
COMMERCIAL IN CONFIDENCE 
 

Date: 4th July 2022 

Author:  

Revision: Issue 2 

Osprey Ref: 71609 017 

 

This document is of UK origin and has been prepared by Osprey Consulting 
Services Limited (Osprey) and, subject to any existing rights of third parties, 
Osprey is the owner of the copyright therein.  The document is furnished in 
confidence under existing laws, regulations and agreements covering the 
release of data. This document contains proprietary information of Osprey and 
the contents, or any part thereof shall not be copied or disclosed to any third 
party without Osprey’s prior written consent. 

 
© Osprey Consulting Services Limited 2022 
The Hub, Fowler Avenue, Farnborough Business Park, Farnborough, GU14 7JP 
01420 520200 / enquiries@ospreycsl.co.uk 
Registered in England and Wales under No: 06034579 

 

 

 

 

 
 

COMMERCIAL IN CONFIDENCE 

 

 

 

 

 

 

 

 

Clash Gour Wind Farm ACP-2021-
046  

Design Principles Evaluation 
 





COMMERCIAL IN CONFIDENCE 

Clash Gour Wind Farm ACP-2021-046 | Table of Contents 

71609 017 | Issue 2 

iii 

COMMERCIAL IN CONFIDENCE 

Table of Contents 

Acronyms1 

Terminology ..................................................................................................................................................... 3 

1 Introduction ................................................................................................................................. 5 

1.1 Project Overview ........................................................................................................................................ 5 
1.2 Section 36 Electricity Act Application ............................................................................................... 6 
1.3 Design Options ............................................................................................................................................ 8 

2 Design Principle Evaluation Assessment ......................................................................... 10 

2.1 Options Development ............................................................................................................................ 10 
2.2 Options Assessment ............................................................................................................................... 10 
2.3 Baseline (Do Nothing) – Design Principle Evaluation .............................................................. 11 
2.4 Temporary Wind Farm Suspension of Operation – Design Principle Evaluation ........ 13 
2.5 SSR Alone Operations – Design Principle Evaluation .............................................................. 16 
2.6 Use of Infill Radar – Design Principle Evaluation ...................................................................... 19 
2.7 Introduction of Controlled Airspace (Class D or E) – Design Principles Evaluation ... 23 
2.8 Introduction of Controlled Airspace (Class E+) – Design Principles Evaluation .......... 26 
2.9 Radio Mandatory Zone – Design Principles Evaluation .......................................................... 29 
2.10 Design Option 7: Range Azimuth Gating (RAG) blanking and Transponder Mandatory 

Zone (TMZ) ................................................................................................................................................ 32 
2.11 RAG blanking of the RAF Lossiemouth and Inverness Airport Primary Surveillance 

Radar Systems – Evaluation ............................................................................................................... 33 
2.12 TMZ (without RAG blanking) over the windfarm array locations – Evaluation ........... 36 
2.13 RAG blanking and TMZ over the proposed windfarm array locations - Evaluation.... 39 
2.14 RAG blanking and TMZ over the proposed windfarm array locations.  TMZ extended 

to include a 2 NM buffer ....................................................................................................................... 43 
2.15 RAG blanking over the proposed windfarm array locations. Simplified polygon TMZ 

‘rubber banded’ around the proposed windfarm locations with no buffer. ................... 48 
2.16 RAG blanking over the proposed windfarm array locations. Simplified polygon TMZ 

‘rubber banded’ around the proposed wind farm locations extended to include a 2 
NM buffer .................................................................................................................................................... 52 

3 DPE Outcome.............................................................................................................................. 57 

3.1 Conclusion .................................................................................................................................................. 57 
3.2 Comprehensive List of Viable Options ........................................................................................... 58 
3.3 Next Steps ................................................................................................................................................... 58 

Table of Figures 

Figure 1 Clash Gour Wind Farm Location .............................................................................................................. 5 



COMMERCIAL IN CONFIDENCE 

Clash Gour Wind Farm ACP-2021-046 | Table of Contents 

71609 017 | Issue 2 

iv 

COMMERCIAL IN CONFIDENCE 

Table of Tables 

Table 1 Acronyms ............................................................................................................................................................. 2 
Table 2 Terminology ....................................................................................................................................................... 4 
Table 3 Consent Conditions Relevant to Aviation Radar ................................................................................. 7 
Table 4 Option 0 Update Clarification ...................................................................................................................... 8 
Table 5 DP Colour Coded Evaluation ..................................................................................................................... 10 
Table 6 Do Nothing Evaluation ................................................................................................................................ 12 
Table 7 Temporary Wind Farm Suspension of Operation Evaluation .................................................... 15 
Table 8 SSR Alone Evaluation ................................................................................................................................... 18 
Table 9 Use of Infill Radar Evaluation ................................................................................................................... 22 
Table 10 Establishment of Controlled Airspace Evaluation ........................................................................ 25 
Table 11 Establishment of Controlled Airspace Evaluation ........................................................................ 28 
Table 12 Radio Mandatory Zone Evaluation ...................................................................................................... 31 
Table 13 RAG Blanking of the RAF Lossiemouth and Inverness Airport Evaluation ........................ 35 
Table 14 TMZ (without RAG blanking) over the windfarm array locations Evaluation .................. 38 
Table 15 RAG blanking and TMZ over the proposed windfarm array locations Evaluation .......... 42 
Table 16 RAG blanking and TMZ over the proposed windfarm array locations.  TMZ extended to 
include a 2 NM buffer Evaluation............................................................................................................................ 46 
Table 17 RAG blanking over the proposed windfarm array locations. Simplified polygon TMZ 
‘rubber banded’ around the proposed windfarm locations with no buffer Evaluation ................... 51 
Table 18 RAG blanking over the proposed windfarm array locations. Simplified polygon TMZ 
‘rubber banded’ around the proposed wind farm locations extended to include a 2 NM buffer 
Evaluation ......................................................................................................................................................................... 55 
Table 19 DPE Outcome Summary ........................................................................................................................... 57 

 

 











COMMERCIAL IN CONFIDENCE 

Clash Gour Wind Farm ACP-2021-046  

71609 017 | Issue 2 

5 

COMMERCIAL IN CONFIDENCE 

1 Introduction 

1.1 Project Overview 

This document forms part of the document set required in accordance with the 
requirements of the CAP 1616 Airspace Change Proposal (ACP) process and aims to 
provide sufficient evidence to satisfy Stage 2 Design Principles Evaluation (DPE). The 
purpose of which is to assess each of the proposed options within the Suitable list 
against the Design Principles (DPs) established during Stage 1 of the CAP 1616 
process. This document should be read in in conjunction with Stage 2 Design Options 
Engagement document which provides diagrams and description on a number of 
design options, the consideration of which is aimed to provide sufficient mitigation to 
the operational effects the radar detectable Clash Gour wind turbines will have on 
the Royal Air Force (RAF) Lossiemouth and Inverness Airport Primary Surveillance 
Radar (PSR) systems. 

Force9 Energy (Force9), jointly with EDF Energy Renewables Limited (EDFER) is 
developing the Clash Gour Wind Farm (Clash Gour) in the name of its wholly owned 
subsidiary Clash Gour Holdings (CGH).  Clash Gour will be a substantial onshore 
windfarm which will be located in the Moray Council Area, approximately 13 
Nautical Miles (NM) southwest of RAF Lossiemouth and 15 NM southeast of 
Inverness Airport.  Clash Gour will consist of 48 wind turbines with a maximum 
blade tip height of 180 metres (m) above ground level (agl). Figure 1 below provides 
the location of the three individual wind turbine array areas which will comprise 
Clash Gour. 

Figure 1 Clash Gour Wind Farm Location 
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Option 7: Range Azimuth Gating (RAG) blanking and Transponder Mandatory   
Zone (TMZ) which falls into six possibilities of implementation as follows: 

A. RAG blanking of the RAF Lossiemouth and Inverness Airport PSRs. 
B. TMZ (without RAG blanking) over the windfarm array locations. 
C. RAG blanking and TMZ over the proposed windfarm array locations. 
D. RAG blanking and TMZ over the proposed windfarm array locations.  

TMZ extended to include a 2 NM buffer. 
E. RAG blanking over the proposed windfarm array locations. Simplified 

polygon TMZ ‘rubber banded1’ around the proposed windfarm 
locations with no buffer. 

F. RAG blanking over the proposed windfarm array locations. Simplified 
polygon TMZ ‘rubber banded’ around the proposed wind farm 
locations extended to include a 2 NM buffer. 

1.3.1 Technical Criteria 

Please note that the option which is eventually chosen for implementation shall be 
compliant with the appropriate technical criteria defined in CAP 1616, Appendix F 
and shall form the basis for the change sponsor formal ACP submission.  

 
1 Rubber banded - shortest perimeter fully enclosing the wind farm development.  It is used to smooth  
an irregular perimeter. 
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• Seek to create simple, 
easily definable solution. 
 

Table 6 Do Nothing Evaluation 

2.3.1 Do Nothing Option Conclusion 

Although at first glance, Option 0 may appear to be an attractive option in terms of 
meeting the DPs, it is unviable as it does not consist of any airspace solution and 
therefore annuls the CAP 1616 process. Each of the DPs have been assessed as Met 
(green) for this option, simply because there is no airspace solution (and therefore 
no change to extant circumstances). However, as there is no airspace solution and it 
is unviable, this option has been rejected but shall be taken forward into subsequent 
stages of the process for comparative purposes only.   

  













COMMERCIAL IN CONFIDENCE 

Clash Gour Wind Farm ACP-2021-046  

71609 017 | Issue 2 

18 

COMMERCIAL IN CONFIDENCE 

• Seek to create simple, 
easily definable solution. 
 

Table 8 SSR Alone Evaluation 

2.5.1 SSR Alone Operations Conclusion 

Within SSR Alone operations and without radar blanking, the primary radar would 
be deselected to remove wind turbine induced clutter. Since it is not possible to 
deselect PSR for a specific area, this would mean that the entire area of operations 
for the air traffic controller would be without primary radar data displayed. This 
means that it will not only be impossible to detect any aircraft entering the airspace 
above the Development Area, but any aircraft operating within the coverage of the 
effected radar system without a transponder fitted and activated, leading to an 
unacceptable loss of situational awareness for the controller. SSR Alone operations 
are not employed at Inverness Airport whilst RAF Lossiemouth ATC have stated that 
SSR Alone would not be ALARP or a tolerable solution and would increase the safety 
risk with a possibility of mid-air collision.  Consequently, the use of SSR Alone 
operations is rejected as it provides insufficient mitigation for the effects on the 
Lossiemouth and Inverness PSR systems. 
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check, a period of optimisation 
and acceptance by the 
regulator and the MOD. 

Table 9 Use of Infill Radar Evaluation 

2.6.1 Use of Infill Radar Conclusion 

The principle of radar infill is to find an existing radar or position a new radar where 
terrain screening prevents it from detecting the wind turbines while at the same time 
providing coverage of aircraft targets at low enough levels to be operationally 
satisfactory. The windfarm developer, the MOD and Inverness Airport require a high 
degree of certainty of a successful mitigation which infill radar may provide. Recently 
there has been development of a number of infill radar systems which have 
successfully mitigated the impact created by the detection of operational wind farms 
to civilian ATC PSR systems; no such solution has been applied to military airfield-
based ATC PSR. This option requires a suitable site for the infill radar to be 
positioned, provision of power, and telecommunications links which may not be 
available. A new radar will itself require planning consent which may not be granted. 
Furthermore, it is estimated to have an upfront cost of at least £10.5m not including 
any land lease or utilities which may prove commercially unacceptable. It is 
considered that this option is not yet viable but could potentially replace an Air 
Traffic Control Radar Mitigation Scheme (ATCRMS).  

The change sponsor considers this option to be a technical solution and outside the 
scope of CAP 1616, as such for the purposes of the CAP 1616, it has been rejected.  
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enhancements or radar 
data processing etc. 

• The volume of airspace 
affected should be the 
minimum necessary to 
deliver requirements, 
whilst providing optimal 
safety buffer. 

• Seek to create simple, 
easily definable solution. 
 

detection of the Clash Gour 
wind turbines would still be 
produced onto ATC radar 
displays at the two airfields 
which would negate any 
benefit an RMZ may bring as 
radar contact would likely to 
be lost within the clutter 
produced.  

Table 12 Radio Mandatory Zone Evaluation 

 

2.9.1 Radio Mandatory Zone conclusions 

A RMZ is an area of defined dimensions within which a pilot must be in two-way 
communication with the airspace owner, prior to entry. Pilots must also provide 
information pertinent to the flight, for example, route required and altitude/height.  
A RMZ created in the airspace above the Development Areas would provide a degree 
of situational awareness to the controller about the nature of the aviation within the 
airspace. Although ATC would be able to provide some level of service to aviation 
operating within the RMZ, it would not prevent the generation and display of false 
tracks/clutter created from the radar detection of Clash Gour with the associated loss 
of situational awareness to air traffic controllers. An RMZ carries no requirement to 
operate a transponder in the airspace and no requirement to identify aircraft 
operating in the RMZ. This mitigation does not go far enough to reduce the risk of 
collision, as ATC would potentially not detect all aircraft within the clutter and would 
not be able to provide any prescribed separation between aircraft. For these reasons 
it is considered that this option is not a viable mitigation solution as it provides 
insufficient mitigation for the operational effects caused by wind turbine induced 
clutter on radar. 
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2.10 Design Option 7: Range Azimuth Gating (RAG) blanking and 
Transponder Mandatory Zone (TMZ) 

2.10.1 Explanation 

Clash Gour consists of three distinct areas where wind turbines will be placed. These 
three areas surround the Berry Burn Wind Farm which consists of 29 wind turbines 
and has been operational since 2014. An application was submitted to extend the 
Berry Burn Wind Farm consisting of an additional nine wind turbines. This 
Extension, known as Berry Burn 2 was consented by Ministers of the Scottish 
Government in December 2021.  

It would be difficult for a pilot to make a visual distinction between the Clash Gour 
and Berry Burn and Berry Burn 2 Wind Farm wind turbines. Therefore, from an 
airspace user’s visual perspective and the physical locality of Berry Burn and Berry 
Burn 2 to Clash Gour, CGH consider that if mitigation involves a change to local 
airspace arrangements, then it is simpler to encompass all of the wind turbines of 
Clash Gour, Berry Burn and Berry Burn 2 within a single airspace boundary, rather 
than three individual TMZs surrounding the Clash Gour arrays areas. The benefit of a 
single airspace boundary rather than consideration of three individual TMZ areas 
over the three distinct areas of array development for Clash Gour is that a single 
array boundary would produce a regularly shaped TMZ which will make it easier to 
define from the air and would be simpler for air traffic controllers to display on their 
respective RDDS and monitor. The perception and benefit of a single airspace 
boundary encompassing Clash Gour and Berry Burn/Berry Burn 2 is considered in all 
the options for design and implementation of a TMZ which will measure Proposed 
TMZ, (excluding a 2 NM buffer), 4.32 NM west to east, and 3.24 NM north to south. 

Option 7 falls into six possibilities of implementation: 

A. RAG blanking of the RAF Lossiemouth and Inverness Airport PSRs. 
B. TMZ (without RAG blanking) over the windfarm array locations. 
C. RAG blanking and TMZ over the proposed windfarm array locations. 
D. RAG blanking and TMZ over the proposed windfarm array locations.  TMZ 

extended to include a 2 NM buffer. 
E. RAG blanking over the proposed windfarm array locations. Simplified 

polygon TMZ ‘rubber banded2’ around the proposed windfarm locations with 
no buffer. 

F. RAG blanking over the proposed windfarm array locations. Simplified 
polygon TMZ ‘rubber banded’ around the proposed wind farm locations 
extended to include a 2 NM buffer. 

 
Option 7 has been divided into six sub-options. For clarity, each of the sub-options 
has been evaluated against the DPs on an individual basis.  

  

 
2 Rubber banded - shortest perimeter fully enclosing the wind farm development.  It is used to smooth  
an irregular perimeter. 
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whilst providing optimal 
safety buffer. 

• Seek to create simple, 
easily definable solution. 
 

of wind turbines will still 
occur. 

   Table 14 TMZ (without RAG blanking) over the windfarm array locations Evaluation 

2.12.1 TMZ over the proposed windfarm array locations conclusions. 

The objective of establishing a TMZ, which will be the minimum TMZ cover required 
to restrict non-transponder equipped aircraft overflying the Development Area, is 
not to prevent aircraft from operating near the wind turbines, merely to require that 
they operate a transponder when entering the TMZ. A TMZ alone (without the 
removal of wind turbine clutter through blanking) will not provide sufficient 
mitigation as demanded by the expected conditions which will be associated with 
development consent. For these reasons, the TMZ only option is considered 
insufficient in providing the required mitigation and is not considered a viable option 
for mitigation.   
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transponders. Additional procedural mitigation may be developed by the controlling 
authority to allow aircraft that are not fitted with a transponder to transit through 
the airspace. It is acknowledged that should an appropriate procedure be 
unavailable, any non-participating aircraft would be required to route around the 
TMZ, leading to increased track length, fuel burn and fuel costs. Stakeholder 
engagement has also identified that additional work to assess the impact of a TMZ on 
IFR traffic operating into/from Lossiemouth may be required in subsequent stages of 
the CAP 1616 process. This is also applicable to any possible impact on WAM, which 
has not yet been introduced. On the other hand, the buffer element of this option 
offers an additional mitigation as it provides controllers with additional 
warning/processing time, should a non-participating aircraft enter the TMZ. 
Furthermore, this design option provides a more complex TMZ layout which may 
have a minor impact on controller and pilot workload.  
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• This technology could 
relate to navigation, radar 
enhancements or radar 
data processing etc. 

• The volume of airspace 
affected should be the 
minimum necessary to 
deliver requirements, 
whilst providing optimal 
safety buffer. 

• Seek to create simple, 
easily definable solution. 
 

for the wind farm. However, 
this solution does not make 
use of an additional buffer 
zone, which may result in non-
transponder equipped aircraft 
disappearing from radar 
screens if it entered the RAG 
blanking area. Furthermore, 
this option includes a 
simplified design which can 
easily be understood and 
interpreted by both controllers 
and pilots alike. 

Table 17 RAG blanking over the proposed windfarm array locations. Simplified polygon 
TMZ ‘rubber banded’ around the proposed windfarm locations with no buffer 
Evaluation 

2.15.1 RAG blanking over the proposed windfarm array locations. Simplified polygon 
TMZ ‘rubber banded’ around the proposed windfarm locations with no buffer 
conclusions 

The combination of a TMZ, RAG blanking means that this solution reduces the 
amount of primary radar clutter visible to controllers at Inverness and Lossiemouth. 
The main objective of this option is to provide a known traffic picture within the 
immediate vicinity of the wind farm through the use of aircraft transponders. 
Additional procedural mitigation may be developed by the controlling authority to 
allow aircraft that are not fitted with a transponder to transit through the airspace. It 
is acknowledged that should an appropriate procedure be unavailable, any non-
participating aircraft would be required to route around the TMZ, leading to 
increased track length, fuel burn and fuel costs. Stakeholder engagement has also 
identified that additional work to assess the impact of a TMZ on IFR traffic operating 
into/from Lossiemouth may be required in subsequent stages of the CAP 1616 
process. This is also applicable to any possible impact on WAM, which has not yet 
been introduced. Furthermore, this design option provides a more complex TMZ 
layout which may have a minor impact on controller and pilot workload.  
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2.16.1 RAG blanking over the proposed windfarm array locations. Simplified polygon 
TMZ ‘rubber banded’ around the proposed wind farm locations extended to 
include 2 NM buffer conclusions 

The combination of a TMZ, RAG blanking and a buffer means that this solution 
reduces the amount of primary radar clutter visible to controllers at Inverness and 
Lossiemouth. The main objective of this option is to provide a known traffic picture 
within the immediate and wider vicinity of the wind farm through the use of aircraft 
transponders. Additional procedural mitigation may be developed by the controlling 
authority to allow aircraft that are not fitted with a transponder to transit through 
the airspace. It is acknowledged that should an appropriate procedure be 
unavailable, any non-participating aircraft would be required to route around the 
TMZ, leading to increased track length, fuel burn and fuel costs. Stakeholder 
engagement has also identified that additional work to assess the impact of a TMZ on 
IFR traffic operating into/from Lossiemouth may be required in subsequent stages of 
the CAP 1616 process. This is also applicable to any possible impact on WAM, which 
has not yet been introduced. On the other hand, the buffer element of this option 
offers an additional mitigation as it provides controllers with additional 
warning/processing time, should a non-participating aircraft enter the TMZ. 
Furthermore, this design option provides a simpler geographical layout which can be 
easily interpreted by controllers and pilots a like. 
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3.2 Comprehensive List of Viable Options  

Following the completion of the DPE, the sponsor is able to construct a 
Comprehensive List of Viable Options. This list shall be carried forward into Step 2B 
of the CAP 1616 ACP process which is the Initial Options Appraisal (IOA). 

The Comprehensive List of Viable Options includes:  

• Option 7C – TMZ over the windfarm array locations including the use of RAG 
blanking. 

• Option 7D – RAG blanking and TMZ over the proposed windfarm array 
locations.  TMZ extended to include a 2 NM buffer. 

• Option 7E – RAG blanking over the proposed windfarm array locations. 
Simplified polygon TMZ ‘rubber banded’ around the proposed windfarm 
locations with no buffer. 

• Option 7F – RAG blanking over the proposed windfarm array locations. 
Simplified polygon TMZ ‘rubber banded’ around the proposed wind farm 
locations extended to include 2 NM buffer. 

Please note that although it has been rejected in the DPE, the Do-Nothing option shall 
be taken forward into the IOA for comparative purposes only as the baseline 
scenario. 

3.3 Next Steps 

The options contained within the Comprehensive List of Viable Options shall 
progress into Step 2B of the CAP 1616 process, the IOA. At this step, design options 
are assessed against a defined baseline with specific reference to pre-determined 
categories which are specified in CAP 1616, Appendix E, Table E2.  

 




