stated in paragraph
12 of the Explanatory Notes to the Bill, the limits of design flexibility permitted
by the Bill would be subject to the criterion in Clause 1(2) that there shall be a
minimum distance of 25 metres between the lowest point of the rotating blades
and the level of mean high water springs.

3.3 We approach the important topic of clearance heights in the following way.
An offshore wind farm turbine array is a set of wholly artificial structures
placed, self-evidently, so as to be an obstruction to navigation, for commercial
and political reasons which, albeit attracting widespread public support, have
no maritime purpose or function.  If, for socio-economic and wider political
reasons, navigation has to accommodate to the presence of such structures
then they should be built in such a way as to minimise costs to commercial
vessels, inconvenience and loss of amenity to pleasure craft users, and – of
most importance – create no foreseeable risks to life or property.

3.4 Our view, which we think is becoming accepted by developers generally, is
that there is a small but not negligible risk that a sailing vessel might be
driven into the area of an array by one or more of the circumstances referred
to above; ie as a consequence of steering, rig or other mechanical failure,
error of navigation, or during very bad visibility, perhaps aggravated by
strong tides.  The likelihood of such an event is probably greater in heavy
weather, and the ability of a crew to react effectively would be reduced in such
conditions.

3.5 A ‘simple’ collision with a turbine structure might well, depending on the size
and strength of the vessel, be survivable.  (A monopile structure would seem to
present less of a collision damage risk than a multi-pile foundation).  Given
the presence of the wind farm, such a ‘passive’ collision risk has to be
accepted, and reduced as far as possible by effective marking and lighting so
as to give crews the maximum time to take some kind of avoiding or damage
limitation action.

3.6 A rotor collision, in which the rotor entangles with the sailing vessel’s mast or
rigging, would be a catastrophic incident. In addition to collision between the
vessel and the tower, dismasting would be likely, and would be inevitable with
a conventional masthead rig in which the main standing rigging is fastened to
the top of the mast.  Depending on the size and mass of the rig, the rotor itself
might fracture and fall onto the casualty.  The structural integrity of the vessel
would be endangered, with serious personal injury a likely outcome, and
fatalities very possible.  In short, such an event would be a totally
unacceptable risk.

                                                
8 eg  Figs 4.6.2, 4.6.3 and 4.7.1 and text at para 4.6 in the ES; the diagram at Annex C in the Coast
Protection Act application; and section 6 in the Non-Technical Summary
9 para 5.4
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3.7 Such an event could foreseeably only happen to a large sailing vessel whose
mast height is of the order of the minimum clearance stipulated in the Bill.  We
accept that it is unrealistic for developers to be required to design turbine
structures so as to give rotor clearance greater than the heights of all sailing
vessels which navigate in UK waters.  Some of these, chiefly ‘Tall Ships’ of
traditional design, have rigs well in excess of this minimum.  So do a small
number of very large yachts of contemporary or recent historical design.
What is a sensible and realistic mast height to design for is therefore a matter
of judgement.  In our view, the largest sailing craft likely to regularly plan
passages in the relatively lightly used waters in which most of the current
batch of developments ( including the Robin Rigg farm) are planned will be
the sea training vessels.  These vary considerably in type, design and rig, but a
typical boat would be of the order of 22m in length, with an air draught of
about 22m.    However, this is a conservative estimate, and assumes a
traditional or other low aspect rig.  Sailing boats of more modern design, with
higher aspect rigs, will have proportionately much higher masts.

3.8 Therefore, although it is impossible to be precise, we have in our
representations on wind farm developments used this figure of 22m air
draught as the minimum clearance height that should be available in all
foreseeable sea conditions.

3.9 Clause 1(2) cites 25m clearance between the rotor tip and sea level at mean
high water spring tides.  That assumes still water.  The diagram at Annex C to
the Coast Protection Act application provides data from which can be
calculated the reduction in clearance that would occur in the worst
foreseeable weather conditions.  This is 6.8m, reducing clearance in these
condition to 18.2m, or fractionally under sixty feet.  On a yacht of modern
design, an air draught of sixty feet would be typical of a hull of between thirty
eight and forty feet, which is not a particularly large sailing boat.  There are
many boats of this size cruising in UK waters.

3.10 We therefore reach the conclusion that the present design, as reflected in
Clause 1(2) of the Bill, provides inadequate rotor tip clearance.

3.11 It should be noted that developers have placed the structure’s access and
working platform at such a height on the tower as to allow for these ‘worst-
case’ conditions ie they have taken these conditions into account when
designing for their safety of their own work force.  It therefore seems
reasonable to use the same criteria when assessing the safety of the design for
sea users of the area.

3.12 Before reviewing our present position in detail, I would like to draw the
Committee’s attention to a consultation exercise carried out in late 1998/early
1999 by consultants on behalf of UK Government, and titled ‘An Assessment
of the Environmental Effects of Offshore Wind Farms’.  We responded to this
consultation, and in our introductory comments said:



RR/03/1/13

13

3.13 ‘RYA welcomes this project as evidence of Government's intention thoroughly
to address the effects of generating electrical power by offshore wind farms.

3.14 Despite the environmental benefits of the direct conversion of wind power to
electrical power, building banks of generators on exposed inland sites has
proved to be a problematic form of development.  Putting these sites out to sea
seems likely to deal with most of the concerns related to visual and noise
impact on human beings, though these concerns will still apply to sites close
inshore.  But sites in the sea create a different range of concerns.  The
assessments carried out by this paper appear to cover the likely environmental
impacts of sea sites, but until specific proposals for wind farms are made,
much of the content of the report will remain untested.

3.15 Recreational boating is now, by numbers of boat movements, by far the largest
group of 'user' activities on the sea.  Participants in recreational boating go to
sea for enjoyment of the marine environment:  that enjoyment is capable of
being affected by the presence of large wind farms in much the same way as is
the enjoyment of the walker in the countryside.  However, by contrast to most
terrestrial interests, obstructions to navigation - particularly if placed in parts
of the sea where there is a significant number of vessel movements - can also
add to the hazards of the sea.

3.16 The safety of human life at sea is, and must remain, the predominant
interest to be protected whenever consideration is given to the construction
of works which will interfere with navigation.’

3.17 In response to a question asked about tower heights, we commented:

‘This para refers to the height of turbines being short enough to avoid
affecting air traffic.  What is not clearly stated in the report is the minimum
height above sea level of the lower part of the trajectory of a swinging
turbine blade (taking into account the rise of tide in areas where this is
significant).  The extent to which wind turbines pose a potential hazard to
small craft with tall masts, or large commercial vessels with a substantial
height of superstructure, will depend on this dimension.

It would be helpful if all consultations carried out with sea users in the
early days of wind farm development could include sufficient technical
detail on the design, construction and operation of the turbine so as to deal
with practical points of this kind’.

3.18 From our perspective this, unfortunately, did not happen.  There have from
time to time been invitations from developers to comment on ‘scoping’ papers
outlining the topics to be covered in detailed Environmental Statements, but
generally (including the case of the Robin Rigg proposal) we only became
aware of the important actual design parameters for the turbine towers at the
time the applications for consents were made.  Even then it has, in most cases,
been necessary for us specifically to request these details, as the ‘executive
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summary’ often sent with the copy of the consent application has given
insufficient detail to enable the rotor clearance height to be calculated.

3.19 There is little point now in dwelling on this point, but we mention it because,
irrespective of the outcome of the present application, we would like the
Committee to recommend that developers of other wind farms in Scotland’s
waters should at an early stage in the design process consult sea users
(including RYA Scotland) who may be affected by rotor clearance heights.

3.20 In informal discussions the present applicant has explained to us the
difficulties it would have in altering the clearance height on sea safety grounds
at this stage in the process.  We understand these concerns, and have
attempted to reach a compromise proposal that would enable the applicant and
ourselves to put a common position to the committee at Consideration.
However, at the time of preparing this Precognition we are aware that the
applicant may be drafting further changes to the Bill’s provisions on clearance
heights.  Although we have been given this information informally we have
not yet received the confirmed details.  I therefore anticipate that I will shortly
need to amend this part of my Precognition to reflect our view on whatever
changes (if any) the applicant proposes to the Bill.

3.21 In our initial objection we explained our concern about the risk of rotor strike
to the masts of larger vessels.  Although we cannot accurately specify a
clearance height that would meet our concern, it is self-evident that ‘zero’
would be extremely dangerous and completely unacceptable to all sea users,
whereas a height sufficient to clear the masts of the tallest ship whose (water)
draught permits close quarters approach to the turbines would make their
design impossibly expensive.  So, if the principle of offshore wind farms is to
be accepted, then somewhere in between these extremes there has to be, for
each site, a height which reasonably addresses the risk.

3.22 We mentioned an air draught of 22m as about the lowest that we think
reasonable, and that this clearance (to which should be added an extra half to
one metre to allow for mast-top equipment such as radio aerials) should be at
the worst state of the sea in which it is likely that a vessel in difficulties might
be borne down onto the array.

3.23 We now attach, as additional information, a simple illustration prepared by
RYA Technical Department which shows the air draught of yachts in the
current IRC fleet, calculated from rating measurements for individual boats.
As the note to the illustration explains, ‘IRC’ is a worldwide rating (or
‘handicapping’) system, which allows boats of widely different sizes and
design configurations to race on equal terms.  The details do not matter for
present purposes, but what is in our view relevant is that the IRC fleet contains
a very wide range of boats, from straightforward club cruising and cruiser-
racer designs to more specialised yachts.  The proportionate spread of number
of boats in each size category can, in our view, be applied to the generality of
recreational sailing boats used for coastal and offshore sailing in UK  waters.
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3.24 The total number of boats listed in the IRC fleet is of course very much
smaller than the total number of boats in commission.  There is no accurate
figure available for the latter, but in our view it would be reasonable to apply a
multiplier of about thirty10.

3.25 It will be seen from the graph that the numbers start to flatten out to a
proportionately low number of boats at an air draft between 20m and 25m.
This seems to me to provide additional justification for using this size of  boat
as the criterion for clearance heights.

3.26 The applicant has proposed, informally, an ‘active management system’ by
which rotor blades could be shut down quickly in the event of an emergency,
including a distress call by VHF radio from a vessel master who considered
there was an imminent collision risk eg, knowing that his boat, the air draught
of which is of the same order or greater than the rotor clearance height
indicated on the chart, is at risk of coming within strike distance of one or
more of the turbines in the array.   Unsurprisingly, one of the factors that will
influence our view of this proposal is the whether there might, as a result of
the existence of the array, or its operation, be some interference with the use of
VHF radio by such vessels, or the position-fixing ability given by GPS.  In
view of this I have had an informal discussion with staff at Qinetic,
Government’s advisor on such matters, whom the applicant has asked to
provide technical evidence on this and related topics at Consideration.  We
have indicated to the applicant that, provided such a system has a high
likelihood of reliability, we would accept this as the means of ensuring the
safety of vessels whose air draught is

- lower than, but close to, or
- above

the minimum clearance given in the Bill, adjusted for sea state conditions.
Whether we can maintain this position in the light of the applicant’s likely
proposed change to the Bill will depend on what that change is.

4 Dereliction

4.1 This topic tends to be referred to as ‘decommissioning’, but strictly speaking
that is a wider subject.  We have no objection to the arrangements being made

                                                
10 based on the British Ports Federation (1990) survey of the pleasure craft population.  This concluded
there were at that time 158,470 pleasure craft kept afloat in British harbours which were capable of
going into General Lighthouse Authorities waters (ie offshore) and using navigational aids financed by
the General Lighthouse Fund.

I have adjusted this figure downwards, on a very approximate basis, by 40% to allow for powered non-
sailing craft.
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for de-commissioning of wind farms in a planned way, by whoever may
happen to be the operator at that time.  ‘That time’ may be at the end of the
planned 25 year life span of the plant, or some sooner date.  Both are provided
for by the terms of the applicant’s draft lease with the Crown.

4.2 What has not, as far as we can see, been provided for is a situation in which
the site operator has, functionally, ceased to exist, because it has become
insolvent and has been, or is in the process of being, liquidated.  In that
situation neither the dereliction terms of Crown lease, nor terms imposed
administratively as part of the consents process, nor any obligations contained
in the Bill, could be enforced against the operator.

4.3 What would happen then is that the plant would cease to function.  If nothing
was done it would deteriorate and would, sooner or later, become a
navigational hazard.  How soon that deteriorated condition became a hazard
would depend on how well the plant had been maintained, and on other
factors.

4.4 These circumstances are of course a speculation, but they are not an idle
speculation. The impression we have from following the development of these
various wind farm proposals is that there are already indications of
undertakings being transferred from one concern to another.  From our
perspective, as interested onlookers, it seems entirely reasonable to speculate
that these operations may change hands a number of times during their
working lifetime.

4.5 The transfer of powers provisions in the Bill as introduced (Clause 6) is
typical of the power being sought in draft Orders lodged by developers in the
current round of applications.  The Clause would permit the applicant to
transfer its powers and obligations under the Bill to whom it chose, and for
that transferee to do the same, and so on.  There is no provision for scrutiny by
the Executive of the suitability or financial standing of a transferee, or of the
terms of such a transfer.

4.6 We are aware that the Crown has, as part of its preliminary assessment of bids,
carried out its own scrutiny of applicants for Crown leases.  The Crown lease
also provides for transfers of the leased interest to be subject to the Crown’s
consent.  But that is to protect the Crown’s interest as landlord, and, with
respect to the Crown, does not appear to us to be a sufficient process for
protecting against the risk this objection addresses.  Or if it is sufficient, the
process is an insufficiently open and transparent one.

4.7 Twenty five years is a long time in energy economics and energy politics.  We
are all aware of the enthusiasm for the development of renewable energy,
which at present is concentrated on wind farm technology.  But we do not
think it idle to raise the question of what would happen to all this wind farm
plant and machinery if changes to the energy economic climate – whether it be
breakthroughs in other technologies, or political developments at present
unforeseeable, or some other reason – meant that it was no longer attractive to
be in the offshore wind farm generating business.
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4.8 By raising this issue we are not calling into question the applicant’s financial
standing, commitment to the project, or corporate competence.  We have made
this objection, as we have to all the other development proposals, because
there appears to us to be a lacuna in the consenting process.  Up to now we
have had no answers. Rather, developers have addressed the different question
of what their de-commissioning obligations are.  This suggests to us that there
is no answer ie that no provision in the consenting process has been made for
this eventuality.  If we are mistaken, we will happily withdraw our objection.

4.9 We are not suggesting that should an operator go out of business, and should
there be no other willing to take over the business from the liquidator, then
Government and its agencies would permit a dereliction hazard to develop.
No doubt the CNL and the MCA would step in and do what would be
necessary to prevent this, at a cost to the public purse.  Then at some future
stage contractors would need to be engaged to dismantle the works and restore
the site in the same way as if the operator were doing so in compliance with its
end-of-project decommissioning obligations; again at a cost to the public.  It
may be that Government would regard this as the Crown’s obligation, as the
works would, in effect, have been abandoned on its land.

4.10 We have suggested that the conventional way of providing for this kind of risk
is to require each developer to bond or insure against it.  The cost of doing so
ought to reflect the commercial risks inherent in projects of this kind.  If these
risks are regarded as negligible, or low, then the cost of making the provision
should commensurately be low.  If the risks are regarded as substantial, so that
the costs of providing the default protection are also high, then perhaps that
provides the justification for raising the issue.  Either way, the costs should be
regarded as part of the whole capital and operating costs of the project, and be
reflected in the unit cost of power generated, rather than be met, if it has to be,
at public expense at some unpredictable and unbudgetted-for time in the
future.

4.11 As far as we know, it has not in the past been UK Government practice to
make this kind of provision a part of the consenting process for the public
infrastructure projects that used to be subject to the private Bill procedure, and
are now dealt with (as wind farms are currently) under the Transport and
Works Act arrangements.  We think that the novel characteristics of offshore
wind energy projects justify re-consideration of that policy, if it is such, which
is why we have raised it in a navigation context.  As this is the first
opportunity the Parliament has had for considering such an issue within the
Private Bill procedure, we would expect the Parliament to wish to make an
independent assessment as to whether it considers this point to be a relevant
matter for projects within its own jurisdiction.

JME
19.2.03
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Appendix:          Details of yachts and their air draughts

Air Draught of IRC Fleet - 2002
total fleet = 3178 boats
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Notes:

‘IRC’ is a rating system, used worldwide.  Rating is a technical handicapping process
which enables adjustments to be made to yacht racing results so as to allow a wide
range of different boats to be raced on equal terms.

The UK IRC fleet, although numerically only a very small proportion of the total
number of sailing yachts in around the shores of the UK, is nevertheless
representative, in design and size, of the range of modern sailing boats in general use.

‘Air draught’ is the distance from the waterline to the top of the mast structure.  A
further half to one metre should then be added for masthead equipment and
instrumentation.

See also the IRC Yearbook 2003
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ROBIN RIGG OFFSHORE WIND FARM
(NAVIGATION AND FISHING) (SCOTLAND) BILL
PRECOGNITION OF JAMES HOUSTON COPELAND

My name is James Houston Copeland of Colvend, Dumfries and Galloway,
aged 69 years.  I am the immediate past Commodore of the Solway Yacht Club,
Kippford and Chairman of the South West Scotland Sailing Association both of
which organisations I represent.  I am a retired professional air and marine
navigator and have been sailing since 1945.  I have extensive offshore sailing
experience in the Solway Firth.

The area I am giving evidence in is in relation to the Notification and Markings
aspect of the Bill.  I would stress that we are not objecting to the construction of
the wind farm.  Rather, if it is built, we wish to ensure that it does not constitute
a safety hazard in this area of the Solway Firth in adverse weather conditions,
particularly in poor visibility.

We are objecting to the proposed specification of markings and lighting which
we understand is to the current IALA standard but which, in our opinion,
requires enhancing in the interest of small boat safety in an area which is
notorious for its strong tides and sudden weather deteriorations.

The proposed scheme of marking and identification relies on a number of buoys
around the periphery fitted with radar reflectors.  This is a perfectly adequate
system in the case of vessels fitted with search radars.  But very few small
leisure craft are fitted with this equipment – probably less that 5%.  The
navigators of leisure craft will depend to a large extent on their eyesight to
maintain a safe separation from the wind farm. To be of use to small craft in
conditions of poor visibility it is important that these outer buoys are fitted with
high intensity lights (strobes) as well as radar reflectors and that the towers
themselves are painted with a brand of high visibility paint and lit appropriately.
Identifying numbers on the towers, visible from a safe distance, would provide
an instant and accurate positional reference for small craft navigators
particularly those without serviceable GPS equipment.  To provide effective and
a warning early enough to make prudent navigational judgements in conditions
of poor visibility, the range of the proposed foghorn should be increased to a
minimum of 5 nautical miles.

The poll proposes that the dissemination of navigational and safety information
is via Lloyds Shipping Bulletin. This needs to be broadened considerably to
include local yacht clubs, marinas, harbour masters, yacht chandlers and public
launching facilities in the Solway Firth and Notices to Mariners to cover craft
coming from out of the area.

It is understood that the initial Notification and Marking specification in the Bill is
the result of the site being assessed by the Commissioners of Northern
Lighthouses to ascertain whether there are any factors specific to the Robin
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Rigg site which require enhancement of the marking and lighting of this site
beyond the IALA standard. It would be helpful if, during this current process,
there was an opportunity for the views of those with detailed local knowledge of
navigation conditions in the Robin Rigg area to be taken into account when
consent conditions are being formed. The developers have proposed that
representatives of the yacht clubs around the Solway be included in a group to
meet with the Commissioners of Northern Lighthouses to agree on
requirements for navigational aids, markings and notification procedures. We
would see this as a very helpful start.

We would submit that there is no experience of operating full size offshore wind
farms in UK waters and therefore no direct experience of ensuring that
navigational risks which can be avoided by effective marking and lighting are so
avoided. We think that it is reasonable to assert that this lack of operational
experience is common to all with an interest in this aspect – the developers, all
classes of sea users not just leisure craft, the Commissioners of Northern
Lighthouses and the Scottish Parliament. It therefore seems sensible to take a
reasonably precautionary initial attitude and plan for that experience in a
systematic way by having regular effectiveness reviews and then adjusting, if
necessary, the marking and lighting systems adopted initially.

In conclusion our objections in this area would be met if the initial consent
conditions reflected both of these dimensions and should set firstly an initial
specification for the site after consultation with yacht clubs and other marine
users of the area and secondly require the developer to modify these marks,
lights or other devices as required by Government from time to time during the
life of the project. Based on the outcomes of regular reviews, such modifications
might be enhancement if the site is found to be inadequately marked or lit or
simplification if experience showed the opposite.

James Copeland

10 February 2003
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Dear David

Robin Rigg Offshore Wind Farm (Navigation and Fishing) (Scotland) Bill

This letter is to let you know that apart from the amendments to deal with the blade
clearance issue (which is an issue on which evidence is being presented and which will be
considered at the hearing on 24th February) there are a number of minor amendments to the
Bill which the Promoters will wish to lodge in due course.  These are as follows: -

1. The Promoters wish to amend section 1(2) and paragraph 5 of the Schedule to refer
to two cables (along the same route) rather than a single cable.  This was mentioned
in my letter to you of 24th October and reflects the description of the proposals
contained in the Promoters’ submission at the Preliminary Stage.

2. The Promoters wish to substitute for paragraph 4 of the Schedule (which currently
sets out specific routes for the inter-turbine cables) a more general description which
would allow them greater flexibility in making connections between the turbines.  It
is suggested that this should read “The routes of the cables referred to in section
1(1)(d) of this Act are to run in direct lines between any two adjacent turbines and
between turbines Nos. G8 and F8 and the electrical substation”.  It is not considered
that this greater flexibility in relation to the routes of the buried cables within the
wind farm site could have any material impact on any of the issues which the
Committee are considering.

3. In paragraph 5 of the Schedule, which describes the route of the shore cables it is
proposed to substitute for the words “at reference point Easting (m) 291510
Northing (m) 54010” the words “between reference point Easting 291510, Northing
540140 and reference point Easting 290531, Northing 539163”.  This allows greater
flexibility in fixing the point at which the cables reach the Scottish boundary (the

distance between the two points described is approximately 1200 metres).  Again it
is not thought that this slightly greater latitude allowed by this amendment (section 2
already provides an ability to deviate 62.5 metres in either direction) is likely to
have any material impact.

4. A consequential amendment required in the light of the amendments referred to in
points 3 and 4, is that it is unnecessary to provide a power to deviate in section 2 in
relation to the cables, and the reference to cables in this section can accordingly be
deleted.
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5. As mentioned in my letter of 24th October it is proposed to amend section 1(1) to
refer to a maximum rotor diameter of 104 metres.  In addition it is now proposed to
amend the minimum height of the towers from 66 to 62 metres from the level of
high water.  These descriptions are subject to the minimum clearance height
specified in section 1(2).  The Promoters’ revised proposals on blade clearance
height will be an issue at the hearing on 24th February, but we should not have
thought that the proposed changes in the description of the works are in themselves a
contentious issue.

6. It is proposed in response to a query on the drafting of the Bill raised by the Scottish
Executive to include the following definition of Scottish Waters (they are referred to
in section 1(1)(e) of the Bill but are not currently defined):

“Scottish waters” means waters which are to be treated as internal waters or
territorial sea of the United Kingdom adjacent to Scotland for the purpose of the
Scotland Act 1998”.

7. Again at the suggestion of the Scottish Executive it is proposed to substitute
“mariners” for “shipping” in sections 5(2) and 5(3).  It is considered that the use of
the term “mariners” avoids any implication that these provisions are concerned only
with commercial shipping.

Yours sincerely

Paul Irving
John Kennedy & Co.
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Scottish Executive, Energy Consents Department

The Scottish Ministers are keenly aware that there is a need to ensure that at the
end of the operating life span of the wind farm, the wind turbines and their
associated infrastructure are decommissioned in a manner which protects the
ecology. Ministers will have regard to the legislative requirements and the technology
which is available at the time of decommissioning. To this end, should Ministers be
minded to grant a section 36 consent, this permission will carry a condition broadly
worded as follows:

’ No work will commence on site until a bond has been put in place to cover all works
and measures to restore the site in accordance with the site restoration plan to be
agreed by the Scottish Ministers. ’

13 February 2003

Supplementary Statement from the Scottish Executive, Energy Consents
Department

We are happy to allow a degree of flexibility to the developer as to how
decommissioning arrangements are funded. The caveat to this is that the developer
will have to demonstrate to the satisfaction of the Scottish Ministers that the funding
mechanism is robust. Until we have the details of what is proposed, we cannot rule
out the possibility that a bond will be required as a condition of consent.

20 February 2003
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UNCLOS Article 60
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1. This precognition is supplementary to that of February 10th on the subject of blade
collision risk.   It addresses issues raised within the precognition of Mr Jeremy Eardley of
the RYA and covers the following points:

1.1. Analysis supporting the assumption that the water level on the Robin Rigg site will
never be greater than 6.0 metres, an assumption that was used in the blade collision
risk analysis described in my original Precognition.

1.2. Revised calculations of blade collision risk based on new information provided in the
Precognition of Mr Eardley of the RYA.

Justification For Assumption that Water Level Will Not Exceed 6.0 Metres.

2. In my February 10th Precognition, I described our quantitative risk assessment
methodology, and noted that one of the assumptions used was the assumption that the
water level on the site is never lower or higher than 6.0 metres above mean sea level. In
this supplementary Precognition, I wish to explain why that is a conservative assumption.

3. In August 2002, on behalf of the Promoters, the marine engineering consultancy Kirk
McClure Morton (“KMM”) produced a report on the "metocean" data they had collected in
relation to the Robin Rigg site. This report, which is produced as Production PM/10,
summarises wind, wave and tide data collected several times per day during a period of
109 months from January 1, 1993 through February 28, 2002. A total of 6378 high tides
were observed. For each observation, the co-incident wind speed and wave-height at the
moment of high tide were also recorded.

4. The wave-height data were measured at a location about 30 km from the wind farm site,
where sea-bed conditions are rather different to those on the site.  Using a more limited
period of wave-height measurements on the site, KMM studied the relationship between
off-site and on-site wave heights at the same points in time. Off-site waves were never
lower than on-site waves, and on-site waves never exceeded 4.88 metres.

5. For this analysis, we have assumed that on-site waves at any high tide are equal to the
lesser of the off-site waves at the time of that high tide or 5.0 metres.

6. We have also assumed that the water level at each high tide is equal to the sum of the still
water level measured for that high tide plus one-half the wave-height at the time of that
high tide (since wave-heights are measured as the total distance between peak and trough).

7. Using these data and assumptions, Figure 1 (Figures 1, 2 and 3 are produced as Production
PM/11) shows the calculated water levels on site at each of the 6378 high tides observed.
Figure 2 shows the 150 highest calculated water levels. Only 0.83% of these calculated
water levels exceeded 6.0 metres.

8. Figures 1 and 2 show the percentage of high tide moments during the 109 month
observation period at which still water level plus wave height exceeded the water levels
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shown. The percentage of time during this 109 month period when the water exceeded any
given level is significantly less than the percentage of high tide moments when the water
exceed that level, because to calculate the percentage of time involves taking into account
also all of the moments when the water was below high tide.

9. To calculate the percentage of time during which water on the site exceeded various levels,
we assumed that wave-heights remain constant at the levels observed at high tide, and that
still water levels fall from the levels at high tide according to a sinusoidal curve. The
results of our calculations using these assumptions are shown in Figure 3. Water levels on
the site exceeded 6.0 metres 0.11% of the time during the 109 month observation period.

10. I wish to point out that the analysis described here does not take into account the “cut-out”
speed of the WTGs. This is the wind speed above which the WTGs automatically shut
down for safety reasons. Many of the highest observed water/wave heights on which this
analysis is based occurred when the wind speed exceeded the cut-out speed, so that the
WTGs would not be operating during these times.

11. In conclusion, on the basis of the analysis described above, we believe our assumption that
the water level on site will never be more nor less than 6.0 metres above MSL is highly
conservative.

Revised Risk Calculations Based on Eardley Precognition

12. Mr. Eardley has kindly provided useful information in the Appendix to his Precognition
showing the air draught of the IRC Fleet in the year 2002.  This information is relevant to
our quantitative collision risk assessment, which was based on the size distribution of mast
heights for vessels registered with the Solway Yacht Club for which we were able to
estimate mast heights.

13. In the IRC1 Fleet, 12.7% of the masts were taller than 16 metres (the level above which
collisions become possible with the clearance we have proposed).  For the population of
SYC vessels used in our analysis, only 5.0% of the vessels were estimated to have masts
higher than 16 metres. If the height distribution of the vessels cruising the Solway were the
same as that of the IRC fleet, the conclusion presented in our February 10th Precognition –
that it would take 3400 years for the probability of one collision to reach 10% -- would
have to be modified. Using the IRC mast-height distribution, the revised number would be
2025 years. (Please see paragraph 11.2 and footnote 2 of my February 10th Precognition.)

14. Having said this, the most accurate way to analyse this question is by using the actual
height distribution of vessels that cruise in the Solway, or will cruise in the Solway during
the lifetime of the wind farm.  We believe that the current distribution for the Solway
Yacht Club is probably more representative of this than the current distribution for the
entire IRC fleet of vessels based around the UK.

                                                          
1 1 IRC is a rating system, used worldwide.  Rating is a technical handicapping process which enables adjustments to
be made to yacht racing results so a s to allow a wide range of different boats to be raced on equal terms.  Further
details are in the Appendix to Mr Eardley's Precognition.
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1.1 INTRODUCTION

Solway Offshore Ltd and Offshore Energy Resources Ltd propose to develop an

offshore wind farm in the Solway Firth consisting of 60 turbines.

In order to undertake the detailed design of the proposed wind turbine structures

metocean data is required for the site.  Kirk McClure Morton has completed an

extensive metocean study for the area and the data for the site is contained in this

report.

This report should be read in conjunction with the Environmental Statement for the

development as well as the wind data supplied by Garrad Hassan and Partners Ltd.

2.0 DATA SOURCES

The bathymetry of the site used in this study is based on the hydrographic surveys

undertaken during the marine site investigation carried out in the autumn and winter

2001/02.  Details of these surveys are given in the Environmental Statement.

Offshore wave data has been derived from the UK Met Office Wave model for a point

at 54.5o N, 4.06o W.  The dataset used consists of Spectral Significant Wave Heights,

Hm0, Mean Wave Periods, Tm, and Mean Wave Directions every three hours for the

period 1992 to 2001 inclusive.  The dataset also includes Mean Hourly Wind Speed

and Mean Wind Directions recorded on a three hourly basis.

Tidal Height data has been derived from nine years of the British Oceanogrpahic Data

Centre’s tidal recording from the class A tide gauge at Workington for the period

1993 to 2001.  The tidal height information was recorded every 15 minutes.
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3.0 OVERALL COASTAL REGIME

The coastal regime around the site of the proposed wind farm in the Solway Firth is

complex with large tidal ranges, strong tidal currents and high rates of sediment

transport.  Reference should be made to Chapter 6 in the Environmental Statement for

an overview of the coastal processes in this area.

4.0 STUDY METHODOLOGY

4.1 Analysis of extreme values from the datasets

The return periods for extreme values for offshore waves, wind and tidal heights were

analyzed using an approach developed by Goda (1988) to fit five candidate

probability distributions to the range of extreme values taken from the appropriate

dataset.  The five candidate distribution functions were Fisher-Tippett Type 1 and

Weibull with exponents of 0.75, 1.0, 1.4 and 2.0.  Goodness of fit criteria were used

to identify which distribution best matched the input data.  The analysis was

undertaken using ACES software developed by the US Army Corps of Engineers.

4.2 Joint probability of waves and water levels

As the wave climate at the site is sensitive to water level a joint probability analysis

was undertaken using the 9 years of high tide values from the Workington tide gauge

and the appropriate values from the offshore wave dataset for the same period.  A

joint probability density plot was prepared to enable joint exceedance contours to be

extrapolated for long period return events.

4.3 Wave Transformation

4.3.1 General

The wave transformation to provide the inshore wave climate was undertaken using

the MIKE21 NSW wave model.  This model which was developed by the Danish
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Hydraulic Institute is a spectral wave model, which describes the propagation, growth

and decay of waves in near shore areas. The model takes into account the effects of

refraction, shoaling, wave current interaction, local wind generation and energy

dissipation due to bottom friction and wave breaking. The input to the model includes

directional distribution of wave energy at the offshore boundary plus the wind field

within the model area or in the case of directions where the waves are generated in

front of a land boundary (e.g. northerly waves) the waves are generated by the wind

field alone.

The general model has been validated by extensive studies in the North Sea and the

model of the Solway validated using the wave records taken during the physical site

surveys in 2001/02.

4.3.2 Extreme Waves

The extreme wave analysis of the offshore wave dataset was undertaken on a 30

degree sector basis as well as for the dataset as a whole.  Similarly the wind data

associated with the waves was analyzed on the same basis so that it could be included

in the extreme wave transformation process.

The sectoral extreme wave analysis indicated that the largest set of extreme waves

came from the 225o – 255o sector with the second largest set of extreme values

coming from the 195o – 225o sector.  Examination of the offshore wave data showed

that the largest waves came from the 230o direction and this offshore wave direction

was used for the first extreme wave transformation.  However parts of the wind farm

site are more exposed to waves which approach the site from a more southerly

direction. Thus the extreme wave transformations were also undertaken for a 205o

offshore wave direction with the appropriate wave height water level combinations for

this direction.

A series of three wave height/ water level combinations were selected from the joint

wave water level probability distribution function for each return period event.  Each

of the three combinations was transformed to the site and the largest wave of the three
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designated as the extreme inshore value.  The extreme offshore waves were also

transformed into the site at mid ebb, mid flood and mean low water to provide

information on the nature of large breaking waves which may occur at these lower

water levels.

The monthly extreme storms (1 in 10 and 1 in 1 year events) were transformed to the

site at the mean high water spring level.

The H1% (i.e. the height equal or exceeded by the highest 1% of the waves in the

spectra) was calculated using a Beta-Rayleigh distribution.  This distribution gives a

statistical representation of the distribution of wave heights in shallow and transitional

water depths.  The Beta-Ralyeigh distribution features a finite upper bound

corresponding to the breaking limit.  The expression reverts to a normal Rayleigh

distribution in deepwater.   The calculations were undertaken using the ACES

software developed by the US Army Corps of Engineers.

4.3.3 Mean Waves

The 10 years of 3 hourly wave climate (29,224 wave events) were transformed to the

site to give a 10 year inshore wave climate time series.  The transformation was

undertaken using six NSW model bathymetries with their x-axis aligned to 000o, 060o,

120o, 180o, 240o and 300o.  The particular model orientation was selected at each time

step to suit the direction of the offshore waves and/or winds at that time step.   Due to

the shape of the Solway Firth and the location of the wind farm site, waves from

angles of approximately 280o through North to 150o are generated within the Solway

Firth itself.  Waves from these directions were generated within the NSW model area

using the wind data from the UK Met. Office Wave model data point at 54.5o N, 4.06o

W.

As the wave climate at the site is strongly influenced by water levels and by tidal

currents, the wave transformation was undertaken using the particular high water, mid

ebb, mid flood or low water level most appropriate to each 3 hourly event in the 10

year time series.  The water level for the high or low tide transformations was taken
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from the predicted high or low tide level nearest to the appropriate 3 hourly time.  The

mid ebb and mid flood levels were taken as mean sea level.  The tidal currents were

assumed to be zero at high and low tide while the tidal currents at mid ebb and mid

flood were taken as those generated by a mean tide.

The wave climate at each of the selected turbine locations was produced by

combining the results from the six model direction runs in the correct sequence.  This

produced a 10 year 3 hourly time series of the wave climate at each selected turbine

location for further data analysis.

4.4 Tidal Currents

4.4.1 General

The tidal flow characteristics of the area were determined using a suite of two-

dimensional depth integrated hydrodynamic models, Mike21 HD developed at DHI,

Denmark.  These models are capable of both conserving mass at flooding and at

drying cells that is essential in areas where beaches and banks are exposed at low

water. Therefore the model will take into account the presence of banks in the Solway

Firth.  The tidal model of the Solway Firth was set up as a sub model of an Irish Sea

Model, the bathymetry of which included data from the hydrographic surveys, aerial

photographic contours and Admiralty Chart data.  The models were calibrated and

validated using the tidal flow measurements taken during the field surveys of 2001/02.

4.4.2 Extreme Values

There is no long term set of tidal current measurements in the area that could be used

to undertake a statistical extreme analysis.  The extreme current values were therefore

evaluated by undertaking a statistical analysis of the tidal ranges in the 9 years of tidal

records from Workington and then running the tidal model simulations for events with

these predicted extreme tidal ranges.
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5.0 METOCEAN DATA

5.1 Conventions and Definitions

Wind directions refer to the direction from which the wind is blowing. The units are

degrees true North.  For example, Wind direction 90 degrees means that the wind is

blowing from the East.

Wave directions refer to the direction from which the waves are travelling. The units

are degrees true North.  For example, Wave direction 90 degrees means that the

waves are approaching from the East.

Current directions refer to the direction to which the current is flowing.  The units are

degrees true North.  For example, Current direction 90 degrees means that the current

is flowing towards the East.

Wave notation is:

Hm0 – Significant Wave Height calculated from the wave energy spectrum = 4mo
1/2

H1% - Wave Height exceeded by 1% of the waves in the sea state

Tm – Mean Wave Period

Tp – Spectral Peak Period

Wind speeds quoted are Mean Hourly Wind Speeds at 10 metres above the water

surface.
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5.2 Location of Data Points

The Metocean data has been provided for five locations within the proposed wind

farm site as shown in Figure 1 below.

Figure 1 - Data Point Locations

The Longitude and Latitude and the approximate water depths of the data points are:

P1 – 3o 43’ 37” W, 54o 45’ 54” N  6.7m below MSL

P2 – 3o 41’ 57” W, 54o 46’ 17” N  5.6m below MSL

P3 – 3o 41’ 32” W, 54o 44’ 50” N  6.7m below MSL

P4 – 3o 42’ 58” W, 54o 44’ 06” N 12.2m below MSL

P5 – 3o 42’ 44” W, 54o 45’ 08” N  8.2m below MSL
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5.3 Joint Probability of Offshore Waves and Water Levels

5.3.1 Offshore Waves

The best fit for the extreme wave analysis was found with a Weibull (k=1.00)

distribution using the top 85 storms from the 10 year dataset.  The correlation factor

was 0.9823 and sum of the squares of the residuals was 0.024m.  The return period

values (irrespective of water level) were as follows:

Return Period Wave Height – Hm0

1 in 1 5.15 m

1 in 10 6.44 m

1 in 50 7.34 m

1 in 100 7.72 m

5.3.2 Water Levels

The best fit for the extreme water level analysis was found with a Weibull (k=0.75)

distribution using the top 140 High Tide levels from the 9 year record from

Workington.  The correlation factor was 0.9935 and sum of the squares of the

residuals was 0.0001m.  The return period values (irrespective of wave height) were

as follows:

Return Period Water Level – above MSL

1 in 1 4.72 m

1 in 10 5.11 m

1 in 50 5.40 m

1 in 100 5.53 m

5.3.3 Joint Probability Density Plot

The Joint Probability Density plot with exceedence curves is shown in Table 1 in the

Tables section at the end of this report.
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5.4 Wave Climate

5.4.1 Extreme

Offshore waves

As noted previously the most extreme waves came from the 230o direction.  The wave

heights (irrespective of water level) for this direction and for the second most extreme

direction, taken as 205o, are as follows:

Return Period Wave Hm0 x Tm(230o) Wave Hm0 x Tm (205o)

1 in 1 5.15 m x 8.17 s 4.76 m x 7.96 s

1 in 10 6.44 m x 9.00 s 5.76 m x 8.64 s

1 in 50 7.34 m x 9.48 s 6.41 m x 8.86 s

1 in 100 7.72 m x 9.73 s 6.67 m x 9.04 s

Waves, water levels and wind speeds for transformation inshore

 Combinations of wave heights and water levels were taken from the Joint Probability

density plots (Table 1). The offshore wave heights, periods, water levels and wind

speeds used for the extreme wave simulations were as follows:

230o Hm0 Tm Water level Wind speed

1 in 100 7.50 m 9.59 s 4.30 m above MSL 28.15 m/s

7.25 m 9.42 s 4.70 m above MSL 28.15 m/s

7.00 m 9.26 s 4.90 m above MSL 28.15 m/s

1 in 50 7.25 m 9.42 s 4.00 m above MSL 26.60 m/s

7.00 m 9.26 s 4.45 m above MSL 26.60 m/s

6.75 m 9.09 s 4.70 m above MSL 26.60 m/s

1 in 10 6.40 m 9.42 s 3.56 m above MSL 23.00 m/s

6.25 m 9.26 s 4.00 m above MSL 23.00 m/s

6.00 m 9.09 s 4.40 m above MSL 23.00 m/s

1 in 1 5.15 m 9.42 s 3.20 m above MSL 18.00 m/s

5.00 m 9.26 s 3.60 m above MSL 18.00 m/s

4.75 m 9.09 s 4.00 m above MSL 18.00 m/s
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The wave data for the 205o direction waves is a sub-set of the whole wave climate

data base used to generate the Joint Probability Density plot of wave heights against

water levels.  The values of the wave/water level combinations for the 205o direction

analysis were established by interpolation of the exceedance curves on the joint

probability diagram to cater for the different return period wave heights for the 205o

direction.  The offshore wave heights, periods, water levels and wind speeds used for

the 205o wave direction simulations were as follows:

205o Hm0 Tm Water level Wind speed

1 in 100 6.50 m 8.92 s 4.10 m above MSL 28.50 m/s

6.25 m 8.75 s 4.50 m above MSL 28.50 m/s

6.00 m 8.57 s 4.80 m above MSL 28.50 m/s

1 in 50 6.40 m 8.86 s 3.56 m above MSL 27.00 m/s

6.25 m 8.75 s 4.10 m above MSL 27.00 m/s

6.00 m 8.57 s 4.50 m above MSL 27.00 m/s

1 in 10 5.70 m 8.47 s 3.40 m above MSL 23.50 m/s

5.50 m 8.33 s 3.70 m above MSL 23.50 m/s

5.10 m 8.02 s 4.40 m above MSL 23.50 m/s

1 in 1 4.60 m 7.72 s 3.40 m above MSL 19.00 m/s

4.30 m 7.47 s 3.80 m above MSL 19.00 m/s

4.10 m 7.29 s 4.10 m above MSL 19.00 m/s

Extreme wave transformations were also completed for both directions at Mid Ebb,

Mid Flood and at Mean Low Water.

Inshore Extreme Wave Climate

The extreme wave climate at the five data points at the proposed wind farm site is

shown in Table 2 (230o direction) and Table 3 (205o direction).  The wave inshore

wave climate is of a sharply peaked JONSWAP spectral form with the peak period

approximately equal to 1.205 x Tm.
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Monthly Extreme Wave Climate

Monthly extreme storm conditions were simulated for 1 in 10 and 1 in 1 year return

period events.  The simulations were undertaken at MHWS water levels.  The model

boundary wave and wind data used for the simulations were as shown below with all

the simulations using the 230o direction.

1 in 1 year event 1 in 10 year event

Hm0 x Tm x Wind Speed Hm0 x Tm x Wind Speed

January 4.50m   7.90s   18.00m/s 6.40m   8.90s   23.00m/s

February 4.03m   7.30s   18.00m/s 5.10m   8.30s   23.00m/s

March 3.46m   6.80s   18.00m/s 4.64m   7.80s   23.00m/s

April 2.70m   6.10s   16.74m/s 3.88m   7.60s   21.40m/s

May 2.40m   5.80s   14.94m/s 3.42m   6.90s   19.10m/s

June 2.31m   5.70s   14.04m/s 2.94m   6.40s   17.90m/s

July 2.12m   5.50s   14.40m/s 2.71m   6.30s   18.40m/s

August 2.27m   5.80s   15.30m/s 3.22m   6.60s   19.50m/s

September 3.10m   6.50s   16.74m/s 4.30m   7.40s   21.50m/s

October 3.55m   6.95s   16.74m/s 4.83m   8.00s   21.50m/s

November 3.80m   7.00s   18.00m/s 5.34m   8.40s   23.00m/s

December 4.20m   7.20s   18.00m/s 5.93m   8.50s   23.00m/s

Inshore Monthly Extreme Wave Climate

The monthly extreme wave climate at the five data points at the proposed wind farm

site is shown in Table 4.
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5.4.2 Mean Wave Climate

As described in Section 4.2.3, the mean wave climate at the five data point in the

proposed wind farm site was established by transformation of the whole of the 10

years of 3 hourly wave and wind data to the site.  The inshore wave climate and the

corresponding wind data is provided in the form of Excel Pivot Tables which allow

the scatter diagrams involving the five variables of Wave Height, Wave Period, Wave

Direction, Wind Speed and Wind Direction to be selected by the designers.  The data

is supplied for each of the five data point for all tide levels as well as for high tide,

low tide, mid ebb and mid flood.

The data ranges used in the pivot tables are;

Wave heights in 0.25m steps from 0.25m – 4.25m,

Wave periods in 0.5s steps from 1.5s -11.5s

Wave directions in 15o sectors centred on  0o,15o, 30o etc. from 0o – 360o

Wind speeds in 2.5 m/s steps ranging from 0m/s – 27.5 m/s

Wind directions in 15o sectors centred on  0o,15o, 30o etc. from 0o – 360o

Data ranges and mean value labels are given in more detail in Table 5.

Mean Wave Climate Data

Each Pivot Table file has two preset scatter diagrams to define the Mean Wave

Climate.  These scatter diagrams consist of a three dimensional diagram of Wave

Height Hm0 against Wave Period Tm against Mean Wave Direction and a two

dimensional scatter diagram of Wave Height Hm0 against Mean Wave Direction.

The file name for the Excel Pivot Table files is as follows:

P1 ALL 10Yr  - Point 1 scatter diagrams with data for all tide levels

P1 HW 10Yr   - Point 1 scatter diagrams with high tide data only

P1 LW 10Yr   - Point 1 scatter diagrams with low tide data only

P1 EBB 10Yr  - Point 1 scatter diagrams with mid ebb data only

P1 FLD 10Yr  - Point 1 scatter diagrams with mid flood data only

Similar file names are used for the data points P2, P3, P4 and P5 with the P1 part of

the file name replaced by the appropriate data point designation.
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5.4.3 Joint Wind and Wave Climate

The relationship between the wind and wave climate is given in two preset scatter

diagrams in the Data Point Excel Pivot Tables.  These consist of a three dimension

scatter diagram of Wave Height Hm0 against Wave Period Tm against Wind Speed

and a two dimensional scatter diagram of Mean Wave Direction against Wind

Direction.

It must be noted that the wind speed and direction given in this data is the offshore

wind speed and direction as given in the UK Met Office Wave Model for the point at

54.5o N, 4.06o W.  The wind speed is a mean hourly wind speed measured at 10

metres above the sea surface.

The scatter diagrams are contained in the Excel Pivot tables for each data point for all

tide levels, high tide, low tide, mid ebb and mid flood.  The file name nomenclature is

given in Section 5.4.2 above.

5.4.4 Wave Height Exceedance and Persistence

Exceedance

The wave height exceedance is given for each data point for each month of the year in

terms of the percentage of time which the wave height Hm0 exceeds 0.5m, 1.0m,

1.5m, 2.0m, 2.5m and 3.0m.  The percentage of time that the wave height Hm0 is less

than 0.5m, 1.0m, 1.5m, 2.0m, 2.5m and 3.0m is also included in the tables.  The

analysis has been based on the time series for 10 years of Januarys, 10 years of

Februarys etc.  The data is given for the all tidal levels time series and is shown in

Tables 6a-c.

Persistence

Wave persistence was analyzed by taking the time series for the 10 particular months

(e.g. 10 Januarys) together into a single file and running through the time series file to

calculate the number of times the wave height would have been above or below the

specified trigger levels for periods of more than 6, 9 12 and 24 hours.
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The wave height persistence is given in terms of the number of times in the 10 x 1

month that the wave height exceeds 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0m for periods in

excess of 6, 9, 12 and 24 hours.  The analysis can only be undertaken for the all tidal

levels dataset as the high water, low water, mid ebb and mid flood values are a

discontinuous time series.  The number of events has been calculated for the 10 years

of each of the months January, February, March etc..  A similar analysis has been

undertaken for wave heights less than 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0m for more than 6,

9, 12, and 24 hour periods.  The data for persistence is shown Tables 7a-e.  It should

be noted that the numbers of occurrences in the tables are for 10 years.

5.5 Tidal Currents

As outlined in Section 4.3.2 the extreme values of the tidal currents were derived from

an analysis of the extreme tidal ranges in the Workington tidal height data.  The tidal

ranges derived from the analysis were as follows:

Mean neap tide range 3.70 m

Mean spring tide range 7.20 m

1 in 1 year return period tide range 9.00 m

1 in 10 year return period tide range 9.14 m

1 in 50 year return period tide range 9.23 m

The depth averaged peak flood and ebb tidal currents speeds and directions are shown

in Table 8.  It will be seen that there is only a small change in tidal currents for the

various extreme return period events.  The tidal currents roses for the mean spring tide

are shown in Figure 2.
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                    P1       P2

            P3         P4

       P5

Mean Spring Tidal Current Roses – Figure 2
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5.6 Extreme Water Levels

The extreme water levels were established by undertaking an extreme analysis of the

tidal level data from the Workington Tidal gauge.  A Weibull (k=0.75) distribution

using the top 140 high tide levels from the 9 year record was the best fit for the data as

shown in Figure 3 below.  The correlation factor was 0.9935 and sum of the squares

of the residuals was 0.0001m.

Figure 3

  The return period values of the extreme water levels were as follows:

Return Period Water Level – above MSL

1 in 1 4.72 m

1 in 5 4.99 m

1 in 10 5.11 m

1 in 25 5.27 m

1 in 50 5.40 m

1 in 100 5.53 m

The above water levels are based on the current sea levels.  It is anticipated that global

warming will increase water levels by approximately 4 mm per year over the next 25

years
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5.7 Uncertainty

The offshore wave data has been taken from the UK Met Office Wave model which

itself has a resolution of approximately 12 kilometres.  Such a resolution cannot fully

cater for all the local effects around the Isle of Mann and the adjoining coastal areas.

However as will be seen in Chapter 6 of the Environmental Statement, the data did

seem to be reasonably consistent with field measurements over the period of the field

surveys.

The wind data used for the wave generation has been taken from the offshore UK Met

Office wave point.  While this is suitable data base for the wave directions from the

south and south west, the winds for wave generation from the north and north east

will be modified by the local topography.  However the waves from these directions

are of less significance than those form the south to west sector and so the overall

impact on the wave climate will not be of major importance.

The Metocean data has been based on ten years of wave data and nine years of tidal

records.  Extrapolation of the data beyond about three times the record period is

normally not recommended so values of return periods greater than about 1 in 25 to

30 years should be treated with caution.

The upper and lower 90% confidence band limits derived from the statistical analysis

(e.g. the blue dotted lines in Figure 3) for the 1 in 50 and 1 in 100 return period events

for waves and water levels are as follows:

Extreme Waves 1 in 50 yr Hm0 6.50 m – 8.20 m

1 in 100 yr Hm0 6.80 m – 8.60 m

Extreme Water Level 1 in 50 yr WL 5.10 m – 5.70 m

1 in 100 yr WL 5.20 m – 5.83 m

As a sensitivity test, an analysis was undertaken for the case where the upper bound

limit of the waves heights was assumed to occur with the upper bound value of the
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water levels (worst case scenario). The joint probability exceedance curves were

redrawn parallel to those in Table 1 to give the range of offshore conditions for these

increased wave and water level values.  The wave transformation from offshore to

inshore was re-run for this worst case scenario and the results compared with those for

the most likely scenario as given in Table 2.  The resulting inshore wave conditions at

the five data point locations are as follows for the 230 wave direction.

1 in 100 return period storm

Worst Case Scenario Most Likely Scenario

Hm0 (m)     Tm (s) H1% (m)       Hm0 (m) Tm (s)     H1% (m)

P1 4.251     9.01   7.05       4.139 8.52     6.86

P2 4.255     9.43 6.40       4.086 8.89     6.58

P3 4.991     9.71 8.27       4.773 9.28     7.80

P4 4.207     9.18 6.97       4.090 8.65     6.78

P5 4.128     9.18 6.84       4.002 8.67     6.63

1 in 50 return period storm

Worst Case Scenario Most Likely Scenario

Hm0 (m)     Tm (s) H1% (m)       Hm0 (m) Tm (s)     H1% (m)

P1 4.058     8.81   6.73       3.963 8.42     6.57

P2 4.124     9.23 6.60       3.974 8.80     5.84

P3 4.782     9.50 7.28       4.604 9.20     7.81

P4 4.018     8.97 6.66       3.919 8.55     6.50

P5 3.926     8.98 6.51       3.822 8.58     6.34

It will be seen that in the worst case scenario the significant wave heights are not

greater than about 180mm than those for the most likely scenario even though for a 1

in 100 year storm the difference in the offshore wave heights is a metre.  This is due

to the fact that the inshore waves are significantly influenced by the seabed

bathymetry in and around the proposed site.

The most significant uncertainty is the changes that may take place in the bathymetry

around the proposed wind farm site.
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Caution

The Metocean data has been based on the seabed bathymetry as measured during the

field surveys of 2001/02.  The Solway Firth is an area of high sediment mobility and

the banks can move in response to the climatic conditions.  Significant changes in the

sea bed will alter the wave refraction process and the current flow regime at the site.

Designers should be aware of the potential for change in the sea bed bathymetry when

using this Metocean Data.

5.8 Time Series Data Files

The 10 year times series data files for each of the five data points are included with

this report.  The files are in ASCII format in five columns as follows:

Wave Height Wave Period  Mean Wave Direction   Wind Speed    Wind Direction

    Hm0 (m)           Tm (s)                  o N        (m/s)               o N

The data is given in a consecutive 3 hourly time series commencing at midnight on

01/01/1992 and finishing at 23:00 hrs on 31/12/2001.  The high water time series has

zero values where the 3 hourly time series value would be nearest to a low water, mid

ebb or mid flood value.  Similarly with the files for the other tidal states.  The “all

tides” files have the complete dataset and are formed by a combination of the four

tidal state files.

The file name nomenclature is as follows:

10yrhwp1.xxx 10 year dataset at high water for Point 1

10yrlwp1.xxx 10 year dataset at low water for Point 1

10yrebp1.xxx 10 year dataset at mid ebb for Point 1

10yrfdp1.xxx 10 year dataset at mid flood for Point 1

10yrwvp1.xxx 10 year dataset for all tide levels for Point 1

10yrhwp2.xxx 10 year dataset at high water for Point 2

etc.
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Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

High 4.139 8.520 6.860 4.086 8.890 6.580 4.773 9.280 7.800 4.090 8.650 6.780 4.002 8.670 6.630
Mid Ebb 2.968 9.410 4.950 2.301 9.860 3.640 3.394 9.860 5.050 3.196 9.580 5.100 3.130 9.470 4.870
Mid Flood 2.769 8.600 4.620 2.342 8.970 3.660 3.378 9.380 4.750 3.131 9.030 5.190 3.001 8.820 4.530
Mean Low 1.832 9.130 2.950 1.236 9.310 1.890 2.218 9.640 3.360 2.430 9.460 4.340 2.288 9.140 3.400

Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

High 3.963 8.420 6.570 3.974 8.800 5.840 4.604 9.200 7.810 3.919 8.550 6.500 3.822 8.580 6.340
Mid Ebb 2.951 9.240 4.630 2.289 9.410 3.400 3.373 9.680 5.600 3.152 9.400 5.700 3.080 9.300 4.950
Mid Flood 2.727 8.450 4.680 2.330 8.820 3.450 3.338 9.220 4.910 3.338 8.870 5.530 3.041 8.670 5.620
Mean Low 1.815 8.950 2.590 1.225 9.120 2.020 2.206 9.460 2.780 2.401 9.270 3.830 2.262 8.960 3.590

Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

High 3.507 8.290 5.810 3.703 8.550 6.420 4.162 8.940 6.680 3.540 9.050 5.870 3.380 8.290 5.600
Mid Ebb 2.896 8.880 4.460 2.262 9.060 3.600 3.315 9.320 5.390 2.992 9.040 4.960 2.920 8.950 4.970
Mid Flood 2.591 8.120 3.820 2.301 8.520 3.620 3.206 8.890 5.110 2.787 8.520 4.620 2.667 8.370 4.260
Mean Low 1.770 8.570 2.720 1.204 8.740 1.930 2.177 9.070 3.020 2.306 8.870 4.280 2.183 8.580 3.460

Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

High 2.793 7.870 4.630 3.111 8.170 4.850 3.409 8.490 5.200 2.824 8.020 4.680 2.712 7.900 4.500
Mid Ebb 2.734 8.350 3.990 2.208 8.520 3.320 3.152 8.740 4.980 2.622 8.470 4.350 2.555 8.420 4.130
Mid Flood 2.242 7.590 3.840 2.215 8.020 3.460 2.832 8.310 4.150 2.358 7.910 3.910 2.214 7.850 3.670
Mean Low 1.693 7.990 2.740 1.173 8.500 2.070 2.112 8.500 3.450 2.057 8.300 4.130 1.992 8.030 3.220

Table 2 - Inshore Extreme Wave Climate; Offshore Direction 230°

P4 P5
1 in 100 year storm

P1 P2 P3

1 in 50 year storm
P1 P2 P3 P4 P5

1 in 10 year storm
P1 P2 P3 P4 P5

Breaking Conditions

1 in 1 year storm
P1 P2 P3 P4 P5
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Hs Tm H1% Hs Tm H1% Hs Tm H1% Hs Tm H1% Hs Tm H1%

High 4.777 9.100 7.210 4.105 9.060 6.270 4.886 9.000 7.810 4.716 9.000 7.820 4.445 9.010 7.370
Mid Ebb 3.070 9.370 5.160 2.257 9.390 3.520 3.352 9.380 5.170 3.153 9.350 5.720 3.137 9.380 5.000
Mid Flood 2.926 9.340 5.030 2.239 9.290 3.900 3.416 9.260 5.500 3.339 9.210 5.540 3.171 9.280 4.660
Mean Low 1.754 9.210 2.490 1.097 9.200 1.840 2.154 9.190 3.190 2.268 9.140 3.590 2.246 9.220 3.300

Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

High 4.659 9.120 7.120 3.990 9.080 6.100 4.762 9.020 7.650 4.574 9.020 7.580 4.313 9.030 7.150
Mid Ebb 3.059 9.250 4.950 2.249 9.270 3.370 3.334 9.250 4.830 3.126 9.230 5.180 3.107 9.250 5.460
Mid Flood 2.914 9.210 4.790 2.230 9.170 3.720 3.392 9.130 5.020 3.294 9.080 5.460 3.127 9.150 4.840
Mean Low 1.749 9.090 2.900 1.092 9.080 1.720 2.145 9.060 2.980 2.230 9.020 3.970 2.230 9.100 3.680

Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

High 4.402 8.640 7.300 3.820 8.600 6.130 4.356 8.600 7.220 4.178 8.550 6.930 3.889 8.550 6.450
Mid Ebb 3.035 9.050 4.500 2.232 9.060 3.760 3.291 9.040 4.930 3.048 9.010 5.050 3.019 9.040 4.830
Mid Flood 2.886 9.010 4.270 2.212 8.960 3.390 3.331 8.930 4.790 3.154 8.870 5.230 2.987 8.950 5.230
Mean Low 1.731 8.910 2.520 1.080 8.900 1.840 2.127 8.870 3.190 2.197 8.820 3.410 2.190 8.910 3.590

Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

High 3.888 8.410 6.450 3.397 8.030 5.630 3.767 8.310 6.250 3.590 8.330 5.950 3.323 8.330 5.510
Mid Ebb 2.971 8.520 5.050 2.195 8.520 3.790 3.167 8.510 5.290 2.855 8.480 4.730 2.789 8.500 4.550
Mid Flood 2.801 8.460 4.390 2.164 8.420 3.220 3.150 8.390 4.960 2.869 8.340 4.760 2.674 8.400 4.380
Mean Low 1.712 8.400 2.620 1.060 8.380 1.750 2.080 8.350 3.370 2.082 8.290 3.500 2.093 8.390 3.120

Table 3 - Inshore Extreme Wave Climate; Offshore Direction 205°

Breaking Conditions

1 in 1 year storm
P1 P2 P3 P4 P5

1 in 10 year storm
P1 P2 P3 P4 P5

1 in 50 year storm
P1 P2 P3 P4 P5

P4 P5
1 in 100 year storm

P1 P2 P3
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Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

January 3.49 8.37 5.78 3.54 8.76 5.19 4.15 9.03 6.51 3.46 8.55 5.73 3.36 8.53 5.57
February 3.36 7.71 5.57 3.42 8.07 5.23 3.86 8.26 6.40 3.33 7.81 226.80 3.21 7.85 5.32
March 3.32 7.44 5.51 3.37 7.75 5.59 3.76 7.90 6.23 3.29 7.50 5.46 3.18 7.56 5.27
April 3.05 7.09 5.06 3.19 7.38 5.30 3.42 7.48 5.66 3.05 7.10 5.05 2.93 7.19 4.85
May 2.71 6.80 4.49 2.93 7.09 4.85 3.03 7.14 5.03 2.73 6.79 4.53 2.63 6.89 4.37
June 2.50 6.51 4.14 2.71 6.51 4.14 2.76 6.78 4.58 2.54 6.46 4.20 2.45 6.59 4.07
July 2.54 6.42 4.22 2.73 6.66 4.52 2.77 6.65 4.59 2.57 6.37 4.26 2.48 6.49 4.12
August 2.75 6.68 4.56 2.94 6.95 4.88 3.03 6.97 5.03 2.77 6.66 4.59 2.67 6.77 4.43
September 3.12 7.24 5.17 3.25 7.55 5.39 3.53 7.67 5.84 3.11 7.27 5.15 3.00 7.35 4.97
October 3.16 7.56 5.25 3.32 7.92 5.50 3.66 8.09 6.07 3.16 7.64 5.23 3.04 7.69 5.03
November 3.38 7.83 5.61 3.44 8.19 5.60 3.92 8.39 6.49 3.35 7.94 5.56 3.23 7.97 5.36
December 3.44 8.07 5.71 3.49 8.44 5.43 4.04 8.68 7.03 3.41 8.22 5.65 3.31 8.23 5.48

Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1% Hm0 Tm H1%

January 2.70 7.50 4.47 3.01 7.90 4.99 3.22 8.06 5.34 2.74 7.60 4.54 2.64 7.63 4.37
February 2.64 7.13 4.37 2.92 7.48 4.84 3.07 7.60 5.09 2.67 7.18 4.43 2.58 7.25 4.28
March 2.57 6.79 4.26 2.81 7.09 4.66 2.91 7.15 4.83 2.61 6.78 4.32 2.52 6.88 4.18
April 2.32 6.34 3.84 2.52 6.60 4.18 2.56 6.58 4.24 2.37 6.28 3.92 2.30 6.41 3.81
May 2.04 6.12 3.38 2.23 6.37 3.70 2.26 6.32 3.74 2.10 6.03 3.49 2.05 6.17 3.40
June 1.92 6.04 3.17 2.11 6.29 3.49 2.13 6.23 3.53 1.99 5.94 3.29 1.94 6.09 3.22
July 1.94 5.93 3.22 2.11 6.16 3.50 2.12 6.07 3.52 2.01 5.82 3.33 1.96 5.96 3.25
August 2.13 6.28 3.54 2.35 6.54 3.90 2.38 6.52 3.95 2.19 6.20 3.64 2.15 6.34 3.56
September 2.36 6.58 3.91 2.59 6.87 4.30 2.66 6.89 4.41 2.41 6.54 3.99 2.34 6.66 3.87
October 2.41 6.87 4.00 2.68 7.20 4.45 2.79 7.28 4.62 2.46 6.88 4.08 2.39 6.96 3.96
November 2.61 7.01 4.32 2.87 7.35 4.76 3.01 7.45 4.99 2.64 7.04 4.38 2.55 7.12 4.23
December 2.67 7.19 4.42 2.95 7.54 4.90 3.12 7.66 5.17 2.70 7.24 4.48 2.61 7.30 4.33

P5
1 in 1 year

P1 P2

P1 P2 P3 P4

P3 P4

Table 4 - Inshore Monthly Extreme Wave Climate

P5
1 in 10 years
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Name/Mean Range Name/Mean Range Range Mean Name Range Range Mean
0.375 0.25 > 0.5 1.75 1.5 > 2 352.5 > 7.5 0 1.25 0 > 2.5 352.5 > 7.5 0
0.625 0.5 > 0.75 2.25 2 > 2.5 7.5 > 22.5 15 3.75 2.5 > 5 7.5 > 22.5 15
0.875 0.75 > 1 2.75 2.5 > 3 22.5 > 37.5 30 6.25 5 > 7.5 22.5 > 37.5 30
1.125 1 > 1.25 3.25 3 > 3.5 37.5 > 52.5 45 8.75 7.5 > 10 37.5 > 52.5 45
1.375 1.25 > 1.5 3.75 3.5 > 4 52.5 > 67.5 60 11.25 10 > 12.5 52.5 > 67.5 60
1.625 1.5 > 1.75 4.25 4 > 4.5 67.5 > 82.5 75 13.75 12.5 > 15 67.5 > 82.5 75
1.875 1.75 > 2 4.75 4.5 > 5 82.5 > 97.5 90 16.25 15 > 17.5 82.5 > 97.5 90
2.125 2 > 2.25 5.25 5 > 5.5 97.5 > 112.5 105 18.75 17.5 > 20 97.5 > 112.5 105
2.375 2.25 > 2.5 5.75 5.5 > 6 112.5 > 127.5 120 21.25 20 > 22.5 112.5 > 127.5 120
2.625 2.5 > 2.75 6.25 6 > 6.5 127.5 > 142.5 135 23.75 22.5 > 25 127.5 > 142.5 135
2.875 2.75 > 3 6.75 6.5 > 7 142.5 > 157.5 150 26.25 25 > 27.5 142.5 > 157.5 150
3.125 3 > 3.25 7.25 7 > 7.5 157.5 > 172.5 165 157.5 > 172.5 165
3.375 3.25 > 3.5 7.75 7.5 > 8 172.5 > 187.5 180 172.5 > 187.5 180
3.625 3.5 > 3.75 8.25 8 > 8.5 187.5 > 202.5 195 187.5 > 202.5 195
3.875 3.75 > 4 8.75 8.5 > 9 202.5 > 217.5 210 202.5 > 217.5 210
4.125 4 > 4.25 9.25 9 > 9.5 217.5 > 232.5 225 217.5 > 232.5 225

9.75 9.5 > 10 232.5 > 247.5 240 232.5 > 247.5 240
10.25 10 > 10.5 247.5 > 262.5 255 247.5 > 262.5 255
10.75 10.5 > 11 262.5 > 277.5 270 262.5 > 277.5 270
11.25 11 > 11.5 277.5 > 292.5 285 277.5 > 292.5 285

292.5 > 307.5 300 292.5 > 307.5 300
307.5 > 322.5 315 307.5 > 322.5 315
322.5 > 337.5 330 322.5 > 337.5 330
337.5 > 352.5 345 337.5 > 352.5 345

Table 5 - Solway Pivot Table Ranges

Wave height, Hm0 (m) Wave Period, Tm (s) Wave Direction (Deg) Wind Speed (m/s) Wind Direction (deg)
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January February March April May June July August September October November December
Wave ht Hm0

Percentage of time
> 3.0 m 0.524 0.133 0.040 0.000 0.000 0.000 0.000 0.000 0.042 0.121 0.250 0.403
> 2.5 m 3.105 1.988 0.927 0.292 0.323 0.000 0.000 0.000 0.500 1.048 2.208 2.419
> 2.0 m 9.879 6.758 3.589 1.750 1.089 0.250 0.161 0.282 2.292 4.113 5.625 6.694
> 1.5 m 24.435 18.684 12.137 5.292 4.113 2.542 2.177 2.863 6.083 12.540 15.167 18.831
> 1.0 m 44.798 45.318 31.492 18.292 12.782 11.083 11.613 12.621 18.292 32.460 34.417 39.073
> 0.5 m 65.565 72.306 61.411 46.417 34.395 35.833 38.710 39.516 45.875 60.726 63.958 61.935

< 3.0 m 99.476 99.867 99.960 100.000 100.000 100.000 100.000 100.000 99.958 99.879 99.750 99.597
< 2.5 m 96.895 98.012 99.073 99.708 99.677 100.000 100.000 100.000 99.500 98.952 97.792 97.581
< 2.0 m 90.121 93.242 96.411 98.250 98.911 99.750 99.839 99.718 97.708 95.887 94.375 93.306
< 1.5 m 75.565 81.316 87.863 94.708 95.887 97.458 97.823 97.137 93.917 87.460 84.833 81.169
< 1.0 m 55.202 54.682 68.508 81.708 87.218 88.917 88.387 87.379 81.708 67.540 65.583 60.927
< 0.5 m 34.435 27.694 38.589 53.583 65.605 64.167 61.290 60.484 54.125 39.274 36.042 38.065

January February March April May June July August September October November December
Wave ht Hm0

Percentage of time
> 3.0 m 0.403 0.044 0.040 0.000 0.000 0.000 0.000 0.000 0.000 0.081 0.167 0.161
> 2.5 m 1.452 0.839 0.444 0.000 0.040 0.000 0.000 0.000 0.167 0.242 0.500 0.847
> 2.0 m 7.742 5.389 2.460 0.792 0.403 0.000 0.000 0.242 1.042 2.218 3.583 5.524
> 1.5 m 21.210 18.728 12.177 5.000 3.266 1.750 1.532 2.298 5.167 12.177 14.125 17.944
> 1.0 m 41.411 41.299 28.508 16.167 11.532 9.125 10.000 10.887 15.375 30.403 31.750 36.573
> 0.5 m 66.089 71.952 60.000 43.917 31.734 33.208 35.685 36.371 41.875 59.960 61.667 61.492

< 3.0 m 99.597 99.956 99.960 100.000 100.000 100.000 100.000 100.000 100.000 99.919 99.833 99.839
< 2.5 m 98.548 99.161 99.556 100.000 99.960 100.000 100.000 100.000 99.833 99.758 99.500 99.153
< 2.0 m 92.258 94.611 97.540 99.208 99.597 100.000 100.000 99.758 98.958 97.782 96.417 94.476
< 1.5 m 78.790 81.272 87.823 95.000 96.734 98.250 98.468 97.702 94.833 87.823 85.875 82.056
< 1.0 m 58.589 58.701 71.492 83.833 88.468 90.875 90.000 89.113 84.625 69.597 68.250 63.427
< 0.5 m 33.911 28.048 40.000 56.083 68.266 66.792 64.315 63.629 58.125 40.040 38.333 38.508

Table 6a
P1 Wave Exceedence

P2 Wave Exceedence
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P3 Wave Exceedence
January February March April May June July August September October November December

Wave ht Hm0
Percentage of time

> 3.0 m 1.573 0.000 0.121 0.000 0.000 0.000 0.000 0.000 0.042 0.121 0.375 0.524
> 2.5 m 5.484 0.414 1.653 0.333 0.161 0.000 0.000 0.000 0.542 1.250 2.292 3.669
> 2.0 m 13.468 4.551 6.653 1.917 1.250 0.292 0.081 0.095 2.583 5.484 7.458 10.565
> 1.5 m 30.685 14.007 16.653 7.417 5.081 3.042 3.024 2.174 7.333 18.306 20.042 25.806
> 1.0 m 47.379 36.466 35.282 20.125 14.274 12.250 13.589 9.357 20.708 37.379 38.917 42.137
> 0.5 m 67.339 66.608 62.782 47.750 36.371 37.792 41.290 33.837 47.500 62.339 65.333 64.355

< 3.0 m 98.427 0.000 99.879 100.000 100.000 100.000 100.000 0.000 99.958 99.879 99.625 99.476
< 2.5 m 94.516 133.392 98.347 99.667 99.839 100.000 100.000 234.405 99.458 98.750 97.708 96.331
< 2.0 m 86.532 129.255 93.347 98.083 98.750 99.708 99.919 234.310 97.417 94.516 92.542 89.435
< 1.5 m 69.315 119.799 83.347 92.583 94.919 96.958 96.976 232.231 92.667 81.694 79.958 74.194
< 1.0 m 52.621 97.340 64.718 79.875 85.726 87.750 86.411 225.047 79.292 62.621 61.083 57.863
< 0.5 m 32.661 67.199 37.218 52.250 63.629 62.208 58.710 200.567 52.500 37.661 34.667 35.645

P4 Wave Exceedence
January February March April May June July August September October November December

Wave ht Hm0
Percentage of time

> 3.0 m 0.363 0.044 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.081 0.167 0.202
> 2.5 m 2.097 0.839 0.202 0.042 0.040 0.000 0.000 0.000 0.208 0.685 1.000 1.048
> 2.0 m 9.234 5.212 2.298 0.750 0.766 0.042 0.040 0.282 1.375 3.347 4.208 4.274
> 1.5 m 24.032 19.479 10.323 3.875 3.710 1.125 1.411 2.379 5.750 14.476 14.333 15.685
> 1.0 m 45.000 49.205 31.210 16.500 14.234 9.500 12.823 12.944 19.042 39.677 34.333 35.524
> 0.5 m 66.935 75.044 62.903 47.208 36.613 34.917 44.435 41.613 46.333 65.847 64.958 59.234

< 3.0 m 99.637 99.956 100.000 100.000 100.000 100.000 100.000 100.000 100.000 99.919 99.833 99.798
< 2.5 m 97.903 99.161 99.798 99.958 99.960 100.000 100.000 100.000 99.792 99.315 99.000 98.952
< 2.0 m 90.766 94.788 97.702 99.250 99.234 99.958 99.960 99.718 98.625 96.653 95.792 95.726
< 1.5 m 75.968 80.521 89.677 96.125 96.290 98.875 98.589 97.621 94.250 85.524 85.667 84.315
< 1.0 m 55.000 50.795 68.790 83.500 85.766 90.500 87.177 87.056 80.958 60.323 65.667 64.476
< 0.5 m 33.065 24.956 37.097 52.792 63.387 65.083 55.565 58.387 53.667 34.153 35.042 40.766

Table 6b
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P5 Wave Exceedence
January February March April May June July August September October November December

Wave ht Hm0
Percentage of time

> 3.0 m 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
> 2.5 m 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
> 2.0 m 0.202 0.000 0.040 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.083 0.121
> 1.5 m 1.573 0.353 0.121 0.000 0.040 0.000 0.000 0.000 0.083 0.202 0.542 0.726
> 1.0 m 6.855 4.196 2.177 0.458 0.403 0.000 0.000 0.081 0.750 1.653 3.042 4.194
> 0.5 m 20.887 15.989 10.645 4.000 2.581 0.958 0.806 1.613 4.542 9.919 12.667 17.016

< 3.0 m 66.169 73.277 62.621 46.500 35.000 36.375 39.315 39.113 46.583 61.774 64.958 62.661
< 2.5 m 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
< 2.0 m 99.798 100.000 99.960 100.000 100.000 100.000 100.000 100.000 100.000 100.000 99.917 99.879
< 1.5 m 98.427 99.647 99.879 100.000 99.960 100.000 100.000 100.000 99.917 99.798 99.458 99.274
< 1.0 m 93.145 95.804 97.823 99.542 99.597 100.000 100.000 99.919 99.250 98.347 96.958 95.806
< 0.5 m 79.113 84.011 89.355 96.000 97.419 99.042 99.194 98.387 95.458 90.081 87.333 82.984

Table 6c
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Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.5 18 6 0 0 13 5 0 0 6 1 0 0 1 0 0 0 2 0 0 0 0 0 0 0
>2.0 78 31 2 0 44 16 5 1 19 9 2 0 12 4 2 0 7 3 0 0 0 0 0 0
>1.5 142 90 38 12 102 59 26 5 75 36 14 4 32 12 7 2 19 12 8 3 16 6 1 0
>1.0 112 92 74 51 123 93 73 44 117 78 57 33 69 46 42 15 45 36 28 12 49 35 26 9
>0.5 100 67 49 45 108 76 66 52 116 84 66 52 136 90 75 42 110 74 50 28 100 71 55 36

<3.0 14 14 13 13 4 4 4 4 2 2 2 2 x x x x x x x x x x x x
<2.5 49 40 34 30 25 23 23 21 17 15 13 12 7 6 6 6 6 6 5 5 x x x x
<2.0 110 87 65 45 71 57 49 38 44 39 32 29 20 16 15 14 14 12 11 10 6 6 5 4
<1.5 129 88 65 42 126 98 74 55 98 77 53 43 46 37 32 26 31 28 22 18 31 27 25 23
<1.0 88 61 47 32 115 81 66 42 112 86 63 46 88 69 54 43 56 42 33 27 72 54 43 34
<0.5 101 79 37 22 93 62 43 23 117 81 61 38 129 95 74 44 111 83 66 44 117 84 67 52

Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.5 0 0 0 0 0 0 0 0 3 1 0 0 6 1 0 0 17 5 0 0 19 4 0 0
>2.0 1 0 0 0 1 0 0 0 15 7 1 0 30 11 0 0 37 23 1 0 48 18 2 0
>1.5 9 3 3 0 17 10 4 0 35 23 4 3 83 40 14 3 78 52 23 6 105 63 30 13
>1.0 50 32 22 9 57 36 26 8 75 49 36 12 112 79 62 31 118 79 59 27 105 78 65 47
>0.5 101 72 61 38 108 79 64 38 118 86 70 41 116 82 66 47 134 94 78 54 98 71 57 48

<3.0 x x x x x x x x 2 2 2 2 4 4 4 4 7 7 6 6 11 11 11 11
<2.5 x x x x x x x x 8 8 8 8 18 17 17 16 25 22 21 20 36 34 33 31
<2.0 4 4 4 4 7 7 7 7 22 18 15 14 52 43 42 33 55 50 43 33 82 68 53 41
<1.5 32 30 25 20 34 31 25 23 47 40 33 26 104 76 63 43 93 78 62 44 116 90 58 45
<1.0 84 67 46 37 80 62 50 42 76 63 51 41 118 92 66 45 116 93 67 48 100 74 63 44
<0.5 131 89 69 46 133 103 75 45 103 78 58 32 113 73 58 31 126 85 60 28 118 86 54 34

Numbers of occurrences for 10 years of each month
x = No wave heights above specified value in 10 year monthly range

November December

January

July August September October

February March April

Table 7a - P1 Wave Persistence

May June
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Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.0 59 29 10 0 43 17 0 0 18 4 1 0 5 1 0 0 2 1 0 0 0 0 0 0
>1.5 177 115 8 1 141 79 12 1 92 57 8 2 37 16 2 1 21 11 1 0 14 4 0 0
>1.0 180 141 49 26 189 151 52 25 141 97 35 16 87 53 20 10 53 38 20 9 56 34 13 3
>0.5 92 61 47 42 114 87 60 44 122 88 64 52 137 84 62 40 100 62 36 25 92 63 51 36

<3.0 11 11 10 10 2 2 2 2 2 2 2 2 x x x x x x x x x x x x
<2.5 37 37 23 19 20 20 15 15 12 12 9 9 x x x x 2 2 2 2 x x x x
<2.0 78 63 53 38 49 42 39 35 35 30 27 25 13 12 12 12 8 7 6 5 x x x x
<1.5 125 83 68 37 113 84 72 53 83 56 46 34 47 36 29 24 35 28 22 17 22 19 18 18
<1.0 85 54 49 35 108 75 60 38 105 72 61 44 76 64 52 41 48 33 29 22 61 48 37 30
<0.5 88 64 35 22 84 55 40 21 108 72 64 37 122 96 72 46 104 77 66 45 109 88 67 51

Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.0 0 0 0 0 0 0 0 0 7 1 0 0 14 5 0 0 25 9 1 0 44 14 1 0
>1.5 10 2 0 0 16 18 1 0 34 19 2 1 99 55 5 0 106 61 7 2 143 95 8 0
>1.0 62 33 16 6 63 42 18 5 90 62 16 5 153 125 38 20 161 123 40 16 149 118 51 26
>0.5 102 72 51 32 104 74 62 35 110 78 54 32 122 85 66 47 129 91 63 45 93 71 51 43

<3.0 x x x x x x x x x x x x 3 3 3 3 5 5 4 4 5 5 5 5
<2.5 x x x x x x x x 5 5 5 5 7 7 6 6 13 13 9 9 22 22 21 21
<2.0 x x x x 7 7 7 7 18 17 14 13 39 29 24 20 45 38 35 31 66 55 45 37
<1.5 25 22 22 18 29 26 20 19 40 32 26 20 88 68 56 43 97 76 57 44 112 73 58 44
<1.0 62 52 45 33 69 54 44 37 71 55 50 37 97 75 65 48 107 80 66 46 103 71 63 44
<0.5 107 83 69 46 107 81 71 44 101 73 57 37 115 73 55 29 119 81 60 29 99 79 55 37

Numbers of occurrences for 10 years of each month
x = No wave heights above specified value in 10 year monthly range

Table 7b - P2 Wave Persistence

January February March April May June

November DecemberJuly August September October
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Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.5 18 6 0 0 27 7 0 0 12 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0
>2.0 78 31 2 0 59 37 9 3 42 19 5 2 12 3 1 0 7 5 1 0 1 0 0 0
>1.5 142 90 38 12 101 67 49 24 76 52 33 15 37 23 13 4 23 15 13 4 18 10 2 0
>1.0 112 92 74 51 97 82 74 54 94 67 59 34 68 49 45 19 45 34 31 17 119 36 27 12
>0.5 10 67 49 45 95 71 60 47 107 83 70 56 128 93 73 40 104 67 48 29 99 74 55 38

<3.0 14 14 13 13 7 7 7 7 4 4 4 4 x x x x x x x x x x x x
<2.5 49 40 34 30 38 30 29 27 23 21 17 15 8 6 6 6 5 5 5 4 x x x x
<2.0 110 87 65 45 79 71 53 44 63 52 40 34 25 21 18 17 13 13 12 11 7 6 6 6
<1.5 129 88 65 42 109 87 70 51 84 66 53 42 51 42 37 28 30 26 23 18 31 25 24 22
<1.0 88 61 47 32 92 73 63 40 100 81 64 49 81 63 54 41 54 43 37 29 66 53 46 37
<0.5 101 79 37 22 75 51 33 22 106 81 55 32 128 101 74 43 124 100 74 49 123 87 71 55

Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 4 1 0 0
>2.5 0 0 0 0 0 0 0 0 3 1 0 0 10 3 0 0 15 8 0 0 26 8 0 0
>2.0 0 0 0 0 6 2 1 0 18 7 1 0 38 19 2 0 43 27 9 2 71 42 12 0
>1.5 17 9 6 0 25 15 8 0 39 24 9 3 83 51 33 15 86 54 35 17 100 64 56 25
>1.0 53 35 27 14 58 42 30 12 67 52 38 18 97 78 68 40 94 78 66 34 87 75 56 43
>0.5 94 80 66 41 95 75 66 39 98 71 60 40 98 72 68 49 118 94 72 54 96 65 56 47

<3.0 x x x x x x x x 2 2 2 2 4 4 4 4 8 8 7 7 9 9 9 9
<2.5 x x x x 2 2 2 2 10 10 10 9 17 16 15 14 26 23 23 21 53 42 39 35
<2.0 2 2 2 2 14 13 12 11 24 20 19 17 60 51 45 33 60 53 46 33 88 67 48 37
<1.5 31 28 25 21 32 27 24 24 46 38 34 28 90 71 63 48 90 73 62 33 88 69 58 44
<1.0 63 53 45 34 69 58 49 39 76 65 56 43 95 79 66 43 94 80 68 45 83 71 63 43
<0.5 115 95 74 49 127 101 79 46 106 79 58 32 111 71 52 32 104 79 60 28 110 84 57 35

Numbers of occurrences for 10 years of each month
x = No wave heights above specified value in 10 year monthly range

Table 7c - P3 Wave Persistence

January February March April May June

November DecemberJuly August September October
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Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.5 15 6 0 0 5 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.0 61 32 10 4 36 14 4 0 15 5 2 0 5 3 0 0 5 3 1 0 0 0 0 0
>1.5 117 77 43 13 97 60 37 7 57 24 15 6 21 11 7 1 21 11 4 2 6 2 0 0
>1.0 96 79 70 47 112 91 80 53 118 79 62 33 67 43 34 14 54 40 32 15 44 30 20 5
>0.5 94 74 61 47 97 71 62 34 108 85 74 60 130 103 85 46 91 70 56 35 98 73 56 35

<3.0 9 9 9 9 2 2 2 2 x x x x x x x x x x x x x x x x
<2.5 27 23 20 17 15 14 13 13 4 4 4 4 2 2 2 2 2 2 2 2 x x x x
<2.0 76 64 57 44 50 44 42 37 25 22 22 19 9 8 8 8 9 8 8 8 2 2 2 2
<1.5 113 81 65 36 116 79 69 53 73 58 54 46 31 26 24 22 28 22 22 17 17 14 13 11
<1.0 78 55 49 35 97 71 62 34 106 84 66 51 85 72 59 47 61 42 35 29 68 55 42 35
<0.5 86 62 48 23 70 50 37 21 105 82 67 37 119 99 78 48 101 83 68 50 106 83 72 55

Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
>2.5 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 5 2 0 0 9 1 0 0
>2.0 0 0 0 0 1 0 0 0 8 3 1 0 22 9 0 0 27 17 4 0 31 11 3 0
>1.5 8 3 1 0 16 8 3 0 31 17 6 3 91 45 20 7 68 46 22 10 80 56 38 11
>1.0 59 31 26 10 63 37 24 7 71 51 34 15 119 90 74 38 102 85 64 36 92 70 57 40
>0.5 95 78 64 43 111 81 70 38 99 76 62 38 94 78 70 56 122 101 78 84 98 67 55 45

<3.0 x x x x x x x x x x x x 3 3 3 3 5 5 4 4 5 5 5 5
<2.5 x x x x x x x x 6 6 6 6 12 12 12 12 17 16 15 15 17 16 15 15
<2.0 2 2 2 2 7 7 7 7 17 16 14 11 45 40 34 31 54 44 41 33 54 44 41 33
<1.5 22 21 20 17 27 23 20 18 42 36 31 24 100 72 62 44 85 64 55 40 85 64 55 40
<1.0 81 62 51 39 76 59 49 38 73 64 53 56 102 85 64 42 98 71 57 41 98 71 57 41
<0.5 110 90 67 45 115 83 71 43 93 66 48 28 89 67 50 28 110 81 59 37 110 81 59 37

Numbers of occurrences for 10 years of each month
x = No wave heights above specified value in 10 year monthly range

Table 7d - P4 Wave Persistence

January February March April May June

November DecemberJuly August September October
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Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.5 10 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.0 45 20 7 3 29 12 3 1 16 6 1 0 3 0 0 0 3 2 0 0 0 0 0 0
>1.5 109 63 39 12 85 51 33 7 57 26 20 7 20 12 7 1 13 7 4 2 6 0 0 0
>1.0 103 86 71 48 110 85 76 49 96 70 52 32 68 39 34 16 46 35 27 13 41 32 24 5
>0.5 96 75 54 43 90 74 65 49 105 82 69 56 125 94 74 38 98 76 49 27 94 73 57 38

<3.0 6 6 6 6 x x x x 2 2 2 2 x x x x x x x x x x x x
<2.5 25 24 20 20 9 9 9 9 4 4 4 4 x x x x 2 2 2 2 x x x x
<2.0 62 50 45 33 40 32 30 27 27 21 20 18 9 7 7 7 6 5 4 4 x x x x
<1.5 112 84 73 41 97 69 62 48 73 57 47 40 32 27 25 18 23 20 15 13 16 15 14 13
<1.0 74 55 47 34 101 78 69 43 93 75 64 49 76 68 56 37 50 34 31 26 58 48 43 32
<0.5 86 60 41 23 72 55 37 22 102 74 64 37 115 96 74 47 93 75 65 47 109 78 67 53

Month 
Wave Height >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24 >6 >9 >12 >24
Hours

>3.0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
>2.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 4 1 0 0
>2.0 0 0 0 0 0 0 0 0 6 1 0 0 13 3 0 0 19 9 4 0 34 8 1 0
>1.5 5 1 1 0 12 6 3 0 23 14 8 2 62 27 14 6 62 36 22 9 85 56 42 10
>1.0 47 30 23 8 47 32 22 8 67 47 32 12 110 79 61 32 110 82 67 32 92 74 62 44
>0.5 97 77 64 38 89 70 61 37 10 74 63 40 97 77 67 52 110 88 75 56 88 63 54 47

<3.0 x x x x x x x x x x x x x x x x 3 3 3 3 4 4 4 4
<2.5 x x x x x x x x 3 3 3 3 6 6 6 6 11 10 8 8 14 14 14 14
<2.0 x x x x 3 3 3 3 12 11 11 10 25 22 18 17 28 26 25 23 58 45 41 35
<1.5 14 13 13 12 18 16 15 13 31 28 24 20 82 59 49 35 71 56 52 40 91 64 57 46
<1.0 56 48 42 37 66 56 47 37 68 60 53 38 95 76 65 45 89 76 72 51 90 71 63 45
<0.5 111 86 70 48 108 87 73 45 95 72 54 31 94 65 54 35 99 78 59 29 103 78 53 35

Numbers of occurrences for 10 years of each month
x = No wave heights above specified value in 10 year monthly range

Table 7e - P5 Wave Persistence

January February March April May June

November DecemberJuly August September October
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Speed m/s Direction °N Speed m/s Direction °N Speed m/s Direction °N Speed m/s Direction °N Speed m/s Direction °N
Flood 0.571 059.7 0.890 058.5 1.097 057.2 1.111 057.2 1.124 057.2
Ebb 0.512 238.1 0.878 235.9 1.093 235.3 1.107 235.1 1.117 235.0

Flood 0.454 058.1 0.729 057.0 0.910 056.6 0.923 056.5 0.935 056.7
Ebb 0.409 235.7 0.682 235.5 0.830 237.2 0.840 237.2 0.847 237.2

Flood 0.676 083.7 1.058 082.1 1.291 081.6 1.308 081.5 1.316 081.4
Ebb 0.528 247.7 0.868 243.8 1.053 242.0 1.063 241.8 1.072 241.7

Flood 0.595 079.5 0.922 079.4 1.123 076.7 1.136 076.5 1.144 076.5
Ebb 0.463 259.7 0.771 255.5 0.940 253.5 0.952 253.3 0.958 253.3

Flood 0.536 067.1 0.842 063.7 1.044 062.6 1.059 062.5 1.069 062.6
Ebb 0.418 241.8 0.705 239.9 0.857 238.2 0.868 238.1 0.874 238.0

1 in 1 year 1 in 10 years

P4

P5

Table 8 - Peak Tidal Current Velocities and Directions

1 in 50 years

P1

P2

P3

Neap Spring



Figure 1                                                                                                             
Still Water Level Plus Wave Height at High Tide on Robin Rigg
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Figure 2                                                                                                             
Highest 150 Water Levels at High Tide on Robin Rigg
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Figure 3                                                                         
Historical Water Levels on Robin Rigg
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1. This is the supplementary precognition of Dan Badger, whose personal and career details are
given in the precognition already submitted.

2. The need for this supplementary precognition arises from the evidence of John Gallagher and
John Beattie, whose evidence has already been submitted. While John Beattie and John
Gallagher can draw technical conclusions in relation to the issues that they cover it is not for
them to make the qualitative assessment of risk which is set out in this precognition.

3. Against this background this supplementary precognition addresses:

3.1. the potential risks to vessels within the wind farm area by reason of a potential
shadowing effect on radar systems; and

3.2. the potential risks to vessels within the wind farm area by reason of a potential
shadowing effect on VHF transmissions

Shadowing of Radar Systems

4. Mr. Gallagher has determined that “for large vessels it is likely that not all the vessel will be
in shadow and so enough energy will be scattered back to the radar to permit detection. For
small vessels it is possible that they will be in deep shadow and not detectable. However, as
at least one of the vessels will be moving the shadow area positions will change and so it
should be possible to detect vessels in the wind farm.”

5. On the basis of this evidence, the Promoters conclude that radar shadowing of vessels near or
within the wind farm does not present a significant safety issue.  As noted by Mr. Gallagher,
the only circumstances in which a small vessel would be effectively shadowed from detection
by the radar system of another vessel would be if both vessels were either stationary and
located on directly opposite sides of a WTG (in which case their would be no collision risk),
or moving directly towards each other from directly opposite sides of the WTG. If either
vessel is moving in any other direction, the vessel to be detected would quickly emerge from
the shadowed area.

6. In the case where vessels are moving directly towards each other from opposite sides of a
WTG, the risk of collision would occur in extremely limited visibility conditions. The
evidence presented by John Beattie in his discussion of collision risk indicates that visibility
of 1 km occurs less than 3% of the time in the vicinity of the wind farm. Mr. Beattie also
indicates that South West Scotland Sailing Association’s Recommended Route for crossing
the Solway avoids the wind farm site altogether. On this basis, we believe the collision risk
due to radar shadowing within the wind farm is not significant.

Shadowing of VHF Communications

7. Mr. Gallagher has determined that “there will be some impact from electromagnetic shadows
cast by the turbine structures but it will be less than for the radar systems as the
communication wavelengths are longer at VHF frequencies. This will affect ships operating
within the wind farm and there is likely to be a drop in signal strength when the transmitting
system is close to a turbine. However, there is a separation distance between the turbine and
the vessel beyond which the VHF signal from the vessel’s transmitter would not be impaired.
We conservatively estimate this minimum separation distance at 150 metres. Additional
calculations are being performed to verify this.”
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8. On the basis of this evidence, the Promoters conclude that VHF transmission shadowing of
vessels near or within the wind farm does not present a significant safety issue. Even with the
conservative estimate of 150 metres as the distance within which communications would  be
affected, the separation distance between WTGs will be between 450 and 550 metres,
allowing for ample corridors within the wind farm within which VHF transmission would not
be affected.
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1 I have read the Precognitions of Evidence of other witnesses sent to me by the
NEBU.  The additional comments given hereunder comment on some of the matters
raised in these Precognitions, and provide some further data that I hope will help the
Committee.  I also refer to an offer made by the applicant to deal with the objection of
the Solway Yacht Club, and comment on information sent to me by Mr Cullum
regarding our objection relating to risk of dereliction.

Precognition of Dan Badger

2 We note that the applicant now formally proposes to amend section 1(2) of the
Bill so as to reduce the minimum clearance height at still MHWS from 25m to 18m,
and that the justification for this change is the costs of building quoted by those firms
invited to tender for the work.

3 Such late changes also appear to be happening elsewhere; for example, we
have recently learned that the clearance height proposed for the Gunfleet wind farm
(off the Essex coast) has been reduced from a figure acceptable to us down to 14m,
which is a matter of serious concern.

4 At the Preliminary Stage the applicant had given notice of its intention to
apply to reduce the minimum clearance height from 25m to 22m, so as to be able to
accommodate larger sizes of turbine generator that had become available.  As I
indicated in my main Precognition, the applicant had helpfully suggested to us that
that the risk to sailing craft whose air draught was of the order of 22m could be dealt
with by means of an active management system, now described in detail in paras. 13
to 15 of Mr Badger’s Precognition. We appreciate the difficulties faced by those
developing this new technology.  However, from our perspective, the timing of the
change now proposed to the Bill is unfortunate.  We were minded to accept the
applicant’s management proposal, subject to assurances about the efficiency of the
communications network.  But reducing the clearance still further increases the range
of craft which might become involved in a rotor strike incident in the situations we
have described.

5 The best we have been able to do within our resources in the time available, to
indicate the kinds of boat that would be at risk, is the data previously shown (in
Appendix).  As the data produced by the applicant and the Solway Yacht Club
describes boats by reference to their length, I have now had the data re-formulated so
as to correlate boat length with air draught.  This data is attached to this additional
Precognition.  The data refers to the IRC fleet previously described.  Boat lengths for
an air draught of 18m fall in the range 12m to 17m LOA.  As previously stated, our
view is that, to produce the minimum rotor clearance height for a particular boat the
nominal air draught shown in this correlation should be adjusted downwards by half
to one metre (for masthead equipment) plus an allowance for wave height in poor
weather conditions (I will for present purposes assume the same height as Mr Badger,
ie 2.1m above SMHWS).  Doing this would reduce the effective clearance to
somewhere between 15m and 15.5m.  The range of boats with these air draught
characteristics have lengths of between 9m and 14m LOA.  As will be seen from the
data correlating numbers of boats with air draught, the proportionate numbers of boats
in this category is quite substantial.
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6 Mr Badger has carried out a statistical analysis to quantify the collision risk
that exists for a theoretical fleet, whose boat sizes correspond with the known sizes of
the Solway Yacht Club fleet, and which are assumed to navigate, purposefully but on
randomly determined courses, in ‘worst case’ conditions, making no attempt to avoid
the towers, which nevertheless are assumed to exist.

7 I am not able to comment on whether this method, and the collision risk
conclusion it produces, is likely to be an accurate assessment.  In the time available I
have not been able to have the analysis scrutinized by someone qualified to do so.
However, it does seem to me that it does not take account of the possibility that
vessels other than those in the Solway Yacht Cub fleet might choose to sail in the
vicinity of the wind farm.  It also seems to me that neither Mr Badger’s nor Anatec’s
analyses of recreational vessel collision risks address the possibility (which I regard as
a probability) that both the extent of use of the Firth by recreational craft, and the
range of sizes of those craft, will increase in the years during which the wind farm
will be in operation.

8 With regard to the applicant’s proposal for an emergency management system,
we would support such a proposal, which seems to us to be a useful additional safety
aid.   We are glad that MCA will be able to attend to give its view on those parts of
the system that rely on the Coastguard link, and that Dr Gallagher will be available to
relate his evidence on the likelihood of electromagnetic interference to VHF radio and
GPS signals to the operation of such a system.

9 In summary then while we support the introduction of the applicant’s
emergency management system, we are concerned about the proposal to reduce the
minimum clearance height to 18m at SMHWS.

Precognition of John Beattie (Anatec UK Ltd)

10 In the time available to me since this paper was delivered I have not been able
to prepare a full set of comments.  Mr Beattie’s brief has been to deal with the risk of
collision between recreational vessels and the wind farm structures, but not to deal
with the rotor strike risk.

11 We have previously stated (in our original objection) that we do not object to
the presence of the towers themselves, as creating a ‘simple’ collision risk.

12 Mr Beattie concurs with our view that there exists a small but not negligible
risk of a recreational vessel casualty in the circumstances quoted in his para 51.

13 However, admittedly without the benefit of quantitative modelling methods,
and without the experience of having personally sailed in this particular Firth, but on
the basis of having voyaged extensively around much of the coast of the UK in small
engineless sailing craft, I cannot say that I instinctively agree with his assessment of
the risk of collision as being one incident in about a thousand years.
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Precogition of Rupert Steele

Exclusion zones

14 In respect of this evidence, I have no points to add to those already set out in
my main Precognition and our original objection.

Decommissioning

15 Mr Steele very helpfully sets out at length the applicant’s view on why the
terms of the draft Crown lease, and the relevant terms in the current draft FEPA
licence, adequately deal with the concerns we have raised about the risk of dereliction
should an operator (the current applicant, or a successor) become insolvent and no
other developer wished to take on the operation of the wind farm.

16 During the last few days I have been informed by Mr Cullum that the Scottish
Executive Energy Consents Department has stated that, should Ministers be minded to
grant a section 36 consent, that permission would carry a condition which, broadly,
would require that no work will commence on site until a bond has been put in place
to cover all works and measures to restore the site in accordance with the site
restoration plan to be agreed with the Scottish Ministers.

17 The inclusion of a condition to this effect would meet our concerns on this
topic.

Precognition of James Copeland

18 Mr Copeland, on behalf of the Solway Yacht Club, objected to the Bill on the
ground that the proposed specification of markings and lighting required enhancing so
as to take account of the interests of small boat safety in the area of the wind farm.

19 RYA and RYA (Scotland) did not object on this ground, because we regarded
this aspect as a matter best commented on by local sailors with intimate knowledge of
the area.

20 The applicant’s Parliamentary Agents, John Kennedy and Co, have proposed
an undertaking, which extends to RYA and RYA(Scotland), by which the applicant
would consult RYA/RYA(Scotland) and the Club before submitting proposals for
marking and lighting to the Commissioners for Northern Lighthouses.

21 Although the detailed working of this undertaking may need to be settled, in
broad terms RYA/RYA(Scotland) are willing to accept an undertaking of this kind, so
far as it relates to the generality of the points raised in our objection.  We appreciate
the opportunity to participate in a consultation process of this kind.

22 At the time of writing this additional Precognition we understand the Solway
Yacht Club is taking advice on this aspect of the matter.

Jeremy Eardley                                   18 February 2003
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