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1.0 Introduction

This document has been prepared in response to the Request for Further Information (RFI) issued by
An Bord Pleandla (the Board) dated 26" July 2024 in respect of the live Strategic Infrastructure
Development (SID) planning application (the Application) before them for consideration (ref: ABP-
318943-24) regarding the proposed renewable energy development (the Proposed Development) by
Ballycar Green Energy Limited (the Applicant) in the townlands of Cappateemore East, Ballycannon
West, Ballycannan East, Ballycar South, Ballycar North and Glennagross, County Clare.

The RFI was issued via post to Malachy Walsh and Partners (MWP), Blennerville, Tralee, Co. Kerry, the
planning consultant engaged by the Applicant. It should be noted that MWP did not receive this RFI
request via post and both MWP and Applicant were not aware of the RFI until 15 August 2024. This
submission comprehensively sets out the Applicant’s response to the RFI received.

1.1 Background

The Applicant sought planning permission from the Board in January 2024 for the following Proposed
Development, set out in the public notices as follows:

The proposed development for which permission under Section 37E is being sought will include the
following:

e 12 No. Wind Turbines (blade tip height up to 158m). Eleven of the turbines will have a hub height
of 90m and a blade length of 68m and one turbine (T10) will have a hub height of 82m and a
blade length of 68m.

e 12 No. Wind Turbine foundations and Hardstand areas.

e 1 No. Permanent Meteorological Mast (90m height) and foundation and associated hardstand
areas.

e 1 No. electrical substation (110kV) including associated ancillary buildings, security fencing and
all associated works.

e 2 No. Developed Site Entrances, one temporary entrance to facilitate construction traffic and
one permanent entrance.

e New and upgraded internal site access tracks.

e Provision of an on-site Visitor cabin and parking.

e All associated underground electrical and communications cabling connecting the proposed
turbines to the proposed onsite substation.

e Laying of approximately 1.5km of underground electricity cabling to facilitate the connection to
the national grid from the proposed onsite substation to connect to an existing 110kV overhead
line.

e Temporary works on sections of the public road network along the turbine delivery route
(including hedge or tree cutting, relocation of powerlines/poles, lampposts, signage, and local
road widening).

e 1 No. Temporary construction site compound and additional mobile welfare unit.

e 1 No. Borrow pit to be used as a source of stone material during construction.

e 3 No. spoil deposition areas (one at borrow pit location).

e Associated surface water management systems.

e Tree felling for wind farm infrastructure.



The applicant is seeking a ten-year permission and an operational period of no less than 35 years from

the date of commissioning the Wind Farm.

An Environmental Impact Assessment Report (EIAR) and a Natural Impact Statement (NIS) have been

prepared in respect of the proposed development and accompany this application.

An RFl in relation to the Proposed Development was issued by the Board, dated July 26™.

2.0 Item 1 of the RFI

Item 1 of the RFI from the Board is as follows:

Significant concerns in relation to Aviation Safety have arisen given the proximity and scale of the

proposed development to the Woodcock Hill Radar as set out in the observations received by the Board

from AirNav Ireland and Shannon Airport Authority DAC. Notwithstanding the Applicant’s response to

the observations received, the Applicant is requested to review these submissions further and respond

accordingly e.g. through the submission of a technical report. The applicant is advised that their

response should demonstrate that sufficient consultation with AirNav Ireland and Shannon Airport

Authority has been undertaken and all Aviation concerns have been addressed to their satisfaction.

2.1 Review of AirNav Ireland Submission

A comprehensive review of the AirNav Ireland submission dated 8™ March 2024 was undertaken. A

summary of this is provided below.

AirNav Ireland state that they have reviewed the “Ballycar Wind Farm Aviation Technical
Assessment”, compiled by CYRRUS on behalf of the Applicant.

They have analysed the potential impact on the surveillance infrastructure from the Proposed
Development and conclude that it would degrade the performance of the Woodcock Hill radar.

They further state that there are no credible and implementable mitigations on the Woodcock
Hill radar itself to eliminate the radar beam deflections, reflections and shadowing from the
proposed turbines.

It is the opinion of AirNav Ireland that the Proposed Development would compromise the
Woodcock Hill radars compliance with EU mandated surveillance performance criteria required
to support 5 Nautical Mile horizontal separation of aircraft in En-Route Irish airspace and 3
Nautical Mile horizontal separation in Dublin airspace.

AirNav Ireland have engaged in meetings and in a workshop in Dublin in February 2024 to
explain and illustrate the potential impact of the Proposed Development on the Woodcock Hill
radar.

It is the opinion of AirNav Ireland that the Proposed Development would result in a reduction
in the level of safety in the Shannon En-Route and Dublin Air Traffic Control centres and
therefore, objects to the development proceeding.



2.2 Response to AirNav Ireland Submission
Background

The AirNav Ireland concerns communicated to the Board relate to the operation of the Woodcock Hill
radar station. The independent expert technical assessments provided as part of the planning
application were compiled by Cyrrus, an Irish Aviation Authority (IAA) approved procedure designer.

These technical assessments were undertaken in accordance with EUROCONTROL Guidelines (pan-
European, civil-military organisation supporting European aviation).

The independent expert opinions commissioned and provided to the Board held either that:

a) the performance of the radar equipment at Woodcock Hill will not be impacted by the
Proposed Development; or

b) as indicated by the manufacturer, modest upgrading of the equipment can be undertaken
to fully mitigate any impact.

Update

This position is confirmed by the attached technical report, with further illustration and detail provided
to validate the position. Furthermore, details are provided regarding reference sites where aviation
safety has been fully maintained in conjunction with the operation of wind farm installations. Such sites
include Newcastle International Airport and UK Department of Defence radar installations which are
operated in conjunction with significant wind farm presence.

The Aviation Response Statement contained in Appendix 1 addresses and resolves each of the concerns
raised by AirNav Ireland as follows.

2.2.1 Deflections

e Expert reports demonstrate that Woodcock Hill radar station will not experience deflections
due to the Proposed Development.

e The radar equipment installed at Woodcock Hill uses inbuilt processing techniques to remove
the issue of deflections from its system. As confirmed by the manufacturer, no additional
optimisation is required of the system as this functionality is part of the equipment’s standard
processing.

2.2.2 Reflections

e The Thales RSM970 MSSR at Woodcock Hill utilises a two-stage system to prevent reflections
being displayed.

e To prevent possible reflection issues some minor optimisation of the radar may be required.

e This can be incorporated in scheduled maintenance, and the Applicant has confirmed to AirNav
Ireland that they are willing to provide for any associated costs either in whole or, in conjunction
with other interested parties, in part.

2.2.3 Shadowing

e This issue will not compromise the operation of the Woodcock Hill radar since the shadow
regions that may be generated beyond the Proposed Development will not extend into airspace
where aircraft are flying.



e This is demonstrated by the expert technical reports completed by Cyrrus who have calculated
the depth, width and height of the shadowing associated with the Proposed Development using
EUROCONTROL Guidelines.

e The maximum depth of the shadow regions beyond the Proposed Development will vary
between 2.3km and 3.6km, with widths of up to 65m and with a maximum height of 352m or
1,155 feet above sea level, as per EUROCONTROL calculation methods.

e The Shannon Airport Minimum Altitudes, as published by the Irish Aviation Authority, in the
area of the Proposed Development are a minimum of 2,300 feet to 3,000 feet above sea level
i.e., the altitude of the shadow region generated by the turbines is significantly below that
where aircraft flight is permitted in this area. Furthermore, en-route aircraft travelling through
the airspace are at a minimum altitude of 7,500 feet above sea level (significantly above the
shadow region).

e The maximum shadow area determined by Cyrrus is backed up by field trials conducted in the
UK and UK Civil Aviation policy, as referenced in the attached Aviation Response Statement.

2.2.4 En-Route Traffic

In AirNav Ireland’s submission to the Board a concern — not previously raised — was included regarding
EU mandated surveillance required to support aircraft separation in respect of en-route traffic.

In maintaining the previous position that all aviation concerns can be satisfactorily addressed, please
see Appendix 1: Aviation Response Statement which notes:

e Woodcock Hill radar station will not experience reflections (with minor optimisation) or
deflections due to the Proposed Development. Therefore, there will be no impact on en-route
traffic within Irish or Dublin airspace from reflections or deflections.

e Any potential shadows fall below an altitude of 1,115 feet above sea level. The minimum flying
height for en-route traffic through Irish airspace is 7,500 feet. Therefore, there is no possibility
for any shadowing impacts of the Proposed Development on en-route traffic.

e Due to intervening landform and the Earth’s curvature (see section 3.4.4 of the Aviation
Response Statement), the Woodcock Hill radar is not suitable for detection or control of aircraft
below approximately 9,000 feet in Dublin airspace. Therefore, the introduction of the Proposed
Development would have no material impact on the operation of the radar with respect to
Dublin airspace and would not compromise EU mandated surveillance aircraft separation in
Dublin airspace.

e It is clear that the Proposed Development will not result in any compromise regarding EU
mandated surveillance required to support aircraft separation, including in respect of en-route
traffic in Irish airspace and in respect of aircraft in Dublin airspace.

2.2.5 Conclusion on AirNav lreland Submission

As summarised above from Appendix 1: Aviation Response Statement, the Applicant’s position is
consistent in relation to aviation safety and addressing concerns satisfactorily. Appendix 1 contains
further detail, illustration and references to validate this position. In particular, the specific concern
regarding en-route aircraft raised by AirNav Ireland in their submission has been conclusively addressed.

In addition, EU aviation regulations are also relevant whereby air navigation services will transition from
ground-based radar systems such as the Woodcock Hill MSSR to satellite navigation systems. Such



systems will negate current issues with ground based radar systems (topography, built environment,
etc.). The IAA has developed a transition plan outlining the movement to satellite based navigation
systems and rationalisation of navigation infrastructure up to 2030. Satellite based aircraft navigation
systems will negate any potential impacts associated with wind farms on aircraft navigation.

The Applicant has provided AirNav Ireland with an undertaking that the cost of any radar equipment
optimisation will be met by the Applicant (in association with other interested parties, if applicable).
Due to the timelines applying to the delivery of the Proposed Development, this optimisation can be
done in conjunction with normal AirNav Ireland maintenance schedules i.e. with no operational impact.

2.3 Consultation with AirNav Ireland

As has been acknowledged by AirNav Ireland, the Applicant has engaged extensively with the IAA/AirNav
Ireland since January 2022. This engagement continued after the planning application was submitted
for the Proposed Development, with additional engagement in February and May 2024. The attached
Aviation Response Statement shall be issued to AirNav Ireland.

Following review of the Aviation Response Statement we would respectfully request that AirNav Ireland
will revert to its previous position of support in principle for the Proposed Development.

Should AirNav Ireland require that additional information or clarification needs to be considered in
relation to the Proposed Development, we would respectfully suggest that the Board give consideration
to exercising its right to convene a “limited agenda” hearing with both parties.

2.4 Further Considerations

In addition to the resolution of safety concerns, it is highlighted that the location of the Proposed
Development is consistent with the statutory Clare County Development Plan and the local authority’s
Wind Energy Strategy. The Proposed Development is in an area designated as “Strategic” for wind
energy developments in the County Development Plan which was adopted following extensive public
consultation. The Chief Executive of Clare County Council has advised An Bord Pleanala that the
development will “positively contribute to national, regional and local objectives in relation to
renewable energy” The Proposed Development supports the delivery of Government climate and
energy policy, including the legally binding targets set out in the Climate Action and Low Carbon
Development Act, 2021 and the requirement on public bodies to support the delivery of climate action
under the Public Sector Climate Action Strategy 2023-2025. Additionally, it is noted that “Environment”
is one of AirNav Ireland’s five corporate values. AirNav Ireland has committed to reducing climate impact
through innovation and the Proposed Development provides a clear and tangible means to do so.

2.5 Review of Shannon Airport Authority Submission

A comprehensive review of the Shannon Airport Authority DAC submission dated 3™ March 2024 was
undertaken. A summary of this is provided below.

e In general terms, the siting of the wind turbines associated with the Proposed Development
may have implications for the operations of the communication, navigation and surveillance
systems used by AirNav Ireland. The geographical siting of these turbines may also have
implications for the flight paths of aircraft.



e Arising from their own internal assessment, the Proposed Development will have no impact on
the aerodrome OLS (obstacle limitation surface). It is unlikely that there will be any Annex 14
OLS impacts due to the Proposed Development.

e Shannon Airport notes and shares the concerns of AirNav Ireland specifically relating to radar
systems and notably the Woodcock Hill radar surveillance system.

e It was initially thought that with appropriate mitigation measures any impacts on this piece of
infrastructure by the Proposed Development would potentially be negated.

e Following recent engagement between the developer, AirNav Ireland, State Aerodromes and
IAA Aerodrome Division, it became apparent that these impacts could not currently be
mitigated against.

e Shannon Airport Authority fully supports the updated AirNav Ireland position of not being able
to support the development on the basis that appropriate mitigation measures cannot be
deployed to prevent impacts on the Woodcock Hill radar site and therefore objects to this
development proceeding.

e Shannon Airport Authority suggest that for developments of this type the following
conditions/requirements must be mandated:

o Ifthe turbines are within 45km of Shannon Airport’s ARP and are greater than 100m in
height they would be required to be included in the IAA Electronic Air Navigation
Obstacle Dataset;

o Also, standard: Chapter Q (Visual Aids for Denoting Obstacles) of the Certification
Specifications for Aerodrome Desing — Issue 6 contained in the EASA aerodrome rules
must be applied to the turbines as they would be regarded as an extensive object; and

o During the construction phase of the any development, any crane activity on the site
must be pre-approved by the completion of the Shannon Airport Crane Operations
application form (at least 30 days in advance) of any crane erection taking place.

2.6 Response to Shannon Airport Authority Submission

In response to the Shannon Airport Authority submission and RFl issued by the Board, please see
Aviation Response Statement contained in Appendix 1.

It is important to note that, as communicated to the Board by Shannon Airport in its submission dated
3@ March 2024, the Proposed Development will have no impact on the Shannon Airport obstacle
limitation surfaces which define the limits for objects affecting the aerodrome’s airspace. It has also
been confirmed that the Proposed Development will not affect the Shannon Airport Instrument Flight
Procedures including flight paths into/from Shannon Airport.

It is noted that Shannon Airport Authority has advised the Board that it supports the AirNav Ireland
position in relation to concerns about the operation of the Woodcock Hill radar. These concerns have
been satisfactorily addressed in Appendix 1: Aviation Response Statement and summarised above in
Section 2.2.



3.0 Item 2 of the RFI

I[tem 2 of the FRI from the Board is as follows:

A planning application for a Strategic Infrastructure Development wind farm case number ABP-318782-
24 (Oatfield) was received by the Board on the 22/12/2023 in close proximity to the subject application
site. The applicant is requested to submit a revised/updated NIS addressing in-combination
considerations that may arise from the proposed development and the Oatfield wind farm proposal.

3.1 Response to Item 2

In response to item 2 of the RFI issued by the Board, please see Natura Impact Statement (NIS)
contained in Appendix 2. The updated NIS addresses in-combination considerations with reference to
SID case number ABP-318782-24, Oatfield Wind Farm. Furthermore, the NIS also considers in-
combination effects with reference to SID case number ABP-320705-24, Knockshanvo Wind Farm. A
planning application for the Knockshanvo Wind Farm was lodged with the Board on August 20" 2024,
postdating the issuing of an RFI from the Board for the Proposed Development. As a result of this, and
due to the proximity of the Knockshanvo Wind Farm to the Oatfield Wind Farm and the Proposed
Development, its inclusion in the NIS is deemed relevant.

The NIS concludes that:

Following an examination, analysis and evaluation of the relevant information and best scientific
knowledge, including in particular the nature of the predicted impacts from the proposed development,
and with the implementation of the mitigation measures proposed, it has been determined the proposed
construction, operation and eventual decommissioning of a 12-turbine wind farm at Ballycar in County
Clare will not adversely affect (either directly or indirectly) the integrity of either the Lower River Shannon
SAC or the River Shannon and River Fergus SPA, either alone or in combination with other plans or
projects, in light of the specific conservation objectives of each site.

4.0 Consideration of Cumulative Effects

RFlitem 2 requests a revised/updated NIS addressing in-combination considerations that may arise from
the Proposed Development and the Oatfield wind farm proposal. In the initial planning application for
the Proposed Development, the Oatfield wind farm was not cumulatively assessed by the Applicant,
due to the timeline associated with the submission of this development. A planning application for the
Knockshanvo Wind Farm was lodged with the Board on August 20" 2024, therefore this was not
cumulatively assessed by the Applicant. Where relevant, the Oatfield and Knockshanvo planning
applications cumulatively assess the Proposed Development and other relevant plans or projects and
conclude that there are no significant cumulative impacts with the Proposed Development.

5.0 Conclusion

This report and the associated appendices address the Request for Further Information issued by the
Board on 26" July 2024. Notwithstanding that the Applicant did not receive the RFI until 15" August
2024 and therefore had a reduced timeline for response to the RFI, this report and associated
appendices comprehensively addresses the RFI.



In relation to RFl item 1, the Aviation Response Statement provided in Appendix 1 confirms that the
Proposed Development will not result in a reduction in the level of safety in the Shannon En-route and
Dublin Air Traffic Control centres and that aviation concerns identified by AirNav Ireland and Shannon
Airport Authority DAC have been addressed satisfactorily by the Applicant.

Should AirNav Ireland not withdraw its objections, despite the extensive expert justification for doing
so, we would respectfully suggest that An Bord Pleandla give consideration to exercising its right to
convene a “limited agenda” hearing with both parties.

Alternatively, the Applicant would be amenable to the Board inserting a planning condition that the
Applicant agrees with AirNav Ireland in relation to the optimisation of Woodcock Hill radar equipment
to be undertaken and its financing prior to commencement. For example:

“Prior to the commencement of development, and following consultations with AirNav Ireland,
a detailed aviation mitigation plan which incorporates the commitments set out in the aviation
technical report submitted as further information, including details of any required minor
optimisations of the Woodcock Hill Radar and the developer’s financial contribution for same,
shall be submitted to, and agreed in writing with, the relevant planning authority.”

Regarding RFl item 2, the Natura Impact Statement provided in Appendix 2 confirms that the Proposed
Development will not adversely affect the integrity of either the Lower River Shannon SAC or the River
Shannon and River Fergus SPA, either alone or in combination with other plans or projects, including
the Oatfield and Knockshanvo Wind Farms.

Examination of the EIAR submitted as part of the application for the Proposed Development, and the
respective EIAR’s submitted for the Oatfield and Knockshanvo Wind Farms, identifies that there will be
no in-combination significant cumulative adverse effects.

The Proposed Development, which is located in an area designated as “Strategic” for wind energy
developments in the Clare County Development Plan, would make a significant positive contribution to
local, regional and national green energy targets.



Appendix 1: Aviation Response Statement
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1. An Bord Pleanala — Request for Further Information

- This Response Statement relates to a Request for Further Information (RFI) received
from An Bord Pleanala regarding the aviation concerns raised by AirNav Ireland and
Shannon Airport Authority DAC in relation to the proximity of the proposed
development to the Woodcock Hill Radar. The RFl was dated 26th July 2024.

- An Bord Pleandla acknowledges that Ballycar Green Energy Limited (the “Applicant”)
have responded to the observations to-date.

- An Bord Pleanala request that the Applicant review the submissions to-date and
respond accordingly by means of a technical report.

- The Applicant is also advised that they should demonstrate, in their response, that
sufficient consultation with AirNav Ireland and Shannon Airport Authority has been
undertaken and all aviation concerns have been addressed.

2. Response Statement Overview

This Response Statement has been prepared in support of a Request for Further Information
by An Bord Pleandla in relation to the planning application for Ballycar Wind Farm and
responds to the request to review all submissions to-date and also demonstrate that sufficient
consultation has been undertaken with AirNav Ireland and Shannon Airport Authority to
ensure all aviation concerns have been addressed.

At the feasibility stage in 2021, the EIAR Consultants for the project, Malachy Walsh & Partners
(MWP), appointed Cyrrus Limited to conduct an Aviation Technical Assessment. In addition,
MWP also engaged with IAA-approved aviation specialists (FCSL Limited) to conduct detailed
technical Navigation Aids assessments on behalf of the applicant.

During the consultation process with the Irish Aviation Authority (IAA)/AirNav Ireland
(commenced in January 2022) summarized in Section 2.3 below, specific concerns were raised
in relation to aviation and requests were made for more detailed assessments. Ai Bridges have
prepared this Response Statement in reply to the Request for Further Information to
demonstrate the extensive consultation undertaken in relation to aviation concerns, raised by
the IAA/AirNav Ireland and to further demonstrate that the proposed Ballycar Wind Farm will
not result in an impact on aviation. The full detailed technical assessments conducted since
2021 to 2024 are included as appendices to this report.

The submission from AirNav Ireland contained the following concerns:

e Potential impact of radar beam deflections on the Woodcock Hill Radar;



Potential impact of radar beam reflections on the Woodcock Hill Radar;

Potential impact of shadowing on the Woodcock Hill Radar;

Woodcock Hill compliance with EU mandated surveillance performance criteria
required to support 5 Nautical Mile horizontal separation of aircraft in En-Route Irish
airspace and 3 Nautical Mile horizontal separation of aircraft in Dublin airspace.

During the extensive engagement process as part of pre-application consultation in 2022 -
2023, potential impacts to En-route traffic was not raised by IAA/AirNav Ireland.

The submission from Shannon Airport Authority DAC highlighted that the proposed
development will have no impact on the aerodrome obstacle limitation surfaces (OLS) and
that the development is not within the protection areas as per their safeguarding maps. It
highlights that there will be no impacts to the Annex 14 OLS surfaces due to the proposed
wind farm. Therefore, no impact on the operations of Shannon Airport are envisaged. The
submission notes that Shannon Airport shares the concerns of AirNav Ireland in relation to
the potential impacts on the En-route Radar Facilities at Woodcock Hill.

The Ballycar Wind Farm Aviation Impact Assessment & Mitigation Report and the Mitigation
Options Study (as shown in Appendices 4 and 5 respectively) and associated Technical
Assessments (as shown in Appendices 1, 2 and 3) submitted to An Bord Pleandla as part of
the planning application highlighted the following:

Ballycar Wind Farm will not result in radar beam deflections on the Woodcock Hill
Radar, as stated in the Mitigation Options Study (shown in Appendix 4, Table 1) as
the Woodcock Hill Radar already has inbuilt radar processing to eliminate
deflections.

Ballycar Wind Farm will not result in radar beam reflections on the Woodcock Hill
Radar (with minor optimisation as part of scheduled maintenance), as stated in the
Mitigation Options Study (shown in Appendix 4, Table 1) as the Woodcock Hill Radar
has inbuilt radar processing to eliminate reflections.

Ballycar Wind Farm will not result in shadowing impacts on the Woodcock Hill Radar
as any shadowing caused will be below the published Air Traffic Control allowable
altitudes for surveillance and are operationally tolerable.

This Response Statement further confirms the above and also confirms:

Ballycar Wind Farm will not result in any impacts to en-route aircraft and will not
impact Woodcock Hill Radar compliance with EU mandated surveillance
performance criteria required to support 5 Nautical Mile horizontal separation of
aircraft in En-Route Irish airspace and 3 Nautical Mile horizontal separation of
aircraft in Dublin airspace.



2.1 Statement Of Authority
Ai Bridges Limited:

Ai Bridges Limited has been engaged by Ballycar Green Energy Limited to manage the aviation
assessments and conduct aviation statement reviews and Response Statement submissions in
respect of the proposed Ballycar Wind Farm.

Ai Bridges has been supplying telecommunications and aviation assessment solutions to the
wind farm industry throughout the Republic of Ireland, Northern Ireland and the UK since
2007. The Ai Bridges Engineering Department has more than 170-man years of experience in
the delivery of Aviation, Telecommunications, Broadcast & EMI\EMC Impact Assessments for
the Wind Farm industry.

The Engineering Team at Ai Bridges takes the role of Project Manager responsible for
overseeing project progress and deliverables for the Telecommunications and Aviation Impact
Assessments. This role takes responsibility, along with other team members, for day-to-day
running of the projects including co-ordination of project team, sub-contractors and achieving
agreed milestones.

The team responsible has extensive experience in the areas of software modelling of
telecommunications and aeronautical communications networks. This includes extensive
working knowledge of software modelling and of telecommunications and aviation networks
and systems. This role also includes the ongoing development of 3D modelling software
techniques used to predict wind farm impacts on aviation safeguarding surfaces and
infrastructure.

Cyrrus Limited:
Cyrrus Limited is an Irish Aviation Authority Approved Procedure Designer Organisation.

Cyrrus Limited were contracted, as requested by Ballycar Green Energy Limited, by Ai Bridges
on behalf of the applicant to address the IAA request for detailed technical IFP and Radar
Assessments. Cyrrus provides specialized Radar Engineering & Consultancy Services, IFP
Assessments and IFP Procedure Design Services.

Cyrrus is a leading international consultancy providing a range of specialist aviation support
services to help airports and developers manage and overcome the varied and often complex
technical requirements associated with the running of airports or delivering development
projects on or adjacent to airports.

Cyrrus is an accredited Instrument Flight Procedure design organization approved by the
United Kingdom Civil Aviation Authority and the Irish Aviation Authority. Cyrrus uses modelling
and computer simulation to determine the effects of development and, if required, how these
effects can be mitigated.



Cyrrus have significant relevant experience in the areas of UK Civil Aviation and MoD (Ministry
of Defense) Radar Assessments and provide Radar Engineering & Consultancy Services and IFP
Procedure Design Services. Kevin Sissons, a principal consultant engineer, conducted the
Radar Assessment Studies and has significant Radar Systems Engineer experience with NATS
UK (National Air Traffic Services).

2.2 Regulatory Context

The International Civil Aviation Organization (ICAQO) published their Global Air Navigation Plan
2013 — 2028 which sets out the introduction of Performance Based Navigation (PBN) in order
to achieve a transition to a more modern navigation system from the traditional navigation
infrastructure. It will move today’s ground-based air traffic control system (such as Woodcock
Hill Monopulse Secondary Surveillance Radar (MSSR)) to a more efficient one that relies on
satellite navigation and on-board aircraft avionics. In response to this, EU Regulation 2018 /
1048' was brought into force and lays down airspace usage requirements concerning
Performance Based Navigation (PBN IR). This dictates that air navigation services will
transition from ground-based radar systems such as the Woodcock Hill MSSR to satellite
navigation systems. Such satellite systems will negate current issues with ground based radar
systems (topography, built environment, etc.).

In turn, the IAA has developed the PBN Transition plan? applicable to all airspace users as
required under EU regulations. This is to ensure a transition and rationalization of the ground-
based navigation infrastructure so that there is a smooth and safe transition to the provision
of the Air Traffic Management and Air Navigation services using performance-based
navigation and the eventual rationalization of the ground-based navigation infrastructure.

In the en-route phase, navigation is conducted under the State PBN plan — primarily realised
through Global Navigation Satellite Systems (GNSS) positioning. In this phase of flight, the PBN
specification should be such to ensure that aircraft can navigate from point to point in a
structured manner. This includes a Plan to develop Direct/Free route airspace throughout the
Shannon FIR/UIR (Flying Information Region/Upper Information Region). Surveillance will be
provided by the existing Mode—S capable MSSR network. This will be supplemented by the
existing PSR systems at Dublin, Cork and Shannon. The IAA’s ATM system capability has been
updated with the introduction of the COOPANS system at the Shannon and Dublin ATCCs since
2011.

! https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R1048

2 https://www.iaa.ie/commercial-aviation/airspace/airspace---pbn-ta-acp-
fua#:~:text=Performance%20Based%20Navigation&text=Volume%20I11%20contains%20a%20numb
er,based%20to%20performance%?2Dbased%20navigation.



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018R1048
https://www.iaa.ie/commercial-aviation/airspace/airspace---pbn-ta-acp-fua#:~:text=Performance%20Based%20Navigation&text=Volume%20II%20contains%20a%20number,based%20to%20performance%2Dbased%20navigation
https://www.iaa.ie/commercial-aviation/airspace/airspace---pbn-ta-acp-fua#:~:text=Performance%20Based%20Navigation&text=Volume%20II%20contains%20a%20number,based%20to%20performance%2Dbased%20navigation
https://www.iaa.ie/commercial-aviation/airspace/airspace---pbn-ta-acp-fua#:~:text=Performance%20Based%20Navigation&text=Volume%20II%20contains%20a%20number,based%20to%20performance%2Dbased%20navigation

The movement to satellite based navigation systems in Irish airspace is due to take place by
June 6th, 2030. Satellite based aircraft navigation systems will negate any potential impacts
associated with wind farms on aircraft navigation.

2.3 IAA/AirNav Ireland Consultations

Extensive consultations, engagements, meetings and detailed email and letter
correspondences with the IAA/AirNav Ireland commenced in January 2022 up to submission
of the planning application.

Following submission and prior to the receipt of a Request for Further Information, additional
significant consultation (meetings and email correspondence) has been undertaken with
AirNav Ireland.

A summary of these engagements has been included below and demonstrates the extended
consultation process that has taken place with the IAA and AirNav Ireland since 2022.

2.3.1 Malachy Walsh & Partners (EIAR Consultants) — January 2022 - May
2022:

In January 2022, Malachy Walsh and Partners (MWP) engaged and submitted a scoping
report to the IAA with a request for comments in relation to the proposed wind farm on
lands at and near Ballycar, Co. Clare.

There were further rounds of consultations in January 2022 with the Airspace and
Navigation Team at the IAA where it was highlighted that there are a number of aviation
surfaces under the responsibility of the IAA Air Navigation Service Provider (ANSP) regarding
safeguarding around Shannon Airport. These were referred internally within the IAA and the
Shannon Airport Operator for further response on potential impacts to the following:

- Navigational Aids
- Surveillance Radar
- Instrument Flight Procedures (IFPs)

The consultation between with the IAA from January 2022 to May 2022 served to:

- Identify the main concerns of the IAA in relation to the potential impacts on aviation
surfaces.

- Present the findings of the detailed Aviation Technical Assessments to the IAA in relation
to Instrument Flight Procedures, showing a “No Impact” condition.

- Present the findings of the detailed Aviation Technical Assessments to the IAA in relation

to Navigational/Flight Calibration Impact Assessments, demonstrating a “No Impact”
condition.
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- Present the findings of the detailed Aviation Technical Assessments to the IAA in relation
to Radar Surveillance including the Primary Surveillance Radar (PSR) at Shannon Airport
and the Monopulse Secondary Surveillance Radar (MSSR) at Woodcock Hill, showing a
“Potential Impact” condition which can be appropriately mitigated.

2.3.2 IAA Consultation Responses — February 2022:

The IAA has welcomed and accepted the findings presented within the detailed Aviation
Technical Assessments and in a consultation response to MWP on February 28%, 2022,
responded as follows:

1. Inrelation to the IFP Opinion (Attachment 1) I’'m happy to accept that the proposed
turbines will not affect the Shannon Airport Instrument Flight Procedures and nothing
further is required from this perspective.

Note: If planning is granted and the construction goes ahead, these turbines will need to
be notified to the IAA Aviation Safety Regulator, each being higher than 100m elevation.
2. Technical Assessment Report:

e Building Restricted Areas: SAA’s Paul Hennessy copied for information.

e NAVAIDs: The report confirms no issues for Airport NAVAIDs: Fergal Doyle copied
to confirm this.

e Surveillance: The report notes that mitigations are required for the Shannon PSR
and the Woodcock Hill MSSR most particularly to prevent false targets and ghost
signals respectively. While the report outlines how these mitigations could be
applied, this must be assessed by our surveillance team

2.3.3 IAA/AirNav Ireland Correspondence — November 2022:

A further consultation response was received from the IAA on 29 November 2022 from the
Management Surveillance ME Systems Team. This response is shown in Appendix 4 (shown in
section Appendix A — IAA Consultations). In this response the IAA raise ten concerns relating
specifically to deflections, reflections and shadowing impacts of the proposed development
on the Woodcock Hill MSSR and conclude that the proposed development would degrade the
performance of the Woodcock Hill Radar.

Ai Bridges Limited was commissioned by MWP, the EIAR consultants acting on behalf of
Ballycar Green Energy Limited, to review the IAA consultation response. Ai Bridges then
recommended that a detailed technical assessment be carried out that would include a
Mitigation Options Report to address the concerns raised by the IAA and engaged with Cyrrus
Limited to conduct this study. This Mitigation Options Study is included Appendix 5.
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2.3.4 AirNav Ireland Correspondence - December 2023:

Following the submission of the Mitigations Option Study and further consultation, a letter
was received from AirNav lIreland (specifically from the AirNav Manager Airspace and
Navigation) in December 2023 acknowledging the proactive engagement by the applicant. The
letter states:

“Based on the interactions with you and your Consultants, I’'m satisfied that there is
adequate time to consider how to mitigate issues related to the Woodcock Hill Radar
site that at this point do not present a reason for us to object to the proposed
development going to Planning application stage.”

“Noting the comparator development supplied through our ongoing correspondence,
| support this application in principle, on behalf of AirNav Ireland, subject to our
ongoing interaction with you and your consultants in developing appropriate
mitigations for the potential surveillance impacts, as outlined above. | also note the
willingness of the developer to bear costs associated with these mitigations”.

This correspondence is included in the planning application for Ballycar Wind Farm in
Appendix 1B Stakeholder Consultation and Responses.

2.3.5 Radar Workshop — Dublin - February 2024:

Following the submission of the planning application for the Ballycar Wind Farm further
additional consultation was undertaken and continued with AirNav Ireland. A radar workshop
was held in Dublin with representatives of the Irish Aviation Authority, AirNav Ireland,
Shannon Airport Authority and Ballycar Green Energy in February 2024. The purpose of this
was to facilitate discussion between radar manufacturers and the representatives present
from the IAA, AirNav Ireland and Shannon Airport. The workshop did not specifically relate to
the proposed Ballycar Wind Farm development. Over the course of the workshop, a
representative from AirNav Ireland introduced the topic of the Proposed Development and
potential impacts on the Woodcock Hill radar. The information presented was in relation to
the potential impacts to “En-route” airspace and had not been referenced in any previous
consultation with the IAA/AirNav between dates of January 2022 to January 2024. The
IAA/AirNav representative stated that the information presented on potential shadowing
impacts of the Proposed Development was “not quantified”. It was also stated that they are
in the process of upgrading all Thales radar equipment in the State within the next 2 -5 years
which would allow for optimisations and implementation of the Thales Windfarm Mitigation
Filters.
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2.3.6 AirNav Ireland Correspondence - February 2024

Following the workshop, a further letter was received in February 2024 from the AirNav
Manager Airspace and Navigation, rescinding the letter of support in principle supplied.

No technical aviation reason was included in relation to the rescinding.

2.3.7 AirNav Ireland Observation — March 2024:

In March 2024 an observation was submitted by IAA/AiIrNAV Ireland and they highlight their
concerns and restate that the proposed development would degrade the performance of the
Woodcock Hill Radar. There is no reference to the Mitigations Options study that was
prepared by Cyrrus Limited and which shows that there are viable upgrades that can be
implemented on the radar equipment.

The AirNav Ireland Surveillance Domain has analyzed the potential impact on our Surveillance
infrastructure of the proposed Ballycar Wind Farm development. Our conclusion is that this proposed
Ballycar Wind Farm development would degrade the performance of the Woodcock Hill Radar.

Due to the proximity and scale of the proposed development, there are no credible and
implementable mitigations on the Woodcock Hill Radar itself to eliminate the Radar beam deflections,
reflections, and shadowing from the proposed turbines. This development would compromise the
Woodcock Hill radars compliance with EU mandated surveillance performance criteria required to support
5 Nautical Mile horizontal separation of aircraft in Irish En-Route airspace and 3 Nautical Mile horizontal
separation of aircraft in Dublin controlled airspace.

I have engaged in meetings and in a workshop in Dublin on 22 February to explain and illustrate the
potential impact of the proposed development on our Woodcock hill radar. As previously presented, the
Woodcock Radar region impacted is a sector over 30 degrees wide extending over Ireland and the Irish sea,
Much of our En-Route air traffic from Europe and the UK to North America fly through this sector, and
much of the Dublin Airport arrivals and departures fly through this sector.

In summary, the AirNav Ireland Surveillance Domain, as part of AirNav Ireland’s Technical Services
CNS (Communications, Navaids, Surveillance) safeguarding processes will be recommending that AirNav
Ireland object to the development of the proposed Windfarm at Ballycar proceeding.

Figure 1: Extract from AirNav Ireland Correspondence, March 2024

2.3.8 IAA/AirNav Meeting, Shannon Airport Head Offices — May 2024:

A meeting was convened with representatives of the IAA Management Surveillance M&E
Systems Team and Ballycar Green Energy Limited, as well as from Cyrrus Limited and Ai
Bridges Limited. At this meeting a presentation was given by Cyrrus on the shadowing impacts
of the Proposed Development on Woodcock Hill Radar. The presentation contained material
based on the Response Statement prepared by Cyrrus (shown in Appendix 6 — “AIRNAV
Response Statement Ballycar Windfarm”)
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The IAA/AiIrNAV confirmed that they had upgraded all of the monopulse secondary
surveillance radar equipment in the State to Mode S technology. It was noted that the current
air traffic control system was experiencing some tracking issues. Minor optimisation to the
Woodcock Hill MSSR to ensure no reflections from the Proposed Development would present
an opportunity to analyse and resolve such issues.

It was suggested at this meeting that the issue of aircraft tracking in the vicinity of Dublin
Airport was a known issue (Standard Deviation Error) due to a limitation of the radar when
max-ranging the radar capabilities. The manufacturer of the Woodcock Hill Radar notes that
beyond a certain distance that a standard deviation error applies. This is also stated in the
EUROCONTROL Guidelines. This a common issue that is reported by ANSP’s whereby if the
radar system goes out of alignment, when the radar is max-ranged i.e. beyond a distance of
90NM, the standard deviation error (sometimes up to 10’s of meters) can be fed into the
multi radar tracking (MRT) system. This would give rise to “error” areas which could cause an
issue in the MRT system. Radar systems can be tuned to allow for this known issue of standard
deviation error i.e. in the event of certain permanent echoes, the bearings of these echoes
will be known and the ATC operators would know if the system goes out of alignment.

At this meeting representatives from Ballycar Green Energy proposed a planning condition
whereby the wind farm could not commence until all aviation concerns were fully addressed
to the satisfaction of AirNav Ireland.

2.3.9 Email Correspondence between Ballycar Green Energy Ltd and
AirNav Ireland — May 2024

Following the meeting with AirNav representatives in May 2024, email correspondence was
issued from Ballycar Green Energy to AirNav Ireland in relation to a planning condition being
placed on the project (should planning permission be received) whereby the wind farm could
not commence until all aviation concerns were fully addressed to the satisfaction of AirNav
Ireland.

An acknowledgment of the request was received from AirNav Ireland who outlined that the

request was to be assessed by senior management and the legal team. At the time of writing
this Response Statement, a reply in relation this request is outstanding from AirNav Ireland.
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2.4 Aviation Assessment Methodology
The methodologies used for the Aviation Assessments are outlined in Appendix 7.

The methodology approach to address the scope of aviation assessments has been
supplemented with additional detailed technical assessments and references to demonstrate
evidence-based support of the assessment and mitigations measure proposals.

3. Technical Reports

A number of technical reports have been prepared since 2021 that assess risks to aviation
safeguarding by the Proposed Development at Ballycar. These include specialist detailed
technical assessments of the flight procedures and the communications, navigation and
surveillance infrastructure at Shannon International Airport and at Woodcock Hill Radar.

A review of these detailed technical assessments was carried out by Ai Bridges in December
2023 and the findings of these assessments were summarized including reference to
mitigation measure required, if any, as well as noting residual impacts where mitigation
measures are required. All of these assessments are reviewed in the sections below.

3.1 Instrument Flight Procedures & Air Traffic Control
Surveillance Minimum Altitude Charts

In November 2021 Malachy Walsh & Partners engaged Cyrrus Limited to conduct a review of
the Instrument Flight Procedure Safeguarding Assessment.

The findings presented by Cyrrus in their IFP Opinion (shown in Appendix 2) in November 2021
concludes that the proposed development would have no impact to the Instrument
procedures for Shannon Airport.

As noted in Section 2.3 above, there were extensive engagements with the IAA between
January 2022 to May 2022 in relation to the 12-turbine design layout. During the consultation
process, the IAA highlighted that there would be no impacts to Instrument Flight Procedures
or on the Air Traffic Control Surveillance Minimum Altitude Charts (ATCSMAC).

The Ballycar Wind Farm IFP Opinion Report, in Appendix 2, identifies that the proposed wind
farm does not impact the current published procedures at Shannon airport. This is however
limited to the ATC Surveillance Minimum Altitude Chart (ATC SMAC). Although a full IFP
assessment is normally required to identify an impact, it is normally recommended to submit
the opinion report to the IAA Air Service Navigation Provider for consideration as to whether
a full assessment is required. Following a review of the IFP Opinion, the IAA deemed that a full
IFP Assessment is not required and that there would be a “No Impact” condition on IFP
surfaces and therefore, no mitigation is required.
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3.1.1 Mitigation Options:

In their IFP Opinion Cyrrus identify that there will be no impact to the existing ATCSMAC Charts
for Shannon Airport.

No Mitigations are required.

Aviation Impact Assessment Mitigation Measure Residual
Action Impact

Instrument Flight Procedures surfaces

3.2 NAVAIDS - Flight Inspection Procedures

The Ballycar Wind Farm Impact on ILS Inspection Report, in Appendix 3 shows that there is no
impact on the Airport Navigational Aids at Shannon Airport. The IAA requested that an
assessment be performed to establish any adverse effect the proposed wind farm may have
on flight inspection procedures and profiles associated with the Shannon Airport Runway 24
Instrument Landing System (ILS). This report provides an assessment of the impact of terrain
and obstacles on ILS flight inspection procedures. The assessment presented within the report
outlines that the flight inspection aircraft flying centreline, part orbit and bottom edge flight
profiles associated with the Shannon Airport Runway 24 ILS will remain sufficiently clear of
the proposed Ballycar Wind Farm site and therefore there would be no impacts.

3.2.1 Mitigation Options:

The review of the bi-annual calibration flights conducted in 2021 shows no impact to NAVAID
Flight Inspection Services.

No Mitigations are required.

Aviation Impact Assessment Mitigation Measure Residual
Action Impact

Runway 24 ILS Flight Inspection Procedures
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3.3 IAA Radar Surveillance

The Radar Surveillance Domain at the IAA is responsible for the provision of Surveillance
Sensors and Surveillance Data Processing Systems to deliver a current and accurate picture of
the air traffic and airport surface traffic to IAA Air Traffic Controllers. The Surveillance Domain
is responsible for the provision of Surveillance Sensors and Surveillance Data Processing
Systems to deliver a current and accurate picture of the air traffic and airport surface traffic
to IAA Air Traffic Controllers, enabling them to safely and efficiently maintain separation. The
IAA has nine radar sites strategically placed throughout the country. These sites have new
Mode-S radars and three new Solid State Primary Radars at the three state airports.

Figure 2: Location of Radars
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Figure 3 below outlines the coverage of the radar systems in Ireland and the overlapping
coverage. As is evident, there is overlapping radar coverage from multiple radar systems over
the location of the proposed Ballycar Wind Farm.

Cork
[ pooncarton
[] Dublin
[] Malin Head
Z [ Mt Gabriel
[] Shannon

[ woodcock Hill

Malin Head

Dooncarton
A

Mt Gabriel

N A

Figure 3: Radar Overlapping Coverage

At these radar sites, there are new Mode-S radars and three new Solid State Primary Radars
at the three state airports. Radar coverage of the airspace, for which the Irish Aviation
Authority is responsible, is provided from Monopulse Secondary Surveillance Radar (MSSR)
Sensors and Primary Surveillance Radar (PSR) Sensors, located at Dublin Airport (two co-
located MSSR/PSR), Cork Airport (PSR), Mount Gabriel (two MSSRs), Co. Cork, Shannon
Airport (co-located MSSR/PSR), Woodcock Hill (MSSR) Co. Clare, and Dooncarton (MSSR) Co.
Mayo. Each MSSR sensor is equipped with a rotating radar antenna, and dual interrogators,
receivers, extractors and trackers. Having received aircraft replies, to interrogations from the
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radar sensor, the extractors and trackers process the received replies and generate tracks,
which are transmitted over data lines to the Air Traffic Control Centres (Shannon, Dublin,
Cork). The Shannon En-route ATC receives tracks from the selected Mt. Gabriel MSSR Sensor,
Woodcock Hill, Shannon, Dooncarton and the selected Dublin MSSR/PSR Sensor, which are
then processed by the Radar Data Processing System (RDPS). The RDPS Multi Radar Tracking
(MRT) process generates a single system track output from the combined track inputs. The
MRT system track is then sent to the controller's radar display. If an aircraft is transmitting, it
is assigned a code and a flight plan exists in the Flight Data Processing System (FDPS)
associated with that particular a Code. Then a correlated track containing the aircraft flight
identification will be sent to the controller's radar display.

A system area, in nautical miles, is defined in the RDPS. The system area is divided into nautical
mile cells with up to three radars, on a priority basis, defined in each cell. The MRT calculates
the position of an aircraft based on the input data from each mono radar track.

Radar coverage in the extreme southwest and extreme northwest of Ireland is mostly single
radar coverage, while the southwest and northwest has double radar coverage, rising to triple
and quadruple coverage to the west and overland. Providing more than single radar coverage,
by locating radar sensors with diverse geographic locations, helps to overcome problems of
poor single radar coverage, such as screening by hills or mountains, reflections, garbling etc.
Garbling (‘ghost’ aircraft/plots/tracks) is a limitation on the radar system which can occur
when data arriving at the SSR sensor from one aircraft overlaps with data from another. This
may not be a problem if the overlapping transponder replies can be deconflicted, but when
simultaneously arriving data cannot be separated, the SSR data from either or all of the
aircraft can be corrupted. Modern monopulse SSR sensors, such as the Woodcock Hill Radar
include techniques to minimise the effects of garbling.

The radars deliver full duplicated coverage of AirNav Ireland's airspace to the advanced ARTAS
Surveillance Data Processing systems located in Shannon and Dublin Air Traffic Control
centres. The ARTAS system is one of the most advanced and successful surveillance data
processing systems in the world. The IAA use the ARTAS system for Air Traffic Management
Surveillance in Irish Airspace. The system merges the radar data and distributes the
appropriate air situation picture to the controllers. In the event of a lack of coverage from one
radar, the system automatically uses data from another radar providing overlapping coverage,
thereby ensuring an accurate picture to air traffic controllers.

The integration of data in the ARTAS system allows for the application of the 5 NM separation
throughout the area covered by the system, 3 NM separation may also be applied. In their
submission to the Board, AirNav Ireland reference maintaining these separation distances
which the ARTAS system allows for. The IAA operate to the legislative standards set by the
European Union Aviation Safety Agency (EASA) and EUROCONTROL. EASA acts as the
European regulator of the EU aviation systems, while EUROCONTROL is the pan-European civil
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aviation organisation playing a central coordination role. Over the last 25 vyears,
EUROCONTROL has been committed to tackling the fragmentation of the European
surveillance systems and has developed a distributed and interoperable surveillance tracker
and server. All aviation technical assessments and reviews were carried out against
EUROCONTROL GUIDELINES as requested by the IAA/AirNav Ireland.

3.4 Woodcock Hill Monopulse Secondary Surveillance Radar
(MSSR)

MSSR operates by the radar transmitting a coded pulse sequence which is received and
decoded by suitably equipped aircraft. The aircraft responds with a coded pulse sequence on
a different frequency which is received by the MSSR. Range and azimuth information is
derived along with additional information to allow the identification of a particular aircraft
and its height.

The Woodcock Hill MSSR is a Thales RSM970 which has inbuilt two stage reflection processing
to eliminate reflections. The Surveillance Data Processor will mitigate against any reflections,
also known as “sporadic” or “dynamic” reflections for buildings, terrain and man-made objects
such as wind turbines. The radar is also able to process out deflections which give rise to the
common issue of “false returns” i.e. a phenomenon which is experienced by most aviation
radars which can be caused by terrain, buildings as well as by wind turbines etc. The correct
terminology for these deflections/false returns is False Returns Uncorrelated in Time (FRUIT).
The Surveillance Data Processer within the RSM970 at Woodcock Hill is equipped with De-
FRUITER to remove these false targets.

3.4.1 Reflections

MSSR radars are immune to direct reflections (monostatic back scatter) from large objects
such as wind turbines because the transmitted and received frequencies differ and the
message structure is different for transmit and receive paths. Bistatic reflection is where the
signal transmitted by the radar is ‘forward’ reflected to an aircraft, and the aircraft reply is
also reflected back to the radar.
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Figure 4: Direct Interrogation and Reply Pulses

In Figure 4, the MSSR transmits an interrogation pulse sequence and the aircraft, on receiving
the interrogation sequence, replies with a coded pulse sequence. The time delay between
interrogation and receipt of reply is proportional to the distance of the aircraft from the radar.
The bearing of the aircraft is the physical bearing of the radar antenna.

In Figure 5 below, the MSSR beam illuminates a wind turbine which reflects the interrogation
to an aircraft on a different bearing. The aircraft transponder replies, and this is received by
the radar via the turbine. The radar processes this as a false target on the bearing of the wind
turbine and at a distance proportional to the path length, which is slightly longer than the
direct path length and potentially causes ‘ghost’ targets on MSSR.

MSSR

False Target

Figure 5: Reflected Interrogation and Reply Pulse
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The Thales RSM970 MSSR at Woodcock Hill is sited 2.4km from the nearest wind turbine
proposed in the Ballycar wind farm.

As detailed in the Ballycar Wind Farm Aviation Technical Assessment (shown in Appendix 1),
the likelihood of bistatic reflections can be determined. The assessment for the Ballycar wind
farm, outlines that aircraft between 5,250m and 10,536m from the proposed turbines may
respond to reflected MSSR interrogations from Woodcock Hill, potentially resulting in MSSR
‘ghost’ targets. As outlined in the technical assessment carried out by Cyrrus, aircraft closer
than 5,250m will not reply to reflected interrogations and aircraft beyond 10,536m will not
detect a reflected signal.

The Woodcock Hill MSSR is a Thales RSM970 which has inbuilt two stage reflection processing
to eliminate reflections. The Surveillance Data Processor will mitigate against any reflections,
also known as “sporadic” or “dynamic” reflections for buildings, terrain and man-made objects
such as wind turbines.

This is referenced in the Thales RSM970 MSSR Technical Description Document (Appendix 8).
To prevent possible reflection issues, some minor optimisation of the radar may be required.
This is usually carried out as part of the scheduled maintenance of the equipment.

With the implementation of this optimisation, the radar at Woodcock Hill will not experience
reflections due to the Ballycar Wind Farm.

3.4.2 Deflections

Deflections occur when a radar interrogation signal is deflected by a structure such as terrain,
vegetation, buildings and man-made obstacles such as wind turbines i.e. which introduce an
error in the measured bearing of an aircraft. It can generate dual aircraft tracks.

Figure 6: Visualisation of Deflections by Hill/Mountain Range.
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The Thales RSM970 MSSR installed at Woodcock Hill uses a well-established processing
system to remove deflected targets which are known as False Replies Uncorrelated In Time
(FRUIT). The MSSR operated at Woodcock Hill can use one of its own specific inbuilt processing
techniques within its Surveillance Data Processor (SDP) to remove these false targets. This
process removes the issue of deflections from the system. This is referenced in the Thales
RSM970 MSSR Technical Description Document (Appendix 8). No additional optimisation is
required as a DEFRUITER is part of the standard MSSR processing on the Thales system.

Therefore, the radar at Woodcock Hill will not experience deflections due to the Ballycar Wind
Farm.

3.4.3 Shadowing

Objects can produce a radar shadow in the airspace behind the object. As a wind turbine is
narrow compared to the radar beam width, shadows are relatively small, and will reduce with
increasing distance behind the turbine. Shadowing effects are likely to be insignificant but,
due to diffraction of the beam around the turbine tower, small azimuth angular errors may be
introduced. Aircraft targets in this area can potentially be subject to track jitter causing the
returns to meander from side to side. This can only occur where the turbine is in the direct
radar line of sight (RLoS) between the radar and the aircraft target.

EUROCONTROL Guidelines provide equations for calculating the depth, width and height of
shadow regions. Table 7 of the Ballycar Wind Farm Aviation Technical Assessment (Appendix
1) outlines the calculated depth, width and height of predicted shadow regions due to the
proposed wind farm. The depth of the shadow regions beyond the Ballycar turbines will vary
between 2.3km and 3.6km for Woodcock Hill MSSR, with widths of up to 65m and with a
maximum height of 352m or 1,155 feet AMSL.

\WocdcockiillMSSH
i

Figure 7: Maximum Shadow Region (2D) Due to Ballycar Wind Farm
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In Figure 8 below it is shown that shadowing of radar signals can be caused by terrain
(hills/mountains) beyond the wind farm. This is later shown to be the case where there is
shadowing caused by the Slieve Bloom range on the radar signal from the Woodcock Hill
Radar.

elevation angle e T e
to tip height Rt 208

RADAR

wind turbine ugy, ey,
o Yy ey
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‘. 44,:
terrain altitude <
SHADOW AREA

CAUSED BY TERRAIN

Figure 8: Shadow Region Caused by Terrain beyond Wind Farm

Based on Shannon Airport’s ATC Surveillance Minimum Altitude Chart, as published by the
Irish Aviation Authority, turbines T1 to T10 of the Ballycar wind farm are within Sector 1 where
the minimum flying altitude is 2,300 feet AMSL. Turbines T11 and T12 are in Sector 2 where
the minimum altitude is 3,000 feet AMSL. Aircraft at these minimum altitudes will not be low
enough for the shadow regions to have any impact, as the calculated worst case shadow will
extend to 1,115 feet AMSL.

Therefore, the shadow regions that may be generated beyond the proposed turbines will not
extend into airspace where aircraft are flying (see Figure 9 below).

3.4.4 En-route Radar Facilities

As part of the submission by AirNav Ireland to An Bord Pleanala in relation to the Ballycar wind
farm, a concern was raised regarding impacts to en-route traffic within Irish airspace due to
the degraded performance of the Woodcock Hill radar equipment, as a result of the presence
of the Ballycar wind farm.

As detailed in Sections 3.5.1 and 3.5.2 above, the Woodcock Hill MSSR will not experience
reflections (with minor optimisation) or deflections due to the Ballycar wind farm and
therefore, the performance of the radar equipment will not be degraded. As a result, there
will be no impact to en-route traffic within Irish airspace from reflections and deflections or
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compromise to the Woodcock Hill MSSR EU mandated surveillance performance criteria
required to support 5 Nautical Mile horizontal separation of aircraft in en-route Irish airspace.

As concluded in Section 3.5.3 above, any potential shadows generated from the Ballycar wind
farm will be limited to a height of 1,115 feet AMSL. The minimum flying height for en-route
traffic through controlled Irish airspace is 7,500 feet. Therefore, there is no possibility for any
shadowing impacts from the Ballycar wind farm on En-route traffic, which will not result in
any compromise to the Woodcock Hill MSSR EU mandated surveillance performance criteria
required to support 5 Nautical Mile horizontal separation of aircraft in En-route airspace.
Figure 9 graphically represents this.
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Figure 9: Altitude of Shadow Region and Minimum Flying Altitudes

The Irish Airspace Structure is shown below in Figure 10.
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At the Radar Workshop Meeting in February 2024, the IAA Surveillance M&E Team presented
on the shadowing impact of the proposed development and identified an un-quantified
impact area by drawing lines from the Woodcock Hill Radar location bounded by the most

Figure 10: Irish Airspace Structure

northerly and southerly wind turbine locations of the proposed development and separated
by an angle of 30 degrees and arbitrarily extending these lines out to the Irish Sea and
connecting then with a vertical line. This area cannot be relied upon as an accurate service
coverage from the Woodcock Hill radar as there is no consideration given to terrain blocking
by the Slieve Bloom mountain range in the midlands and is a manual sketch that should be
used for demonstrative purposes only. This conceptual sketch presented by the IAA is shown
in Figure 11 below.

Figure 11: Arbitrary shadowing zone presented by IAA

As previously outlined in Section 3.5.3, the maximum calculated shadow region due to the
presence of the Ballycar turbines is 3.6km. Therefore, any shadow region will not extend as
demonstrated in Figure 11 and will not impact on Dublin airspace.
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Additional analysis from Cyrrus in relation to shadow regions identifies that while there may
be some limited shadowing behind the Ballycar wind farm, there will be no shadowing impact
to Woodcock Hill Radar Surveillance of En-route aircraft at heights of 7,500 to 35,000ft. Radar
Service coverage plots are shown in Figures 12 and 13 below at En-route flight levels of 35,000
ft (FL350) showing no impact.
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Figure 12: Woodcock Hill radar service coverage at 35,000ft — without turbines

35000 ft — with turbines
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Figure 13: Woodcock Hill radar service coverage at 35,000ft — with turbines

To support this assessment, a reference has been included to field trials that have taken place
in the UK to address the minimal shadow region impacts on En-route Radar facilities. This is
supported by reference to the UK Civil Aviation Authority (CAA) Safety Policy (shown in
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Appendix 6 in section) which addresses the precedent of shadowing and low-level coverage
impacts caused by the physical obstruction of wind turbines.

“SUR13A.68 Trials have indicated that wind turbines also create a shadow beyond the
wind farm so that low flying aircraft flying within this shadow go undetected. The
magnified shadows of the turbine blades and the moving rotors are visible on the radar
screens of weather and ATC radars. However recent trial measurements have
indicated that the shadow region behind the wind turbines would last only a few
hundred meters and would hide only very small objects. “

“SUR13A.85 Existence of a shadow region means the radar’s ability to detect targets
directly behind the wind turbines can be affected. Since a shadow region is thought
to exist only a few kilometers behind a wind farm and the size is believed to be
defined by a straightforward geometric relationship between the radar and the wind
turbine farm, only the low level coverage is affected.”

These trials demonstrate and further prove that shadowing is limited and does not extend for
significant distances past the wind farm. At the meeting in May 2024 at AirNav Ireland Offices
in Shannon, Co. Clare reference to these flight trials conducted by the UK CAA was made to
AirNav Ireland.

Also, it should be noted that in Appendix 9 there is a reference by Thales, the manufacturer
of the Woodcock Hill Radar, to dedicated flight trials that they have conducted of their Wind
Farm Filter in difficult terrain circumstances such as low Radar Cross Section targets, ground
targets and low altitudes.

At the meeting with AirNav officials in May 2024, there were a number of points made in
relation to the Woodcock Hill radar range and which have been documented and shown in
Appendix 6. One of the points made was in relation the cone of silence of the radar. There is
an area above ground based radar system that does not track En-route traffic and this is also
the case for the Woodcock Hill MSSR. In essence, the radar cannot see above itself and
therefore, cannot track aircraft through this area. This is referred to as the conical zone of
silence. All radar in the state will have these “non-coverage” areas and this is demonstrated
in the graphic below in Figure 14 (for demonstrative purposes only).

Figure 14: Graphic showing the conical zone of silence over Woodcock Hill Radar
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Due to this cone of silence, overlapping radar coverage from multiple radar systems is
required to ensure surveillance and tracking of aircraft through this zone. In the event of a
failure of a radar in any part of the state there is overlapping coverage from another alternate
radar providing identical radar surveillance which all feed into the air traffic control systems.
Figure 15 below illustrates the coverage area over Woodcock Hill from various other radars.
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Figure 15: Overlapping Coverage Map shows that there is multi radar tracking capability of
the AirNav Radar equipment i.e. if Woodcock Hill MSSR were to fail/undergo maintenance
there is overlapping coverage from Dooncarton, Cork Airport, Mt Gabriel

As previously discussed, the ARTAS system used by AirNav Ireland merges the radar data and
distributes the appropriate air situation picture to the controllers. Therefore, it has the ability
to incorporate data from other radar systems to provide coverage over the cone of silence
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over the Woodcock Hill radar. Therefore, using data from other radar systems, the shadow
area caused by the Ballycar turbines will have duplicated radar service coverage using the
ARTAS multi-radar tracking system.

Due to the curvature of the earth, Air Traffic Controllers usually calculate that for every
10NM from the radar, they would lose approximately 1000ft of cover. As Woodcock Hill is
>90NM from Dublin Airport, it is estimated that aircraft below 9000ft would not be detected
or controlled in the Dublin CTA using the Woodcock Hill MSSR radar. Therefore, there will be
no compromise to compliance with EU mandated surveillance performance criteria required
to support 3 nautical mile horizontal separation of aircraft in Dublin airspace.

Figure 16 below outlines the radar signal path from Woodcock Hill to the Dublin Airport
Terminal area. As referenced earlier in section 3.4.3 there is terrain blocking due to the Slieve
Bloom Mountain range which screens any potentials impacts from the Ballycar wind farm
from projecting aircraft tracking issues into the En-route airspace in the vicinity of Dublin
Airport.
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Figure 16: Radar Signal Path from Woodcock Hill — Dublin Airport Terminal Area
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4. Mitigation Measures

Cyrrus have conducted their assessment in accordance with the EUROCONTROL Guidelines as
requested by the IAA. Based on the detailed technical assessments, the only potential
mitigation required to address any concerns in relation to radar facilities relates to the
Woodcock Hill Secondary Surveillance Radar. To prevent possible reflection issues, some
minor optimisation of the existing radar system may be required. Should the Woodcock Hill
Radar require optimisation, this would be completed one channel at a time and allow the
system to remain operational throughout. If upgrades or optimisation are required to the
Woodcock Hill Radar system, transitional arrangements can be managed to ensure minimal
operational disruption occurs. As outlined in this report, there is overlapping radar coverage
over the Woodcock Hill radar area, therefore in the event that the radar system was offline
for a short period, sufficient coverage can be provided by other radar systems.

4.1 International & National Precedence

The Cyrrus Radar Mitigation Options Study Report, carried out in May 2023, refers to the
rationale behind the EUROCONTROL assessment to show:

- that any operational impact caused by the proposed development would be
operationally acceptable.

- that a suitable mitigation, if required, can be put in place to ensure continued
compliance.

Newcastle Airport: Based on these EUROCONTROL Guidelines the Mitigation Scheme in
operational use at Newcastle Airport would demonstrate that wind farm mitigations can be
implemented on the current facility at Woodcock Hill. By reference to the published
Aeronautical Informational Procedure (AIP) for Newcastle Airport (Appendix 12), it can be
seen that there are several wind farms located within the radar’s operating volume. The radar
is operational and is used to control aircraft within the control airspace.

Project Marshall: The reference to the Project Marshall Radar Upgrade in the UK is a reference
to an FOI Request by the UK Wind Industry in relation to the MOD Radar Upgrade Program for
Air Traffic Control. The UK Military of Defense (MOD) deployed an upgrade program that
incorporated Windfarm Mitigation Filters to their existing radars some of which were the
same model and age of the Woodcock Hill Radar. The upgrade list can be seen in Appendix 13.
This list shows that a number of radars upgraded were the Thales RSM970S which is the same
model as the Woodcock Hill Secondary Radar.
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These references demonstrate that the Woodcock Hill Secondary Radar can be upgraded, if
required, subject to a conditions survey by the manufacturer of the radar. Cyrrus state in their
Radar Mitigations Options Study in Appendix 5 that:

“ An asset condition survey of the Shannon Airport and Woodcock Hill radar systems
should be undertaken by Thales. This will include the current build state.

As the manufacturer and Design Authority of both radar systems, Thales will be able
to assess the type of mitigation package required (if any). They will confirm costs and
timescales based on their scope of work.

Dutch Government Radar Modelling: The Dutch Government have commissioned detailed
radar modelling using Computer Aided Radar Performance Evaluation Tools which involved
use of a comprehensive computer program which alleviates the difficult task of designing
and evaluating surface based radar systems. The modelling tools considers the entire radar
system and its environment, emitter and receiver characteristics, clutter and propagation
phenomena. The program produces diagrams which are particularly useful in assessing the
detection performance of a radar system.

These radar modelling tools were also used on UK onshore and offshore wind farm projects.
The radar impact assessments conducted in relation to the wind farm south of Manchester
Airport were able to demonstrate that the shadowing impacts of the wind farm where
blocked/screened by the mountain range further south of the wind farm i.e. all shadowing
impacts were blocked.

4.2 UK Aviation Plan — Wind Turbines and Aviation Radar

The Newcastle Airport reference site (as attached in Appendix 12) demonstrates how the
Radar facilities, same model as is used at Woodcock Hill, was upgraded as part of the
implementation of a viable wind farm mitigation solution. Newcastle Airport has a Thales
STAR2000 with a co-mounted Thales RSM970 Secondary Radar, the same Secondary
Surveillance Radar model that is used at Woodcock Hill.

The Project Marshall reference (as attached in Appendix 13), undertaken by the Military of
Defense (MOD) is an example of a Radar Facilities project that included an upgrade and
deployment to the Thales RSM970S radars, the same model of the Radar at Woodcock Hill.
The Marshall Project consists of over forty Military of Defense (MOD) Radar installations.

From 2005 until 2011 Newcastle airport received over 250 consultations for on and off-shore
wind farm developments from across the UK North-East region, all aiming to meet
government-set targets for renewable energy. Many of the developments had the potential
to affect the daily operations of Newcastle Airport’s Air Traffic Control since wind turbines in
operation can appear on the airport radar with similar markings to a moving aircraft.
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In the absence of a solution, in the past, Newcastle Airport stated that they had no alternative
but to object to proposed wind farm developments where an unacceptable impact was
predicted. However, following a detailed engagement process with all stakeholders Newcastle
Airport were satisfied a technological solution was found in the form of radar optimisation,
which involved updating the airport’s radar software system. The software upgrade mitigated
the potential impact of the wind farm sites, thereby preventing turbines appearing, so they
could not be mistaken for moving aircraft. The Thales Windfarm filter incorporates this
feature.

In the UK, Renewable UK has been working with the Ministry of Defense, Department for
Transport, Department for Business, Energy and Industrial Strategy (BEIS), the Scottish
Government, the Civil Aviation Authority, NATS, the Airport Operators Association, the
General Aviation Awareness Council, and The Crown Estate for many years.

In 2008 in the UK, the DECC, the Dept for Transport, Military Of Deference, Renewable UK,
Civil Aviation Authority and National Air Traffic Services signed a Memo Of Understanding
which committed them to work together to identify mitigation solutions and drive forward
progress on projects as part of an “Aviation Plan”. This Plan was endorsed by representatives
from the relevant stakeholders within the Aviation Sector.
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5. Other Wind Farm Developments in the Area

There are a number of wind farms in East Clare/Limerick at various stages in the planning
process, some of which have been consented and single turbine projects which are
operational. All of these wind farms are within the EURCONROL 16km Safeguarding
Assessment Area for Secondary Surveillance Radar for Woodcock Hill Radar.

An overview of the consented wind farms and wind farms in the planning process in East
Clare/Limerick have also been included.

5.1 Consented/Operational Wind Farms Developments in
East Clare/Limerick

The Planning References for the Wind Farm(s) in the vicinity of the proposed Ballycar Project
are shown in Table 2 below. These wind farms are depicted in Figure 17 which shows the wind
farm developments in relation to the Monopulse Secondary Surveillance Radar (MSSR)
facilities at Shannon Airport and Woodcock Hill that are in the vicinity of the proposed Ballycar
wind farm.

. Permitted 19-Turbine Wind Farm
https://www.pleanala.ie/en-

Carrownagowan Consented ie/case/308799 (No Impacts on Instrument Flight Procedures
or Radar Surveillance Facilities)

Permitted 8-turbine Wind Farm

(No Impacts on Instrument Flight Procedures
or Radar Surveillance Facilities)

Fahy Beg Consented https://iwww.pleanala.ie/en-
ie/case/317227

Proposed 7-Turbine Wind Farm

Submitted for https://www.eplanning.ie/ClareC

Lackareagh (No Impacts on Instrument Flight Procedures

Plannin i i
9 ClAppFileRefDetails/2360219/0 or Radar Surveillance Facilities)

Oatfield Subm'itted for https://www.pleanala.ie/en- Proposed 11-Turbir.1e Wind Farm

Planning ie/case/318782 In Planning
Knockshanvo Subm'itted for https://www.pleanala.ie/en- Proposed 9-Turbin.e Wind Farm

Planning ie/case/320705 In Planning
Johnson & . https://www.eplanning.ie/Limeric ) )
Johnson Operational KCCC/AppFileRefDetails/13746/ 1-Turbine Wind Farm

0

leenc_k Blow Operational https://vyww.eplanr?inq.ie/CIareC 1-Turbine Wind Farm
Mounding ClAppFileRefDetails/22254/0

Table 2: East Clare/Limerick Wind Farm Planning Reference
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Both the Carrownagowan and Fahybeg wind farms have been permitted. Both wind farm
developments are within 16km of the Woodcock Hill Secondary Surveillance Radar at
Woodcock Hill. The IAA, in their consultation response state that all Radar Assessment should
be completed to EUROCONTROL Guidelines i.e. any significant obstacle within 16km of the
Woodcock Hill Radar may have an impact. The IAA/AirNAV Ireland deemed there to be no
impact from both wind farm developments on En-route Radar.

No adverse impacts to En-route Secondary Surveillance Radar facilities at Woodcock Hill were
noted by the IAA/AirNav Ireland for either the Carrownagowan or Fahybeg wind farms even
though both were inside the 16km exclusion zone. The Radar Safeguarding Assessments for
both projects were conducted according to EURCONTROL guidelines and the IAA deemed
there to be no adverse impact to the Woodcock Hill Radar.

The Lackareagh wind farm development has been submitted for planning and no adverse
impacts to En-route Secondary Surveillance Radar facilities at Woodcock Hill have been
identified by AirNav Ireland. The Lackareagh wind farm development is also inside the 16km
assessment zone. The Radar Safeguarding Assessments was conducted according to
EURCONTROL guidelines and the IAA deemed there to be no adverse impact to the Woodcock
Hill Radar.

It should also be noted that there are single wind turbine developments at Johnson &
Jonshson and Limerick Blow Moulding, both of which are operational and within the
EUROCONTROL 16km zone with no operational impacts on the Woodcock Hill Radar En-route
Facilities.

The Oatfield and Knockshanvo wind farms are currently in the planning process. In the
concern raised by the IAA/AirNav Ireland regarding Radar Surveillance Systems Safeguarding,
the developers state that there are suitable mitigations and optimisations available to mitigate
out any impacts. These are included the respective Aviation Review Statements, available
online for review. Both developers of the Oatfield and Knockshanvo Wind Farms have
commissioned specialist detailed Technical Aviation Assessments that show that there will be
no impacts to the Woodcock Hill Radar En-route Facilities.
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Figure 18: East Clare/Limerick Wind Farm Developments
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6. Residual Impacts

During the engagements with the IAA in 2022, they state that Instrument Flight Procedures
will not be impacted. It has been identified that there will be no impact to the existing
ATCSMAC Charts for Shannon Airport.

The assessment completed by FCSL (Appendix 3) showed that there would be no adverse
effect from the proposed wind farm on the flight inspection procedures on the Shannon
Airport Instrument Landing Systems.

The Radar Mitigations Options Study carried out by Cyrrus shows that some shadowing will
occur. It was considered any shadowing would be minimal, would be below minimum flying
altitudes and would not have an impact on flights in En-route airspace. Once the wind farm is
built, the radar systems may require optimisation by the Radar manufacturer (Thales) and a
flight check may be required to confirm the systems performance according to the industry
standard Eurocontrol Guidelines adopted by the IAA, thus ensuring that the radar
performance is to the satisfaction of AirNav Ireland and no residual impacts remain.

The technical reports submitted as part of the planning application and this response
statement determine that:

e Reflections — No residual impacts following optimisation if required of the Woodcock
Hill MSSR.

e Deflections — No residual impacts on the Woodcock Hill MSSR as a result of the in-
built DEFRUITER.

e Shadowing — Minimal and operationally tolerable shadow region which is below the
minimal flying altitude.

e En-route traffic — No residual impacts.
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7. Conclusions

The IAA/AirNav have not raised any concerns in relation to Instrument Flight Procedures
against the Ballycar wind farm. It is not considered that any cumulative aviation impacts occur
from the Ballycar wind farm and the other proposed/operational wind farms in the area on
the Woodcock Hill MSSR because:

e Ballycar Wind Farm will not result in radar beam deflections on the Woodcock Hill
Radar.

e Ballycar Wind Farm will not result in radar beam reflections (following optimisation
if required) on the Woodcock Hill Radar.

e Shadowing from the Ballycar Wind Farm will extend for a maximum of 3.6km
beyond the wind farm, with the height of the shadow region below minimum flying
altitudes.

e Ballycar Wind Farm will not result in any impacts to en-route aircraft and will not
impact Woodcock Hill Radar compliance with EU mandated surveillance
performance criteria required to support 5 Nautical Mile horizontal separation of
aircraft in En-Route Irish airspace and 3 Nautical Mile horizontal separation of
aircraft in Dublin airspace.

A concluding statement for each of the issues identified by the IAA/AirNav as areas for
further analysis including Assessment Outcomes and Mitigations is provided below.

- Instrument Flight Procedures and ATCSMAC at Shannon Airport.
- Navigational Aids at Shannon Airport.
- Secondary Surveillance Radar (MSSR) at Woodcock Hill.

Areas for

Issues Further Assessment Outcomes \ Mitigations RESILTE]
. Impact
Analysis
IFP’s \ IFP’s No issue reported by IAA\AirNav Ireland.
ATCSMAC
Charts Shannon ATCSMAC . . None
Airport Chart No issue reported by IAA\AirNav Ireland.

The assessment completed by FCSL showed that there would
be no adverse effect from the proposed wind farm on the flight
inspection procedures on the Shannon Airport Instrument None
Landing Systems. No issue reported by IAA\AirNav Ireland or
Shannon Airport.

NAVAIDS at Flight Inspection
Shannon Airport. Procedures

The Thales RSM970 MSSR sited at Woodcock Hill is 2.4 km
from the nearest wind turbine. The Thales radar utilizes a
two-stage system to prevent both temporary (Dynamic) and
permanent (Static) reflections being displayed. It also has
MSSR at . . . . . 0 .

. Reflections inbuilt adaptive reflection processing. This is referenced in None
Woodcock Hill The Thales RSM970 MSSR Technical Description
Document (Appendix 8). To prevent possible reflection
issues, some minor optimisations may be required. The
IAA/AirNav have scheduled an upgrade in the next two to
five years of all the radar surveillance equipment in the state.
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Upgrades can be carried out to include updates to the two-
stage system within MSSR to prevent reflections being
displayed. This would be confirmed as part of an asset
conductions survey by the Radar Manufacturer (Thales).

The Thales RSM970 MSSR at Woodcock Hill uses a well-
established processing system to remove any False Replies
Uncorrelated In Time (FRUIT). This process removes the
issue of deflections from the system. No additional
optimisation is required as a DEFRUITER is part of the
standard MSSR processing on the Thales system.

Deflections

Due to the proximity of the turbines to the Woodcock Hill
radar, some shadowing will occur. It was considered any
Shadowing shadowing would be minimal as outlined (section 3.4.3), will
be below the minimum flying altitude and would not have an
impact on flights in En-route airspace.

The Woodcock Hill MSSR will not experience reflections or
deflections due to the Ballycar wind farm and therefore, the
performance of the radar equipment will not be degraded.
As a result, there will be no impact to en-route traffic within
Irish airspace from reflections and deflections or
compromise to the Woodcock Hill MSSR EU mandated
surveillance performance criteria required to support 5
Nautical Mile horizontal separation of aircraft in en-route
Irish airspace.

En-Route
Any potential shadows generated from the Ballycar wind
farm will be limited to a height of 1,115 feet AMSL. The
minimum flying height for en-route traffic through Irish
airspace is 7,500 feet. Therefore, there is no possibility for
any shadowing impacts from the Ballycar wind farm on en-
route traffic, which will not result in any compromise to the
Woodcock Hill MSSR EU mandated surveillance
performance criteria required to support 5 Nautical Mile
horizontal separation of aircraft in en-route Irish airspace.

It should also be noted that as previously discussed, the ARTAS system used by AirNav Ireland
merges the radar data and distributes the appropriate air situation picture to the air traffic
controllers. Therefore, there is duplication of radar tracking over the Woodcock Hill radar
using coverage from other radar systems to provide a picture to air traffic controllers.
Therefore, using data from other radar systems, the shadow area caused by the Ballycar
turbines will have duplicated radar service coverage using the ARTAS multi-radar tracking
system.

Following submission of the planning application for the Ballycar wind farm to An Bord
Pleandla, further additional consultation was undertaken/continued with AirNav Ireland. As
part of this continued consultation, a planning condition was proposed whereby the wind farm
could not commence (should planning permission be received) until all aviation concerns were
fully addressed to the satisfaction of AirNav Ireland.
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An acknowledgment of the request was received from AirNav Ireland who outlined that the
request was to be assessed by senior management and the legal team. At the time of writing
this Response Statement, a reply in relation this request is outstanding from AirNav Ireland.

As such, the Applicant is amenable to the Board inserting a planning condition regarding
agreement with AirNav Ireland upon the optimisation of Woodcock Hill radar equipment to
be undertaken and its financing prior to commencement of the Proposed Development. For
example:

“Prior to the commencement of development, and following consultations with AirNav
Ireland, a detailed aviation mitigation plan which incorporates the commitments set
out in the aviation technical report submitted as further information, including details
of any required minor optimisations of the Woodcock Hill Radar and the developer’s
financial contribution for same, shall be submitted to, and agreed in writing with, the
relevant planning authority.”

The applicant also notes that in certain circumstances due to the issues involved with the
proposed development, that An Bord Pleanala can also decide to convene a limited agenda
oral hearing.

At the meeting in May 2024 with AirNav Ireland, reference was made in relation to the flight
trials that were conducted by the CAA UK in relation to wind turbine shadowing area (section
3.4.4) (as stated in the CAP 670 documentation). Cyrrus has submitted written requests to the
CAA UK to obtain additional information in relation to the flight trials so that this information
can be provided to the IAA/AirNav Ireland. A response from the CAA UK has not yet been
received at the time of writing of this Response Statement.

Additional contact, through the offices of Cyrrus has been made directly to technical
representatives from NATS and the UK CAA, both of whom have extensive knowledge of radar
operations in the vicinity of wind farms. The nominated representatives from NATS and the
UK CAA have confirmed that they would be available to engage directly with the IAA/AirNav
Ireland. This would bring to bear the extensive working knowledge of Radar Surveillance
Management and Policy adopted by the UK CAA in addressing operating radar systems in
proximity to wind farms in the UK.

This Aviation Response Statement and associated appendices confirms that:

e Ballycar Wind Farm will not result in radar beam deflections on the Woodcock Hill
Radar.

e Ballycar Wind Farm will not result in radar beam reflections (following optimisation
if required) on the Woodcock Hill Radar.

e Shadowing from the Ballycar Wind Farm will extend for a maximum of 3.6km
beyond the wind farm, with the height of the shadow region below minimum flying
altitudes.
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Ballycar Wind Farm will not result in any impacts to en-route aircraft and will not
impact Woodcock Hill Radar compliance with EU mandated surveillance
performance criteria required to support 5 Nautical Mile horizontal separation of
aircraft in En-Route Irish airspace and 3 Nautical Mile horizontal separation of
aircraft in Dublin airspace.
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Appendix 1

Ballycar Wind Farm Aviation Technical
Assessment
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Commercial in Confidence
( CY RR U S Ballycar Wind Farm Aviation Technical Assessment

Executive Summary

Cyrrus Limited has been engaged by Malachy Walsh and Partners to undertake an Aviation Study for the
proposed Ballycar Wind Farm development in County Clare in the West of Ireland. The proposal
comprises 12 wind turbines with a maximum tip height of up to 156.5m Above Ground Level.

An assessment of the Building Restricted Areas associated with the Instrument Landing Systems and
Distance Measuring Equipment installed at Shannon Airport shows that the proposed turbines will have
no impact on these navigation facilities.

Detailed radar modelling of the indicative layout against the combined Primary Surveillance
Radar/Monopulse Secondary Surveillance Radar (PSR/MSSR) facility at Shannon Airport shows the
following:

e Radar Line of Sight (RLoS) exists between Shannon PSR and 11 of the 12 proposed turbines;

e There is a high probability that Shannon PSR will detect turbines T1 to T9 and turbines T11 and
T12, leading to turbine-induced clutter and false targets, and track seduction of aircraft targets;

e [tis unlikely that Shannon PSR will detect turbine T10;

e Mitigation for Shannon PSR may be required;

e The proposed turbine sites are outside the Eurocontrol recommended 16km turbine
assessment zone for Shannon MSSR, therefore an impact assessment for the facility was not
required;

¢ No mitigation measures are necessary for Shannon MSSR.

Detailed radar modelling of the indicative layout against the MSSR at Woodcock Hill shows the following:

e RLoS exists between Woodcock Hill MSSR and all 12 proposed turbine towers;

e Aircraft between 5,250m and 10,536m from the proposed turbines may respond to bistatic
reflections from these turbine towers, resulting in false targets on the bearings of the turbines;

e Provided the MSSR reflector file is updated with the turbine positions, the MSSR should be able
to process out false targets caused by reflections from the turbine towers;

e The maximum heights of shadow regions from the turbines will be below published Air Traffic
Control surveillance minimum altitudes and should therefore be operationally tolerable.

It is recommended that mitigation options are discussed with the Irish Aviation Authority (IAA),
specifically Air Traffic Services. It is the surveillance network and operational use that will largely influence
a suitable mitigation.

Possible mitigation solutions for Shannon PSR include blanking of PSR transmissions over the wind farm.
This can be combined with the application of a Transponder Mandatory Zone in the affected airspace, or
with in-fill data from a remote radar source.

Existing remote PSR data can be used as in-fill provided it has suitable airspace coverage and does not
have visibility of the turbines. This relies on suitable terrain screening and can be problematic in terms of
synchronisation and slant range errors.

In-fill mitigation can be provided using a dedicated 2D radar from a company such as Terma. The

mitigation radar must be located in close proximity to the airport PSR and be synchronised with it. Terma
radars filter out turbines while continuing to track aircraft.
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The Aveillant Holographic Radar™ offers a 3D radar mitigation solution that can discriminate turbines
from aircraft without the need for masking. It does not require locating close to the airport PSR and its
target output can be coordinate transformed to the PSR origin without slant range errors.
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Abbreviations
AGL Above Ground Level
AMSL Above Mean Sea Level
ATC Air Traffic Control
ATCO Air Traffic Control Officer
BRA Building Restricted Area
CFAR Constant False Alarm Rate
DME Distance Measuring Equipment
DOC Designated Operational Coverage
DTM Digital Terrain Model
ICAO International Civil Aviation Organisation
ILS Instrument Landing System
MSSR Monopulse Secondary Surveillance Radar
MWP Malachy Walsh and Partners
NM Nautical Miles
PD Probability of Detection
PSR Primary Surveillance Radar
RCS Radar Cross Section
RLoS Radar Line of Sight
RPM Revolutions Per Minute
T™™Z Transponder Mandatory Zone
VPD Vertical Polar Diagram
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1.2.1.

1.2.2.

1.2.3.

1.2.4.

Infroduction

Overview

A new wind farm development, Ballycar Wind Farm, is being proposed in County Clare in the
West of Ireland. The proposed development is planned to comprise 12 wind turbines with a
maximum tip height of up to 156.5m Above Ground Level (AGL).

Aviation Study

Cyrrus Limited has been engaged by Malachy Walsh and Partners (MWP), on behalf of
Greensource Limited, to undertake an Aviation Study for the development.

This report is concerned with the possible impacts the turbines may have on aviation
navigation and surveillance facilities and includes an assessment of the Instrument Landing
System (ILS) and combined Primary Surveillance Radar/Monopulse Secondary Surveillance
Radar (PSR/MSSR) installations at Shannon Airport, and the MSSR at Woodcock Hill.

A review of the Building Restricted Areas (BRAs) that safeguard the ILS Localiser, Glidepath
and Distance Measuring Equipment (DME) facilities at Shannon Airport will be used to
determine the likelihood of any impact from the turbines.

Radar Line of Sight (RLoS) assessments will determine the degree of visibility of the proposed
turbines to each of the radars and detailed Probability of Detection (PD) calculations will
assess the likelihood of an impact on radar caused by signal reflections from the turbine
blades and towers.
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2. Evaluation Tools Used
2.1. Software

e ATDI HTZ communications v23.4.2 x64;
e Global Mapper v21.1;
e ZWCAD+ 2015 SP1 Pro v2014.11.27(26199).

2.2. Terrain Data

e ATDI 20m Digital Terrain Model (DTM), 2020, Irish Grid projection.

2.3. Data Provided by the Client

e 22156-MWP-00-00-SK-C-0003-P01 Site Location.pdf;
e Turbine Layout 2021-09-29.xls.
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3. Development
3.1. Location
3.1.1. The indicative 12 turbine layout used for the modelling is shown in Figure 1.
e o
"I98 o
y[T11
‘12
L3056
Meelick
© OpenStreetMap contributors
Figure 1: Indicative turbine layout
3.2. Turbine Data
3.2.1. Turbine T10 has a planned hub height of 83m AGL and blade length of 66.5m, to give a tip
height of 149.5m AGL.
3.2.2. The other turbines have a planned hub height of 90m AGL and blade length of 66.5m, to give
a tip height of 156.5m AGL.
3.2.3. Location data for the 12 proposed turbines has been supplied by MWP. The Irish Transverse

Mercator grid coordinates for each turbine are presented in Table 1, together with each site
elevation Above Mean Sea Level (AMSL).

Site Elevation

Turbine ID Easting (m) | Northing (m)

AMSL (m)
TO1 554531.3 664275.1 234
TO2 554604.7 663847.3 207
TO3 555029.9 664043.7 238
TO4 555027.2 663611.2 198
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Site Elevation

Turbine ID Easting (m) | Northing (m)

AMSL (m)
TO5 555475.6 663803.6 243
TO6 555804.8 664103.9 254
TO7 555885.7 663643.1 198
TO8 555546.9 663267.0 160
T09 555090.4 663180.2 166
T10 555989.9 663191.0 124
T11 555582.0 662836.6 113
T12 555912.5 662520.8 77

Table 1: Turbine location data
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4,
4.1.

4.1.1.

4.2.

4.2.1.

ILS Assessment

Locations of Turbines and Shannon Airport

The closest turbine within the proposed development lies approximately 17.3km east of the
centre of the main runway at Shannon Airport, as shown in Figure 2.

e 2 iy
FaF
e o]
L1

© OpenStreetMap contributors
Figure 2: Locations of turbines and Shannon Airport

Building Restricted Areas

The navigation facilities under consideration at Shannon Airport are the ILS Localisers,
Glidepaths and DMEs that provide guidance for aircraft landing on runways 06 and 24. The
minimum safeguarded areas for these facilities are defined by the International Civil Aviation
Organisation (ICAQ) in the document ICAO EUR DOC 015,

1]CAO EUR DOC 015 European Guidance Material on Managing Building Restricted Areas, Third Edition 2015

CL-5715-RPT-002 V1.0 Cyrrus Limited 11 of 46
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4.2.2. Figure 3 shows an example of the BRA shape for directional facilities such as ILS Localisers,
Glidepaths and DMEs, as depicted in ICAO EUR DOC 015 Figures 3.1, 3.2, 3.3 and 3.4.

Figure 3.1 Figure 3.2

Shape to be applied for the directional facilities
Figure 3.1 End elevation
Figure 3.2 Plan elevation
Figure 3.3 Side elevation

Figure 3.4 - Directional facilities perspective

Figure 3: ICAO EUR DOC 015 Figures 3.1-3.4 — BRA shape for directional facilities

CL-5715-RPT-002 V1.0 Cyrrus Limited 12 of 46
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4.2.3. Applicable dimensions to be applied for the various directional navigation facilities are
reproduced in Figure 4.

S A b r D H L P
Type of navigation facilities h(m
ype of navigation mw o | "™ | ) | w | w | om0
ILS LLZ Distance to
(medium aperture single frequency) threshold 500 0 a*6000 300 10 2300 30
ILS LLZ Distance to
(medium aperture dual frequency) threshold 500 70 a+6000 300 20 1500 20
ILS GP M-Type (dual frequency) 800 50 70 6000 250 5 325 10
MLS AZ Distance to) ) 70 | a+6000 | 600 20 1500 40
threshold
MLS EL 300 20 70 6000 200 20 1500 40
DME (directional antennas) Distance to] 5, 70 | a+6000 | 600 20 1500 40
threshold

Figure 4: ICAO EUR DOC 015 Table 2 — Harmonised guidance figures for directional navigation facilities

4.2.4, The purpose of the safeguarded areas is to identify developments with the potential for
causing unacceptable interference to navigation facilities. Developments that infringe a
safeguarded area must undergo technical assessments to determine the degree of
interference, if any, and whether the interference will be acceptable to the Airport operator.

4.2.5. The ILS Localiser, Glidepath and DME safeguarded areas for runways 06 and 24 are shown
in Figure 5 and Table 2.

Figure 5: ILS safeguarded areas at Shannon Airport

CL-5715-RPT-002 V1.0 Cyrrus Limited 13 of 46
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Magenta Glidepath/DME 06

Orange Glidepath/DME 24
Cyan Localiser 06
Green Localiser 24

Table 2 - Safeguarded areas colour reference

4.2.6. The same safeguarded areas are shown in Figure 6 relative to the proposed turbines.
ey
x X o
*Vx"
Figure 6: ILS safeguarded areas relative to proposed turbines
4.2.7. The proposed turbines lie outside the ILS safeguarded areas and will have no impact on ILS

signals. No further technical assessment for the ILS facilities at Shannon Airport is required.

CL-5715-RPT-002 V1.0
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5.
5.1.

5.1.1.

5.1.2.

5.1.3.

5.1.4.

5.1.5.

5.2.

5.2.1.

Radar Assessment

Potential Impact of Wind Turbines on PSR

A PSR transmits pulses of energy that are reflected back to the radar’s receiver by objects
that are within RLoS. Wind turbines can act as reflectors presenting a static target to the
radar system. This phenomenon is no different to any other reflection received from ground
obstacles (buildings, electricity pylons etc) except that each turbine structure reflects an
amount of energy several orders of magnitude larger than that caused by an aircraft. This
has the potential effect of causing a shadow behind the obstacle rendering the receiver blind
to wanted targets in the immediate area beyond the turbine. It is thus not possible to reduce
the gain of the radar in this range cell and still see the wanted targets.

PSRs will ‘see’ any reflecting object that the radar energy illuminates. To discriminate wanted
targets (aircraft) from the unwanted clutter, the radar ignores static objects and only
displays moving targets. The rotating blades of a wind turbine impart a Doppler frequency
shift to the reflected radar pulse, which the radar receiver ‘sees’ as a moving target; these
targets are then presented on the Air Traffic Control Officers (ATCOs) radar display as
primary radar returns, indistinguishable from those returns originating from aircraft. This is
not a steady effect but has dependency on the axis of rotation of the turbine in relation to
the radar. Such unwanted radar returns are known as ‘clutter’.

PSRs are usually designed to manage the amount of clutter within defined cells using
Constant False Alarm Rate (CFAR) algorithms. In areas of high clutter returns, as experienced
from wind turbines, the CFAR action is to reduce the sensitivity of the receiver. Whilst this
has the positive benefit of keeping the displayed data usable by the ATCOs rather than being
totally swamped with clutter returns, it does have the adverse effect of reducing the PD of
aircraft within the affected cells.

A consequence of these effects is that the tracking mechanism in the radar processing is no
longer able to reliably report the aircraft’s passage in the vicinity of the turbines. The
aircraft’s track is liable to either be lost or ‘seduced’ by the turbine returns to create an
erratic course.

If the radar cannot distinguish a wanted target (aircraft) amongst the returns originated by
the turbines it can result in an undecipherable data display to the ATCO. In the worst case,
the presence of a real aircraft, possibly in confliction with another aircraft under control,
may be hidden by turbine-induced clutter or a desensitized receiver thereby increasing the
risk of collision. Furthermore, false targets when presented on the ATCO’s radar screen may
appear as conflicting traffic to other real aircraft, resulting in the issuance of unnecessary
avoiding action. In addition, the establishment by the ATCO of aircraft identity may be
delayed or subsequently lost altogether in the vicinity of a wind farm.

Potential Impact of Wind Turbines on MSSR

Unlike PSR, MSSR is an ‘active’ system. It operates by the radar transmitting a coded pulse
sequence which is received and decoded by suitably equipped aircraft. The aircraft responds
with a coded pulse sequence on a different frequency which is received by the MSSR. Range
and azimuth information is derived in the same way as PSR, but additional information in

CL-5715-RPT-002 V1.0 Cyrrus Limited 15 of 46
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5.2.2.

5.2.3.

5.2.4.

the coded reply allows the identification of a particular aircraft and its height. Other data
may also be made available dependant on the mode of operation.

MSSR is immune to direct reflections (monostatic back scatter) from large objects such as
wind turbines because the transmitted and received frequencies differ and the message
structure is different for transmit and receive paths.

Bistatic reflection is where the signal transmitted by the radar is ‘forward’ reflected to an
aircraft, and the aircraft reply is also reflected back to the radar. The effect of this is best
understood by considering the following diagrams.

“E—
MSSR »: F d

?[“, Aircraft

Turbine

Figure 7: Direct interrogation and reply pulses

In Figure 7, the MSSR transmits an interrogation pulse sequence and the aircraft, on
receiving the interrogation sequence, replies with a coded pulse sequence. The time delay
between interrogation and receipt of reply is proportional to the distance of the aircraft
from the radar. The bearing of the aircraft is the physical bearing of the radar antenna.

MSSR

Aircraft

False Target

Figure 8: Reflected interrogation and reply pulse
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5.2.5. In Figure 8, the MSSR beam illuminates a wind turbine which reflects the interrogation to an
aircraft on a different bearing. The aircraft transponder replies, and this is received by the
radar via the turbine. The radar processes this as a false target on the bearing of the wind
turbine and at a distance proportional to the path length, which is slightly longer than the
direct path length.

5.2.6. Objects can produce a radar shadow in the airspace behind the object. As a wind turbine is
narrow compared to the radar beam width, assuming the turbine is >2km from the radar,
the shadow will be relatively small, and will reduce with increasing distance behind the
turbine. Shadowing effects are likely to be insignificant but, due to diffraction of the beam
around the turbine tower, small azimuth angular errors may be introduced. Aircraft targets
in this area can potentially be subject to track jitter causing the returns to meander from
side to side. This can only occur where the turbine is in the direct RLoS between the radar
and the aircraft target.

5.3. Shannon Airport Radar
5.3.1. The radar at Shannon Airport is a combined head with co-mounted PSR and MSSR antennas.

5.3.2. The PSR model is a Thales Star 2000, operating in the S-Band frequency, turning at 15
Revolutions Per Minute (RPM) and with an instrumented range of 60 Nautical Miles (NM).
As with all PSRs of this type, it is vulnerable to the adverse effects of wind turbines, however,
Thales claim to have newer processing capabilities which are more turbine tolerant.

5.3.3. The MSSR model is a Thales RSM 970 S. It meets the current standard of MSSR capability to
the European Mode S Functional Specification? and has an instrumented range of 256NM.

Image © 2021 Google © 2021 Europa Technologies
Figure 9: Shannon PSR/MSSR

5.3.4. The WGS84 coordinates for the radar are: 52°42' 05.03" N, 08° 56' 11.74" W

5.3.5. The PSR antenna height is 16m AGL, the MSSR antenna height is 18m AGL.

2 EUROCONTROL European Mode S Station Functional Specification v3.11, May 2005
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5.3.6. The location of Shannon PSR/MSSR is shown in Figure 10.

Shan|
Free 2

*[Shannon PSR/MSSR |

L

N\ Knockbeagh
Point

© OpenStreetMap contributors
Figure 10: Location of Shannon PSR/MSSR

5A4. Woodcock Hill Radar

5.4.1. The radar at Woodcock Hill is a Thales RSM 970 S MSSR and is housed in a polycarbonate
radome.

Image © 2021 Google
Figure 11: Woodcock Hill MSSR
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5.4.2. The WGS84 coordinates for the radar are: 52° 43' 15.77"" N, 08° 42' 26.78" W
5.4.3. The MSSR antenna height is 10m AGL.
5.4.4. The location of Woodcock Hill MSSR is shown in Figure 12.

© OpenStreetMap contributors
Figure 12: Location of Woodcock Hill MSSR

5.5. Locations of Turbines and Radars

5.5.1. The relative locations of the proposed turbines and the radars at Shannon Airport and
Woodcock Hill are shown in Figure 13.

© OpenStreetMap contributors
Figure 13: Locations of radars and proposed turbines
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The closest proposed turbine within Ballycar Wind Farm (T1) is 18.0km from the Shannon
PSR/MSSR, and 2.4km from Woodcock Hill MSSR.

In accordance with Eurocontrol Guidelines?, the wind turbine assessment zone for MSSR
facilities extends to 16km. Beyond this range the impact of a wind turbine is considered to
be tolerable. Therefore, an assessment of the impact on the Shannon MSSR is not required.

Radar Line of Sight Modelling

RLoS is determined from a radar propagation model (ATDI HTZ communications) using 3D
DTM data with a 20m horizontal resolution. Radar data is entered into the model and RLoS
to the turbines from the radars is calculated.

Note that by using DTM no account is taken of possible further shielding of the turbines due
to the presence of structures or vegetation that may lie between the radars and the turbines.
Thus, the RLoS assessments are worst-case results.

For PSR, the principal sources of adverse wind farm effects are the turbine blades, so for
Shannon PSR RLoS is calculated for the maximum tip height of the turbines, i.e. 156.5m AGL.

In the case of MISSR, adverse effects are generated by the turbine towers, so for Woodcock
Hill MSSR RLoS is calculated for the maximum hub height of the turbines, i.e. 90m AGL.

A 3D view of the turbines and the terrain model, as viewed from Shannon PSR/MSSR, is
shown in Figure 14.

S = Ballycar turbines

——— A — et
——

Shannon PSR/MSSR

© OpenStreetMap contributors
Figure 14: 3D view from Shannon PSR/MSSR towards turbines

3 EUROCONTROL Guidelines for Assessing the Potential Impact of Wind Turbines on Surveillance Sensors,
EUROCONTROL-GUID-0130 Edition Number 1.2, September 2014
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5.6.6. The magenta shading in Figure 15 illustrates the RLoS coverage from Shannon PSR to
turbines with a blade tip height of 156.5m AGL.

t{Shannon PSR

© OpenStreetMap contributors
Figure 15: Shannon PSR RLoS to 156.5m AGL

5.6.7. A zoomed view of the RLoS coverage in the vicinity of the proposed turbines is shown in
Figure 16.

© OpenStreetMap contributors
Figure 16: Shannon PSR RLoS to 156.5m AGL — zoomed
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5.6.8. The magenta shading indicates that RLoS exists between Shannon PSR and all the turbines
except turbine T10 in the indicative layout. The planned turbine T10 tip height is 149.5m
AGL. RLoS will not exist between Shannon PSR and turbine T10 at the lower tip height.

5.6.9. Where RLoS exists it can be assumed that the PSR will detect the turbines, and where there
is no RLoS it can generally be assumed that the turbine will not be detected. However, this
can only be confirmed by analysing the path profiles between the PSR and each turbine and
calculating the PD using known PSR parameters. This is undertaken in Section 5.7.

5.6.10. A 3D view of the turbines and the terrain model, as viewed from Woodcock Hill MSSR, is
shown in Figure 17.

———
= — = L =
"\ —— _—

Woodcock Hill MSSR

-

© OpenStreetMap contributors
Figure 17: 3D view from Woodcock Hill MSSR towards turbines

5.6.11. The magenta shading in Figure 18 illustrates the RLoS coverage from Woodcock Hill MSSR to
turbines with a tower hub height of 90m AGL.
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© OpenStreetMap contributors
Figure 18: Woodcock Hill MSSR RLoS to 90m AGL
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5.6.12.

5.6.13.

5.6.14.

5.7.

5.7.1.

5.7.2.

RLoS at 90m AGL exists between Woodcock Hill MSSR and all the turbines in the indicative
layout.

To account for the reduced T10 hub height, RLoS coverage at 83m AGL is shown in Figure
19.
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OpenStreetMap contributors
Figure 19: Woodcock Hill MSSR RLoS to 83m AGL

RLoS between Woodcock Hill MSSR and turbine T10 still exists at the reduced hub height of
83m AGL.

Shannon PSR Path Loss and Probability of Detection

Using the radar propagation model the actual path loss between Shannon PSR and various
parts of each turbine can be determined.

An illustration of the path loss profile between Shannon PSR and the tip of turbine T1 is
shown in Figure 20. Shannon PSR has uninterrupted RLoS to the turbine tip.
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Shannon PSR \

Figure 20: Path loss profile between Shannon PSR and tip of turbine T1

5.7.3. The path loss profile between Shannon PSR and the tip of turbine T10 is shown in Figure 21.
In this case there is intervening terrain which blocks RLoS.

Shannon PSR

Blocking points

Figure 21: Path loss profile between Shannon PSR and tip of turbine T10

5.7.4. All the path profiles between Shannon PSR and the 12 Ballycar turbines are shown in Annex
A of this report.

5.7.5. Even with no intervening terrain between the PSR and the turbines, the probability that a
turbine will be detected by the radar is still dependant on several factors including the
radar’s power, the angle of antenna tilt and distance to the turbine.

5.7.6. The radar propagation model can determine the actual path loss between the PSR and
various parts of the turbine. By knowing the PSR transmitter power, antenna gain, 2-way
path loss, receiver sensitivity and the turbine Radar Cross Section (RCS) gain, the probability
of the radar detecting the target (PD) can be calculated.
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5.7.7. The static parts of the turbine (tower structure) are ignored in the calculation as these will
be rejected by the radar Moving Target filter. In this refined model, 3 parts of the turbine
blade are considered: the hub, the blade tip, and a point midway along the turbine blade.
Each part of the turbine blade is assigned an RCS of 50m? based on a blade length of 66.5m.
Path loss calculations are made to all turbines. The received signal at the radar from each
component part of the turbine is then summed to determine the total signal level.

5.7.8. The path loss calculation carried out for each turbine component is as follows:
Tx Power dBm
+ Antenna Gain dB
- Path Loss dB
+ RCS Gain dB (60m?2~ +47dB)
- Path Loss dB
+ Antenna Gain dB
= Received Signal dBm
5.7.9. The received signal is then compared with the radar receiver Minimum Detectable Signal
level.
5.7.10. An example of the calculation from Shannon PSR to turbine T1 is shown in Figure 22.

Radar 2-Way Path Loss Calculator

Data

Tx Frequency 2800 415
Tx Power 28000 RU"E e
Antenn i ELY dBi
Rx Sensitivity -125 el 4]

Target

RCS sofus
Path Loss (1-way) 126.5 sl

Calculations
Tx Wavelength
Tx power 74.47158 [+t
EIRP 108.4716 [+[:1y]
Power at Target -18.02842 ] 0]

Po SERET dBm
dB over Rx Threshold

Figure 22: Example path loss calculation

5.7.11. The two-way path losses from the turbine components are tabulated and combined to give
total radar received signals from each turbine. The results are colour-coded to indicate the
likelihood of detection. Radar returns >3dB above the detection threshold are coloured
green as these values show a high probability of detection. Those between +3dB and -3dB
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5.7.12.

5.7.13.

5.7.14.

5.7.15.

5.7.16.

5.7.17.

are coloured yellow and indicate a possibility of detection. Between -3dB and -6dB, results
are coloured orange to show only a small possibility of detection. Signals >6dB below the
threshold of detection are shaded red as these values show that detection is unlikely.

Using this representation provides a ready visual comparison of different scenarios. The
result is shown in the final column (TOTAL) of each colour-coded chart.

The results of the Shannon PSR PD calculations for each turbine are shown in Table 3.

Initial data from '2-Way' KEY:_
A 126.5 Path Loss Small possibility of detection
B 61.86 dB over Rx Thr Possibility of detection
c 50.00 RCS (m?) High probability of detection
Turbine Nacelle Blade mid-point Blade Tip TOTAL
Turbine Path Loss dB Path Loss dB Path Loss dB dB over RX threshold
1 152.2 126.5 126.5 64.87
2 161.4 151.1 126.5 61.86
3 155.1 130.2 126.7 62.25
4 160.1 148.3 126.7 61.46
5 154.5 130.0 126.9 62.00
6 152.6 127.1 127.1 63.67
7 160.6 152.0 127.1 60.66
8 160.5 150.6 126.9 61.06
9 158.0 139.9 126.7 61.47
10 165.5 161.3 153.3 8.39
11 161.6 152.7 126.9 61.06
12 162.5 155.5 137.0 40.86

Table 3: Shannon PSR PD results

From Table 3 it appears that there is a high probability that Shannon PSR will detect all the
Ballycar turbines.

The above calculations are based on the optimum performance of the radar, however the
gain of a radar antenna in the vertical axis is not uniform with elevation angle. The beam is
a complex shape to minimise ground returns by having low gain at elevations close to the
horizontal but having high gain at elevations just a few degrees above the horizon.

The Star 2000 PSR has a dual beam antenna. At short ranges the radar uses a high beam to
reduce the effects of close-in ground clutter. Beyond these ranges a low beam is used. It is
likely that the proposed wind farm lies in Shannon PSR’s high beam area.

The maximum high beam gain for a Star 2000 antenna usually occurs at an elevation angle
of 6.5° above the horizontal and the maximum low beam gain at about 3°. If the mechanical
tilt of the antenna is altered, then the angles of maximum gain will change by a
corresponding amount. The mechanical tilt of the antenna is set at the commissioning of the
radar to achieve the best compromise between suppressing ground returns and detecting
low altitude aircraft targets. Gain falls off rapidly at lower elevation angles as a function of
the antenna Vertical Polar Diagram (VPD). Radar VPD data can be plotted as a smoothed line
of elevation versus gain to enable intermediate values of antenna gain to be determined.
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5.7.18.

5.7.19.

5.7.20.

The Star 2000 VPD data gives the graph shown in Figure 23.

Thales Star 2000 VPD

in d8 (Relative)

Elevation (Degrees)

e LOW BEAM  mmme High Beam

Figure 23: Thales Star 2000 VPD

The vertical angle from Shannon PSR to the tips of the turbines varies between 0.57° (turbine
T12) and 1.10° (turbine T1). If a 0° mechanical antenna tilt is assumed, this means a high
beam gain reduction of approximately -20dB and a low beam gain reduction of
approximately -3dB at these elevations. Table 4 shows the results of the PD calculations
incorporating the reduction in antenna gain.

Initial data from '2-Way' KEY:_I
A 126.5 Path Loss Small possibility of detection
B 38.86 dB over Rx Thr Possibility of detection
C 50.00 RCS (m?) High probability of detection
Turbine Nacelle Blade mid-point Blade Tip TOTAL
Turbine Path Loss dB Path Loss dB Path Loss dB dB over RX threshold
1 152.2 126.5 126.5 41.87
2 161.4 151.1 126.5 38.86
3 155.1 130.2 126.7 39.25
4 160.1 148.3 126.7 38.46
5 154.5 130.0 126.9 39.00
6 152.6 127.1 127.1 40.67
7 160.6 152.0 127.1 37.66
8 160.5 150.6 126.9 38.06
9 158.0 139.9 126.7 38.47
10 165.5 161.3 153.3 s
11 161.6 152.7 126.9 38.06
12 162.5 155.5 137.0 17.86

Table 4: Shannon PSR PD results — corrected for VPD

With the gain reduction, it is unlikely that Shannon PSR will detect turbine T10. However,
there is still a high probability that Shannon PSR will detect the rest of the Ballycar turbines.
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5.8. Woodcock Hill MSSR Path Loss

5.8.1. Using the radar propagation model the actual path loss between Woodcock Hill MSSR and
the tops of the Ballycar turbine towers can be determined.

5.8.2. An illustration of the path loss profile between Woodcock Hill MSSR and turbine T1 is shown
in Figure 24. As with all the other Ballycar turbines, Woodcock Hill MSSR has uninterrupted
RLoS to the top of the turbine tower.

Woodcock Hill MSSR \

Figure 24: Path loss profile between Woodcock Hill MSSR and top of turbine tower T1

5.8.3. All the path profiles between Woodcock Hill MSSR and the 12 Ballycar turbines are shown
in Annex B of this report.

5.8.4. As explained in Section 5.2, multipath, or bistatic, reflections from turbine towers can
potentially cause ‘ghost’ targets on MSSR. This occurs when an aircraft replies through a
signal reflected from an obstruction; the radar attributes the response to the original signal
and outputs a false target in the direction of the obstruction, which can lead to ATCOs
deconflicting real traffic from targets that do not physically exist.

5.8.5. The likelihood of bistatic reflections can be determined by knowing the MSSR transmitter
power, antenna gain, path loss to the turbine tower, RCS gain and aircraft receiver
sensitivity.

5.8.6. The amount of signal reflected by a turbine tower is a function of the tower’s RCS. A typical

RCS value for a 100m steel tower of 8m diameter is 3,000,000m?. However, a 0.5° taper of
the tower can reduce this figure from millions to hundreds of square metres.

5.8.7. EUROCONTROL Guidelines* recommend an RCS value of 10*°m? or 35dBm? for a turbine
tower which equates to an RCS gain of 57dB at the MSSR uplink frequency of 1030MHz.

4 EUROCONTROL Guidelines for Assessing the Potential Impact of Wind Turbines on Surveillance Sensors,
EUROCONTROL-GUID-0130 Edition Number 1.2, September 2014
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5.8.8. The following calculation can be used to determine the power of a radar signal reflected by
a wind turbine tower:

Tx Power dBm
+ Antenna Gain dB
- Path Loss dB
+ RCS Gain dB (35dBm?~ +57dB)
= Reflected Power dBm
5.8.9. Free Space Path Loss can be used to calculate the maximum distance from the reflecting

obstacle an aircraft can be in order for the reflected signal to trigger a response from the
aircraft transponder.

5.8.10. The maximum range at which a reflection can trigger a response is proportional to the
reflected power of the signal. From the above calculation, reflected power is greatest when
the path loss between the MSSR and a turbine is the least.

5.8.11. Using the radar propagation model the actual path loss between Woodcock Hill MSSR and
the tops of the Ballycar turbine towers can be determined.

5.8.12. The path loss results between Woodcock Hill MSSR and the tops of the 12 Ballycar turbine
towers are shown in Table 5.

Turbine ’ Path Loss (dB)
T1 100.4
T2 100.4
T3 101.8
T4 101.7
T5 103.0
T6 103.9
T7 104.0
T8 103.2
T9 102.0
T10 104.3
T11 103.4
T12 104.4

Table 5: Woodcock Hill MSSR path loss results

5.8.13. From Table 5 the worst-case or smallest path loss is 100.4dB to turbines T1 and T2.
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5.8.14.

5.8.15.

5.8.16.

5.8.17.

5.8.18.

5.8.19.

5.8.20.

The Tx Power for a Thales RSM 970 S MSSR is 60.35dBm at the antenna input. As with the
PSR, MSSR antenna gain varies with elevation angle, with peak gain of 27dB at an elevation
of between 8° and 9° above the horizontal, as shown in Figure 25.
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-15.] -14dB

-16 dB

-16 dB
+11 dBi
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-25 dB
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Figure 25: Thales RSM 970 S VPD

The vertical angle from Woodcock Hill MSSR to the hub of turbine T1 is 0.35° and to the hub
of turbine T2 is -0.27°. If a mechanical tilt of 0° is assumed this means a reduction in gain of
-7.5dB for T1 and -8.5dB for T2 at these elevations.

The T1 reduction in gain will be worst-case, and results in a reflected power of 36.2dBm from
turbine T1.

If an aircraft receiver sensitivity of -77dBm is assumed, the reflected signal will not trigger a
response if the Free Space Path Loss from the turbine to the aircraft is more than
77+36.2=113.2dB.

The Free Space Path Length for an MSSR frequency of 1030MHz and path loss of 113.2dB is
10,536m. This means that aircraft beyond this distance from the turbine will not detect a
reflected signal. Reflected signals from other Ballycar turbines will only be detected at
ranges less than 10,536m.

Annex D of the EUROCONTROL Guidelines states that an airborne transponder will be
insensitive for 35us following reception of a radar interrogation through radar sidelobes.
Thus, an aircraft closer than 5,250m (half of the distance corresponding to 35us) to the
source of a reflected interrogation will not reply to reflected interrogations because the path
length between the direct and reflected signals will always be smaller than 35us.

Aircraft between 5,250m and 10,536m from the proposed turbines may respond to reflected
Woodcock Hill MSSR interrogations, potentially resulting in MSSR ‘ghost’ targets.
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5.8.21. The calculations can be repeated to determine the maximum reflection ranges for all the
Ballycar turbines, as shown in Table 6.

Turbine Maximum Reflection Range (m)
T1 10,536
T2 9,390
T3 8,967
T4 8,085
T5 7,810
T6 7,041
T7 6,204
T8 5,724
T9 6,571
T10 4,243
T11 4,443
T12 3,738

Table 6: Woodcock Hill MSSR maximum reflection ranges

5.8.22. Table 6 shows that for turbines T1 to T9 the maximum reflection range is more than 5,250m.
Reflections from these turbines may result in MSSR ‘ghost’ targets.

5.8.23. The maximum reflection ranges for turbines T10 to T12 are less than 5,250m. An aircraft will
not respond to reflected Woodcock Hill MSSR interrogations from these turbines as they will
only be detected when the aircraft is within 5,250m of the turbines.

5.8.24. An array of turbines can create a radar shadow in the space beyond it from the radar. The
EUROCONTROL Guidelines provides a means of calculating the dimensions of this shadow
region.

Dwr = th/[a.%”(l — \/ﬁ)z —1]

e Dwr = depth of the shadow region.

e Dtw =distance of turbines

e A =wavelength (0.29m)

e S =diameter of support structures (6m)

e PL=acceptable power loss (0.5/3dB as per guidelines)

5.8.25. The EUROCONTROL Guidelines also provide equations for calculating the width and height
of the shadow regions.
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5.8.26. The volumes of the Woodcock Hill MSSR shadow regions created by each of the Ballycar
turbines are shown in Table 7.

: Height of
Depth of Width of 9
: shadow
Turbine shadow glefel) :
: ) region AMSL
region (km) region (m)

(m)
T1 3.6 65 352
T2 3.6 65 285
T3 2.9 58 351
T4 3.0 59 270
T5 2.6 55 355
T6 2.4 53 370
T7 23 52 277
T8 2.5 54 210
T9 2.9 58 208
T10 23 52 147
T11 2.5 54 128
T12 23 52 83

Table 7: Woodcock Hill MSSR shadow regions

5.8.27. The depth of the shadow regions beyond the Ballycar turbines will vary between 2.3km and
3.6km for Woodcock Hill MSSR, with widths of up to 65m and with a maximum height of
352m or 1,155 feet AMSL.

5.8.28. Figure 26 shows an extract of Shannon Airport’s ATC Surveillance Minimum Altitude Chart,
as published by the Irish Aviation Authority in the current Integrated Aeronautical
Information Publication®. The Ballycar turbine locations are overlaid on the chart, which
shows that turbines T1 to T10 are within Sector 1 where the minimum altitude is 2,300 feet
AMSL. Turbines T11 and T12 are in Sector 2 where the minimum altitude is 3,000 feet AMSL.
Aircraft at these minimum altitudes will not be low enough for the shadow regions to have
any impact, and therefore the shadow regions that may be generated beyond the proposed
turbines should be operationally tolerable.

> ATC SURVEILLANCE MINIMUM ALTITUDE CHART — ICAO, EINN AD 2.24-16.1, 17 JUN 2021
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5.9.

5.9.1.

5.9.2.

5.9.3.

5.9.4.

5.9.5.
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Figure 26: Shannon Airport ATC Surveillance Minimum Altitude Chart
Conclusions

All the proposed Ballycar turbines except turbine T10 are likely to be detected by Shannon
PSR. This can result in turbine-induced clutter and false targets. In such areas of high clutter,
the radar receiver sensitivity is reduced which can lead to track seduction of genuine aircraft
targets in the vicinity of the turbines. A form of mitigation for Shannon PSR over the
proposed Ballycar development may be required and this is discussed in Section 6.

All the proposed sites for the Ballycar turbines are outside the Eurocontrol recommended
16km turbine assessment zone for Shannon MSSR, therefore an impact assessment on this
facility was not required. No mitigation measures are therefore necessary for Shannon
MSSR.

Calculations have shown that false targets due to bistatic reflections from the turbine towers
may occur for Woodcock Hill MSSR. Aircraft between 5,250m and 10,536m from the
proposed turbines may respond to reflected Woodcock Hill MSSR interrogations, potentially
resulting in MSSR ‘ghost’ targets appearing on the bearings of the turbines.

The Woodcock Hill MSSR has a reflection processing capability which enables the positions
of permanent reflecting objects, such as the turbine towers, to be stored in a ‘reflector file’.
Once the reflector file is updated it should eliminate any false targets caused by reflections
from the turbine towers.

The maximum heights of shadow regions from the turbines will be below the published ATC
surveillance minimum altitudes and should therefore be operationally tolerable.
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6.
6.1.

6.1.1.

6.1.2.

6.2.

6.2.1.

6.2.2.

6.2.3.

6.2.4.

6.2.5.

Shannon PSR Mitigation

Mitigation Strategy

It is generally not tolerable for an airport to have to cope with a variety of mitigation
solutions, each tailored for individual wind farm developments. Ideally, an airport is best
served by a single coherent strategy which will cope with the turbine developments foreseen
within its designated operational coverage (DOC). New development applications can then
be assessed on whether they will be covered by that strategy. Terms of inclusion within the
strategy can then be negotiated with the developer as part of the planning approval process.
This approach keeps the airport in control of its destiny and able to work positively with the
renewables industry, rather than reacting against each application on the grounds that it will
cause interference.

It is recommended that mitigation options are discussed with the Irish Aviation Authority
(IAA), specifically Air Traffic Services. It is the surveillance network and operational use that
will largely influence a suitable mitigation.

Mitigation Solutions

Physical PSR mitigation options include blanking of PSR transmissions in the azimuth sector
over the proposed wind farm, or suppressing radar returns in the wind farm range azimuth
sector. Both of these options may need to be combined with in-fill of the blanked sector
from another source of radar information.

An operational PSR mitigation solution could involve the application of a Transponder
Mandatory Zone (TMZ) in the airspace over the PSR blanked area. A TMZ means detecting
aircraft using MSSR facilities only and requires aircraft within the TMZ to be equipped with
a functioning transponder.

In-fill solutions using existing remote PSR data rely on the remote radar having suitable
airspace coverage in the blanked area without having visibility of the turbines and depends
on suitable terrain screening. A remote in-fill radar may also introduce problems of
synchronisation with Shannon PSR and slant range errors.

Companies such as Terma offer dedicated 2D in-fill radar solutions for wind turbines. The in-
fill radar must be located in close proximity to the airport PSR and be synchronised to it,
enabling the mitigation radar to be used instead of the Airport PSR in the wind farm area.
Terma radars have a narrow beamwidth that enables them to filter out turbines while
continuing to track aircraft and can provide mitigation to a range of up to approximately
40NM.

Aveillant offer a 3D radar mitigation solution with their Holographic Radar™. It is quite
different to 2D mitigation radars as it has no rotating antenna and has continuous
surveillance throughout its coverage volume. It can discriminate the distinct Doppler
signatures of turbines from aircraft and as a result does not need to mask turbine returns to
eliminate their false reports. The 3D output of this mitigation radar means that it does not
need to be located in close proximity to the airport PSR and its target output can be
coordinate transformed to the PSR origin without introducing slant range errors.
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A. Annex A - Shannon PSR Path Profiles

A.l. Turbine T1

772179 554094 804 -12 -Dco m 41 0 5659 ellipsoid |FER Options

Shannon PSR

000
[Tx] Pok:v [Rx] Pol:V [Path]
Altitude: 5.00 m Altitude: 278.00 m Distance: 18.4 kilometers - 61.3 us
Coord: 8561174 52.420503 5 4DMS oord: 553159.000000 669794000000 0 ITM-95 Sea path: 0.00 pe - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 16.00 m Antenna: 185.00 m Heff (m): -2.4(G) 0.5(W) 1.6 (H) -10.6 (F)
Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB S G
Radiated power: 75362960.0000000 W Gain: 0.00 dBi FSR: 128.3 dBuV/m, -17.9 dBm, S(uV): 28601.33
Angles: V: 1.32, H: 77.50, OAA: 77.50, Tilt: 0.0 (deg) OAA: 102.50 deg Free space loss: 127 dB - Circuit loss: 92.3 dB
Pattern loss - V: 0.00 dB H: 0.00 dB Patter loss: 0.00 dB Model atten: 0.0 dB
Frequency: 2800000000 Mhz - Propagation losses: 126.7 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc
Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB
Ast 112 ellips.: 22.17 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

A.2. Turbine T2

[x] Pol:v [Rx] Pol:V [Path]
Altitude: 5.00 m Alttude: 268.00 m Distance: 18.3 kilometers - 61.1 us

Coord: -8.561174 52.420503 5 4ADMS Coord: 563332.000000 669350.000000 0 ITM-95 Sea path: 0.00 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 16.00 m Antenna: 185.00 m Heff (m): -1.8(G) 1.1(W) 2.2 (H) -11.2 (F)

Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB

Radiated power: 75362960.0000000 W Gain: 0.00 dBi FSR: 128.3 dBuV/m, -17.8 dBm, S(uV): 28676.39

Angles: V: 1.29, H: 78.98, OAA: 78.98, Tilt: 0.0 (deg) OAA: 101.02 deg Free space loss: 127 dB - Circuit loss: 92.3 dB
Pattern loss - V: 0.00 dB H: 0.00 dB Patter loss: 0.00 dB Model atten: 0.0 dB

Frequency: 2800.000000 Mhz - Propagation losses: 126.6 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

1t 172 ellips.: 22.14 m - Earth: 8500 km (1and) 8500 km (sea) - Rain: 0.00 dB (30.41 mmvh) - Gas/Fog/Dust/Scint: 0.0000 dB
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A.3. Turbine T3

0.00
[Tx] Pol:v
Altitude: 5.00 m
Coord: -8.561174 52.420503 5 4DMS
Antenna: 16.00 m
Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm
Radiated power: 75362960.0000000 W
Angles: V: 1.11, H: 80.34, OAA: 80.34, Tilt: 0.0 (deg)
Pattem loss - V: 0.00 dB H: 0.00 dB

Frequency: 2800000000 Mhz - Propagation losses: 127.1 dB - Ducting: 0.0 dB - Tim
Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB

Commercial in Confidence

Ballycar Wind Farm Aviation Technical Assessment

[R] Pol:v
Altitude: 230.00 m
oord: 564359.000000 669318.000000 0 [TM-95
Antenna: 185.00 m
Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB
Gain: 0.00 dBi
OAA: 99.66 deg
Pattem loss: 0.00 dB

1st 1/2 ellips.: 22.68 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

A.4. Turbine T4

Options

[Path]
Distance: 19.2 kilometers - 64.1 us

Sea path: 0.13 pc - Ellipsoid obstructed (F:
Heff (m): -2.5(G) 0.5(W) 1.6 (H) -11.8 (F)

FSR: 127.9 dBuV/m, -18.3 dBm, S(uV): 27320.84
Free space loss: 127 dB - Circuit loss: 92.7 dB.
Model atten: 0.0 dB.

Shannon PSR

[Tx] Pol:v

Alitude: 5.00 m

Coord: -8.561174 52.420503 5 4DMS

Antenna: 16.00 m

Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm
Radiated power: 75362960.0000000 W

Angles: V: 1.18, H: 78.92, OAA: 78.93, Tilt: 0.0 (deg)

Pattem loss - V: 0.00 dB H: 0.00 dB

Frequency: 2800.000000 Mhz - Propagation losses: 127.1 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc.
Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

[Rx] Pol:v

Altitude: 254.00 m

Coord: 554176.000000 669759.000000 0 [TM-95
Antenna: 185.00 m

Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB
Gain: 0.00 dBi

OAA: 101.07 deg

Pattem loss: 0.00 dB

1st 1/2 ellips.: 22.70 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

CL-5715-RPT-002 V1.0

Cyrrus Limited

[Path]
ance: 19.3 kilometers - 64.3 us

Sea path: 0.00 pc - Ellipsoid obstructed (FZ=1): 0.00 pc

Heff (m): -1.8(G) 1.1(W) 2.1 (H) -11.2 (F)

FSR: 127.9 dBuV/m, -18.3 dBm, S(uV): 27268.67
Free space loss: 127 dB - Circuit loss: 92.8 dB.

Model atten: 0.0 dB.
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El= 61t clipsoid IR Opions

Shannon PSR

000
[Tx] Pol:v [Rx] Pol:v [Path]
Altitude: 5.00 m Alttude: 262.00 m ance: 19.0 kilometers - 63.3 us
Coord: -8.561174 52.420503 5 4DMS Coord: 553781.000000 669968.000000 0 ITM-95 Sea path: 0.00 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 16.00 m Antenna: 185.00 m Heff (m): -2.0(G) 0.9(W) 2.0 (H) 10.6 (F)
Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 0
Radiated power: 75362960.0000000 W Gain: 0.00 dBi FSR: 128.0 dBuV/m, -18.2 dBm, S(uV): 27674
Angles: V- 1.19, H: 77.83, OAA: 77.83, Tilt: 0.0 (deg) OAA: 10217 deg Free space loss: 127 dB - Circuit loss: 92.6 dB
Pattern loss - V: 0.00 dB H: 0.00 dB Patter loss: 0.00 dB Model atten: 0.0 dB
Frequency: 2800.000000 Mhz - Propagation losses: 127.0 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc
Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB
Ast 112 ellips.: 22.64 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 4B

A.6. Turbine Té

[642484.124 ssw 3 -ws o 0 ) m 4BuV/m elipsoid |PAIR Options

nnon PSR

[Tx] Pol:v {Rx] Pol:v {Path]
Altitude: 5.00 m Altitude: 256.00 m Distance: 19.8 kilometers - 66.1 us

8561174 52.420503 5 4DMS Coord: 554589.000000 670222.000000 0 ITM-95 Sea path: 0.00 pe - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 16.00 m Antenna: 185.00 m Heff (m): -1.7(G) 1.2(W) 2.2 (H) -10.6 (F)
Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 926 d
Radiated power: 75362960.0000000 W Gain: 0.00 dBi FSR: 127.6 dBuV/m, -18.5 dBm, S(uV): 26499.17

Angles: V- 1.15, H: 78.21, OAA: 78.21, Tilt: 0.0 (deg) OAA: 101.79 deg Free space loss: 127 dB - Circuit loss: 93.0 dB

Pattem loss - V: 0.00 dB H: 0.00 dB Pattern loss: 0.00 dB Model atten: 0.0 dB
Frequency: 2800.000000 Mhz - Propagation losses: 3 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground refiections: 0.0 dB - Clutter: 0.0 dB

1st 112 elips. 23.03 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB
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A.7. Turbine T7

Shannon PSR

000
[Tx] Pol:v [Rx] Pol:V [Path]
Altitude: 5.00 m Altitude: 264.00 m Distance: 20.5 kilometers - 68.2 us
Coord: -8.561174 52.420503 5 4ADMS oord: 555442.000000 669913.000000 0 ITM-95 Sea path: 0.12 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 16.00 m Antenna: 185.00 m Heff (m): -2.4(G) 0.6(W) 1.7 (H) -11.7 (F)
Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 4B 2.4
Radiated power: 75362960.0000000 W Gain: 0.00 dBi FSR: 127.4 dBuV/m, -18.8 dBm, S(uV): 25673.15
Angles: V: 1.13, H: 80.08, OAA: 80.08, Tilt: 0.0 (deg) OAA: 99.92 deg Free space loss: 128 dB - Circuit loss: 93.3 dB
Patter loss - V: 0.00 dB H: 0.00 dB Pattern loss: 0.00 dB Model atten: 0.0 dB
Frequency: 2800.000000 Mhz - Propagation losses: 127.6 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc
Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB
12 ellips. 23.40 m - Earth: 8500 km (1and) 8500 km (sea) - Rain: 0.00 dB (30.41 mmvh) - Gas/Fog/Dust/Scint: 0.0000 dB

A.8. Turbine T8

1642783.705 - 0 m dBuV/m elipsoid (AR Options

[Tx] Pol:v {Rx] Pol:v {Path]
Altitude: 5.00 m Altitude: 247.00 m Distance: 20.7 kilometers - 69.1 us

8561174 52.420503 5 4DMS Coord: 555881.000000 669555.000000 0 ITM-95 Sea path: 0.98 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 16.00 m Antenna: 185.00 m Heff (m): -1.8(G) 1.1(W) 2.2 (H) -10.3 (F)
Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 92.2 d
Radiated power: 75362960.0000000 W Gain: 0.00 dBi FSR: 127.2 dBuV/m, -18.9 dBm, S(uV): 25365.41

Angles: V: 1.07, H: 81.46, OAA: 81.46, Tilt: 0.0 (deg) OAA: 98.54 deg Free space loss: 128 dB - Circuit loss: 93.4 dB
Pattem loss - V: 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB Model atten: 0.0 dB.

Frequency: 2800.000000 Mhz - Propagation losses: 127.7 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc
Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground refiections: 0.0 dB - Clutter: 0.0 dB
st 172 elips. 23.54 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB
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Shannon PSR

[Tx] Pol:v [Rx
Altitude: 5.00 m Altitude: 188.00 m

Coord: 8561174 52.420503 5 4ADMS Coord: 556491.000000 669215.000000 0 ITM-95
Antenna: 16.00 m Antenna: 185.00 m

Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB
Radiated power: 75362960.0000000 W Gain: 0.00 dBi

Angles: V: 0.8, H: 82.93, OAA: 82.93, Tilt: 0.0 (deg) OAA: 97.07 deg

Pattern loss - V: 0.00 dB H: 0.00 dB Patter loss: 0.00 dB

Frequency: 2800.000000 Mhz - Propagation losses: 127.9 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

Ast 112 ellips.: 23.79 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

A.10. Turbine T10

[642960.342 664112.225 - m 24 dBuVim

Shannon PSR

[Tx] Pol:v {Rx] Pol:V

Altitude: 5.00 m Altitude: 224.00 m
Coord: -8.561174 52.420503 5 4DMS Coord: 556477.000000 669664.000000 0 ITM-95
Antenna: 16.00 m Antenna: 185.00 m

Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: dBuV/m, -90.0 dBm - Target: 10.0 dB
Radiated power: 75362960.0000000 W Gain: 0.00 dBi

Angles: V- 0.97, H: 81.83, OAA: 81.83, Tilt: 0.0 (deg) OAA: 98.17 deg

Pattem loss - V: 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB

Frequency: 2800.000000 Mhz - Propagation losses: 128.0 dB - Ducting: 0.0 dB - Timk

Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB

1st 172 ellips. 23 87 m - Earth: 8500 km (land) 8500 km (sea) - Rain- 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

CL-5715-RPT-002 V1.0 Cyrrus Limited

[Path]
Distance: 21.1 kilometers - 70.5 us

Sea path: 1.67 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Heff (m): -1.5(G) 1.5(W) 2.5 (H) 9.5 (F)

FSR: 127.1 dBuV/m, -19.1 dBm, S(uV): 24849.62

Free space loss: 128 dB - Circuit loss: 93.6 dB

Model atten: 0.0 dB

ellipsoid |ZZa] Options

{Path]
Distance: 21.3 kilometers - 71.0 us

Sea path: 0.95 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Heff (m): -1.5(G) 1.5(W) 2.5 (H) -10.2 (F)

FSR: 127.0 dBuV/m, -19.2 dBm, S(uV): 24667.55

Free space loss: 128 dB - Circuit loss: 93.6 dB

Model atten: 0.0 dB
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A.T1. Turbine T11

Shannon PSR

[Tx] Polv [Rx] Polv [Path]
Altude: 5.00 m Alitude: 178.00 m Distance: 21.8 kilometers - 72.6 us

Coord: 8561174 52.420503 5 4DMS Coord: 556762.000000 670162.000000 0 TM-95 Sea path: 0.23 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 16.00 m Antenna: 185.00 m Heff (m): -24(G) 0.6(W) 1.8 (H) -11.1 (F)

Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB ¢

Radiated power: 75362960.0000000 W Gain: 0.00 dBi FSR: 126.8 dBuV/m, -19.3 dBm, S(uV): 24147.53
Angles: V- 0.83, H: 80.87, OAA: 80.87, Tit: 0.0 (deg) OAA: 99.13 deg Free space loss: 128 dB - Circuit loss: 93.8 dB
Pattem loss - V- 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB Model atten: 0.0 dB

Frequency: 2800.000000 Mhz - Propagation losses: 128.1 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 B

1st 112 elips. 24.13 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

A.12. Turbine T12

Shannon PSR

[Tx] Pok:v [Rx] Pol:V [Path]
Altitude: 5.00 m Altitude: 229.00 m Distance: 21.1 kilometers - 70.5 us

Coord: -8.561174 52.420503 5 4DMS Coord: 556098.000000 670086.000000 0 ITM-95 Sea path: 0.12 pe - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 16.00 m Antenna: 185.00 m Heff (m): -2.5(G) 0.5(W) 1.6 (H) -11.8 (F)

Rad. Pow. (max): 75362961.270692 W 78.77 dBW 108.77 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB s

Radiated power: 75362960.0000000 W Gain: 0.00 dBi FSR: 127.1 dBuV/m, -19.1 dBm, S(uV): 24860.73

Angles: V: 0.99, H: 80.33, OAA Tilt: 0.0 (deg) OAA: 99,67 deg Free space loss: 128 dB - Circuit loss: 93.6 dB
Pattern loss - V: 0.00 dB H: 0.00 dB Patter loss: 0.00 dB Model atten: 0.0 dB

Frequency: 2800.000000 Mhz - Propagation losses: 127.9 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: P.526-15 - D-Bullington 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

A5t 112 ellips.: 23.78 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 4B
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B. Annex B - Woodcock Hill MSSR Path Profiles

ellipsoid Options

Woodcock Hil

[T Pol:v [Rx] Pol:V [Path]
Alttude: 296.00 m Altitude: 278.00 m Distance: 6.3 kilometers - 21.1 us
Coord: 8422678 52431577 296 4DMS Coord: 553159.000000 669794.000000 0 ITM Sea path: 0.00 pe - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 10.00 m Antenna: 107.50 m Heff (m): 110.8(G) 112.0W) 97.6 (H) 110.8 (F)
Rad. Pow. (max): 801899585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 28 dB
Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 117.8 dBuV/m, -19.7 dBm, S(uV): 23271.21
Angles: V: 0.70, H: 23.02, OAA: 23.03, Tilt: 0.0 (deg) OAA: 156.97 deg Free space loss: 109 dB - Circuit loss: 81.7 dB
Pattem loss - V: 0.00 dB H: 0.00 dB Pattern loss: 0.00 dB Model atten: 0.0 dB
Frequency: 1030.000000 Mhz - Propagation losses: 108.7 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc
Model: Generic - Deygout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

112 ellips.: 21.46 m - Earth: 8500 km (1and) 8500 km (sea) - Rain: 0.00 dB (30.41 mmvh) - Gas/Fog/Dust/Scint: 0.0000 dB

B.2. Turbine T2

Woodcock Hil MSSR

m
0.00

[Tx] Polv [Rx] Polv [Path]

Alitude: 296.00 m Altitude: 268.00 m Distance: 5.9 kilometers - 19.7 us

Coord: -8.422678 52.431577 296 4DMS Coord: 553332.000000 669350.000000 0 ITM-95 Sea path: 0.00 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 10.00 m Antenna: 107.50 m Heff (m): 121.1(G) 118.6(W) 101.9 (H) 121.1 (F)

Rad. Pow. (max): 801899.585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB P E

Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 118.4 dBuV/m, -19.1 dBm, S(uV): 24896.35
Angles: V: 0.65, H: 25.27, OAA: 25.27, Tilt: 0.0 (deg) OAA: 154.73 deg Free space loss: 108 dB - Circuit loss: 81.1 dB
Pattem loss - V: 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB Model atten: 0.0 dB.

Frequency: 1030.000000 Mhz - Propagation losses: 108.1 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: Generic /gout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

1st 1/2 ellips.: 20.75 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB
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B.3. Turbine T3

[652875.100 ss 381438 -ws4 vo mez zso 54 1942 ellipsoid Options

[Tx] Pol:v [Rx] Pol:v [Path]

Altitude: 296.00 m Alttude: 230.00 m Distance: 6.2 kilometers - 20.6 us

Coord: -8.422678 52.431577 296 4DMS Coord: 554359000000 669318.000000 0 ITM-95 Sea path: 0.00 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 10.00 m Antenna: 107.50 m Heff (m): 135.5(G) 129.4(W) 112.5 (H) 135.5 (F)
Rad. Pow. (max): 801899585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB

Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 118.0 dBuV/m, -19.4 dBm, S(uV): 23892.29
Angles: V: 0.27, H: 34.59, OAA: 34.59, Tilt: 0.0 (deg) OAA: 145.41 deg Free space loss: 109 dB - Circuit loss: 81.5 dB
Patter loss - V: 0.00 dB H: 0.00 dB Patter loss: 0.00 dB Model atten: 0.0 dB

Frequency: 1030.000000 Mhz - Propagation losses: 108.5 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: Generic - Deygout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Cltter: 0.0 dB

Ast 112 ellips.: 21.18 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

B.4. Turbine T4

Woodcock Hil

mﬂ 00
[Tx] Pol:v [Rx] Pol:V [Path]
Alttude: 296.00 m Altitude: 254.00 m Distance: 6.5 kilometers - 21.8 us
Coord: -8.422678 52.431577 296 4DMS Coord: 554176.000000 669759.000000 0 ITM-95 Sea path: 0.00 pc - Ellipsoid obstructed (FZ=1): 0.00 pc

Antenna: 10.00 m Antenna: 107.50 m Heff (m): 117.9(G) 118.5(W) 103.6 (H) 117.9 (F)

Rad. Pow. (max): 801899585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB s B

Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 117.5 dBuV/m, -19.9 dBm, S(uV): 22538.90
Angles: V: 0.46, H: 31.87, OAA: 31.87, Tilt: 0.0 (deg) OAA: 148.13 deg Free space loss: 109 dB - Circuit loss: 82.0 dB
Pattern loss - V- 0.00 B H: 0.00 B Patter loss: 0.00 dB Model atten: 0.0 dB

Frequency: 1030.000000 Mhz - Propagation losses: 109.0 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: Gener gout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

Ast 112 ellips.: 21.81 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/D:
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B.5. Turbine T5

03 46 sr 646.084 -177 Doo m 270 12 7s 2147 elipsoid | Options

Woodcock Hil

m
000
[7x] Pol:v [Rx] Pol:V [Path]
Alttude: 296.00 m Altitude: 252.00 m Distance: 6.6 kilometers - 22.1 us
Coord: -8.422678 52.431577 296 4DMS Coord: 553781.000000 669968.000000 0 ITM-95 Sea path: 0.00 pe - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 10.00 m Antenna: 107.50 m Heff (m): 110.1(G) 112.4(W) 98.6 (H) 110.1 (F)
Rad. Pow. (max): 801899585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB S G
Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 117.4 dBuV/m, -20.1 dBm, S(uV): 22247,
Angles: V: 0.44, H: 27.92, OAA: 27.92, Tilt: 0.0 (deg) OAA: 152.08 deg Free space loss: 109 dB - Circuit lo 1d8
Pattern loss - V: 0.00 dB H: 0.00 dB Patter loss: 0.00 dB Model atten: 0.0 dB
Frequency: 1030.000000 Mhz - Propagation losses: 109.1 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc
Model: Generic - Deygout 0.0 dB - Subpath: 0.0 dB - Ground refections: 0.0 dB - Clutter: 0.0 dB
Ast 112 ellips.: 21.95 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

B.6. Turbine Té

Woodcock Hil

m
000
[x] Pol:v [R] Pol:v [Path]
Altitude: 296.00 m Altitude: 256.00 m Distance: 7.1 kilometers - 23.7 u
Coord: -8.422678 52431577 296 4DMS Coord: 554589.000000 670222.000000 0 [TM-95 Sea path: 0.00 pc - Ellipsoid obstructed (F:
Antenna: 10.00 m Antenna: 107.50 m Heff (m): 117.2(G) 118.2(W) 104.7 (H) 117.2 (F)
Rad. Pow. (max): 801899585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 0 E

Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 116.8 dBuV/m, -20.7 dBm, S(uV): 20744.57
Angles: V: 0.4, H: 33.80, OAA: 3380, Tilt: 0.0 (deg) OAA: 146.20 deg Free space loss: 110 dB - Circuit loss: 82.7 dB
Pattem loss - V: 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB Model atten: 0.0 dB.

Frequency: 1030.000000 Mhz - Propagation losses: 109.7 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: Generic - Deygout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB
Ast 112 ellips.: 22.73 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 4B
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0 [e1(0.0 68 dBuvim  |4&U FSl ot [ dist 2286 ellipsoid PR Options
EE EN- EZE- BN B R e | L

0.00
[Tx] Pol:v [Rx] Pol:V [Path]
Altitude: 296.00 m Altitude: 264.00 m Distance: 7.1 kilometers - 2:
Coord: -8.422678 52.431577 296 4DMS Coord: 555442.000000 669913.000000 0 ITN Sea path: 0.00 pc - Ellipsoid obstructed (F:
Antenna: 10.00 m Antenna: 107.50 m Heff (m): 123.7(G) 123.9(W) 110.0 (H) 123.7 (F)
Rad. Pow. (max): 801899.585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 0 B
Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 116.8 dBuV/m, -20.7 dBm, S(uV): 20628.48
Angles: V: 0.50, H: 41.17, OAA: 41.17, Tilt: 0.0 (deg) OAA: 138.83 deg Free space loss: 110 dB - Circuit loss: 82.8 dB
Pattem loss - V: 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB Model atten: 0.0 dB
Frequency: 1030.000000 Mhz - Propagation losses: 109.8 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc
Model: Generic - Deygout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB
1st 172 ellips.- 22.79 m - Earth: 8500 km (land) 8500 km (sea) - Rain- 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB

B.8. Turbine T8

/653386399 665510.422 - 144 0 ) m ellipsoid Options

Woodcock Hil M

25m
000
[Tx] Pol:v [Rx] Pol:V [Path]
Alttude: 296.00 m Altitude: 247.00 m Distance: 7.0 kilometers - 23.5 us
Coord: 8422678 52.431577 296 4DMS Coord: 555881.000000 669555.000000 0 ITM-95 Sea path: 0.00 pe - Ellipsoid obstructed (FZ=1): 0.00 pc

Antenna: 10.00 m Antenna: 107.50 m Heff (m): 136.2(G) 132.2(W) 117.4 (H) 136.2 (F)
Rad. Pow. (max): 801899.585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 9 dl

Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 116.9 dBuV/m, -20.6 dBm, S(uV): 209:
Angles: V- 0.37, H: 4! DAA: 45.58, Tilt: 0.0 (deg) OAA: 13442 deg Free space loss: 110 dB - Circuit loss: 82.6 dB
Pattem loss - V: 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB Model atten: 0.0 dB

Frequency: 1030.000000 Mhz - Propagation losses: 109.7 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc.
Model: Generic rgout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB
1st 1/2 ellips. 22.63 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB
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B.9. Turbine T9

53557.63: sr 348 321 - 7 Doo m 270 12 70 2211 elipsoid | Options

Woodcock Hil

000
[Tx] Pol:v [Rx] Pol:V [Path]
Alitude: 296.00 m Alitude: 183.00 m Distance: 7.1 kilometers - 23.7 us
Coord: -8.422678 52431577 296 4DMS Coord: 556491.000000 669215.000000 0 [TM-95 Sea path: 0.00 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 10.00 m Antenna: 107.50 m Heff (m): 162.4(G) 150.3(W) 133.2 (H) 162.4 (F)
Rad. Pow. (max): 801899585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 0
Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 116.8 dBuV/m, -20.7 dBm, S(uV): 20762
Angles: V: -0.11, H: 51.15, OAA: 51.15, Tiit: 0.0 (deg) OAA: 128.85 deg Free space loss: 110 dB - Circuit loss: 62.7 dB
Pattern loss - V: 0.00 dB H: 0.00 dB Patter loss: 0.00 dB Model atten: 0.0 dB
Frequency: 1030.000000 Mhz - Propagation losses: 109.7 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc
Model: Generic - Deygout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB
Ast 112 ellips.: 22.72 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 4B

B.10. Turbine T10

B 527 665565.701 - 131 0 ) m ellipsoid Options

Woodcock Hil M

M7m
0.00

[Tx] Pol:v [Rx] Pol:V [Path]
Alttude: 296.00 m Altitude: 224.00 m Distance: 7.4 kilometers - 24.8 us
Coord: 8422678 52.431577 296 4DMS Coord: 556477.000000 669664.000000 0 ITM-95 Sea path: 0.00 pe - Ellipsoid obstructed (FZ=1): 0.00 pc

Antenna: 10.00 m Antenna: 107.50 m Heff (m): 149.6(G) 142.1(W) 126.9 (H) 149.6 (F)

Rad. Pow. (max): 801899.585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB

Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 116.4 dBuV/m, -21.1 dBm, S(uV): 19788.14
Angles: V: 0.17, H: 49.09, OAA: 49.09, Tilt: 0.0 (deg) OAA: 130.91 deg Free space loss: 110 dB - Circuit loss: 83.1 dB
Pattem loss - V: 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB Model atten: 0.0 dB

Frequency: 1030.000000 Mhz - Propagation losses: 110.1 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc.

Model: Generic rgout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

1st 172 ellips.: 23.27 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB
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Options

[Tx] Pol:v [Rx] Pol:v [Path]

Altitude: 296.00 m Altitude: 178.00 m Distance: 8.0 kilometers - 26.8 us

Coord: -8.422678 52.431577 296 4DMS Coord: 556762.000000 670152.000000 0 ITM-95 Sea path: 0.00 pc - Ellipsoid obstructed (FZ=1): 0.00 pc
Antenna: 10.00 m Antenna: 107.50 m Heff (m): 142.1(G) 137.6(W) 123.8 (H) 142.1 (F)
Rad. Pow. (max): 801899585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB 0.8 df

Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 115.8 dBuV/m, -21.7 dBm, S(uV): 18355.79
Angles: V- -0.17. H: 48.66, OAA: 48.66, Tilt: 0.0 (deg) OAA: 131.34 deg Free space loss: 111 dB - Circuit loss:

Pattem loss - V: 0.00 dB H: 0.00 dB Pattem loss: 0.00 dB Model atten: 0.0 dB

Frequency: 1030.000000 Mhz - Propagation losses: 110.8 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: Generic - Deygout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

1st 172 ellips.: 24.16 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mmv/h) - Gas/Fog/Dust/Scint: 0.0000 dB

B.12. Turbine T12

71.01 55 740 -m o 00 m 74 ellipsoid Options

Woodcock Hil MSSR

000
[Tx] Polk:v [Rx] Pol:V [Path]
Alttude: 296.00 m Altitude: 229.00 m Distance: 7.6 kilometes 4us
Coord: -8.422678 52.431577 296 Coord: 556098.000000 670086.000000 0 ITM-95 Sea path: 0.00 pe - Ellipsoid obstructed (FZ=1): 0.00 pc

Antenna: 10.00 m Antenna: 107.50 m Heff (m): 124.9(G) 124.7(W) 111.9 (H) 124.9 (F)
Rad. Pow. (max): 801899.585753 W 59.04 dBW 89.04 dBm Threshold: 35.0 dBuV/m, -90.0 dBm - Target: 10.0 dB P B

Radiated power: 801899.5625000 W Gain: 0.00 dBi FSR: 116.2 dBuV/m, -21.3 dBm, S(uV): 19332.15
Angles: V: 0.20, H: 4487, OAA: 44 87, Tilt: 0.0 (deg) OAA: 135.13 deg Free space loss: 110 dB - Circuit loss: 83.3 dB

Pattem loss - V: 0.00 dB H: 0.00 dB Pattern loss: 0.00 dB Model atten: 0.0 dB
Frequency: 1030.000000 Mhz - Propagation losses: 110.3 dB - Ducting: 0.0 dB - Time/Loc 50.0/50 pc

Model: Generic - Deygout 0.0 dB - Subpath: 0.0 dB - Ground reflections: 0.0 dB - Clutter: 0.0 dB

st 112 elips. 23.55 m - Earth: 8500 km (land) 8500 km (sea) - Rain: 0.00 dB (30.41 mm/h) - Gas/Fog/Dust/Scint: 0.0000 dB
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Commercial in Confidence
C CYRRUS IFP Opinion

Executive Summary

MWP (hereafter referred to as the Client) has requested an Instrument Flight Procedure (IFP) review in
respect of a proposed windfarm development (Ballycar) near Shannon Airport.

The process of providing an ‘opinion’ still requires a review of the applicable IFP lateral and horizontal
surfaces. This process only determines whether there is a ‘surface penetration’ and not whether the
obstacle impacts the IFP. If there is a penetration a full IFP assessment will be noted.

The proposed development is approximately 10NM north-east of Shannon Airport, as shown in Figure 1.
The windfarm does impact to the current published IFPs for Shannon Airport but is only limited to the
ATC Surveillance Minimum Altitude Chart. Although a full IFP assessment is normally required for any

identified impact, it is recommended to submit this report to the IAA for consideration whether a full
assessment is required.

e | T
Une | Path | Polygon | Grde | 3Dpath | 30 polygon

Measure the distance between two points on the ground

Ground Length:
Heading:

| Map Length:
|

| Mouse Navigation

Google Earth

Figure 1: Wind Farm Position from Threshold 24
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IFP's Assessed

The following IFPs, as published in the IAA Aeronautical Information Publication (AIP) were assessed.

e  RNAV STANDARD INSTRUMENT DEPARTURES RWYO06
e  RNAV STANDARD INSTRUMENT DEPARTURE RWY24
e  RNAV STANDARD ARRIVALS RWY06

e  RNAV STANDARD ARRIVALS RWY24

INSTRUMENT APPROACH ILS OR LOC RWY06

e  INSTRUMENT APPROACH VOR RWYO06
e  INSTRUMENT APPROACH ILS CAT | & Il OR LOC RWY24
e INSTRUMENT APPROACH VOR RWY24

e  ATC SURVEILLANCE MINIMUM ALTITUDE

Data

The assessment undertaken by Cyrrus has been based upon the latest promulgated aeronautical
information for Shannon contained in the Ireland AIP, reference EINN AD Section 2.

The following data was used for the assessment:

e Irish AIP — AIRAC 10/2021 effective 26 August 2021
e Email titled “RE_CYB1329 —Ballycar Wind Farm Aviation Studied.msg”

Table 1 below provides the base co-ordinates of the Turbines, the co-ordinates were provided in Irish
Transverse Mercator (ITM) and converted to World Geodetic System 84 (WGS84) using the ordinates
survey’s GridinQuestll conversion tool.

Turbine Easting \elgialigle Lat Long
No (ITM) (ITM) (UTM29N) (UTM29N)
1 554531 664275 522072.59 5842025.21
2 554605 663847 522152.51 5841598.38
3 555030 664044 522574.63 5841801.22
4 555027 663611 522577.64 5841368.32
5 555476 663804 523023.81 5841567.49
6 555805 664104 523348.54 5841871.96
7 555886 663643 523435.91 5841412.23
8 555547 663267 523102.25 5841031.65
9 555090 663180 522646.61 5840938.34
10 555990 663191 523546.15 5840961.83
11 555582 662837 523143.2 5840602.28
12 555912 662521 523477.48 5840290.97
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Turbine dimensions as indicated in Table 2 were used.

In the absence of surveyed ground elevations, a vertical tolerance of 10 m was added.

Ground Vertical :

: Max Tip

Elevation | Tolerance :
Height
(m)

1 90 66.5 234 10 400.5
2 90 66.5 207 10 373.5
3 90 66.5 238 10 404.5
4 90 66.5 198 10 364.5
5 90 66.5 243 10 409.5
6 90 66.5 254 10 420.5
7 90 66.5 198 10 364.5
8 90 66.5 160 10 326.5
9 90 66.5 166 10 332.5
10 83 66.5 124 10 283.5
11 90 66.5 113 10 279.5
12 90 66.5 77 10 2435

Table 2: Data used for the Assessment

Conclusion

The proposed wind farm does impact the current published procedures at Shannon airport. This is
however limited to the ATC Surveillance Minimum Altitude Chart.

Although a full IFP assessment is normally required for any identified impact, itis recommended to submit
this report to the IAA for consideration whether a full assessment is required.
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ABBREVIATIONS

AlIP Aeronautical Information Publication

AMSL Above Mean Sea Level

ARP Aerodrome Reference Point
DME Distance Measuring Equipment
FCSL Flight Calibration Services Ltd
FIP Flight Inspection Procedure
GP Glide Path
GPS Global Positioning System
ha hectare
ICAO International Civil Aviation Organization
ILS Instrument Landing System
IMC Instrument Meteorological Conditions
IT™M Irish Transverse Mercator
LOC Localiser
NM Nautical Mile
RF Radio Frequency
VMC Visual Meteorological Conditions
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1 INTRODUCTION

Ballycar Wind Farm is a proposed renewable energy project in County Clare located
approximately 16 km (8.6 NM) east of Shannon Airport.

The wind farm developer has requested that an assessment be performed to
establish any adverse effect the proposed wind farm may have on flight inspection
procedures and profiles associated with the Shannon Airport Runway 24 Instrument
Landing System (ILS).

This report provides an assessment of the impact of terrain and obstacles on ILS
flight inspection procedures. It does not provide an assessment of any impact the
proposed wind farm may have on the integrity of the Runway 24 ILS guidance
signals.

2 DETAILS OF PROPOSED WIND FARM

The proposed Ballycar Wind Farm comprises 12 wind turbines and associated
infrastructure including turbine foundations, access tracks, an electricity substation
and underground cabling located in an area of approximately 140 ha as shown in
Figure 2.1 below. Figure 2.2 below shows the location of the wind farm in relation to
Shannon Airport.

The proposed wind turbine coordinates are shown in Table 2.1 below.

The maximum height of the proposed wind turbines (to blade tip) is 158 m (518 ft)
above ground level. Ground height at the highest turbine (T6) is 253 m (830 ft) AMSL.

The height of the highest turbine (to blade tip) is therefore 411 m (1,348 ft) AMSL.
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Figure 2.2 — Location of Proposed Ballycar Wind Farm and Shannon Airport
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ITM Coordinates WGS-84 Coordinates
Turbine _ — Ground Level
X Y Latitude Longitude
T1 554589 664237 52.727317 -8.672287 234
T2 554609 663823 52.723595 -8.671932 205
T3 554964 664122 52.726317 -8.666729 232
T4 554981 663600 52.721624 -8.666394 193
T5 555405 663769 52.723181 -8.660152 241
T6 555821 664101 52.726198 -8.654033 253
T7 555913 663616 52.721845 -8.652613 192
T8 555503 663247 52.718497 -8.658624 160
T9 555084 663192 52.717965 -8.664818 166
T10 556023 663087 52.717097 -8.650911 115
T11 555645 662822 52.714689 -8.656465 107
T12 555899 662525 52.712041 -8.652666 236
Table 2.1 - Proposed Turbine Coordinates
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3.1

3.2

3.2.1

3.2.2

ILS INFORMATION

ILS Site Information

The Runway 24 ILS provides radio navigation information to aircraft in the initial and
final approach phases of flight towards Runway 24 within 25 NM of Shannon Airport.
The ILS ground installation comprises:

e Localiser equipment (providing lateral guidance to the runway centreline) located
on the extended runway centreline approximately 300 m from the stop end of
Runway 24.

¢ Glide Path equipment (providing vertical guidance to a 3.0° glide path) located
approximately 130 m offset from runway centreline and backset 360 m from
Runway 24 threshold.

¢ Distance Measuring Equipment (DME) transponder (providing distance to runway
threshold information). The DME antenna is mounted on the Glide Path mast.

ILS Localiser, Glide Path and DME antenna coordinates are shown in the extract
from AIP Ireland shown in Figure 3.1 below.

ILS Coverage Information

International Standards and Recommended Practices (SARPS) for ILS are published
by the International Civil Aviation Organization (ICAO). ICAO Annex 10 Chapter 3.1
defines ILS Localiser and Glide Path lateral coverage sectors as described below.

Localiser Coverage

The Localiser coverage sector shall extend from the centre of the localiser antenna
system to distances of:

e 46.3 km (25 NM) within plus or minus 10 degrees from the front course line;
e 31.5km (17 NM) between 10 degrees and 35 degrees from the front course line;

e 18.5 km (10 NM) outside of plus or minus 35 degrees from the front course line if
coverage is provided.

Figure 3.2 below shows ILS Localiser lateral coverage sector as defined in ICAO
Annex 10.

Figure 3.3 below shows the Runway 24 ILS Localiser lateral coverage sector in
relation to the proposed Ballycar Wind Farm.

Glide Path Coverage

The Glide Path equipment shall provide signals sufficient to allow satisfactory
operation of a typical aircraft installation in sectors of 8 degrees in azimuth on each
side of the centre line of the ILS glide path, to a distance of at least 18.5 km (10 NM).

ICAO Annex 10 Volume | states that ILS Glide Path coverage shall extend to a range
of 10 NM, up to 1.756 and down to 0.456 above the horizontal, or to a lower angle,
down to 0.36 as required to safeguard the promulgated Glide Path intercept
procedure (where 6 is the nominal Glide Path angle).

FCSL 0140 FOS, Page 8
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Figure 3.4 below shows ILS Glide Path coverage as defined in ICAO Annex 10.

Figure 3.5 below shows the Runway 24 ILS Glide Path lateral coverage sector in
relation to the proposed Ballycar Wind Farm.

3.2.3 DME Coverage

The DME equipment shall provide aircraft with distance to threshold information
throughout the Localiser coverage sector as defined in 3.2.1 above.
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ILS LOC RWY

110.95MHz

524129.4N
0085649.6W

Coverage restricted to 35°
either side of the course line.
Signals received outside
coverage sector, (including
back beam radiation), should
be ignored.

No LOC coverage below
3000ft MSL AT 25 NM EINN
*Data whose accuracy has
not been quality assured.

ILS GP RWY
24

330.65MHz

524232.1N
0085447.7W

GP Angle 3° RDH 59ft

ILSDMERWY | ISW CH46Y H24 524232.1N 100ft DME Zero ranged to THR 24.
24 (110.95 MHz) 0085447.7TW DME zero range is displaced
from DME antenna by 391M.
Figure 3.1 - AIP Ireland
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Course line

}4,

Centre of localizer
antenna system

When topographical features dictate or operational requirements
and alternative navigation facilities permit, the following coverage
may be provided:

Course line

Centre of localizer
antenna system

¢

Note.— If coverage as prescribed in Chapter 3, 3.1.3.3.1 is required
outside the plus or minus 35-degree sector, this is provided to 18.5 km
(10 NM), as indicated by the broken arc above.

Figure 3.2 - ILS Localiser Lateral Coverage Sector
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Figure 3.3 - Runway 24 ILS Localiser Lateral Coverage Sector
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«———185km (10 NM)—»‘

(a) Azimuthal cover

) 0450
< or to such lower angle, down to >

0.30 0, as required to safeguard the
promulgated glide path procedures

(b) Elevation cover

R = Point at which the downward-extended straight portion
of the ILS glide path intersects the runway centre line.
0 = (ILS) glide path angle.

Figure 3.4 - ILS Glide Path Coverage

O'Callaghansmills

Doon Lough (Natural'Heritage Area)

Kilkishen Broadford

Newmarket on Fergus

Mogullaun Sixmilebridge

Cloughlea

Bunratty Cratloe Meelick

= b
Shannon"Airport

Figure 3.5 - Runway 24 ILS Glide Path Lateral Coverage Sector
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4 ICAO ILS FLIGHT INSPECTION RECOMMENDATIONS

International Standards and Recommended Practices (SARPS) for ILS are published
by the International Civil Aviation Organization (ICAO). Guidance material on factory,
ground and flight testing of ILS installations is published in ICAO Doc 8071 Volume I.
The purpose of ICAO Doc 8071 Volume | is to provide general guidance on the extent
of testing and inspection normally carried out to ensure that radio navigation systems
meet the SARPS published by ICAO.

To verify guidance signal accuracy within the ILS coverage volume, ICAO Doc 8071
recommends that a normal centreline approach should be flown, using the glide path,
where available. For a Category Il and Il Localisers, the aircraft should cross the
threshold at approximately the normal design height of the glide path and continue
downward to normal touchdown point.

To verify that the ILS Localiser and Glide Path guidance signals provide the correct
information to the user throughout the area of operational use, coverage checks
should be performed. At periodic inspections, it is necessary to check coverage only
at 31.5 km (17 NM) and 35 degrees either side of the course, unless use is made of
the localiser outside of this area. Arc (part orbit) profiles may be flown at distances
closer than this, provided an arc profile is flown at the same distance and altitude
during the commissioning inspection to establish reference values.

To verify Glide Path displacement sensitivity, ICAO Doc 8071 recommends that
approaches be made on centreline, 0.126 below and 0.126 above the nominal glide
path angle (B8), where aircraft should receive 50% full-scale fly up (below path) and
50% full-scale fly down (above path) guidance indications.

The clearance of the Glide Path sector is verified by flying towards the facility on
centreline at a constant height (level run) starting at a distance corresponding to an
angle of 0.36 (where 0 is the nominal glide path angle) continuing to a point where
twice the glide path angle (20) has been passed. Glide Path RF signal level is also
measured during the level run to ensure the received signal level meets ICAO
minimum requirements at the limits of coverage.

5 FCSL FLIGHT INSPECTION PROCEDURES

FCSL have developed company procedures for commissioning and routine flight
inspection of ILS Localiser and Glide Path facilities. Customer flight inspection
requirements are initially captured on a Client Facility Data Sheet (Form 101). Form
101 records the technical details of the navigation aid to be flight checked and the
specified interval between flight checks. For the Runway 24 ILS, the interval between
flight checks is 180 days.

In the case of the Runway 24 ILS, the ILS is flight checked in accordance with FCSL
Flight Inspection Procedure (FIP) FIP 23 (ILS Flight Inspections GPS Southern
Ireland).

FIP 23 specifies that the following flight profiles are flown as defined in FCSL Form
102 (Flight Profile Chart):
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Profile No  Profile Description See Figure

01 Centreline Approach 5.1
04 Part Orbit 5.2
12 Top Edge 5.3
13 Bottom Edge 5.4
14 Slice (Level run) 5.5
15 Left Slice 8° (Level run) 5.6
16 Right Slice 8° (Level run) 5.7

Figures 5.1 to 5.7 below show the flight profiles to be flown during ILS flight
inspection.

The start points, heights and distances for each flight profile are decided by the FCSL
Flight Inspector in conjunction with the pilots to ensure correct and sufficient data is
recorded while taking into account local terrain and obstacle clearance requirements.

FCSL FIP 23 states that flight inspection pilots will not fly within 1,000 ft of the ground
in IMC (unless on centreline and edge approaches) and commissioning flights should
be carried out in sight of the surface at all times. FIP 23 also states that Inspection
Pilots will not fly within 1,000 ft of the highest obstacle within 5 NM either side of track
in IMC.

Glide Path flight inspection procedures include checks below the Glide Path sector to
assure a safe flight path area between the bottom edge of the Glide Path sector and
any obstacles on the approach path. The Glide Path slice and left slice 8° (level runs)
flight profiles must therefore ensure that the flight inspection aircraft clears obstacles
by at least 500 ft in VMC and by at least 1,000 ft in IMC.
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PROFILE 01 — CENTRELINE
(DESCENDING RUN DOWN TO 50FT)

FULL ILS PROTECTION REQUIRED
WHEN THE AIRCRAFT IS WITHIN
5NM OF THRESHOLD

FLYDOWN to THRESHOLD/50ft

Localiser L
Antenna

T

THFlESHOLDT 5NM

N.B.

On CAT Ill installations and during Lighting
Inspections the aircraft may continue at 50ft to
StopEnd, prior to Go-Around.

Vertical l I 50ft
Profile  ®---"---mmmemEE e

Localiser
Centreline

Start Height and
Distance as per
Crew Request

Figure 5.1 - Centreline Approach Flight Profile

PROFILE 04 — PART ORBIT
(LEVEL RUN)
FULL LOCALISER PROTECTION
REQUIRED WHEN THE AIRCRAFT
IS 6NM FROM LOCALISER AND
WITHIN 10° OF RUNWAY
CENTRELINE
35°
Localiser I; ,,,,,,,,,,,,,,, {90 ,,,,,,,,,,,, localiser |
Antenna 10° Centreline
ESS
Heights and 25NM
Distances as per N
Crew Request
6NM
17NM
Figure 5.2 — Part Orbit Flight Profile
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PROFILE 12 — TOP EDGE
(DESCENDING RUN DOWN TO 200FT)

FLYDOWN to 0.5NM/200ft

Localiser Localiser
Antenna T Centreline

Start Height and

Distance as per
Crew Request
Vertical l 200ft

o) B R e
0.5NM
Figure 5.3 — Top Edge Flight Profile
PROFILE 13 - BOTTOM EDGE
(DESCENDING RUN DOWN TO 200FT)
FLYDOWN to 0.5NM/200ft
Localiser I’" o Localiser
Antenna T Centreline
0.5NM

Start Height and

Distance as per
Crew Request
Vertical 1 200ft

Profile - Y

Figure 5.4 — Bottom Edge Flight Profile
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PROFILE 14 — SLICE

(LEVEL RUN)
LEVEL RUN
Localiser Localiser
Antenna | T T Centreline
INM
Start Height and
Distance as per
. Crew Request
Vertical
Profile L T ffffffffffffffffffffffffffffffffffffffff
INM
Figure 5.5 - Slice Flight Profile
PROFILE 15 — LEFT SLICE 8°
(LEVEL RUN)
LEVEL RUN 8° LEFT OF CENTRELINE
Localiser |7” __________________________________________________ Localiser
Antenna | Tl | & | Centreline
Height, Start and End
Distances as per Crew Request
Vertical 1
POl e e e e
Figure 5.6 — Left Slice 8° Flight Profile
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PROFILE 16 — RIGHT SLICE 8°
(LEVEL RUN)

LEVEL RUN 8° RIGHT OF CENTRELINE

Localiser | ...
Antenna

THRESHOLD

Height, Start and End
Distances as per Crew Request

Vertical
Profile L eveee—
Figure 5.7 — Right Slice 8° Flight Profile
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IMPACT ASSESSMENT

6.1 ILS Centreline Approach Flight Profile
For ILS centreline approach flight profiles, heights and distances are decided by the
FCSL Flight Inspector in conjunction with the pilots to ensure correct and sufficient
data is recorded while taking into account local terrain and obstacle clearance
requirements.
For the most recent routine Runway 24 ILS flight inspections conducted by FCSL,
centreline approaches were flown from a range of 25 NM.

6.1.1 Horizontal Obstacle Clearances
For a centreline approach profile, the flight inspection aircraft will be approximately
4.4 NM laterally from the nearest wind turbine (T1) at a point on the extended runway
centreline closest to the wind farm. This distance is less than the minimum clearance
required from any object in IMC, as defined in FIP 23.

6.1.2 Vertical Obstacle Clearances
For a centreline approach on a 3.0° glide path, the flight inspection aircraft will pass
above, but 4.4 NM laterally distant from, the proposed Ballycar Wind Farm site. The
flight inspection aircraft vertical clearance above the highest turbine (T6) can be
estimated as follows (see Figure 6.1):
Horizontal distance from 24 Glide Path antenna (on boresight) to Turbine T6
= 15,208 m
Assume ground height at 24 Glide Path Antenna = ARP height =46 ft =14 m
Clearance (h) above highest turbine (T6)
= (15,208 m x tan 3.0°) = (253 m - 14 m) - 158 m =400 m = 1,312 ft
This height exceeds the minimum clearance required above terrain and obstacles in
IMC and VMC.

6.2 ILS Part Orbit Flight Profile
For ILS part orbit flight profiles, heights and distances are decided by the FCSL Flight
Inspector in conjunction with the pilots to ensure correct and sufficient data is
recorded while taking into account local terrain and obstacle clearance requirements.
For the six most recent routine Runway 24 ILS flight inspections conducted by FCSL,
part orbits were flown at a range of 6 NM from the Localiser antenna and a height of
1,500 ft AMSL.
The tracks of the 6 NM and 17 NM part orbit profiles are shown in Figure 6.2 below.
Figure 6.3 below shows the terrain elevation profile for the 17 NM part orbit.

6.2.1 Horizontal Obstacle Clearances
For a 6 NM part orbit flight profile, the flight inspection aircraft will be at least 4.2 NM
from the nearest wind turbine (T2) at a point on the part orbit track closest to the wind
farm site. This distance is less than the minimum clearance required from any object
in IMC, as defined in FIP 23.
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6.2.2

6.3
6.3.1

6.3.2

For a 17 NM part orbit flight profile, the flight inspection aircraft will be at least 6.1 NM
from the nearest wind turbines (T6, T7 and T10) at a point on the part orbit track
closest to the wind farm site. This distance is greater than the minimum clearance
required from any object in IMC and VMC, as defined in FIP 23.

Vertical Obstacle Clearances

In accordance with FCSL FIP 23, pilots must not fly within 1,000 ft of the ground in
IMC. The 17 NM part orbit flight must therefore be flown at a height of at least 1,000 ft
above the highest obstacle to be encountered.

Figure 6.3 below shows that a flight inspection aircraft flying a 17 NM part orbit will
pass overhead and close to the summit of Moylussa mountain (1,745 ft). The 17 NM
part orbit must therefore be flown at a height of at least 2,745 ft AMSL to remain at
least 1,000 ft clear of the summit of Moylussa mountain.

The maximum height of the highest wind turbine (T6) can be estimated as:
Ground height + maximum turbine height = 253 m + 158 m = 411 m (1,348 ft).
For an orbit height of 2,745 ft AMSL, a flight inspection aircraft will therefore have a

clearance of 1,397 ft above the highest wind turbine. This height exceeds the
minimum clearance required above terrain and obstacles in IMC and VMC.
ILS Bottom Edge Flight Profile

Horizontal Obstacle Clearances

For the bottom edge flight profile (flown on centreline), the flight inspection aircraft will
be approximately 4.4 NM laterally from the nearest wind turbine (T1) at a point on the
extended runway centreline closest to the wind farm. This distance is less than the
minimum clearance required from any object in IMC, as defined in FIP 23.

Vertical Obstacle Clearances

For the bottom edge flight profile (flown on centreline), the flight inspection aircraft is
flown at a glide path angle 0.126 below the nominal glide path angle (8).

Bottom edge glide path angle = 6 — 0.126 = 3° - 0.36° = 2.64°.

The flight inspection aircraft will pass above, but 4.4 NM laterally distant from, the
proposed Ballycar Wind Farm site. The flight inspection aircraft vertical clearance
above the highest turbine (T6) can be estimated as follows:

Horizontal distance from 24 Glide Path antenna (on boresight) to Turbine T6
=15,208 m

Assume ground height at 24 Glide Path Antenna = ARP height =46 ft =14 m
Clearance (h) above highest turbine (T1)

= (15,208 m x tan 2.64°) - (253 m - 14 m) - 158 m = 304 m = 997 ft

This height exceeds the minimum clearance required above terrain and obstacles in
VMC, but is less than the minimum clearance required in IMC.
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6.4
6.4.1

6.4.2

6.5
6.5.1

6.5.2

ILS Slice Flight Profile
Horizontal Obstacle Clearances

For the slice flight profile (flown on centreline), the flight inspection aircraft will be
approximately 4.4 NM laterally from the nearest wind turbine (T1) at a point on the
extended runway centreline closest to the wind farm. This distance is less than the
minimum clearance required from any object in IMC, as defined in FIP 23.

Vertical Obstacle Clearances

Figure 6.4 below shows the track of the ILS slice flight profile. The slice profile is
normally flown at a height of 1,000 ft AMSL.

Figure 6.5 below shows the terrain elevation profile for the slice flight profile. The
highest terrain on the slice profile from a range of 11 NM (12.7 miles) is approximately
150 ft AMSL. The 1,000 ft slice flight profile must therefore be flown within sight of the
surface and not flown in IMC.

Figure 6.5 below shows that for a Runway 24 ILS Glide Path flight inspection slice
profile (level run) at an altitude of 1,000 ft, clearance above the highest terrain will be
adequate at approximately 850 ft. However, in IMC, Glide Path level runs will need to
be flown at an altitude of at least 2,348 ft to remain 1,000 ft above the highest wind
turbine. The altitude will be rounded up to the nearest 100 ft, so the ILS Glide Path
slice profile will therefore have to be flown at 2,400 ft in IMC.

ILS Left Slice 8° Flight Profile
Horizontal Obstacle Clearances

For the left slice 8° flight profile (flown at an angle of 8° left of centreline with respect
to the Localiser antenna), the flight inspection aircraft will be approximately 3.1 NM
laterally from the nearest wind turbine (T1) at a point on the extended runway
centreline closest to the wind farm. This distance is less than the minimum clearance
required from any object in IMC, as defined in FIP 23.

Vertical Obstacle Clearances

Figure 6.4 below shows the track of the ILS left slice 8° flight profile. The slice profile
is normally flown at a height of 1,000 ft AMSL.

Figure 6.6 below shows the terrain elevation profile for the left slice 8° flight profile.

The highest terrain on the left slice 8° profile from a range of 11 NM (12.7 miles) is
approximately 900 ft AMSL. The 1,000 ft left slice 8° flight profile must therefore be
flown within sight of the surface and not flown in IMC.

Figure 6.6 below shows that for a Runway 24 ILS Glide Path flight inspection level run
(left slice 8°) at an altitude of 1,000 ft, clearance above the highest wind turbine will
not be adequate. However, in IMC, Glide Path level runs will need to be flown at an
altitude of at least 2,348 ft to remain 1,000 ft above the highest wind turbine. The
altitude will be rounded up to the nearest 100 ft, so the ILS Glide Path left slice 8°
(level run) will therefore have to be flown at 2,400 ft in IMC.
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6.6

6.7

6.7.1

6.7.2

Analysis

If Glide Path flight inspection level runs (slice profiles) are to be flown at higher
altitudes to provide sufficient clearance above obstacles, the length and duration of
the runs, and distance from the runway will increase correspondingly. This could
result in some increased flight inspection costs.

In addition, at increased ranges, there may not be sufficient Glide Path RF signal to
ensure correct ILS receiver operation.

Runway 24 Glide Path Special Flight Inspection

As part of an impact assessment for another proposed wind farm, to be located
approximately 9 NM north east of Shannon Airport, FCSL recently performed
additional Runway 24 Glide Path level runs at an altitude of 2,600 ft AMSL. These
additional level runs were flown on 20 April 2022, to verify that adequate RF signal
level is achieved (to ensure correct ILS receiver operation) and to ensure that
adequate fly-up guidance is obtained below the Glide Path sector.

The results of the additional Glide Path level runs are shown in Figures 6.7 and 6.8
below.

Slice 2,600 ft

Figure 6.7 below shows that for Glide Path left slice level run flown at an altitude of
2,600 ft AMSL, the minimum signal level of -95 dBW/m? is achieved at a range of
approximately 20 NM from runway threshold. Figure 6.7 also shows that adequate fly-
up guidance exists from this range.

Left Slice 2,600 ft

Figure 6.8 below shows that for Glide Path left slice level run flown at an altitude of
2,600 ft AMSL, the minimum signal level of -95 dBW/m? is achieved at a range of
approximately 18.4 NM from runway threshold. Figure 6.8 also shows that adequate
fly-up guidance exists from this range.
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Moylussa Mountain
532 m (1,745 ft)

-35° Centreline +35°

Figure 6.3 — 17 NM Part Orbit Terrain Elevation Profile
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Figure 6.5 — Slice Terrain Elevation Profile
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Figure 6.6 — Left Slice 8° Terrain Elevation Profile
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7 CONCLUSIONS

The assessment presented in Section 6 above has shown that a flight inspection
aircraft flying centreline, part orbit and bottom edge flight profiles associated with the
Shannon Airport Runway 24 ILS will remain sufficiently clear of the proposed Ballycar
Wind Farm site.

However, for the slice and left slice 8° profiles, the proposed wind farm will require
that these profiles are flown at higher altitudes to provide sufficient clearance above
the proposed wind turbines. The flight inspection Glide Path slice and left slice 8°
profiles (level runs) will have to be raised to an altitude of 2,400ft in IMC to provide
the flight inspection aircraft adequate coverage over the proposed wind turbines.

Section 6.7 above shows that for level runs flown at an altitude of 2,600 ft, Glide Path
RF signal levels exceed minimum level of -95 dBW/m? and sufficient fly-up guidance
is achieved below the Glide Path sector.

The proposed Ballycar wind farm will therefore not have any adverse effect on
Runway 24 ILS flight inspection procedures and flight profiles.

This report provides an assessment of the impact of terrain and obstacles on ILS
flight inspection procedures. It does not provide an assessment of any impact the
proposed wind farm may have on the integrity of the ILS guidance signals.
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Appendix 4

Ballycar Wind Farm Aviation Impact
Assessment & Mitigation Report
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Executive Summary

Ai Bridges Ltd was commissioned by the Environmental Planning Consultants, Malachy
Walsh and Partners (hereafter referred to as MWP) to review a consultation response from
the Irish Aviation Authority (hereafter referred to as 1AA) received in November 2022 in
relation to the possible interference impacts of the proposed Ballycar wind farm on the
Surveillance Radar equipment at Shannon Airport and Woodcock Hill.

In their response the IAA noted that there was:

“... no credible and implementable mitigations on the Woodcock hill radar
itself to eliminate the Radar beam deflections, reflections and shadowing
from the proposed turbines...”

The IAA also noted that:

”... the proposed development would introduce false primary targets or
clutter on the Shannon Primary radar. Mitigation for the primary clutter

would degrade the performance of the Shannon primary radar...”

Ai Bridges subsequently conducted a full review of all correspondence between MWP
and the IAA and recommended a further detailed technical assessment to be carried out by
a third party IAA Approved Procedure Designer, Cyrrus Limited, to investigate all possible
Mitigation Measure options to remediate the impacts on surveillance radar systems. It was
also recommended to engage with the manufacturers of the Surveillance Radar equipment
being used by the IAA to confirm if said equipment supported wind farm mitigation features.

The findings from the Mitigation Options Study included the following recommendation
that states that the radar technical documentation provides assurance that mitigation for
proposed the Ballycar Wind Farm is possible subject to an on-site condition survey to
ascertain if updates or upgrades would be required :

“... The technical documentation provided by the manufacturer (Thales) of
the two systems provides assurance that mitigation for the Ballycar
Windfarm is possible. Cyrrus would recommend that an onsite condition
survey is carried out by Thales on both the Shannon Airport and Woodcock
Hill systems to confirm their current operational state and ascertain whether
updates or upgrades would be required ...”

IAA Consultations

1. InJanuary 2022, MWP engaged and submitted a scoping report to the IAA with a
request for comments in relation to a proposed wind farm on lands at and near
Ballycar, Co. Clare.

2. There were further rounds of consultations in January 2022 with the Airspace and
Navigation Team at the IAA where it was highlighted that there are a number of

© copyright Ai Bridges Ltd. 2023 Page 2
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aviation surfaces under the responsibility of the IAA Air Navigation Service Provider
(ANSP) regarding safeguarding around Shannon Airport. These were referred
internally within the IAA and the Shannon Airport Operator for further response on
potential impacts to the following:

- Navigational Aids

- Surveillance Radar

- Instrument Flight Procedures (IFPs)

The MWP consultation engagements with the IAA from January 2022 to May 2022 served to:

i)

i)

i)

iv)

Identify the main concerns of the IAA in relation to the potential impacts on aviation
surfaces.

Present the findings of the detailed Aviation Technical Assessments to the IAA in
relation to Instrument Flight Procedures, showing a “No Impact” condition.

Present the findings of the detailed Aviation Technical Assessments to the IAA in
relation to Navigational/Flight Calibration Impact Assessments , demonstrating a “No
Impact” condition.

Present the findings of the detailed Aviation Technical Assessments to the IAA in
relation to Radar Surveillance including the Primary Surveillance Radar (PSR) at
Shannon Airport and the Monopulse Secondary Radar (MSR) at Woodcock Hill,
showing a “Potential Impact” condition which can be appropriately mitigated.

IAA Consultation Reponses

The IAA has welcomed and accepted the findings presented within the detailed Aviation
Technical Assessments and in a consultation response to MWP on February 28™ 2022
responded as follows:

1. Inrelation to the IFP Opinion (Attachment 1) I’'m happy to accept that the
proposed turbines will not affect the Shannon Airport Instrument Flight
Procedures and nothing further is required from this perspective.

Note: If planning is granted and the construction goes ahead, these turbines
will need to be notified to the IAA Aviation Safety Regulator, each being
higher than 100m elevation.

2. Technical Assessment Report:

e Building Restricted Areas: SAA’s Paul Hennessy copied for
information.

e NAVAIDs: The report conforms no issues for Airport NAVAIDs: Fergal
Doyle copied to confirm this.

e Surveillance: The report notes that mitigations are required for the
Shannon PSR and the Woodcock Hill MSSR most particularly not
prevent false targets and ghost signals respectively. While the report
outlines how these mitigations could be applied, this must be
assessed by our surveillance team

© copyright Ai Bridges Ltd. 2023 Page 3
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On November 29™ 2022 there was a response from the IAA Surveillance M&E Division
following their review of the detailed Technical Assessment Report by Cyrrus. The response
stated as follows:

“... The IAA Surveillance Domain conclusion is that this proposed Ballycar Wind
Farm development, would degrade the performance of the Woodcock Hill
Radar. As a consequence the IAA would object to a Ballycar Wind Farm
development planning application ...”

Wind Farm Mitigation Measures

It was identified through the consultation process with the IAA that there were no
impacts on Instrument Flight Procedures, Navigational Aids or Flight Inspection Procedures
and that no mitigation measures were required.

In their detailed technical aviation assessment report Cyrrus, did identify potential
surveillance radar impacts stating that:

“ a form of mitigation for Shannon PSR over the proposed Ballycar development may
be required ... “

“ .. Itis recommended that mitigation options are discussed with the Irish Aviation
Authority (IAA), specifically Air Traffic Services. It is the surveillance network and
operational use that will largely influence a suitable mitigation..”

Ai Bridges commissioned Cyrrus to review the possible Mitigation Measures and
undertake a Mitigation Options Study Report that would address the ten concerns identified
by the IAA in their final consultation response on November 28" 2022. Cyrrus were
requested to engage with the manufacturer of the radar equipment in use at Shannon
Airport and Woodcock Hill to provide supporting evidence of “wind farm mitigation”
features including upgrade availability.

Cyrrus produced a “Mitigations Options Study” report following research conducted
over a three-month period with references to other wind farm mitigation projects as well as
reliance on data provided by the radar equipment manufacturer. The report addressed all of
the IAA concerns on radar performance degradation and provides viable mitigation
measures. The report has been provided with supporting evidence of workable mitigation
measures with references to third-party Wind Farm Mitigation Projects.

Summary

Following the investigation of the mitigation options along with discussions with the
manufacturer of the radar equipment, it has been shown that there are viable options

© copyright Ai Bridges Ltd. 2023 Page 4
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available for the mitigation / remediation of the ten concerns raised by the IAA . The

Mitigation Options Study report concludes that:

- The development of the Windfarm at Ballycar would require minimal

optimization of the Woodcock Hill and Shannon Airport radars.
- The systems in place have the capacity to provide a service even if a large
number of turbines were developed in the coverage area.
- The manufacturer can also provide upgrades and enhancements to both systems

should they be required in future.
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1. Introduction

Malachy Walsh and Partners (MWP) commissioned an independent aviation assessment
in reponse to concerns raised by the IAA in relation to a Scoping Report consultation request
in January 2022 concerning the proposed Ballycar Wind Farm development. The IAA raised
concerns in relation to:

- Instrument Flight Procedures (IFP) surfaces
- Navigational Aids\ ISL Flight Inspection surfaces

- Surveillance Systems

MWP commenced the consultation process with the IAA in January 2022 with the final
response from the IAA being received in November 2022. The consultations and
communications are detailed in Appendix A of this report.

A series of technical aviation assessment reports were submitted by MWP to the 1AA Air
Navigation Service Provider which satisfied the concerns raised in relation to Instrument Flight
Procedures detailing that there is no impact to the IFP surfaces. This report, prepared by
Cyrrus, is included in Appendix B (Ballycar Wind Farm IFP Opinion). MWP also commissioned
FCSL Ltd., a certified flight inspection company retained by the IAA for bi-annual flight
inspection services, to prepare a study to assess the impacts on ILS Inspection flights. The
study findings reported that there were no impacts to ILS flight inspections. The full details of
the report are included in Appendix D (Ballycar Wind Farm Impact on ILS Inspection Report).

MWP commissioned Cyrrus to undertake a further Technical Aviation Assessment
Study to assess the impacts of the proposed wind farm development on surveillance radar
systems. The study reported that there would be an impact on the surveillance radar and
outlined some mitigation options. The IAA Airspace Navigation Team referred the report to their
Surveillance M&E Systems Team. A response from the IAA in November in 2022 to MWP noted
that the proposed Ballycar Wind Farm development would degrade the performance of the
radar at Woodcock Hill and also introduce false targets or clutter on the Shannon Airport primary
surveillance radar.

Ai Bridges conducted a full review of all the consultations and the aviation assessment
reports and then engaged with Cyrrus to undertake a review of the IAA consultation response
and undertake further research into the concerns raised by the I1AA. Ai Bridges also requested
Cyrrus to engage with the manufacturer to further investigate the capabilities of the radar
equipment at Woodcock Hill and Shannon Airport for possible service upgrades and/or feature
upgrades to mitigate the impacts. Cyrrus produced a Mitigations Options Study, shown in
Appendix E, that addressed each of the concerns raised by the IAA and provided mitigation
measure proposals that would allow the development of the Ballycar Wind Farm, without any
residual impact on the radar systems.

Sections 1.1 to 1.3 below provides a more detailed description of the concerns raised
by the IAA Air Navigation Service Provider in relation to IFP, Navigational Aid surfaces and
Surveillance Radar systems.

© copyright Ai Bridges Ltd. 2023 Page 7
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1.1 Instrument Flight Procedures (IFP)

The Ballycar Wind Farm IFP Opinion Report, in Appendix B, identifies that the
proposed wind farm does impact the current published procedures at Shannon airport. This is
however limited to the ATC Surveillance Minimum Altitude Chart (ATC SMAC). Although a
full IFP assessment is normally required to identify an impact, it is normally recommended to
submit the opinion report to the IAA Air Service Navigation Provider for consideration as to
whether a full assessment is required. Following a review of the IFP Opinion, the IAA deemed
that a full IFP Assessment is not required and that there would be a No Impact condition on
IFP surfaces and that no mitigation is required.

Aviation Impact Assessment Mitigation Measure Action Residual Impact

Instrument Flight Procedures surfaces

1.2 Flight Inspection Procedures

The Ballycar Wind Farm Impact on ILS Inspection Report, in Appendix D shows that
there is no impact on the Airport Navigational Aids at Shannon Airport. The IAA requested
that an assessment be performed to establish any adverse effect the proposed wind farm
may have on flight inspection procedures and profiles associated with the Shannon Airport
Runway 24 Instrument Landing System (ILS). This report provides an assessment of the
impact of terrain and obstacles on ILS flight inspection procedures. The assessment
presented within the report outlines that the flight inspection aircraft flying centreline, part orbit
and bottom edge flight profiles associated with the Shannon Airport Runway 24 ILS will
remain sufficiently clear of the proposed Ballycar Wind Farm site and therefore there would
be no impacts.

Aviation Impact Assessment Mitigation Measure Action Residual Impact

Runway 24 ILS Flight Inspection Procedures

© copyright Ai Bridges Ltd. 2023 Page 8
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1.3 Surveillance Radar Systems

The Aviation Technical Assessment, in Appendix C conducted by Cyrrus identified that
there would be wind farm impact degradation on the PSR at Shannon Airport which would
require some form of mitigation.

Ai Bridges then engaged with Cyrrus, to undertake a Mitigations Options Study,
included in Appendix E, that would investigate and address all of the concerns of the I1AA in
radar performance degradation, false targets and clutter raised by the IAA Surveillance M&E
Systems Division.This Mitigations Options Study by Cyrrus provides a constructive technical
view on how both the Woodcock Hill Thales RSM970 Monopulse Secondary Surveillance
Radar (MSSR), and the Shannon Airport Thales STAR 2000 Primary Surveillance Radar (PSR)
with co-mounted MSSR can operate without disruption to the controlled airspace and allow the
development of Ballycar Windfarm. Below is an extract from this Mitigation Options Study:

“..Cyrrus have engaged with the manufacturer of both radar systems to
confirm their capability to operate in the presence of Wind Turbines with minimal
intervention. The RSM970 MSSR at Woodcock Hill and STAR 2000 PSR with co-
mounted MSSR at Shannon Airport have been developed to allow this capability. The
STAR 2000 PSR was designed to work in areas with wind turbines, a continual
development cycle has been carried out by Thales to ensure the systems performance
is not impacted by Wind Turbines. If required upgrades and enhancements for the
STAR 2000 are available. Thales have provided evidence that they are confident that
with minor optimisation the proposed wind turbines at Ballycar should have minimal
effect on the coverage provided by the radars. This evidence is provided as
commercial in confidence. Cyrrus have permission from Thales to reference relevant
parts but not provide the Thales documents in full..”

“..Table 1 below highlights the IAAs concerns, and the expected impacts
should the windfarm be permitted to be developed. Thales have provided evidence
that each of their systems has the capability of handling multiple windfarms within
the coverage area. Examples include the Star 2000 sited at Schiphol Airport and the
STAR 2000 based at Newcastle. The Aeronautical Information Service (AlS) for
Newcastle Airport, Reference [9], has been provided for reference. The UK MoD has
contracted NATS / AQUILA under project Marshall to provide a large number of these
systems due to their inbuilt capability. Reference [10] gives some detail of project
Marshall. Thales have also provided a structured list of upgrades, Reference [6]
within the Mitigations Options Study, available to ensure the systems can continue to
provide this service into the future..”

© copyright Ai Bridges Ltd. 2023 Page 9
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1.3.1 IAA Concerns in relation to Surveillance Radar Systems

The IAA have raised ten concerns in relation to impacts on the Surveillance Radar
Systems. Each of these concerns is individually addressed below by referencing the evidence-
based material identified in the Mitigation Options Study.

1311 IAA Concern #1 :

This concern relates to the false returns from deflected targets which are known as
FRUIT ( False Returns Un-correlated in Time ). The Thales Monopulse Secondary Surveillance
Radar (MSSR) operated at Woodcock Hill can use one of its own specific inbuilt processing
techniques within its Surveillance Data Processor (SDP) to remove these false targets. This
technique is used within most MSSR radars and is called a DE-FRUITER.

The Mitigation Measure solution to eliminate the radar beam deflections is
highlighted within the radar manufacturer’s documentation under section 3.1.3.1.1 of
Reference [3] in the Mitigation Options Study and is shown in Figure 1 below.

31311 MSSR/Mode S beam management

The MEP_SBM function manages all activities that must be performed within the main beam of
the antenna and regulates the use of the RF channel. Its main functions are the followings:

= jt prepares all information necessary to process All-Call and Roll-Call periods,
= it processes all SSR and Mode S replies received during All-Call penods,

= it manages the real-ime scheduling of Mode S surveillance and data link transactions within
the Roll-Call periods.

The MRP_SEM function is composged of the following sub-functions:

= Mode S Modulator and eXtractor Control (SBM_MMXC), which manages the interface
between MRP CSCl and MMXC,

= Roll Call Pericd Processing (SEM_RCPP), which manages activities within the Roll Call
periods,

= Mode S All Call Period Processing (SBM_MACPP), which manages Mode 5 activities within
the All Call pericds,

= 55R All Call Period Processing (SBM_SACPP), which manages SSR activities within the All
Call periods. It includes the defruitor function.

Figure 1: Evidence of the Mitigation Measure Solution for Radar beam deflections

Additional supporting evidence within the radar manufacturer’s documentation in
relation to the concern of false returns is highlighted in Figure 2 below from the radar
manufacturer’s documentation in section 1.3.1 of Reference [3] in the Mitigation Options
Study :

© copyright Ai Bridges Ltd. 2023 Page 10
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1.3.1 General

The RSM 3705 Mode 5 ensures a high quality and reliable coverage to conftribute to radar
ocperational separation of 3 NM, 5 HM and 10 NM according to EUROCONTROL standard.

The radar is capable of determining range. azimuth and height positional data, along with the
identity, on each target detected, during each revolution of the antenna.

Singe the M33R systems are used in am environment which often includes mulRiple S5R
coverage, the system has been designed in order to cope with & high fruit density (M55R andlor
Mode 5 fruit). Therefore, the performance will be cptimised such that the cutput of the false data
is minimised, while meeting the guaranteed parameters.

The MS5R REM 870 5 Mode S is designed to meet all the guaranteed performance in the
presence of a fruit rate of 11,000 replies per second.

The performance of the RSM 970 5 MODE 5 equipment have been confirned through the
vanous fields and validated by Eurocontrol and French DSMA in the frame of the POEMS pre-
cperational Eurcpean Mode 5 programme. Significant breakthroughs have been achieved in the
fields of:

= Discrimination,

=  Phantom processing,

»  Reflection processing.

Typical performance characteristics are summarised below -

Modes 1;2;3MA; C; S5
Cutput transmitter peak power 25T0 W
Transmitter frequency 10320 £ 0.01 MHz
Range Up to 2568 MM
Scan rate Up to 15 rpm
Antenna:
- Azimuth beamwidth 24"
- Maximum gain 27 dBi
Fruit density 11.000 fruitisec in the main obe

Figure 2: Evidence of the Mitigation Measure Solution for Radar beam deflections

The Mitigation Measure Solution in relation to this IAA concern has been extracted
from Table 1 of the Mitigation Options Study and is shown below. Based on the inbuilt DE-
FRUITER capability of the MSSR, no residual impact is envisaged.

Description of Concern Mitigation Measure Solution Residual Impact
no credible and implementable Thales RSM970 MSSR has inbuilt DE-FRUITER to

mitigations on the Woodcock hill radar | eliminate deflected targets.
itself to eliminate the Radar beam Reference 3 —3.1.3.1.1Thales description of how the
deflections from the proposed turbines | system automatically deals with deflections (FRUIT).
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1.3.1.2 IAA Concern #2 :

This concern relates to the reflections that will caused by the proposed turbines. The
Surveillance Data Processor (SDP) in Thales RSM970 Monopulse Secondary Surveillance Radar
(MSSR) can use a two-stage reflection removal process to eliminate this problem of
reflections.

The Mitigation Measure solution to eliminate the radar beam deflections is
highlighted within the radar manufacturer’s documentation under section 1.2.2.3 of
Reference [3] in the Mitigation Options Study and is shown in Figure 3 below.

1223 Signal and Data Processor
The signal and data processing chain performs:
1. MS35RMode S Processor (MMXC)
-  MSSRiMode S scheduling,
-  MS5R/Mode S signal processing,
2. Data Processor Computer (DPC)
-  M55R/Mode S extractor and

- PSR/MSSR/Mode S plot combination and tracking.

The MMXC and DPC cope with garbling situationz in dense surveillance areas. The Off
Boresight Angle measure on each code pulse iz associated to the reply message with specific
flags and iz routed to the monopulse post-processing. The monopulse post-processing performs
plot extraction and solves conflict conditions such as garbling, phantoms, saturated presences
and specifically processes emergency and distress codes.

Reflections which are common phenomena in 35R systems, are detected and processed using
the monopulse information. This reflection may be found either at track level or at plot level. At
track level, this function iz based on an auto-adaptive process : the reflections are identified as
permanent or temporary. This Thales unigue feature provides automatic site environment
adaptation. At plot level (prior to scan-to-scan comelation), the site environment is taken into
account by windows programming.

Figure 3: Evidence of the Mitigation Measure Solution for reflections

The Mitigation Measure Solution in relation to this IAA concern has been extracted
from Table 1 of the Mitigation Options Study and is shown below highlighting the Concern
versus Residual Impact condition. Based on the inbuilt two stage reflection processing
capability to eliminate reflections, no residual impact is envisaged.

Description of Concern Mitigation Measure Solution RESI[VEL

Impact

no credible and implementable Thales RSM970 MSSR has inbuilt two stage reflection
mitigations on the Woodcock hill radar processing to eliminate reflections.

itself to eliminate the Radar reflections Reference 3-1.2.2.3

from the proposed turbines
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1.3.1.3 IAA Concern #3:

This concern relates to the volumes of the Woodcock Hill MSSR shadow regions that
may be created by the proposed turbines. The concern relating to shadowing has been
addressed within the Aviation Technical Assessment Report prepared by Cyrrus which
concluded that the effects of shadowing would be minimal and should be operational
tolerable.

As shadowing from the proposed wind farm development at Ballycar will be below
the Air Traffic Control (ATC) surveillance minimum altitudes and should be operationally
tolerable then no Mitigation Measure solutions are required. This is addressed under section
5.9.5 of Reference [1], the CL-5715-RPT-002 V1.0 Ballycar Wind Farm Aviation Technical
Assessment, and is shown in Figure 4 below

5.9.5. The maximum heights of shadow regions from the turbines will be below the published ATC
surveillance minimum altitudes and should therefore be operationally tolerable.

Figure 4: Evidence showing Shadowing is operationally tolerable

Further evidence from Reference [1], sections 5.8.24 — 5.8.28 as shown below in
Figure 5, provides the technical calculation of the shadow regions based on the
EUROCONTROL Guidelines. The volumes of the shadow regions created by each of the
turbines have been calculated and tabulated. In the Aviation Technical Assessment, the
proposed turbines have been overlaid on the Air Traffic Control Surveillance Minimum
Altitude Chart ( ATC SMAC ) with a maximum height of 352m or 1,155 feet AMSL for turbine
T1 which is located within Sector 1 where the minimum altitude is 2,300 feet AMSL . Also,
turbines T11 and T12 are in Sector 2 where the minimum altitude is 3,000 feet AMSL . Any
aircraft flying at these minimum altitudes will not be flying low enough to be impacted by the
shadow regions of the turbines and therefore the shadow regions should be operationally

tolerable

5.8.24. An array of turbines can create a radar shadow in the space beyond it from the radar. The
EUROCONTROL Guidelines provides a means of calculating the dimensions of this shadow
region.

Dtwr 2
Dwr = thg’[i.s—,,[l —PL) -1]

*  Dwr= depth of the shadow region.
¢ Diw = distance of turbines
sk =wavelength (0.29m)
¢ 5= diameter of support structures (&6m)
¢ PL=acceptable power loss (0.5/3dB as per guidelines)

5.8.25. The EUROCONTROL Guidelines also provide equations for calculating the width and height

of the shadow regions.
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5.8.26. The volumes of the Woodcock Hill M35R shadow regions created by each of the Ballycar
turbines are shown in Table 7.

5.8.27. The depth of the shadow regions beyond the Ballycar turbines will vary between 2.3km and
3.6km for Woodcock Hill MSSR, with widths of up to 65m and with a maximum height of
352m or 1,155 feet AMSL.

5.8.28. Figure 26 shows an extract of Shannon Airport’s ATC Surveillance Minimum Altitude Chart,
as published by the Irish Awviation Authority in the current Integrated Aeronautical
Information Publication®. The Ballycar turbine locations are overlaid on the chart, which
shows that turbines T1 to T10 are within Sector 1 where the minimum altitude is 2,300 fest
AMSL. Turbines T11 and T12 are in Sector 2 where the minimum altitude is 3,000 feet AMSL.
Aircraft at these minimum altitudes will not be low enough for the shadow regions to have
any impact, and therefore the shadow regions that may be generated beyond the proposed
turbines should be operationally tolerable.

LE]

/

5000

e ] e N AT

Figure 26: Shannon Airport ATC Surveillance Minimum Altitude Chart

Figure 5: Calculation of the shadow regions

The Concern versus Residual Impact condition has been extracted from Table 1 of the
Mitigation Options Study showing no Mitigation Measure Solution is required as the
shadowing from the proposed Ballycar windfarm will be below the published ATC SMAC
altitudes and should therefore be operationally tolerable. The effect of shadowing will be
minimal and of no consequence to Air Traffic Control, therefore there is no residual impact.

Description of Concern Mitigation Measure Solution Residual

Impact

no credible and implementable Shadowing from Ballycar Windfarm will be below the
mitigations on the Woodcock hill radar published ATC surveillance minimum altitudes and should
itself to eliminate the Radar shadowing therefore be operationally tolerable.

from the proposed turbines Reference 1 —5.9.5
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1.3.1.4 IAA Concern #4 :

This concern relates to the false primary targets or clutter on the Primary Radar
(Thales STAR 2000) at Shannon Airport. To address the concern relating to clutter, the
Mitigation Options Study by Cyrrus concluded that the effects of shadowing would be minimal
and should be operational tolerable. The STAR 2000 radar is quite advanced with a number of
existing in-built capabilities for mitigating the effects of wind turbines. The STAR 2000 is an S-
band solid-state approach radar. The current data sheet, Reference [2] of the Mitigation
Options Study, for the STAR 2000 radar addresses wind farm mitigation:

“Windfarms: dedicated impact studies and implementation of optimal mitigation,
among a large panel of solutions”

Thales, as stated on its website, offers upgrades for its radars including a feature enabling a
proper windfarm mitigation. The Windfarm Filter is a dedicated algorithm that uses a
specific adaptive Constant False Alarm Rate (CFAR) mechanism designed to minimize track
loss and reduce false alarms above and around windfarms. It can be integrated to address
both civil and military needs and, as a software capability, can also be activated into other
Thales ATC radars already in service. Based on the fact that the Thales STAR 2000 uses an
advanced SDP to prevent wind turbines causing clutter to be displayed on the controllers
display and the availability of the Windfarm Filter upgrade , no residual impact is envisaged.

Description of Concern Mitigation Measure Solution Residual

Impact

Ballycar Wind Farm development would Thales STAR 2000 uses an advanced SDP to prevent
introduce false primary targets or clutter | wind turbines causing clutter to be displayed on the
on the Shannon Primary radar controllers display.

Windfarms : dedicated impact studies and implementation
of optimal mitigation, among a large panel of solutions
Reference 2
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1.3.1.5 IAA Concern #5:

This concern relates to the possible performance degradation of the PSR radar at
Shannon Airport that may occur if mitigation measures for the impact of primary radar clutter
were to be implemented.

The Thales STAR 2000 was designed to work in areas of wind farms without
degradation of coverage . The Thales STAR 2000 would be able to process out the clutter by
the processing capability of the Surveillance Data Processor (SDP). In the Mitigation Option
Study prepared by Cyrrus, Reference [6], they highlight that Thales can provide upgrade
options. The STAR 2000 has the processing capabilities to deal with wind turbines to ensure
that the radar system performance is not impacted.

The Mitigation Measure Solution in relation to this IAA concern has been
extracted from Table 1 of the Mitigation Options Study and is shown below highlighting that
the Surveillance Data Processor (SDP) within the existing Shannon Airport Primary radar
together with minimal optimisation will result in minimal impact, and therefore no significant

residual impact is envisaged.

Description of Concern Mitigation Measure Solution Residual

Impact

Mitigation for the primary clutter would Thales STAR 2000 was designed to work in areas with
degrade the performance of the wind turbines without degradation of coverage.
Shannon primary radar If required upgrade options are available from Thales. A
list of upgrade options has been provided.

Reference 6
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1.3.1.6 IAA Concern #6 :

This concern states that a non-mitigation approach relating to clutter would be

operationally un-acceptable for Air Traffic Control.

The STAR 2000 would be able to process out the clutter by the Surveillance Data
Processor. In the Mitigation Option Study prepared by Cyrrus, Reference [6], they highlight
that Thales can provide upgrade options. The STAR 2000 has the processing capabilities to
deal with wind turbines to ensure that the radar system performance is not impacted.

The Mitigation Measure Solution in relation to this IAA concern has been

extracted from Table 1 of the Mitigation Options Study and is shown below highlighting that
the clutter would be processed out by the Surveillance Data Processor (SDP) in the STAR 2000

radar and upgrade options are available if required to mitigate out clutter impacts and

therefore no significant residual impact is envisaged.

Description of Concern Mitigation Measure Solution

Not mitigating for the clutter would be
operationally unacceptable and unsafe SDP.

Clutter would be processed out by the Thales STAR 2000

Residual
Impact

for Air traffic control If required upgrade options are available from Thales. A
list of upgrade options has been provided.

Reference 6
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1.3.1.7 IAA Concern #7 :

This concern relates to a maintenance service outage that may be required to mitigate
reflections. A significant outage period would not be acceptable to the IAA and would
compromise the safety of Air Traffic in Irish airspace.

The Thales RSM970 MMSR radar at Woodcock Hill has inbuilt two-stage processing
to eliminate reflections and the radar would not have to be taken out of service for any
significant period if optimisation was carried out. Only minor optimization would be required
and Thales have completed successful upgrades based on a proven upgrade plan which
would not require any operational downtime of the radar. In the Mitigation Option Study
prepared by Cyrrus they conclude in Figure 6 below that :

The development of the Windfarm at Ballycar would require minimal optimisation of the Woodcock Hill
and Shannon Airport radars. The systems in place have the capacity to provide a service even if a large
number of turbines were developed in the coverage area. Thales can also provide upgrades and
enhancements to both systems should they be required in future.

Figure 6: Minimal Optimization Requirement

The Mitigation Measure Solution in relation to this IAA concern has been
extracted from Table 1 of the Mitigation Options Study and is shown below highlighting that
the existing Woodcock Hill RSM970 MSSR radar will use its inbuilt two stage reflection
processing to eliminate against reflections. Therefore, the radar would not be taken out of
service for a significant period. The radar in question has a modular architecture and in the
event that upgrades are required any downtime would be minimal. As Thales have completed
may prjects involving similar upgrades thay have upgrade implementation plans to allow that
radars to remain operational throughout. Based on the inbuilt capabilities and potentially
minor optimisation, a residual impact is not envisaged.

Description of Concern Mitigation Measure Solution Residual

Impact

Taking the Woodcock Hill radar out of The Woodcock Hill radar would not require to be taken out
service for the many months required to of service for any significant periods. Only minor
mitigate reflections is not acceptable to optimisation should be required.
IAA operations and would compromise Thales RSM970 MSSR has inbuilt two stage reflection
the safety of Air Traffic in Irish airspace. processing to eliminate reflections.
Reference 3-1.2.2.3
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1.3.1.7 IAA Concern #8:

This concern relates to the potential that radar reflection mitigations may be bypassed
when the radar detects aircraft squawking Emergency, Hijack or Comms failure codes.

The Thales RSM970 MMSR radar at Woodcock Hill has inbuilt two-stage processing to
eliminate reflections.

The Mitigation Measure Solution in relation to this IAA concern has been
extracted from Table 1 of the Mitigation Options Study and is shown below highlighting that
the Surveillance Data Processor (SDP) within the existing radars will mitigate against
reflections. Based on the inbuilt capabilities, a residual impact is not envisaged.

Description of Concern Mitigation Measure Solution Residual

Impact

Radar reflection mitigations are This is not correct. The radars SDP will still mitigate
bypassed when the radar detects aircraft | against reflections.

squawking Emergency, Hijack or Thales RSM970 MSSR has inbuilt two stage reflection
Comms failure codes. processing to eliminate reflections.

Reference 3-1.2.2.3
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1.3.1.7 IAA Concern #9 :

This concern relates to the possible reduction of radar coverage and the scale of the
non-initialisation area that would be required to mitigate deflections generated by the
proposed wind turbines, with a reduction in radar performance below mandated
requirements.

In the Mitigation Options Study, Cyrrus investigated the processing used to prevent
deflected targets being displayed. The false returns from deflected targets are known as
False Returns Uncorrelated in Time (FRUIT). The Surveillance Data Processor (SDP) within the
Woodcock Hill MSSR will use a DE-FRUITER to remove these false targets. This technique is
used in most MSSR systems.

Any deflections generated by the proposed wind turbines will be eliminated by the
DE-FRUITER and a non-initialisation area should not be required. The Thales RSM970 MSSR
radar at Woodcock Hill has an inbuilt DE-FRUITER to eliminate deflected targets. The
Mitigation Options Study highlights, in Reference [3], the manufacturer’s description of how
the Woodcock Hill radar surveillance system automatically deals with deflections (FRUIT) as
part of the MSSR/Mode S beam management of the Radar Processing hardware function
(shown below in Figure 7).

31311 MSSR/Mode S beam management

The MRP_SBM function manages all activities that must be performed within the main beam of
the antenna and regulates the use of the RF channel. Its main functions are the followings:

= it prepares all information necessary to process All-Call and Roll-Call pericds,
= it processes all 55R and Mode 5 replies received during All-Call periads,

= it manages the real-time scheduling of Mode S surveillance and data link fransactions within
the Roll-Call pericds.

The MRP_SBM function is composed of the following sub-functions:

= Mode 5 Modulator and eXtractor Contrel (SBM_MMXC), which manages the interface
between MRP CSCIl and MMXC,

= Roll Call Period Processing (SBM_RCPP), which manages activities within the Roll Call
periods,

= Mode 5 All Call Peried Processing (SBM_MACPP), which manages Mode 5 activities within
the All Call periods,

= 55R All Call Period Processing (SBM_SACPP), which manages 55R activities within the All
Call penieds. It includes the defruitor function.

Figure 7: MSSR/Mode S beam management DE-FRUITER function.

The Mitigation Measure Solution in relation to this IAA concern has been
extracted from Table 1 of the Mitigation Options Study and is shown below highlighting that
the Surveillance Data Processor (SDP) within the existing Woodcock Hill MSSR radar will use a
DE-FRUITER to mitigate deflected targets. Based on this inbuilt capability, no residual impact
in envisaged in relation to a reduction in radar coverage and performance below mandated
requirements.
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Description of Concern

Due to the proximity of the proposed
Ballycar wind turbine development to
Woodcock hill, the scale of the non-
initialisation area required to mitigate for
the Ballycar generated deflections would
in effect remove almost 30-degrees of
the radars 360-degree coverage,
reducing its performance below
mandated requirements

Mitigation Measure Solution Residual
Impact

This is not correct, any deflections generated by the
Ballycar wind turbines will be eliminated by the DE-
FRUITER. A non-initialisation area should not be required.
Thales RSM970 MSSR has inbuilt DE-FRUITER to
eliminate deflected targets.

Reference 3 — 3.1.3.1.1, Thales description of how the
system automatically deals with deflections (FRUIT).
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1.3.1.7 IAA Concern #10 :

This concern relates to the volumes of the Woodcock Hill MSSR shadow regions that
may be created by the proposed turbines. The concern relating to shadowing has been
addressed within the Aviation Technical Assessment Report prepared by Cyrrus which
concluded that the effects of shadowing would be minimal and should be operational
tolerable.

As shadowing from the proposed wind farm development at Ballycar will be below
the Air Traffic Control (ATC) surveillance minimum altitudes and should be operationally
tolerable then no Mitigation Measure solutions are required. This is addressed under section
5.9.5 of Reference [1], the CL-5715-RPT-002 V1.0 Ballycar Wind Farm Aviation Technical
Assessment, and is shown in Figure 8 below.

5.9.5. The maximum heights of shadow regions from the turbines will be below the published ATC
surveillance minimum altitudes and should therefore be operationally tolerable.

Figure 8: Evidence showing Shadowing is operationally tolerable

Further evidence from Reference [1], sections 5.8.24 — 5.8.28 as shown below,
provides the technical calculation of the shadow regions based on the EUROCONTROL
Guidelines. The volumes of the shadow regions created by the proposed turbines have been
calculated and tabulated. In the Aviation Technical Assessment, the proposed turbines have
been overlaid on the Air Traffic Control Surveillance Minimum Altitude Chart ( ATC SMAC )
with a maximum height of 352m or 1,155 feet AMSL for turbine T1 which is located within
Sector 1 where the minimum altitude of 2,300 feet. Also, turbines T11 and T12 are in Sector 2
where the minimum altitude is 3,000 feet for this sector . These minimum altitudes for each
of these sectors can be seen below in the ATC Surveillance Minimum Altitude Chart excerpt in
Figure 9 below. Any aircraft flying at these minimum altitudes within these sectors will not be
flying low enough to be impacted by the shadow regions of the turbines and therefore the
shadow regions should be operationally tolerable. The calculation methods are shown below
in Figure 9 below.
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5.8.24. An array of turbines can create a radar shadow in the space beyond it from the radar. The
EUROCONTROL Guidelines provides a means of calculating the dimensions of this shadow
region.

Ditw 2
Dwr = th,.-’[;{.s—z(l —PL) —-1]
¢  Dwr=depth of the shadow region.
¢ [Dhw = distance of turbines
« A =wavelength (0.29m)
¢ 5 =diameter of support structures (&6m)
¢ PL=acceptable power loss (0.5/3dB as per guidelines)

5.8.25. The EUROCOMNTROL Guidelines also provide equations for calculating the width and height
of the shadow regions.

5.8.26. The volumes of the Woodcock Hill MS5R shadow regions created by each of the Ballycar

turbines are shown in Table 7.

5.8.27. The depth of the shadow regions beyond the Ballycar turbines will vary between 2_3km and
3.6km for Woodcock Hill M55SR, with widths of up to 65m and with a maximum height of
352m or 1,155 feet AMSL

5.8.28. Figure 26 shows an extract of Shannon Airport’s ATC Surveillance Minimum Altitude Chart,
as published by the Irish Awviation Authority in the current Integrated Aeronautical
Information Publication®. The Ballycar turbine locations are overlaid on the chart, which
shows that turbines T1 to T10 are within Sector 1 where the minimum altitude is 2,300 fest
AMSL. Turbines T11 and T12 are in Sector 2 where the minimum altitude is 3,000 feet AMSL.
Aircraft at these minimum altitudes will not be low enough for the shadow regions to have
any impact, and therefore the shadow regions that may be generated beyond the proposed
turbines should be operationally tolerable.

/ 3
vn./yv\ ;
@ ff IA Ballycar turbines
| Y
| Loa ™
<
\

Figure 26: Shannon Airport ATC Surveillance Minimum Altitude Chart

Figure 9: Calculation of the Shadow Regions

The Concern versus Residual Impact condition has been extracted from Table 1 of the

Mitigation Options Study showing no Mitigation Measure Solution is required as the

shadowing from the proposed Ballycar windfarm will be below the published ATC SMAC

altitudes and should therefore be operationally tolerable. The effect of shadowing will be
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minimal and of no consequence to Air Traffic Control and therefore, there is no residual
impact.

Description of Concern Mitigation Measure Solution Residual

Impact

Shadowing from the turbines results ina | Shadowing from Ballycar Windfarm will be below the
degradation of the probability of published ATC surveillance minimum altitudes and should
detection of aircraft flying behind the therefore be operationally tolerable.

proposed turbines Reference 1 -5.9.5

© copyright Ai Bridges Ltd. 2023 Page 24



AiBridges

Total Communications Solutions

Procedure: 001 | Rev: 3.0

Ballycar Wind Farm - Aviation Impact Assessment & Mitigation Report

Approved: KH Date: 11/08/23

2. Summary

Table 1 (taken from the Mitigation Options Study) shows the concerns raised by the IAA

and the likely impact on the Woodcock Hill and Shannon Airport systems. Based on the below

it is apparent that the proposed Ballycar wind farm will not result in any residual impact on

the systems due to the inbuilt systems capabilities and minor optimisation opportunities.

Description of Concern

no credible and implementable
mitigations on the Woodcock hill radar
itself to eliminate the Radar beam

deflections from the proposed turbines

Residual
Impact

Mitigation Measure Solution

Thales RSM970 MSSR has inbuilt DE-FRUITER to

eliminate deflected targets.
Reference 3 — 3.1.3.1.1, Thales description of how the
system automatically deals with deflections (FRUIT).

2 no credible and implementable Thales RSM970 MSSR has inbuilt two stage reflection
mitigations on the Woodcock hill radar processing to eliminate reflections.
itself to eliminate the Radar reflections Reference 3-1.2.2.3
from the proposed turbines
3 no credible and implementable Shadowing from Ballycar Windfarm will be below the
mitigations on the Woodcock hill radar published ATC surveillance minimum altitudes and should
itself to eliminate the Radar shadowing therefore be operationally tolerable.
from the proposed turbines Reference 1 -5.9.5
4 Ballycar Wind Farm development would Thales STAR 2000 uses an advanced SDP to prevent
introduce false primary targets or clutter | wind turbines causing clutter to be displayed on the
on the Shannon Primary radar controllers display.
Windfarms: dedicated impact studies and implementation
of optimal mitigation, among a large panel of solutions
Reference 2
5 Mitigation for the primary clutter would Thales STAR 2000 was designed to work in areas with
degrade the performance of the wind turbines without degradation of coverage.
Shannon primary radar If required upgrade options are available from Thales. A
list of upgrade options has been provided.
Reference 6
6 Not mitigating for the clutter would be Clutter would be processed out by the Thales STAR 2000
operationally unacceptable and unsafe SDP.
for Air traffic control If required upgrade options are available from Thales. A
list of upgrade options has been provided.
Reference 6
7 Taking the Woodcock Hill radar out of The Woodcock Hill radar would not require to be taken out
service for the many months required to of service for any significant periods. Only minor
mitigate reflections is not acceptable to optimisation should be required.
IAA operations and would compromise Thales RSM970 MSSR has inbuilt two stage reflection
the safety of Air Traffic in Irish airspace. processing to eliminate reflections.
Reference 3-1.2.2.3
8 Radar reflection mitigations are This is not correct. The radars SDP will still mitigate
bypassed when the radar detects aircraft | against reflections.
squawking Emergency, Hijack or Thales RSM970 MSSR has inbuilt two stage reflection
Comms failure codes. processing to eliminate reflections.
Reference 3-1.2.2.3
9 Due to the proximity of the proposed This is not correct, any deflections generated by the
Ballycar wind turbine development to Ballycar wind turbines will be eliminated by the DE-
Woodcock hill, the scale of the non- FRUITER. A non-initialisation area should not be required.
initialisation area required to mitigate for | Thales RSM970 MSSR has inbuilt DE-FRUITER to
the Ballycar generated deflections would | eliminate deflected targets.
in effect remove almost 30-degrees of Reference 3 — 3.1.3.1.1, Thales description of how the
the radars 360-degree coverage, system automatically deals with deflections (FRUIT).
reducing its performance below
mandated requirements
10 Shadowing from the turbines results in a | Shadowing from Ballycar Windfarm will be below the

degradation of the probability of
detection of aircraft flying behind the
proposed turbines

published ATC surveillance minimum altitudes and should
therefore be operationally tolerable.
Reference 1 -5.9.5

Table 1: IAA Concerns v Residual Impact
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3. Recommendations

From the findings of the Mitigations Options Study Report prepared by Cyrrus the following
recommendations have been made to remediate the concerns raised by the IAA ANSP in
relation to surveillance radar impacts on the Woodcock Hill MSSR and the Shannon Airport

PSR. Below is an extract from this Mitigation Options Study:

i) The technical documentation provided by the manufacturer (Thales) of the two
systems provides assurance that mitigation for the Ballycar Windfarm is possible.
Cyrrus would recommend that an onsite condition survey is carried out by Thales on
both the Shannon Airport and Woodcock Hill systems to confirm their current
operational state and ascertain whether updates or upgrades would be required.

ii) A limited operational flight trial may also be prudent at this stage to provide a
baseline of the current systems coverage over the area of the proposed Windfarm.

iii) Once the windfarm is built, the systems may require minor optimisation by Thales.
Once completed, a further Flight Check would be recommended to confirm the
systems performance was acceptable over the Windfarm area
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APPENDIX A - IAA Consultations

The consultations between Malachy Walsh & Partners (MWP) and the Irish Aviation Authority
(IAA) in relation to Ballycar wind farm are presented below.

IAA Email to MWP - 05 January 2022

From: O'LEARY Geraldine <Geraldine.O'LEARY@IAA.ie>
Sent: Wednesday 5 January 2022 14:04
Subject: Proposed Ballycar Wind Farm [Filed 07 Jan 2022 11:03]

Dear Mr. Barry,

Thank you for your letter and scoping report and request for comments in relation to a proposed wind farm
on lands at and near Ballycar, Co. Clare.

As the blade tip height proposed is not included, nor specific turbine positions and the ground elevation
of each site is not provided, Safety Regulation Division - Aerodromes cannot make any specific comments
at this time.

The development appears to be approximately 16km East of Shannon Airport, as such, the applicant
should engage with Shannon Airport Authority and the IAA's Air Navigation Service Provider (ANSP) as
a matter of urgency to undertake a preliminary screening assessment to confirm that the proposed wind
farm and the associated cranes that would be utilised during its construction would have no impact on
instrument flight procedures, communication and navigation aids or flight checking at Shannon Airport.
Contact details are as below:

Aerodrome OPerator —Shannon IAA-ANSP: Shan.non Tow.er
Airport: Business Unit
Mr. Paul Hennessy Mr. Cathal Mac Criostail Mr. Jonathan Byrne
Safety Compliance and Airspace & Navigation Operations Manager
Environment Manager Manager STBU/CTBU
Shannon Airport Authority DAC Udarés Eitliochta na Air Traffic Control
t: +353-61-712471 hEireann / Irish Aviation Irish Aviation Authority
m: +87-2382453 Authority jonathan.byrne@iaa.ie
e: The Times Building, 11-12 353 61 703704
paul.hennessy@shannonairport.ie | D’Olier Street, Dublin 2, +353 87 9375486
D02 T449, Ireland
cathal.maccriostail@iaa.ie
+353 (0)1 6031173
+353 (0)86 0527130

Subject to any study noting a potential impact on the safety of operations at Shannon Airport, during the
formal planning process, the Safety Regulation Division — Aerodromes would likely make the following
general observation:

In the event of planning consent being granted, the applicant should be conditioned to contact the Irish
Aviation Authority to: (1) agree an aeronautical obstacle warning light scheme for the wind farm
development, (2) provide as-constructed coordinates in WGS84 format together with ground and tip height
elevations at each wind turbine location and (3) notify the Authority of intention to commence crane
operations with at least 30 days prior notification of their erection.

Yours sincerely
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Deirdre Forrest
Corporate Affairs

MWP Email to IAA - 13 January 2022

From: Peter Barry <Peter.Barry@mwp.ie>
Sent: Thursday 13 January 2022 10:35
Subject: RE: Proposed Ballycar Wind Farm

Hi Geraldine,

Please find attached the turbine coordinates, hub height, rotor diameter and ground elevation as

requested (email thread below).

If you need any more information, please let me know.
| would appreciate if you would acknowledge receipt of this email.

Peter Barry

BSc MSc CEnv
Principal Environmental Scientist

IAA Email to MWP - 13 January 2022

From: MACCRIOSTAIL Cathal <Cathal.MacCriostail@IAA.ie>
Sent: Thursday 13 January 2022 13:41

Subject: 220112 Proposed Ballycar Wind Farm

Importance: High

Dear Peter,

Happy New Year and many thanks for the data supplied in the attached file.

There are a number of surfaces that the IAA Air Navigation Service Provider (ANSP) are responsible for
safeguarding around Shannon Airport, including Navigation Aids, Surveillance Radar and Instrument

Flight Procedures (IFPs).

In regard to the IFP surfaces, | am responsible for safeguarding here and we have a safeguarding grid to
guide as to whether there is a potential impact on the IFP surfaces, generated by new obstacles, such as

the proposed (12) wind turbines.

Below is a depiction of this safeguarding grid with a pin at Ballycar:
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The values each grid cell represent an Above Mean Sea Level (AMSL: Site elevation + Height of obstacle)
elevation value, above which, an IFP impact assessment will be required. In the case of the Ballycar area
and taking the highest turbine height supplied, 254m added to an approximate site elevation of 240m,
gives an AMSL elevation of in excess of 400m, which is above the safeguarding values in this area.

Separately, the heights proposed will likely impact the Surveillance Radar at Woodcock Hill and navigation
aids for approaches to Shannon Airport. I've copied colleagues from the ANSP in these areas, for
information.

This is not the only wind turbine proposal for this area and to be completely upfront, nearly all are creating
issues for the surfaces referenced.

If you could supply confirmation of the AMSL elevations of the turbines and give co-ordinates in WGS 84
format (Latitude and Longitude), this would be appreciated and will allow me to give greater clarity on
requirements for the ANSP and indeed SAA. If | have picked up on information incorrectly, please do
correct me.

Kind regards,
Cathal

Cathal Mac Criostail
Udaras Eitliochta na hEireann / Irish Aviation Authority

MWP Email to IAA - 13 January 2022

From: Peter Barry <Peter.Barry@mwp.ie>
Sent: Thursday 13 January 2022 15:16
Subject: RE: 220112 Proposed Ballycar Wind Farm

Hi Cathal,

Attached table with Lat/ Long coordinates included. Also, to clarify the column rotor diameter was labelled
wrong in the earlier table | emailed, it should have been labelled blade length, rotor diameter is then
double. Corrected table attached with AMSL as requested.

We are happy to discuss findings once you have had a chance to carry out your internal studies. We are
still in the design and assessment stage. Let me know if | can do anything else.

Peter
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IAA Email to MWP - 14 January 2022

From: MACCRIOSTAIL Cathal <Cathal.MacCriostail@IAA.ie>
Sent: Monday 14 February 2022 17:44

Subject: 220214 Proposed Ballycar Wind Farm ANSP Update
Importance: High

Dear Peter,

Many thanks for the email and the attached detailed outline of the proposed Turbine co-ordinates and
AMSL elevations. Thanks also for the phone-call by way of reminder on this.

As | outlined there are three areas of concern for us the IAA Air Navigation Service Provider:

1. Instrument Flight Procedures (IFPs) surfaces: Below is a Google Earth outline of the turbines
with our IFP safeguarding girds overlayed:
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As you can see the guide (IFP) elevation which does not affect the IFPs, is exceeded for many of the
proposed turbines. This does not mean that this is not acceptable. It does however require an IF
assessment to be carried out by a certified IFP designer to assess possible impacts. When you’re ready
to engage on this | can advise on which companies are certified for this work. The result should confirm
no impact, or recommend mitigations, e.g. lowering of some turbines elevations possibly

2. Navigation Aids: The nearest turbine proposed is c. 16.5 km from Shannon Airport and as
such should be outside area of concern for our ground-based navigation aids. This may need
to be confirmed by the company who carry out flight checking if these systems. Fergal Arthurs
and Fergal Doyle, Could you review and provide an opinion please?

3. Surveillance: The turbines as proposed are close to our surveillance systems at Woodcock Hill
and will need to be considered for an effect on these systems. Attached is some guidance
material and I'll refer this element to my colleague Charlie O’Loughlin for a view on this.

If you are proceeding to planning application, could you advise all copied please and we can
assess where we are at that point?

I hope this all makes sense.

Kind regards,
Cathal

Cathal Mac Criostail
Udaras Eitliochta na hEireann / Irish Aviation Authority

© copyright Ai Bridges Ltd. 2023


mailto:Cathal.MacCriostail@IAA.ie

AiBridges

Total Communications Solutions

Procedure: 001

Rev: 3.0

Ballycar Wind Farm - Aviation Impact Assessment & Mitigation Report

Approved: KH

Date: 11/08/23

MWP Email to IAA — 25 February 2022

From: Peter Barry <Peter.Barry@mwp.ie>
Sent: Friday 25 February 2022 14:47
Subject: RE: 220214 Proposed Ballycar Wind Farm ANSP Update

Hi Cathal,

Thank you for below. We are proceeding with the application.

| attached a couple of reports which we commissioned by Cyrrus. You might review and we could discuss
the findings and recommended mitigation. There have been a couple of iterations of the layout since, but

the mitigation measures should be the same.

Do we need to have a meeting to discuss the attached?

IAA Email to MWP - 28 February 2022

From: MACCRIOSTAIL Cathal <Cathal.MacCriostail@IAA.ie>
Sent: Monday 28 February 2022 12:50

Subject: 220228 Proposed Ballycar Wind Farm ANSP Update (2)
Importance: High

Dear Peter,

Many thanks for the attached reports.

1. In relation to the IFP Opinion (Attachment 1) I'm happy to accept that the proposed turbines will
not affect the Shannon Airport Instrument Flight Procedures and nothing further is required from

this perspective.

Note: If planning is granted and the construction goes ahead, these turbines will need to be

notified to the IAA Aviation Safety Regulator, each being higher than 100m elevation

2. Technical Assessment Report:

e  Building Restricted Areas: SAA’s Paul Hennessy copied for information
¢ NAVAIDs: The report conforms no issues for Airport NAVAIDs: Fergal Doyle copied to

confirm this

e Surveillance: The report notes that mitigations are required for the Shannon PSR and
the Woodcock Hill MSSR most particularly not prevent false targets and ghost signals
respectively. While the report outlines how these mitigations could be applied, this must
be assessed by our surveillance team (Charlie O’Loughlin and his team copied).

This last item will be the main issue for then IAA ANSP in my experience. This proposed development is
one of multiple application in the same general area which is all cases is leading to an assessment of
Surveillance impacts. While in isolation “filtering” of PSR and /or updates to the reflector file for Woodcock
Hill MSSR may seem straightforward, it may be of significant cost to the ANSP and if required for multiple
developments, lead to a realistically unusable radar system for aircraft targets between 3500 and 10000
feet, which would be the altitude band serving Shannon Airport. Added to this, such system upgrades

have not been planned for in the Surveillance work programme.

| suggest that Charlie and his team will need to assess and revert with their position. Please follow up with

me in a week’s time and I'll in turn check with Surveillance.

Best regards,
Cathal
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Cathal Mac Criostail
Udaras Eitliochta na hEireann / Irish Aviation Authority

MWP Email to IAA — 09 March 2022

From: Peter Barry <Peter.Barry@mwp.ie>
Sent: Wednesday 9 March 2022 09:46
Subject: RE: 220228 Proposed Ballycar Wind Farm ANSP Update (2)

Hi Cathal,
Just following up on below, as you advised.

FYI, | have emailed FCSL and am waiting to hear back.

IAA Email to MWP - 09 March 2022

From: MACCRIOSTAIL Cathal <Cathal.MacCriostail@IAA.ie>
Sent: 09 March 2022 10:28
Subject: RE: 220228 Proposed Ballycar Wind Farm ANSP Update (2)

Many thanks for all this Peter.

| appreciate your proactive engagement on this.
Kind regards,

Cathal

Cathal Mac Criostail
Udaras Eitliochta na hEireann / Irish Aviation Authority

IAA Email to MWP - 29 November 2022

From: OLOUGHLIN Charlie <Charlie. OLOUGHLIN@IAA.ie>
Sent: Tuesday 29 November 2022 13:47
Subject: [Pending]RE: 220516 Proposed Ballycar Wind Farm ANSP Update-Surveillance Request

Hi Peter,

My apologies for not replying to you sooner with a response from the IAA’s Surveillance Domain in relation
to the proposed Ballycar Wind Farm and our review of the Cyrrus Technical Assessment Report.

We assessed the Cyrrus report back in the summer but neglected to close the circle by replying with our
comments and conclusions.

Our assessment is that the proposed Ballycar Wind Farm development would introduce Woodcock hill
radar reflections, deflections and shadowing.

The IAA Surveillance Domain conclusion is that this proposed Ballycar Wind Farm development,
would degrade the performance of the Woodcock Hill Radar.

© copyright Ai Bridges Ltd. 2023
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As a consequence the IAA would object to a Ballycar Wind Farm development planning
application.

I have outlined below a brief summary of Woodcock Hill radar impact concern. Reflections and shadowing
are also identified in the CYRRUS report but the deflection issue is not.

IAA Radars must now meet EU mandated (EU 1207/2011) performance criteria in order to support 5
nautical Mile separation of aircraft in IAA airspace. Radar performance is assessed on an ongoing periodic
basis as well as prior to implementation of any Radar configuration change. From our assessment
Woodcock hill radar, without mitigation would not meet the mandated surveillance performance required
relating to False Target reports and positional accuracy. The implementation of mitigations for the false
target reports will compromise the radars probability of detection requirements and the testing of the
mitigations will compromise our availability requirements. We believe there are no credible and
implementable mitigations on the Woodcock hill radar itself to eliminate the Radar beam deflections,
reflections and shadowing from the proposed turbines.

We also note the proposed Ballycar Wind Farm development would introduce false primary targets or
clutter on the Shannon Primary radar. Mitigation for the primary clutter would degrade the performance of
the Shannon primary radar. Not mitigating for the clutter would be operationally unacceptable and unsafe
for Air traffic control.

Reflections generate dual aircraft tracks which set off IAA automation system (COOPANS) safety-
net alarms such as Short-Term Conflict Alert (STCA) and Duplicate (DUPE) alerts. These alerts
distract Air Traffic controllers who may attempt to deconflicting real Air traffic tracks from tracks that
do not physically exist.

Each Safety Net Alarm initiates a safety occurrence report.

Reflections occur when an aircraft replies to both a radar interrogation directly and to an interrogation
reflected by the Turbine tower or rotor blade; the radar generates both a real aircraft track and a
false reflected track in the direction of the turbine.

It is possible to reduce the probability of reflections through mitigation. This is normally done at the
commissioning phase, where reflection mitigations for existing structures are implemented and
tested prior to the operational use of the radar. Mitigating for multiple changing reflections during the
construction and operation of wind Turbines within 4km of the woodcock radar, may require the radar
to be taken out of service for the duration of the construction phase to implement and test the
reflection mitigations. Taking the Woodcock Hill radar out of service for the many months required
to mitigate reflections is not acceptable to IAA operations and would compromise the safety of Air
Traffic in Irish airspace.

Radar reflection mitigations are bypassed when the radar detects aircraft squawking Emergency,
Hijack or Comms failure codes.

Deflections also generate dual aircraft tracks which set off COOPANS safety-net alarms such as
Short-Term Conflict Alert (STCA) and Duplicate (DUPE) alerts. These alerts distract Air Traffic
controllers who may attempt to deconflicting real Air traffic tracks from tracks that do not physically
exist.

Each Safety Net Alarm initiates a safety occurrence report.

Deflections occur when a Radar interrogation signal is deflected by the Wind Turbine introducing an
error in the measured bearing of the Aircraft. This bearing error increases with range of the aircraft
from the radar, becoming significant at ranges beyond 100Nautical miles. The radar bearing errors
become an issue when the deflected Radar tracks are fused with the track data from other radars
which calculate a different position for the aircraft track, and the deflected track is not associated
with the true track position and a new Duplicate track is generated.

We have mitigated for deflections from individual masts by implementing non-initialisation-areas in
our Tracking systems (ARTAS). However, this non-initialisation-area mitigation must be kept to a
minimum to avoid introducing holes in radar coverage. Due to the proximity of the proposed Ballycar
wind turbine development to Woodcock hill, the scale of the non-initialisation area required to
mitigate for the Ballycar generated deflections would in effect remove almost 30-degrees of the
radars 360-degree coverage, reducing its performance below mandated requirements.
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Shadowing from the turbines results in a degradation of the probability of detection of aircraft flying
behind the proposed turbines. This may result in the Woodcock hill radar not meeting its mandated

Surveillance performance requirements.

Regards,

Charlie O’Loughlin.

Manager Surveillance M&E Systems,

Irish Aviation Authority,

Shannon Area Control Centre,

Ballycasey Cross, Shannon, Co. Clare, Ireland.
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Executive Summary

Cyrrus have been requested by Al Bridges to provide a response to the Irish Aviation Authority email [©!
which states “We believe there are no credible and implementable mitigations on the Woodcock hill
radar itself to eliminate the Radar beam deflections, reflections and shadowing from the proposed
turbines.”

This report provides a constructive technical view on how both the Woodcock Hill Thales RSM970
Monopulse Secondary Surveillance Radar (MSSR), and the Shannon Airport Thales STAR 2000 Primary
Surveillance Radar (PSR) with co-mounted MSSR can operate without disruption to the controlled
airspace and allow the development of Ballycar Windfarm.

Cyrrus have engaged with the manufacturer of both radar systems to confirm their capability to
operate in the presence of Wind Turbines with minimal intervention. The RSM970 MSSR at Woodcock
Hill and STAR 2000 PSR with co-mounted MSSR at Shannon Airport have been developed to allow this
capability. The STAR 2000 PSR was designed to work in areas with wind turbines, a continual
development cycle has been carried out by Thales to ensure the systems performance is not impacted
by Wind Turbines. If required upgrades and enhancements for the STAR 2000 are available. Thales have
provided evidence that they are confident that with minor optimisation the proposed wind turbines at
Ballycar should have minimal effect on the coverage provided by the radars. This evidence is provided
as commercial in confidence. Cyrrus have permission from Thales to reference relevant parts but not
provide the Thales documents in full.

Table 1 below highlights the IAAs concerns, and the expected impacts should the windfarm be
permitted to be developed. Thales have provided evidence that each of their systems has the capability
of handling multiple windfarms within the coverage area. Examples include the Star 2000 sited at
Schiphol Airport and the STAR 2000 based at Newcastle. The Aeronautical Information Service (AlS) for
Newcastle Airport!®! has been provided for reference. The UK MoD has contracted NATS / AQUILA under
project Marshall to provide a large number of these systems due to their inbuilt capability. Reference
(19 gives some detail of project Marshall. Thales have also provided a structured list of upgrades ©
available to ensure the systems can continue to provide this service into the future.

Table 1 shows the concerns raised by the IAA and the likely impact on the Woodcock Hill and Shannon
Airport systems.

Description of Concern Mitigation Measure Solution ENIVE]

Impact

1 | nocredible and implementable | g1 RsM970 MSSR has inbuilt DE-

mitigations on the Woodcock FRUITER to eliminate deflected targets.
hill radar itself to eliminate the

Radar beam deflections from
the proposed turbines

Reference 3-3.1.3.1.1, Thales
description of how the system
automatically deals with deflections
(FRUIT).

CL-5912-RPT-002 v1.0 Cyrrus Limited 2 0f 12
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2 no credible and implementable
mitigations on the Woodcock
hill radar itself to eliminate the
Radar reflections from the
proposed turbines

Thales RSM970 MSSR has inbuilt two
stage reflection processing to eliminate

reflections.

Reference 3-1.2.2.3

3 no credible and implementable
mitigations on the Woodcock
hill radar itself to eliminate the
Radar shadowing from the
proposed turbines

Shadowing from Ballycar Windfarm will
be below the published ATC surveillance

minimum altitudes and should

therefore be operationally tolerable.

Reference 1-5.9.5

4 Ballycar Wind Farm
development would introduce
false primary targets or clutter
on the Shannon Primary radar

Thales STAR 2000 uses an advanced SDP
to prevent wind turbines causing clutter

to be displayed on the controllers
display.

Windfarms: dedicated impact studies

and implementation of optimal
mitigation, among a large panel of
solutions

Reference 2

5 Mitigation for the primary
clutter would degrade the
performance of the Shannon
primary radar

Thales STAR 2000 was designed to work
in areas with wind turbines without

degradation of coverage.

If required upgrade options are

available from Thales. A list of upgrade

options has been provided.

Reference 6

6 Not mitigating for the clutter
would be operationally
unacceptable and unsafe for
Air traffic control

Clutter would be processed out by the

Thales STAR 2000 SDP.

If required upgrade options are

available from Thales. A list of upgrade

options has been provided.

Reference 6

7 Taking the Woodcock Hill
radar out of service for the
many months required to
mitigate reflections is not
acceptable to IAA operations
and would compromise the
safety of Air Traffic in Irish
airspace.

The Woodcock Hill radar would not

require to be taken out of service for

any significant periods. Only minor
optimisation should be required.

Thales RSM970 MSSR has inbuilt two
stage reflection processing to eliminate

reflections.

Reference 3-1.2.2.3

CL-5912-RPT-002 v1.0
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8 Radar reflection mitigations This is not correct. The radars SDP will
are bypassed when the radar still mitigate against reflections.
detects aircraft squawking Thales RSM970 MSSR has inbuilt two
Emergency, Hijack or Comms stage reflection processing to eliminate
failure codes. reflections.

Reference 3-1.2.2.3

9 Due to the proximity of the This is not correct, any deflections
proposed Ballycar wind turbine | generated by the Ballycar wind turbines

the scale of the non- non-initialisation area should not be

initialisation area required to | reavired.

mitigate for the Ballycar Thales RSM970 MSSR has inbuilt DE-
generated deflections would in FRUITER to eliminate deflected targets.
effect remove almost 30- Reference 3 —3.1.3.1.1, Thales
degrees of the radars 360- description of how the system

degree coverage, reducing its automatically deals with deflections
performance below mandated | (FRUIT).
requirements

10 | Shadowing from the turbines Shadowing from Ballycar Windfarm will
results in a degradation of the be below the published ATC surveillance

probability of detection of minimum altitudes and should
aircraft flying behind the therefore be operationally tolerable.
proposed turbines Reference 1 -5.9.5

Table 1: IAA Concerns v Impact

Conclusion

The development of the Windfarm at Ballycar would require minimal optimisation of the Woodcock Hill
and Shannon Airport radars. The systems in place have the capacity to provide a service even if a large
number of turbines were developed in the coverage area. Thales can also provide upgrades and
enhancements to both systems should they be required in future.
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Abbreviations

AlS Aeronautical Information Service

AIP Aeronautical Information Publication

IAA Irish Aviation Authority

MSSR Monopulse Secondary Surveillance Radar
PSR Primary Surveillance Radar

SDP Surveillance Data Processor

CL-5912-RPT-002 v1.0 Cyrrus Limited 50f12



Commercial in Confidence
C CY R R U S Mitigation Options Study

References

[1] CL-5715-RPT-002 V1.0 Ballycar Wind Farm Aviation Technical Assessment
[2] Thales Star 2000 Datasheet

[3] Thales RSM970 Technical Description

[4] Thales Windfarm Mitigation Presentation

[5] IAA email detailing their concerns

[6] Thales structured list of upgrades

[7] Eurocontrol Mode S station Functional Specification (EMS 3.1.1)
[8] ICAO annex 10 vol IV

[9] AIS AIP Newcastle Airport

[10] An in-depth look at Project Marshall | Thales Group

CL-5912-RPT-002 v1.0 Cyrrus Limited 6 of 12


https://www.thalesgroup.com/en/united-kingdom/news/depth-look-project-marshall

Commercial in Confidence
( CY R R U S Mitigation Options Study

Contents

EXECUTIVE SUMIMARY ...cueieietterererereeseseseseseseseresessssssssssssssesesesessssssssssssssssssasesessssssssssssnsnsasens 2
[00eY 1 Lol [V 1 1o IS TR 4
ABBREVIATIONS ..utuiitteitiiereeeteerereresesreressesssererssssessessssssssersssssssssessssssssessssssssssassonssssesassssssasas 5
REFERENCES ....cutuititiiererereiierereretrerereseressesssssssrersssssssessssssssersssssssssessssssssossenssssesssnsassesasnsassanes 6
CON T EN T S . iiiiiteriririeietetetetetererererseresesaseseseseresessssssssssssssasesessssssssssssssssssesessssssasssnsasnsasasasasases 7
1. INTRODUCGCTION ..cucitieieiietetererereeeeeetecesesesesessssssesasasssssssesesessssssasssssssesessssssssssasssnsnsane 8
1.1. (O V2] Y/ <12 8
1.2. Y o 1 8
1.3. VAT Lo Yo Yo [ole Yol [l 5 111 2= Lo =Y ol PP 8
1.4. Shannon Airport STAR 2000 RAGAN .....cceiciiieeeeiiie e cciiee e eettee et e e e ete e e e eetae e e e ebaeeeeebaeeeseaneeeeennees 9
2. IAA ISSUE SUMIMARY ...ciuieieiirecnceierereceseeresscasesserssassssssesssssssrsssssssssesssasssssscassssases 10
2.1. TADIE OF ROSUITS ..uvvvueiiiiiiiiitiit bt saas s as s s s sssssssasssssssssssnnsnnssnnsssnnsnnnnnnnnnnnn 10
2.2. RO COMIMENTATIONS ..vvvvvvveitieeiveretreesibeeeeeseeeaeeeeeeeseeesseesesssssesssesesssssssssssessssssssssssssssesssssssssssssnsssrsnnns 12

List of figures
No table of figures entries found.

List of tables

Table 1: IAA CONCEINS V IMPACT........iiiiiiiee ittt et e et e e e et e e e e be e e e e tb e e e e eabeeeeesabeeeeensbaeeeensseseeensseneeennsens 2

CL-5912-RPT-002 v1.0 Cyrrus Limited 7 of 12



Commercial in Confidence
( CY R R U S Mitigation Options Study

1.2.1.

1.2.2.

1.3.1.

1.3.2.

1.3.3.

1.3.4.

1.3.5.

Infroduction

Overview

Cyrrus have been requested by Al Bridges to provide Aviation support for the Ballycar
Windfarm proposal. Previously Cyrrus issued a report ™ which provided the technical
evidence demonstrating that both the Shannon Airport and Woodcock Hill radars would
have Radar Line of Sight with the Windfarm.

Aim

This report provides evidence that current systems at Woodcock Hill and Shannon Airport
can mitigate the proposed Ballycar Windfarm with minimal intervention.

The following sections address the concerns raised by the IAA in email .

Woodcock Hill Radar

The Woodcock Hill RSM 970 Radar is a tried and tested system used throughout the UK
and Europe. The Thales datasheet detailing the systems technical characteristics and ability
to meet the Eurocontrol Mode S station Functional Specification (EMS 3.11)"! and ICAO
annex 10 vol IV latest edition standards!® which have been included for reference.

The IAA have raised concerns that reflections, deflections, and shadowing will cause
unacceptable issues. Evidence is provided to constructively address each of these
concerns, including confirmation from Thales of the System’s ability to address these issues
with minimal intervention.

To address the issue of reflections, the Thales RSM970 technical submission details how
the system can automatically process sporadic reflections, also known as dynamic
reflections, to prevent degradation of the radar picture. The system utilises a second stage
of reflection processing which is used to address repeated reflections from one area, these
are placed in the static reflector file and automatically processed out by the system. A full
explanation of how the radar does this is provided in the Thales RSM970 technical
description B,

The IAA’s 2nd concern was that Beam deflection can take place on the Woodcock Hill
MSSR. Cyrrus investigated the processing used to prevent deflected targets being
displayed. The false returns from deflected targets are known as False Returns
Uncorrelated in Time (FRUIT). The Surveillance Data Processor (SDP) within the Woodcock
Hill MSSR will use a De-FRUITER to remove these false targets. This technique is used in
most MSSR systems. A detailed explanation of how this is done is provided in reference B,

The IAA’s 3rd concern, that shadowing would degrade the area behind the windfarm.
Cyrrus and Thales are confident that any effect would be minimal and have no impact on
aeronautical operations.

CL-5912-RPT-002 v1.0 Cyrrus Limited 8 of 12



Commercial in Confidence
( CY R R U S Mitigation Options Study

1.4.

1.4.1.

1.4.2.

1.4.3.

1.4.4.

1.4.5.

Shannon Airport STAR 2000 Radar
The Shannon Airport radar is a Thales Star 2000 PSR with co-mounted MSSR.

Rotating wind turbine blades will be processed as moving targets by the PSR and will be
displayed as clutter. Modern SDP systems can use advanced techniques prevent this clutter
from the Wind turbines from being displayed.

The Thales datasheet 1, confirms the STAR 2000 was designed to operate in areas with
wind turbines. Thales have confirmed that the STAR 2000 systems at both Schiphol Airport
in the Netherlands and Newcastle Airport in the UK, both operate successfully with
multiple windfarms within close proximity of the radars. The Aeronautical Information
Service (AIS) for Newcastle Airport ! has been provided for reference.

The UK MoD have under project Marshall contracted for the supply of a large number of
these systems due to their inbuilt capability to operate alongside windfarms.

Thales have undertaken extensive trials documented in their Windfarm Mitigation
presentation ™ which concludes the issue of false plots and desensitisation from wind
turbines has been solved.

CL-5912-RPT-002 v1.0 Cyrrus Limited 9of 12
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2. IAA Issue Summary
2.1. Table of Results
2.1.1. Table 2 contains a summary of the IAA concerns and if they can be addressed. A traffic

Light system has been used to highlight the fact that currently there are no impacts with
either the Woodcock Hill or Shannon Airport Radars which cannot be addressed.

Description of Concern Mitigation Measure Solution Residual
Impact

1 | nocredible and implementable | 1y .0c RsM970 MSSR has inbuilt DE-

mitigations on the Woodcock FRUITER to eliminate deflected targets.
hill radar itself to eliminate the

Radar beam deflections from
the proposed turbines

Reference 3 -3.1.3.1.1, Thales
description of how the system
automatically deals with deflections
(FRUIT).

2 | no credible and implementable | Thales RSM970 MSSR has inbuilt two
mitigations on the Woodcock stage reflection processing to eliminate
hill radar itself to eliminate the | reflections.

Radar reflections from the Reference3—-1.2.2.3

proposed turbines

3 no credible and implementable | Shadowing from Ballycar Windfarm will
mitigations on the Woodcock be below the published ATC surveillance
hill radar itself to eliminate the | Minimum altitudes and should

Radar shadowing from the therefore be operationally tolerable.

proposed turbines Reference 1 -5.9.5

4 Ballycar Wingdarm ) Thales STAR 2000 uses an advanced SDP
development would introduce | 1 prevent wind turbines causing clutter

false primary targets or clutter | to pe displayed on the controllers
on the Shannon Primary radar | display.

Windfarms: dedicated impact studies
and implementation of optimal
mitigation, among a large panel of
solutions.

Reference 2

5 Mitigation for the primary Thales STAR 2000 was designed to work
clutter would degrade the in areas with wind turbines without
performance of the Shannon degradation of coverage.
primary radar If required upgrade options are

available from Thales. A list of upgrade

CL-5912-RPT-002 v1.0 Cyrrus Limited 10 of 12
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options has been provided.

Reference 6

6 Not mitigating for the clutter Clutter would be processed out by the

would be operationally Thales STAR 2000 SDP.
unacceptable and unsafe for If required upgrade options are
Air traffic control available from Thales. A list of upgrade

options has been provided.

Reference 6

7 Taking the Woodcock Hill The Woodcock Hill radar would not
radar out of service for the require to be taken out of service for
many months required to any significant periods. Only minor

mitigate reflections is not optimisation should be required.

acceptable to IAA operations Thales RSM970 MSSR has inbuilt two

and would compromise the stage reflection processing to eliminate
safety of Air Traffic in Irish reflections.
airspace. Reference 3-1.2.2.3

8 Radar reflection mitigations This is not correct. The radars SDP will
are bypassed when the radar still mitigate against reflections.
detects aircraft squawking Thales RSM970 MSSR has inbuilt two
Emergency, Hijack or Comms | stage reflection processing to eliminate
failure codes. reflections.

Reference 3-1.2.2.3

9 Due to the proximity of the This is not correct, any deflections
proposed Ballycar wind turbine | generated by the Ballycar wind turbines

the scale of the non- non-initialisation area should not be

initialisation area required to required.

mitigate for the Ballycar Thales RSM970 MSSR has inbuilt DE-
generated deflections would in | FRUITER to eliminate deflected targets.
effect remove almost 30- Reference 3 -3.1.3.1.1, Thales
degrees of the radars 360- description of how the system

degree coverage, reducing its automatically deals with deflections
performance below mandated | (FRUIT).
requirements

10 | Shadowing from the turbines Shadowing from Ballycar Windfarm will
results in a degradation of the be below the published ATC surveillance

aircraft flying behind the therefore be operationally tolerable.
proposed turbines Reference 1-5.9.5

Table 2: IAA Concerns v Impact
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2.2. Recommendations

2.2.1. The technical documentation provided by the manufacturer (Thales) of the two systems
provides assurance that mitigation for the Ballycar Windfarm is possible. Cyrrus would
recommend that an onsite condition survey is carried out by Thales on both the Shannon
Airport and Woodcock Hill systems to confirm their current operational state and ascertain
whether updates or upgrades would be required. A limited operational flight trial may also
be prudent at this stage to provide a baseline of the current systems coverage over the
area of the proposed Windfarm.

2.2.2. Once the windfarm is built, the systems may require minor optimisation by Thales. Once

completed, a further Flight Check would be recommended to confirm the systems
performance was acceptable over the Windfarm area.

CL-5912-RPT-002 v1.0 Cyrrus Limited 12 of 12
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Response Statement

This statement has been prepared in response to the concerns raised by AIRNAV Ireland in the letter
received Friday 8™ March 2024.

The main concerns raised are that the Windfarm could introduce Reflections, Deflections and
Shadowing which would compromise the Woodcock Hill radars ability to support 5NM Separation in
Enroute Airspace and 3NM Separation in Dublin Airspace.

Previously evidence has been provided that the Thales Monopulse Secondary Surveillance Radar sited
at Woodcock Hill can operate safely in area’s with high numbers of reflections and deflections as these
common issues will be processed out.

Some minor shadowing in the area directly behind the windfarm may occur. Previous secondary radar
studies have found the affected area is usually only a few hundred metres and of minimal operational
consequence.

A further concern was also raised that a 30-degree sector extending over the Irish sea in which AIRNAV
Ireland have responsibilities for Enroute traffic would suffer from degraded performance.

This concern was demonstrated by drawing two straight lines from the radar over the most northern
and southern turbines as seen in Figure 1.

Figure 1: AIRNAV Ireland Affected Area

Extensive trials have been done with radars operating in area’s with windfarms which show Figure 1 is
not indicative of how the radar will perform. The CAA state the following:



“Shadowing behind the Turbines caused by Physical Obstruction SUR13A.68 Trials have indicated that
wind turbines also create a shadow beyond the wind farm so that low flying aircraft flying within this
shadow go undetected. The magnified shadows of the turbine blades and the moving rotors are visible
on the radar screens of weather and ATC radars [Reference 3]. However recent trial measurements have
indicated that the shadow region behind the wind turbines would last only a few hundred meters and
would hide only very small objects.”

“Low Level Coverage

SUR13A.85 Existence of a shadow region means the radar’s ability to detect targets directly behind the
wind turbines can be affected. Since a shadow region is thought to exist only a few kilometres behind a
wind farm and the size is believed to be defined by a straightforward geometric relationship between
the radar and the wind turbine farm, only the low level coverage is affected.”
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Figure 2: Woodcock Hill - Ballycar Affected Area

Figure 2 shows an indication of the area around the proposed Ballycar windfarm which may be
affected.

Enroute traffic is generally expected to be between FL100 and FL400, as only the low-level coverage is
likely to be affected there will be no degradation in the radar performance for enroute traffic.
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Figure 3: Dublin Terminal Area 3NM Coverage

To further address the concern that the 3NM Separation in Dublin Airspace may be degraded, The
coverage from the Airport and Enroute Sensors are shown in Figure 3. As can be seen, the Airspace has
overlapping radar coverage from at least 3 Systems closer to the Airport than Woodcock Hill. The
AIRNAV Ireland website states: “The ARTAS systems merge the radar data and distribute the
appropriate air situation picture to our controllers in Shannon, Dublin and Cork.”.

It is unlikely that the Woodcock Hill radar which is > 9ONM from the Dublin Airport wood be used for
maintaining the 3NM Separation when A minimum of four other systems provide closer cover in this
area.
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7.0 Aviation Assessment Methodology

There are four stages in preparing and compiling an aviation review of the study area which are
shown below:

- Consultation with relevant aviation authorities and aviation stakeholders.

- Undertaking field survey and desktop screening of the receiving aviation & aeronautical
environment.

- Undertake desktop network modelling and software screening analysis of all aviation &
aeronautical surfaces with reference to all legislation and ICAO and EASA EUROCONTROL
Guidelines.

- Aviation Impact Assessment Report.

7.1Aviation Consultations

Consultations are commenced with relevant statutory consultees, aviation and aerodrome
operators, Air Navigation Service Providers (ANSP), Aviation Authority Safety Regulation Divisions as
well as Air Corp and Emergency Service Response Units who are requested to raise any concerns they
have regarding the impact of the proposed wind farm development on critical surfaces (Aeronautical
Surfaces, Instrument Flight Procedures, Navigational Aids, Communications and Radar Surveillance
networks).

7.2Aviation Surveys

Desktop surveys of the critical aeronautical infrastructure and aerodromes sites are undertaken to
assess aviation communications, navigation and surveillance infrastructure. This is to ensure that all
aeronautical activities in the controlled Class C and uncontrolled Class G (including private air strips)
airspace have been identified for review at the desktop network analysis and modelling stage. The
survey process is used to assist in identifying aeronautical infrastructure that could be impacted by
the proposed wind farm development to ensure aviation safeguarding (e.g. identification of Primary
and Secondary radar surveillance for low coverage and en-route navigation, Navigational &
Communication Aids including ILS landing system).

7.3Aviation Desktop Network Analysis & Modelling

Desktop network analysis & modelling are carried out against relevant aviation and aeronautical
infrastructure identified during the desktop survey process. Software based communications and
radio planning tools are used to construct a 3D model of the wind farm morphology that can be
layered on a topography layer and shown relative to the proposed development layout. The radio
planning tool uses GIS and terrain mapping databases to enable accurate 3D modelling, and the
aviation and aeronautical surfaces can then be layered on the proposed wind farm topology. An
assessment is carried out to determine if there will be any impacts on aviation and aeronautical
safeguarding surfaces including Navigational Aids, Instrument Flight Procedures communication of
critical networks due to the proposed development. The impacts are screened as per the matrix
shown in Table 1. This matrix is completed in the Aviation Review Statement



All assessment work at this stage would assist in establishing a baseline environment. Any cumulative
effects of the proposed wind farm development is then considered and included for analysis at this
stage.

Annex 14 - Obstacle Limitation Surfaces Take-off :

(OLS)

Approach

Annex 15 - Aerodrome Surfaces

IMinimum Sector Altitudes (MSA)

Instrument Flight Procedures: Departures,
Approaches and ATCSMAC charts

Communication and Navigation Systems

Radar Surveillance Systems Safeguarding

Enroute Radar Surveillance

Flight Inspection and Calibration

Aeronautical Obstacle Warning Light Scheme

Irish Air Corps Policy on Wind Farms

Garda Air Support Unit

Table 1: Screening Matrix

7.4Aviation Impact Assessment Report

Following the network analysis & modelling screening assessment the findings and outcomes are
documented in a screening matrix showing all aeronautical surfaces and aids \ infrastructure with
reference to residual impacts with high level Mitigation Measure Strategies. The report would also
include detailed recommendations and considerations, where required, for further consultation with
the Aviation Authorities appointed approved Designer & Vendors. A detailed scope for further
technical assessment by approved design and vendor specialists would be included and managed to
provide implementable mitigation measure strategies to bring to the wind farm planning application
stage.
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1.1.

111

GENERAL PRESENTATION
OVERVIEW OF RSM 970 S

General

The RSM 970 S, the latest generation Monopulse SSR designed by Thales, for Approach and
En-route surveillance.

Including major improvements:
e Mode S Transmitter
e SSR/Mode S Interrogator and reply processor,
e EMC compatibility,
e Full Mode S capability,
e Mode S/ SCF capability.

Benefiting from the experience gained throughout an impressive number of contracts
implemented all over the world (more than 300 RSM 970 S/ RSM 970 | / RSM 970 / RSM 870
systems sold), the RSM 970 S fully meets the standards and recommendations of ICAO Annex
10, and its electronics is fully duplicated.

The technical concepts incorporated in the equipment, such as monopulse techniques and
Mode S, have been validated through field trials initially carried out as a joint programme with the
French Civil Aviation Authorities, and full Mode S operation has been validated by Eurocontrol
during the development of the Pre-Operational Mode S station (POEMS), which features the
Mode S standard for Europe.

When fitted with the appropriate options (time stamping, dual channel site monitor), the
RSM970S fully complies with the Eurocontrol Mode S Specification (EMS).

Thales is the only manufacturer which can propose the full range of SSR/Mode S applications
(conventional MSSR, Mode S elementary surveillance, Mode S enhanced surveillance and Full
Mode S datalink) with a single product. This feature allows the user to secure his purchase
against future requirements.

The RSM 970 S may be operated in a full stand-alone configuration or in conjunction
(co-mounted) with a primary radar. It can be interfaced with control centres through a wide range
of formats and protocols.

The equipment is designed to be remotely controlled and monitored for all its main functions
from a central point (Remote Control and Monitoring System (RCMS)).

" SCF: Surveillance Coordination Function
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1.1.2
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1.1.2.2

Global Functionalities of a Mode S Radar Station
General

The Mode S is an evolution of the traditional Secondary Surveillance Radar (SSR), which is
based upon Mode A/C interrogation/reply scheme. In the Mode S system, this scheme has been
enhanced, by uniquely identifying each aircraft using a worldwide unique 24 bit aircraft address,
and by allowing the transmission of interrogations selectively addressed to a unique aircraft,
instead of being broadcast over the whole antenna beam.

A Mode S radar is able to perform surveillance, i.e. to output the aircraft position, the standard
SSR modes (Mode 3/A, Mode C) and the aircraft unique Modes address. It also has data-link
capabilities, i.e. the ability to send or extract frames containing binary data. The data-link can
operate only on aircraft being tracked by the surveillance processing. From an operational point
of view, priority is always given to the surveillance processing (the detection of a target and the
transmission of the corresponding information shall never be degraded for any data-link
reasons).

In order to provide standard services, ICAO has standardised the Mode S subnetwork, which is
the air-ground subnetwork, ATN compatible, making use of the Mode S interrogators data-link
features. Such a subnetwork is also able to provide non ATN services, known as Mode S
Specific Services.

Mode of Operation

For a radar, the surveillance processing is responsible for determining the aircraft position for all
aircraft flying in the radar coverage. It is also responsible for transmitting this position information
to the users requiring it (usually Air Traffic Control Centres).

The principle of a classical SSR (Secondary Surveillance Radar) is as follows:

» The radar sends an interrogation, asking for aircraft identity (Mode A interrogation) or aircraft
altitude (Mode C interrogation).

* This interrogation is detected by all aircraft located in the main antenna lobe.
= These aircraft then reply to the radar with the requested information.

The onboard equipment responsible for the interrogation detection and reply transmission is
known as Transponder. A Mode S radar can perform surveillance on both SSR and Mode S
transponders. Mode S transponders also behave as SSR transponders when interrogated with a
standard SSR interrogation. The Mode S is fully compatible with classical SSR system. In Mode
S, the interrogation-reply scheme has been enhanced, as each aircraft can be selectively
interrogated, and much more information transferred in both interrogations and replies. Each
aircraft is identified with a world-wide unique 24 bit address.

To achieve this selective interrogation scheme, the time has been divided into two short periods
respectively called All-Call (AC) and Roll-Call (RC), which are continuously interleaved.

* ATN: Aeronautical Telecommunications Network
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During the Roll-Call Period, the radar will perform the selectively addressed interrogations,
and listen for the associated replies, optimising the Roll-Call time by properly scheduling the
interrogations and replies for the aircraft being reachable in the antenna beam at that time.
But in order to selectively address an aircraft, the radar needs to know the aircraft address,
as well as the approximate aircraft position. Note that the radar will not send a selective
interrogation for a given aircraft during the whole scan, because this would highly generate
noise in the RF link. Instead the radar will send such interrogations in the direction where the
aircraft is expected to fly in.

During the All-Call period, the radar will ask new aircraft to identify themselves, by returning
their Mode S address. Once these address are acquired (i.e. known), the radar will start to
perform selective interrogations on the corresponding aircraft, asking these aircraft in Roll-
Call interrogations to no longer reply to All-Call interrogations (this is known as lock-out). In
order to allow multiple radars to acquire the same aircraft, each radar will be given an Il Code
(Interrogator Identifier Code). This 1l Code is put into the All-Call interrogations, and the radar
locks out an aircraft only with its own Il Code. Note that only 15 Il Codes are available. Please
refer for details hereafter to the chapter related to the Sl codes and I1/SI code operation.

During the All-Call period, in addition to new Mode S aircraft addresses acquisition, the radar
also performs surveillance with the standard SSR transponders.

The IRF (Interrogation Repetition Frequency) is the number of All-Call periods divided by the
total All-Call/Roll-Call pattern duration. It is always adjusted, depending on the system
configuration (rotation speed, instrumented range, scheduling, etc.) to the lowest practicable
value for the specified performance.

Two examples of All Call / Roll Call scheduling patterns are shown on following figures:

| All Call | Roll Call | All CaIII Roll Call | All CallI Roll Call |

[ | | | | | ]

T T Tre T Tae Tre T Tae Tre g

_ | | | | | | |
Interrogations IS, A I S Is,C I S Is, A I S |

Type « A » All Call / Roll Call Scheduling

In type A, one All Call occurs for the duration of one All Call and one Roll Call, so:

1

IRF=—

TAC+TRC
| AllCall, Al Call, Roll Call | AllCall, Al Call, Roll Call |
| | | | | | |
T Tac | Tac Tre T Tac | Tac Tre .
Interrogations | | | | | | |
9 SA Tsc | S SA TscC | S l

Type « B » All Call / Roll Call Scheduling
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In type B, two All Call occur for the duration of two All Call and one Roll Call, so:

2

IRF=———
2T pc+Tre

A/C SSR interrogations are alternated from one All Call to the next.

For an imposed IRF, the Roll Call duration is directly related to the choice of the pattern type.
The choice of the most appropriate scheduling is guided by comparison of the Roll Call duration
imposed by the IRF, with the minimum RC duration imposed by the operational parameters like
range.

Page 12 of 112

1.1.2.3 Elementary Surveillance
The elementary surveillance (ELS) consists in extracting for each aircraft the following
information:
= Unique 24-bit aircraft address
= Mode A code
= Aircraft identification (i.e. call-sign): BDS 20

This feature allows a better flight plan correlation for Mode S capable ATC Centre.
= Flight level in 25 ft increments (depending on aircraft equipment)
This feature allows a better altitude tracking at ATC level.

» Flight Status (airborne or ground)
= Transponder Capability Report: BDS 10
= Common Usage GICB Capability Report: BDS 17
= ACAS Resolution Advisory: BDS 30

1.1.24 Enhanced surveillance
The Mode S transponder contains 256 registers, called BDS (Comm B Data Selector). Note that
the first register (register 0) is used for AICB (Airborne Initiated Comm B). Each of these
registers is 56 bits long, and can be read at any time by the interrogators. These registers will be
filled with aircraft derived information, like aircraft speed, waypoints, meteorological information,
call sign, ACAS (Airborne Collision Avoidance System) information, etc. Some of these BDS are
useful only when used together with the aircraft position at the time of extraction (like speed,
meteorological report, etc.), whereas others (like waypoints, aircraft capability, call sign, etc.) are
useful irrespective of the aircraft position.
It is interesting to enhance the usual target report, produced as part of the surveillance
processing, with the contents of some of these BDS. This use of BDS is called “Enhanced
Surveillance” (EHS).
Today’s defined Downlink Aircraft Parameters (DAP) are:
= BDS 40: Aircraft Intention (Selected Altitude),

Version : V1.2

File: 8) Secondary Surveillance Radar RSM970S




Technical Description T H A L E s

Secondary Surveillance Radar RSM 970S

1.1.25

= BDS 50: Track and Turn Report (Roll Angle, Track Angle Rate, True Airspeed, True Track
Angle, Ground Speed),

= BDS 60: Heading and Speed Report (Magnetic Heading, Indicated Airspeed, Mach Number,
Vertical rate).

The extraction of these BDS may be decided by the interrogator, on a simple periodic basis, or
based on more sophisticated criteria such as track initiation, turn detection, etc. (routine
enhanced surveillance). In a further step, the user may decide additional extraction on its own
criteria, and request them to one interrogator (directed enhanced surveillance).

For safety reasons, each radar will extract the BDS involved in routine enhanced surveillance for
all targets.

This enhanced surveillance can be considered as a data-link application making use of the
GICB (Ground Initiated Comm B) specific service.

For RSM-970S/Mode S, GICB automatic extraction is used to improve track information sent to
ATCC.

Sl codes and II/SI code operation

For a correct operation, all radars interrogating and locking out aircraft in a given geographical
area must use a different Il code. It means the Il code and associated lockout map allocation to
radar must be coordinated to avoid multiple coverage using the same Il code.

In Europe the Il code allocation is performed by Eurocontrol upon ICAO delegation. Today, in the
high radar density of the European Core area, shortage of Il code is experienced.

An initial solution to Il code allocation was to allocate a single code to several radar in the same
area, either with a reduction of radar coverage volume, or in conjunction with the implementation
of the Surveillance Coordination Network (i.e. Mode S Cluster). The radar coverage volume
reduction does not allow to offer a service similar to those of previous SSR systems. The SCN
implementation as a strong impact on radar operation and requires a data networking between
all radars.

The new graceful solution, which is advised by Thales, is to operate using Sl (Surveillance
Identifier) code.

Sl codes

The Sl codes have been defined in the ICAO standard, in order to provide more codes than the
16 Il codes. A total of 63 Sl codes are available. Radar operation in Sl code is similar than in I,
and Sl is selected using radar parameter in the same way than Il code.

Because Sl codes were not defined in the first versions of ICAO Annex 10 for Mode S, few
aircraft are not yet Sl capable. Today in Europe almost all aircraft are Sl equipped: in May 2008,
98.36% of Mode S flights were Sl capable.

Sl and Il codes being exclusive, an aircraft not capable of Sl code (i.e. Il only) would not be
detected by a radar using Sl code. In order to be able to operationally use Sl codes before 100%
of aircraft are equipped, a special mode has been defined by Eurocontrol: the “ll/SI code
operation”.
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[I/SI code operation

This radar special mode of operation is based on the characteristics of aircraft transponders
capable of 1l codes only. These transponders reply to SI code Mode S All Call interrogation using
the “matching” Il code (i.e. the Il code corresponding to the radical field of the S| code). Thus it
can be detected using the appropriate decoding.

This mode allows to process a specific decoding of the All Call replies using this “matching” Il
code, then to selectively interrogate these aircraft with the 1l code. All other aircraft replying using
Sl code are processed using the Sl code. It is a solution to correctly detect all aircraft, SI capable
and Il only capable. To maintain the interoperability between radars using different Sl codes, but
the same “matching” Il code, the non-SI aircraft are not locked-out (in order to enable the
acquisition by other radars).

This special mode is specified in the Eurocontrol EMS specification Ed3.11, as an optional
requirement in §13.16.1. The S| code operation and the special mode named “lI/SI code
operation” have been already selected by some ANSPs (e.g. French DSNA). Eurocontrol has
started the allocation of Sl code, instead of Il code.

European Implementing Rule for Mode S interrogator codes

Eurocontrol has prepared an Implementing Rule (IR) in response to a European Commission’s
mandate, laying down requirements for the coordinated allocation and use of Mode S
interrogator codes for the Single European Sky. These specifications aim to cope with the
interrogator code allocation issue concerning the interrogator identifier (), limited to 16 codes.
The increasing number of Mode S interrogators leads to a shortage of available Il codes, in the
high radar density of European Core area. The allocation of Surveillance Identifier (SI) codes by
Eurocontrol allows overcoming this issue without the need to settle a SCN cluster solution.

The related European Commission regulation (EC) No 262/2009 of 30 March 2009 is already
entered into force for application from 1* January 2011.

Mode S operators will have to ensure that their Mode S interrogators:
= supports the use of Sl codes, in accordance with ICAO Annex 10,

= supports the use of the special “ll/SI code operation” mode, in accordance with EMS Ed3.11
requirements of §13.16.1.

The regulation defines Contingency Requirements for Mode S operators, to detect potential
interrogator codes conflicts.

At radar level, a measure to prevent code conflicts is to have means to detect any use of a
wrong, non-allocated interrogator code.

The RSM970S Thales radar is fully compliant with this EC 262/2009 European Commission
regulation.

It already includes the S| code and II/SI code operation features and complies with the
Eurocontrol EMS Ed3.11 requirements §13.16.1. It also provides means to detect any use of a
wrong interrogator code. The interrogator code (Il or Sl) is permanently checked at RCMS level
by comparison of the expected code value with the one effectively used by radar processing. In
case of difference a failure is reported a RCMS operator. The RSM970S SI code and 1I/SI code
operation functions have been fully validated by the French DSNA.
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1.1.2.6

1.1.2.7

The French civil aviation authority DSNA has validated and operates the Marseille Mode S radar
(RSM970S delivered by Thales within the frame of AROMES Mode S programme) in Sl code
and 1l/SI mode.

Surveillance Co-ordination Network (SCN)

Usually, a radar has an overlapping area with other radars. In such a case, the Mode S system
allows the radars to be co-ordinated in these overlapping areas, via the surveillance co-
ordination network.

For safety reasons, all radars shall provide track information to ATCC users for all targets flying
in their entire coverage, including the overlapping areas.

This surveillance co-ordination network allows radars to exchange track information to allow an
aircraft acquisition directly in Roll-Call, in case where radars use the same Il code (the group of
radars having overlapping coverage and using the same |l code is called a “cluster”) or to
overcome a potential track miss.

This surveillance co-ordination network may use either a centralised approach (i.e. involving a
central controller, which is responsible for maintaining the overall coherence) or a distributed
approach (i.e. the interrogators are able to co-ordinate themselves). In both cases, due to

failures or other events, a radar may reconfigure its coverage and its Il code, to continue fulfilling
its surveillance mission, in accordance with the surveillance network policy.

Data-Link

The Data link capabilities can be provided by the secondary radar, using its rotating antenna.
The Mode S data-link is defined at two levels.

The first level concerns the dialogue between one interrogator and one transponder, and
provides a service comparable to the data-link layer in the ISO scheme, by allowing the

exchange of frames of up to 1280 bits. In addition, three additional services are available:

» The uplink broadcast service, which allows an interrogator to send a 84 bit long message to
all aircraft in the beam,

= The downlink broadcast service, which allows an aircraft to send a 56 bit long message to all
interrogators in view,

» The GICB service, which allows an interrogator to extract one of the BDS registers.

Above this first level, a second level has been defined by ICAO in order to offer a more complete
and more inter-operable service. The second level :

= Offers an ISO 8208 service, compliant with the ATN specifications, (called Switched Virtual
Circuit (SVC) services)

= Offers Mode S specific services (i.e. data transfer specific to Mode S, making optimal use of
Mode S features).

= Allows to manage several interrogators transparently for the user (a flying time in a single
interrogator coverage could be very short).
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1.2. SYSTEM DESCRIPTION
121 Radar Design
The RSM 970 S MODE S mainly consists of:
= alarge Vertical Aperture (LVA) AS 909 antenna,

= two electronics cabinets including transmitter, receiver, signal and data processor units.

Redundant
m . Plot extractor
1 & Tracker

High duty cycle
Transmitter

A unique unit
for digital
Receiver
and Mode S
processing

Maintenance
Display with full
digital video

Control &
Monitoring

Redundant
NTP server

Figure 1 - RSM 970 S electronics cabinets

This equipment can provide full Mode S operation and conforms to or exceeds in every aspect
the requirements and recommendations set out in the appropriate subsections of:

= |CAO Annex 10 (up to and including latest amendment),

= EUROCONTROL Standards Radar Surveillance Standards in En-Route Airspace and Major
Terminal Areas (March 1997).
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The AS 909 antenna provides the Control, Difference and Sum patterns required for the
monopulse measurement techniques. The antenna Large Vertical Aperture (LVA) characteristics
feature a sharp pattern cut-off at low and negative elevation angles which counteracts ground
reflections that affect the pattern of classical antennas.

The Electronic Cabinets, one per channel, are the POEMS designed I/R Mode S cabinets. They
are Mode S wired and they house a fully solid state equipment including:

= One high duty cycle Mode S transmitter STX2000 which results from works initiated with the
French Civil Aviation Authorities (DSNA/DTI),

= One digital receiver MDR of the latest generation,

= One MSSR / Mode S processor (MMXC),

» One Data Processor (DPC),

All these equipments are qualified within the POEMS programme.

All electronics equipments are duplicated. One channel is connected to the antenna while the
other one is connected to a dummy load.

The equipment incorporates the necessary fault detection circuitry and the switching systems to
ensure the correct changeover from the main (operational) equipment to the standby equipment.

For co-mounted operation, the DPC can perform PSR/MSSR/Mode S plot combination.
The Data Processor performs adaptative reflection suppression to prevent MSSR unwanted
reflection, and tracks PSR/MSSR plots to provide formatted plots or track messages to the

Control Centre.

ISLS is always activated. IISLS is provided as a basic feature and may be activated if required.
The RSM 970 S mode S complies with the EEC regulation relative to EMC.
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Figure 2 - Stand-alone RSM 970 S — General Configuration
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1.2.2

1221

1.2.2.2

Functional Characteristics
Antenna

The open array antenna AS 909 provides a directional sum pattern (X), a monopulse difference
pattern (A) and an omnidirectional pattern (Q2). The gain exceeds 27 dB and the underside cut-
off slope is better than 1.8 dB/degree.

Integrated with the rotary joint and mounted directly on the main shaft are the dual optical
encoders giving a 14-bit accuracy (or 0.022°) for the azimuth rotation information. The antenna
azimuth position is transmitted to both Mode S processing channels.

Interrogator and receiver

The RSM970S Mode S is capable of MSSR and full Mode S operation (elementary
surveillance, enhanced surveillance, data link).

The RSM-970 S fully solid state transmitter is composed of three modules:
= Interface driver module

= Control HPA module

= SUM HPA module

As two separate modules are used for the SUM and Control amplifiers, the transmitter includes
the Improved Interrogator Side Lobes Suppression (IISLS) feature.

The fully solid state transmitter has been designed to work with a duty cycle (peak) of 63.7%
over 2.4 ms length of time, consistent with the ICAO Annex 10 requirement of transmission of
48 Mode S roll-call Interrogations within 2.4 ms (equivalent to 3 sets of Uplink Extended Length
Messages (UELMs) each composed of 16 long messages (112 bits) spaced every 50us. This
requirement can be repeated every 24 ms.

The Interrogator / Receiver has a wide adjustment capability to match any site situation:
sectorized output power setting, sectorized ISLS/IISLS operation, selectable RSLS control and
attenuation.

The system is able to interrogate in the modes 1, 2, 3/A, C and S and is designed to have a
flexible (single, double, triple interlacing) interrogator pattern and mode interlacing capability.

It is possible to change the mode interlacing on a scan by scan basis and on a sector by sector
basis.

The system is able to operate in Mixed Mode, in which Mode A/C SSR interrogations are used in
All Call periods to trigger Mode A/C SSR replies from SSR and Mode S transponders. This
allows detecting faulty Mode S transponders that do not reply to Mode S only All Call
interrogations.

The MDR receiver is based on a new digital technology providing a better azimuth accuracy and
improved reliability.
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1.2.2.3

1224

1.2.3

1231

Signal and Data Processor
The signal and data processing chain performs:
1. MSSR/Mode S Processor (MMXC)
-  MSSR/Mode S scheduling,
- MSSR/Mode S signal processing,
2. Data Processor Computer (DPC)
- MSSR/Mode S extractor and
- PSR/MSSR/Mode S plot combination and tracking.

The MMXC and DPC cope with garbling situations in dense surveillance areas. The Off
Boresight Angle measure on each code pulse is associated to the reply message with specific
flags and is routed to the monopulse post-processing. The monopulse post-processing performs
plot extraction and solves conflict conditions such as garbling, phantoms, saturated presences
and specifically processes emergency and distress codes.

Reflections which are common phenomena in SSR systems, are detected and processed using
the monopulse information. This reflection may be found either at track level or at plot level. At
track level, this function is based on an auto-adaptive process : the reflections are identified as
permanent or temporary. This Thales unique feature provides automatic site environment
adaptation. At plot level (prior to scan-to-scan correlation), the site environment is taken into
account by windows programming.

Remote Control and Monitoring

In normal operation the RSM 970 S Mode S is unattended. A Remote Control and Monitoring
System is provided so that the major equipment of the RSM 970 S Mode S are monitored and
controlled from a remote point. In a co-mounted configuration, the RCMS controls both the
RSM 970 S Mode S and the Primary Surveillance Radar (PSR).

Fail Safe Capabilities

Whatever the configuration, the RSM 970 S Mode S consists of a single Antenna/duplicated
electronics with automatic changeover of I/R channel should the unit in service fail. Internal fault
detection facilities are incorporated into the RSM 970 S Mode S and automatic reconfiguration
takes place in case of failure without use of the remote control and monitoring system.

Antenna System
The MSSR antenna can be mounted on a stand-alone turntable or at the top of the primary

antenna. The antenna system, the drive mechanism and the rotary joint have very high inherent
reliabilities and require low preventive maintenance actions.
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1.2.3.2
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The azimuth pointing position data is generated by a dual optical encoder, mounted as an
integral part of the rotating joint, fixed to the shaft of the turning gear. Thus, there is no back-lash
or mechanical play, an essential feature where an angular measurement having an accuracy of
14 bits (0.022°) is required. Each optical encoder, using LED devices, generates a serial
message transmitted to the MMXC, using a call/reply protocol for noise and spurious signal
rejection.

Electronic Equipment

Under normal conditions, one of the two I/R channels (designated as « to Antenna » channel)
provides control and interrogation for the MSSR antenna while the other (designated as « To
Load » channel) is in a "hot" condition, i.e. ready for immediate transmission.

In the event of the failure of the I/R channel in service, this condition is detected by internal

monitoring circuits, and changeover is initiated by the channel Bite function to the « To Load »
I/R channel.

Stand-Alone Configuration
The equipment supply as shown in Figure 2 includes:
= An LVA antenna AS 909 comprising 36 radiating elements,
» A pedestal assembly with dual motorization,
= One (3 channels) rotary joint with dual optical encoders,
= One antenna control cabinet,
= One I/R cabinet (TRC) including :
- Two Mode S transmitters (STX 2000)
- Two Mode S digital receivers (MDR)
- Two MSSR/Mode S Processors (MMXC)
= One Processing cabinet (TOM) including :
- Two Data Processor Computers (DPC)
- Two Serial lines devices (LINES)
- Two GPS time stamping
= A Remote Control and Monitoring System RCMS, equipped with:
- Two computers (Local position (LTM) and Remote position (STM)),
- Two associated printers (optional),

- One Data Regrouping Unit/Function DRU in charge of discrete 1/O interfaces.

» A radar maintenance monitor display IBIS,
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= A Site Dependent Parameter Tool (SDPT) software, allowing operational parameter setting,
integrated in the RCMS local position (LTM).

= A Mains Power supply cabinet,

»= A dual channel Mode S level 2 Site Monitor SMS may be optionally provided.

1.25 PSR Co-Mounted Configuration

When the RSM 970 S Mode S is co-mounted with a Primary Surveillance Radar, some items of
the stand-alone configuration are redefined (Figure 3).

The equipment involved are:
= Pedestal assembly: the PSR antenna is used to support the AS 909 LVA antenna.

= Antenna control unit: The antenna control unit version depends on the Primary radar antenna
selected.

» Rotary joint: the rotary joint is designed to duct PSR + MSSR RF links. A 5 or 7-path rotary
joint composed of two or four (with weather channel) PSR and three MSSR RF channels is
usually selected.

Other parts as:

= Remote Control and Monitoring System (RCMS),

= Radar maintenance monitor display (IBIS),

» Main Power Supply cabinet,

become common equipment to both MSSR and PSR system.

The PSR + MSSR/Mode S plot merging is performed in the DPC when co-mounted with a
STAR2000 PSR.
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Figure 3 - Co-Mounted Configuration (Example of STAR 2000)
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1.3. PERFORMANCE
13.1 General
The RSM 970S Mode S ensures a high quality and reliable coverage to contribute to radar
operational separation of 3 NM, 5 NM and 10 NM according to EUROCONTROL standard.
The radar is capable of determining range, azimuth and height positional data, along with the
identity, on each target detected, during each revolution of the antenna.
Since the MSSR systems are used in an environment which often includes multiple SSR
coverage, the system has been designed in order to cope with a high fruit density (MSSR and/or
Mode S fruit). Therefore, the performance will be optimised such that the output of the false data
is minimised, while meeting the guaranteed parameters.
The MSSR RSM 970 S Mode S is designed to meet all the guaranteed performance in the
presence of a fruit rate of 11,000 replies per second.
The performance of the RSM 970 S MODE S equipment have been confirmed through the
various fields and validated by Eurocontrol and French DSNA in the frame of the POEMS pre-
operational European Mode S programme. Significant breakthroughs have been achieved in the
fields of:
= Discrimination,
= Phantom processing,
= Reflection processing.
Typical performance characteristics are summarised below :
GENERAL
Modes 1;2;3/A;C; S
Output transmitter peak power 2570 W
Transmitter frequency 1030 + 0.01 MHz
Range Up to 256 NM
Scan rate Up to 15 rpm
Antenna:
- Azimuth beamwidth 2.4°
- Maximum gain 27 dBi
Fruit density 11,000 fruit/sec in the main lobe
Version : V1.2 Page 24 of 112
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DETECTION PERFORMANCE (See Paragraph 1.3.3 for details)

Target Position Detection

- Mode A/Mode C Probability of detection >99 %

- Mode S Probability of detection >99 %
False Target Reports

- Overall False target report ratio <0.1%

- Overall multiple target report rate over 1 hour <1 per scan
Code Detection and Validation

- Mode A probability of code detection >99 %

- Mode C probability of code detection >99 %

QUALITY PERFORMANCE (See Paragraph 1.3.4 for details)

Positional Accuracy
Systematic errors:

- Slant range bias <14 m
- Azimuth bias (degree)
- for elevation angles between 0° and +6° <0.022°
- for elevation angles between +6° and +10° < 0.033°
- Slant range gain error <1m/NM

- Time stamp error when not synchronised on external signal < 20 ms per month
Random errors (standard deviation values) :
- Azimuth (degree) < 0.068°

- Slant range <30 m (SSR)
<15 m (Mode S)
Position Jumps:

- Overall ratio of jumps <0.05%
False Code Information
- Overall false codes ratio <0.2%
- Validated false Mode A codes <0.1%
- Validated false Mode C codes <0.1%
Version : V1.2 Page 25 of 112
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RESOLUTION PERFORMANCE

in double Mode Interlacing A, C

Area 1* Pd 98 %
Pvcc 98 %
Area 2* Pd 98 %
Pvcc 90 %
Area 3* Pd 60 %
Pvcc 30 %

* The areas are defined in paragraph 1.3.4.3

CAPACITY for 256 NM instrumented range

System capacity at 15 RPM
Peak load per 45° wedge
Peak load per 3.5° wedge

1000
222
54

RELIABILITY, AVAILABILITY, MAINTAINABILITY

Stand-Alone Configuration (including mechanical part):
« MTBF >2700h
« MTBCF >54000h
¢« MTTR 0.41h
« Inherent Availability Ai = MTBCF/(MTBCF + MTTR) 0.99999
e Operational Availability Ao = MTBCF/ (MTBCF + MTTR 0.9999
+ MLDT) including an assumed Mean Logistic Down
Time (MLDT) of 3 hours
o BITE Coverage 90 %
Preventive Maintenance:
« Preventive maintenance and inspection periodicity 90 days
« Antenna oil change periodicity 365 days
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ENVIRONMENTAL AND POWER CONDITIONS

— Climatic:

« Storage indoor:
- Temperature
- Relative humidity
- Altitude

e Operating indoor:
-  Temperature
- Relative humidity
- Altitude

« Operating outdoor

« Storage outdoor

— Wind (including AS 909 antenna):
« Rotation

e Survival
— Mains (3-phase) 230 V/400 V 50/60 Hz

« Power dissipation

« Consumption (including the antenna
in rotation)

-10°C to +60°C
93 % at +40°C
0to 10 000 m

+10°C to +40°C

5 % to 80 % at 40°C

0to3000m

-40°C to +70°C (including solar radiation)
-40°C to +70°C (including solar radiation)

160 km/h - 130 km/h (with ice)
220 km/h - 180 km/h (with ice)

Voltage + 10 % - Frequency =5 %
3.6 kW (equipment room)

3.5 kW (drive mechanism)

12 kVA (without wind nor ice)

20 kVA (with extreme wind/ice)
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1.3.2

Link Power Budget Calculations

The power budget calculation depends on several parameters:

*= Antenna speed

» Instrumented range

= Type of scheduling (SSR vs. Mode S)

* Mode S functionality (Elementary vs. Enhanced surveillance, Datalink)
= Tower height

» Presence of a radome

= Etc.

The most usual configurations (instrumented range vs. antenna speed and scheduling) are
listed in the following table:

10rpm  12rpm  15rpm

Conventional SSR, 2-Mode interlace 256 NM | 256 NM | 256 NM

Mode S, elementary surveillance 256 NM | 250 NM | 230 NM

Mode S, enhanced surveillance (2 GICB per aircraft) | 256 NM | 250 NM | 200 NM

Mode S, full EMS functionality, including Datalink 256 NM | 200 NM | 170 NM

Depending on user’s needs, other configurations may be proposed.

The typical RSM 970 S configuration is considered in the following calculations:
= 10 rpm antenna speed

= 256 NM instrumented range

* Mode S scheduling

= Full EMS performance

= 25m RF cables

= Radome

Version : V1.2
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POWER BUDGET CALCULATION WITH BEAM MODULATION
RSM 970 S
Product
Mode S 10 rpm

Instrumented range 256 NM

Standalone SSR Antenna speed : 10 rpm
With radome IRF : 150 Hz
Cable length : 25 m Tx attenuation: 0 dB
Antenna tilt : -1,5 deg. Scheduling type : Mode S
Scheduling pattern : ACS

Up-Link Budget.
Operationnal Range = 256 NM Target elevaton= 0,5 °

Transmitted power at cabinet output (dBm)

62,80

Losses between cabinet output and antenna input (dB)

-2,45

Antenna gain (dBi)

27,00

Gain decrease at specified elevation angle and tilt (dB)

-5,00

Free Space Attenuation (dB)

-146,22

Atmospheric and radome (if any) attenuation (dB)

-1,95

Transponder antenna gain (dB)

0,00

Interrogation beam modulation losses (dB)

-3,00

© |00 [N |Jo |o |~ W N |k

Total budget at transponder input (dBm)

-68,81

=
o

Minimum triggering level for 90 % of reply (at transponder antenna end)

-69,00

[N
[N

Power budget uplink margin (9 - 10)

0,19

Down-Link Budget.
Operationnal Range = 256 NM Target elevaton= 0,5 °

Transponder output power (dBm)

51,00

Transponder antenna gain (dB)

0,00

Free Space Attenuation (dB)

-146,71

Atmospheric and radome (if any) attenuation (dB)

-1,95

Antenna Gain (dB)

27,00

Gain decrease at specified elevation angle and tilt (dB)

-5,00

Losses between antenna and cabinet input

-2,45

Reception beam modulation losses (dB)

-3,41

© |0 |V (oo |0 |~ W IN |

Total budget at receiver input (dBm)

-81,52

=
o

Minimum processing threshold at cabinet input (dBm)

-82,70

[N
[N

Power budget downlink margin (9 - 10)

1,18

Version : V1.2

File: 8) Secondary Surveillance Radar RSM970S

Page 29 of 112




Technical Description T H A L E s

Secondary Surveillance Radar RSM 970S

1.3.3 Detection Performance
The RSM 970 S Mode S meets the following requirements for target returns consisting of replies
with the specified round reliability from a transponder with capabilities in Mode 3/A, C or Mode S.
A mode interlace pattern of the two modes 3/A and C or the three modes 3/A, C, S is assumed
for the performance assessment.

1.33.1 Target Position Detection
The probability of detection is measured for traffic of opportunity in the measurement volume
(excluding terrain masks and lobbing effects).
It is determined as the ratio of the number of target reports used to calculate target position to
the number of total expected reports. Those are the reports contained between the first and the
last report from the same aircraft before it leaves the measurement volume.
Mode A / Mode C
The probability of detection of a non Mode S target in the measurement volume, separated from
another target in range by more than 2 NM, and in azimuth by more than 204z (4.8°), is at least
99 %.
Mode S
The probability of detection of a Mode S target in the measurement volume, is at least 99%
when using selective surveillance interrogations

1.3.3.2 False Target Report
The overall false target report rate is the number of false target reports (due to asynchronous or
synchronous fruits, and second time around echoes) in relation to the number of detected target
reports.
The overall false target report rate is less than 0.1 %.

1.3.3.3 Multiple Target Reports
Multiple target reports are due to:
= Reflections
* Ring around
* In-line multipath
= Splits
= Answers on sidelobes.
The overall multiple Mode S / SSR target reports ratio is less than one target per scan on
average.
Discrete Mode 3/A codes are considered for the above figure.

Version : V1.2
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1334 Code Detection and Validation
These performances are achieved at Data Processor output (track level).

Mode A / Mode C

The probability of Mode A/Mode C detection is determined by the ratio of the number of target
reports with validated correct Mode A/Mode C code data to the number of target reports used to
calculate the target position detection.

The Mode 3/A probability of correct and valid code detection for the RSM 970 S equipment is
better than 99 % for large samples of opportunity traffic when the aircraft replies are not
overlapping (see paragraph 1.3.3.1).

The Mode C probability of correct and valid code detection for the RSM 970 S equipment is
better than 99% for large samples of opportunity traffic when the aircraft replies are not
overlapping (see paragraph 1.3.3.1).

The above performances are from commonly agreed Eurocontrol requirements.

Mode S

The overall ratio of the number of times a target is detected and output with all reply data correct

compared to the number of times a target is detected and output, within the whole radar
coverage area, is at least 99% for target replying in Mode S.

134 Quality
The quality of the data provided is expressed by the following characteristics :
= Positional accuracy,
= False code information,
= Resolution.
1.34.1 Positional Accuracy

Azimuth Accuracy

The guaranteed figures for a target located within the coverage volume are:

=  Azimuth bias

- for elevation angles between 0° and +6° : <0.022°
- for elevation angles between +6° and +10°: <0.033°

= Standard deviation <0.068°

= Azimuth precision 0.0219° (14 bits encoder)
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1.34.2

1.3.4.3

Range Accuracy

The range accuracy is a function of various parameters, some of them independent of the radar
system, for example the airborne transponder reply time is specified by ICAO to be accurate to
within + 0.5 us i.e. + 75 m. Fortunately this figure is much smaller on modern equipment.

The MSSR system range accuracy is only limited by the quantization step (50 ns), the (p, 6) to
(x,y) coordinates conversion and the clock stability.

The guaranteed figures are:

= Slant range bias <14 m

= Slant range gain error <1 m/NM

= Slant range standard deviation e Modes A/IC<30m

e ModeS<15m
False Code Information

Code Information is considered as false, if in a target report, code information is provided which
has been wrongly accepted as correct by the radar (validated data).

The false code information ratio is the number of target reports with false codes in relation to the
number of detected target reports with code information.

Performance of the MSSR are given as :
= Validated false Mode A codes <01%
= Validated false Mode C codes < 0.1 %.

Resolution

The Eurocontrol standards use areas as defined below:

Ap (NM) 4
2
2 1
+ 0,05
3
+ AB1 * AB2 A® (deg.)

Ap and A® are the differences of the two aircraft positions respectively in slant range and
azimuth.

A1
A®2

0.6°
4.8° (i.e. 2 x 3 dB beamwidth).
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In the RMS 970 S configurations described in paragraph 1.3.2, the guaranteed detection
performances averaged on each specified area are:

Area 1 2 K]
Probability of detection >98 % >98 % > 60 %
Probability of correct valid Mode A code >98 % >90 % >30 %
Probability of correct valid Mode C code >98 % >90 % >30%

Assuming the following parameters:

= Round reliability of transponder = 100 % in Mode A and Mode C,

= No FRUIT.
135 Data Processing Delay

For an antenna rotation rate of 15 RPM, the output delay is better than 1.2 s.
1.3.6 Coverage Area

The volume of coverage is defined by the following figure. It assumes free space detection
volume for aircraft carrying ICAO compliant SSR transponders and Mode S transponders.

ALTITUDE 2
1
3
S
4 ~
—
RANGE
COVERAGE DIAGRAM
(1) Max. elevation angle 45°
(2) Maximum altitude : 66 000 ft
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(3) Range : 256 NM

(4) Min. elevation angle 05°

(5) Minimum range : 0.5NM
1.3.7 Tracking Performance

1.3.7.1 References

= The tracker implemented in the DPC is the MUST tracker field tested and evaluated by
EUROCONTROL in mono and multiradar configurations (RFS) and by French Civil Aviation
within the DACOTA programme.

It has been demonstrated by the French Civil Aviation that the tracker performance level
makes possible the application of the following separation between aircraft:

- 3 NM below 40 NM from the centre of the terminal approach,

- 5 NM beyond 40 NM.

= The performance of the tracker has been checked on simulated data representing all aircraft
trajectories of interest as defined in the Eurocontrol « Standard Document for En-Route
Radar Surveillance and Major Terminal Areas » :

- Uniform motion (radial or transversal position),
- Uniform speed change up to 1.2 g,
- Standard turn (2 up to 8 m/s2),

- Landing and take-off with a combination of uniform speed change, standard turn and
climb/descent.

Mono-radar situation (primary and secondary) as well as for a multi-radar situation (one
primary and one secondary) have been taken into account.

= The performance of the tracker has been operationally checked and the results of this
evaluation are presented in a report (reference CENA/NT/96 712 June, 1996).

The operational configuration used for the evaluation has been the approach of Toulouse-
Blagnac Airport, with rather stringent conditions:

- Only two radar sensors are integrated : a primary radar used for approach (100 NM range
maximum) and a monopulse secondary radar (256 NM range maximum).

The distance between radar sensors is small (less than 15 NM) adding difficulties especially
for radar observability and radar biases assessment function.

- Various traffic such as VFR, IFR, low speed, high speed, manoeuvres for approach or
not, approach and en-route traffic, military traffic and aircraft testing (for AIRBUS
Industries).

The correctness of the Mode C tracking logic has been demonstrated (accuracy, response time,
stabilisation time of the tracked Mode C).

1.3.7.2 Typical Features
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Track initiation and track continuity performances are supposed to be evaluated using
opportunity flights and taking into account all detected plots within the MSSR coverage: PSR

only plots, MSSR only plots and combined PSR/MSSR plots.

Track initiation performance, defined in terms of the following time parameters :

= Track initiation delay mean (TIDmn) in seconds or scans,

» Track initiation delay standard deviation (TIDsd) in seconds or scans,

= False track probability (Ftprob) in number of tracks initiated/false target report,

are better than or equal to the values given below :

Track Initiation Requirements

Parameter

Value

Unit

TIDmn

PSR/IMSSR => 12.5 (2.5)

seconds (scans)

TIDsd

PSR/MSSR => 2.5 (0.5)

seconds (scans)

Ftprob

PSR/MSSR => 0.001

track/false report

Track continuity, expressed by the following time parameters:
= Track drop rate (Tdr),

= Track swap rate (Tsr),

will be equal or better of the figures presented below:

Track Continuity Requirements

Value for Tracks in MOF
(Mode of Flights)

Parameter Uniform Motion Standard Turn & Unit Unit
Speed Change
Tdr 0.01 0.1 /track hours
Tsr 0.01 NA /swap opportunities
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2.1

211

INTERROGATOR/RECEIVER
RF UNIT

Introduction

The RF Unit (RFU) main functions are :

= to perform RF switching between channels 1 and 2,

= to perform, inside each channel, RF decoupling between transmitter and receiver,
= to provide RF DIFFERENCE channel phase adjustment capability.

The elements constituting the RFU are located inside the I/R cabinet. They are accessible
through the rear door of the cabinet.

Main phase shifter
Circulators

I/R cabinet (rear side)

Figure 4 - RF unit view
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21.2

2.1.3

Interfaces

The RFU is interfaced with the following equipment:

» feeders (FD) which enable RF signals exchange with the aerial,
= transmitter (TX) which transmits RF signals,

= receiver (RX) which receives RF signals,

» MSSR Modulator and Extractor (MMXC) which controls and monitors the RF switches.
Description

¥ and Q RF signals coming from the transmitter are driven respectively to the £ and Q Tx
switches. These switches allow the connection between the antenna and the outputs of the
active transmitter. The outputs of the standby transmitter are connected to dummy loads.

%, Q and A RF signals coming from the antenna are driven respectively to the X, Q and A Rx
switches. These switches allow the connection between the antenna and the inputs of the active
receiver. The inputs of the standby receiver are connected to dummy loads.

The X and Q duplexers (circulators) perform the separation between transmitting and receiving
paths, preventing the transmitted power to be forwarded to the receivers.

The differential phase of the RF path (from antenna to the I/R cabinet) is compensated thanks to
a phase shifter (p1) located at the A input of the cabinet. This setting is performed during the on-
site installation of the radar.

Two other phase shifters (92 and ¢3) allow the balancing of RF paths of both radar channels.
This setting is performed once for all in factory.
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214 Key Features
* RF path peak power handling on SUM and CONTROL channels:
- 66dBm
= RF path mean power handling long term :
- 53 dBm on SUM channel.
- 38.5dBm on CONTROL channel.
= Uplink losses between transmitter output and I/R cabinet output < 1.3 dB.
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= Downlink losses between I/R cabinet input and receiver input:

SUM and CONTROL channel: <+ 1.3dB.
DIFFERENCE channel: <2dB.

» Difference between channel 1 and channel 2
downlink differential gain SUM/DIFFERENCE,
from the RFU input to the receiver input: <+0.1dB.

= Downlink cross channel phase variation between
SUM and DIFFERENCE channels from RFU input
to the receiver input: < 5 degrees peak to peak.

= Difference between channel 1 and channel 2
downlink differential phase SUM/ DIFFERENCE,

from the RFU input to the receiver input: < 5 degrees peak to peak.
= Switching time: <35ms
= |solation between the two channels: > 70 dB at used RF frequencies
= |solation between any 2 of the 3 RF ports: > 70 dB at used RF frequencies.

» RF signal VSWR on SUM, CONTROL and DIFFERENCE: < 1.3 upstream
< 1.5 downstream

= Manual phase shift capability for 1090 = 3 MHz: 270°.
2.2. INTERROGATOR STX 2000
221 Introduction

The transmitter STX 2000 is designed to be used in RSM-970-S air-traffic control radar stations.

It ensures the modulation and amplification of SSR and Mode S interrogation signals delivered
to the "SUM" and "CONTROL" channels of the antenna.

It is mounted in an "Interrogator/Receiver cabinet".
It is made of three modules:

= Interface Driver module (item 1),

= Control HPA module (item 2),

=  Sum HPA module (item 3).
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Figure 5 - Transmitter STX 2000 Presentation

Figure 6 - STX 2000 SUM HPA Module
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222

Interfaces

The STX 2000 is interfaced with:

The receiver:
Local Oscillator 1030 MHz CW signal which is generated by the RX, is received by the
STX 2000,
The MSSR Modulator/Extractor (MMXC):
The function of this interface is to transmit the interrogation modulation commands and the
BITE synchronisation commands from MMXC to STX 2000. The BITE reports are sent from
STX 2000 to the MMXC.
The I/R cabinet:
- Mechanical interface:
The transmitter is housed by the I/R cabinet.

- Power supply interface:

The function of this interface is to provide DC supply (5V, + 15V, 28V, 50/55V) to the
STX 2000.

- Air flow interface:
The STX 2000 is cooled by the TX/RX fan unit of the I/R cabinet.
The RF Unit:

The function of this interface is to transmit the SUM and CONTROL RF signals to the
antenna via the duplexers.
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DC SUPPLY

I/R CABINET

RF UNIT

A A

POWER
SUPPLY

\ 4

SUM RF SIGNAL

CONTROL RF
SIGNAL

MSSR / MODE S
TRANSMITTER

STX 2000

SUM HPA

CONTROL HPA

INTERFACE DRIVER UNIT

A 4
L.O. CONTROLS BITE
REPORTS
A 4
ro o ! MODULATOR/
1 1030 MHz GENERATION ;
I e e . EXTRACTOR
RECEIVER MMXC
RF LINES

Figure 7 - STX 2000 Transmitter Associated Equipment
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2.2.3 Description
The STX 2000 is able to transmit SSR interrogations signals (P1, P2, P3) and also Mode S
interrogations signals (P1, P2, P4, P5, long and short P6 with DPSK).
The transmitter is configured such that the P1 pulse can be transmitted on the Control Q
channel so as to implement improved INTERROGATOR Side Lobe Suppression (IISLS).
It is divided into three modules: Sum HPA, Control HPA and Interface Driver.
SUM RF SIGNAL
Lo —_—
(FROM RX) # CONTROLS HF SUM
P uviea OUTPUT 0 SUM
BITE REPORTS MODULE SWITCH
¢
POWER SUPPLY
>
POWER
SUPPLY INTERFACE
(FROM CB) DRIVER
MODULE
CONTROL RF SIGNAL
CONTROLS HF CONTROL
BITE > conTRoL Hpa | OUTPUT TO CONTROL
REPORTS ~@-BTEREPORTS MODULE SWITCH
(FROM AND
AND TO CONTROLS POWER SUPPLY
PROCESSING
UNIT)
P08-8 — RF LINES
Figure 8 - Main Function of STX 2000
2231 Interface Driver Module Functions
The main functions of the Interface Driver module are:
= Interface processing with Processing Unit related to RF modulations, attenuation commands
and Built-In Test reports; controls dispatching to HPA modules,
= Storage of all failure reports stemming from BITE functions of HPA modules,
= Power supply dispatching to HPA modules,
= Perform the following RF modulation functions:
- Differential Phase Shift Keying (DPSK) for the sum channel for Mode S interrogations,
- Local Oscillator preamplification in order to drive HPA modules,
= Internal interface driver Bite functions.
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22311

RF Modulation Function

The RF signal stemming from the Receiver (LO) is first divided by a 2-way splitter. One output is
used to allow a signal detection and a verification of the RF input signal presence. The other
drives an amplifier. The LO presence is monitored by an RF detector connected to a coupler
located at the interface driver LO input.

The output signal is then divided into a Sum channel and a Control channel.

The Sum channel is composed of amplifiers that ensure an amplification gain and the Local
Oscillator shaping according to the interface card control.

In order to realise the DPSK function, a DPSK Modulator shifter is inserted in the Sum channel
amplification chain introducing or not a 0/180° phase-shift in pulse P6. The phase modulation
control is received from the Processor Unit and transmitted to the DPSK modulator shifter via
the interface card.

An output circulator allows to protect the output transistor against reflected power with the help
of a dummy load.

The output power is detected via a coupler and an RF detector. The measurement is used by
the BITE functions.

The Control channel is identical to the Sum channel but without DPSK system. In this case, the
amplifiers are powered according to the Control amplitude modulation stemming from the
Processing Unit, via the interface card.
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Figure 9 - Interface Driver Module Functions
2.2.3.1.2 Interface Function
The interface function enables to:
» Process the amplitude and phase modulations in order to:

- ensure consistency of the Processing Unit commands by analysis of SUM and CONT
pulse widths, and modulation presence,

- inhibit modulations in case of alarms detected in HPA module:
= power reflection at the SUM RF output,
= power reflection at the CONT. RF output,
» SUM RF modulation overload detected by junction temperature alarm,

= ambient over-temperature.
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Transmit controls to the modulation function for the LO shaping and DPSK realise the
Management of a command bus which allows to interface with Processing unit for the BITE
reports and the attenuation commands.

The command bus operates with:

- aselection signal which requires or signals the availability of addresses and data,
- abi-directional address bus (4 bits + parity),

- adata bus (8 bits + parity).

Interfaces with the HPA modules in order to:

- transmit the attenuation values to SUM and CONT HPA modules and for the [ISLS mode
from the data bus,

- transmit the validation order to authorise the corresponding HPA modules to take into
account individually the attenuation values (SUM, CONT, IISLS),

- receive and memorise the BITE results from the SUM and CONT HPA modules,

- distribute DC power supply to HPA modules (+ 5V, + 15V, + 28V, + 50/55V).
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Figure 10 - Interface Function
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2.2.3.1.3 Built-In Test Function
Some internal tests are made in the module and for each failure detection, a failure message is
prepared to be sent to a Processing Unit (PU) on the bus and a LED on the front panel indicates
the failure presence.
These failure signals are related to:
= Ambient temperature,
» Local Oscillator presence,
=  Qutput power,
= Power supply,
= HPA modules presence,
= Time-out on pulse widths,
»= Modulation presence.
The LEDs on the front panel give the state of the module:
= The green one is lighting, when the module receives the 5V power supply, otherwise it

doesn't light,
= The red one is lighting (with a 1s delay) when an internal failure is detected, otherwise it
doesn't light.

Ambient Temperature Measurement
A temperature sensor measures the ambient temperature in the module to detect if the
temperature exceeds 70°C (estimated maximum operating temperature). In this case, a failure
report is taken into account in the BITE function.
Input Local Oscillator Presence
The Local Oscillator signal is detected by a diode. The detected signal is sent to the Interface
card which makes a comparison to a minimum level. Below this level, the Local Oscillator is
considered to be off and the failure detection is generated and written into the BITE report.
Output RF Signals
A coupler and a detector at the output of the Sum and Control channels allow to measure the
output levels, which are compared to a threshold. Under this threshold, the output is considered
as being lost and a failure detection is generated and written into the BITE report.
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Power Supply

The presence of the 28V and 55V input voltages is tested and in case of failure, a failure
detection is generated and is written into the BITE report.

Time-Out on Pulse Widths

When a Sum or Control amplitude modulation is received from PU, a time counter is started. If
the time counter exceeds 2 us in case of a Control modulation or 40 us in case of a Sum
modulation, the corresponding pulse command is immediately stopped for a pre-determined
time. A failure detection is generated and written into the BITE report. Stopping the modulation
on the Control channel allows to limit the duty cycle.

Modulation Presence

When the Sum amplitude modulation is not received within 40 us after a Sum attenuation
command, a failure detection is generated and is written into the BITE report.

When the Sum phase modulation is not received within 40 us after a Sum attenuation
command, a failure detection is generated and is written into the BITE report.

When the Control amplitude modulation is not received within 40 us after a Control attenuation
command, a failure detection is generated and is written into the BITE report.

2.2.3.2 Sum HPA Module Functions
The Sum HPA module enables:

= High power amplification to the Sum channel from the RF signal stemming from Interface
Drive module,

= Qutput power attenuation from 0 dB up to 12 dB according to a command received from
Interface Driver module,

= BITE functions.

The Sum amplification is performed by a HPA module identical to the Control HPA in the MSSR
version, or by a high duty cycle Sum HPA module in the Mode S version.

The description hereafter applies to the Mode S version high duty cycle Sum HPA.
The Sum HPA module function is divided into five sub-functions:

= driving-dividing,

= amplification,

= combination,

= attenuation,

= Built-In Test.
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2.2.3.2.1 Driving-Dividing
The Sum driver-divider allows the pre-amplification and the pulse shaping of the RF input signal.
A circulator is inserted after the preamplifier in order to protect it from the power reflected by the
3-way divider. The reflected power is sent to a load.
The RF signals is divided (12-ways) The 12-ways drive their RF signals to the SUM amplification
function.

2.2.3.2.2 Amplification
The Sum amplification function is performed by 12 transistors fed from 12-ways of the SUM
driving-dividing function. This function enables attenuation controlled by the SUM attenuation
function.
The first driver stage is controlled by a pulse shaping system in order to get RF pulses compliant
with the requirements for spectral purity and fall time.
The Sum amplification function enables temperature measurement system which is used by the
BITE function in order to detect RF modulation overload.

2.2.3.2.3 Combination
The Sum combiner allows to combine the power stemming from the 12 transistors.
An output circulator protects the module against reflected power and infinite VSWR. The
reflected power is also detected. The measurement is processed in the BITE function.
A part of the transmit power is measured by a detector. The measurement is processed by the
BITE function in order to check if the output power is greater than a minimal value.
A low pass filter reduces the harmonic and spurious level and a band pass filter allows to
respect the ICAO standard close to the carrier frequency (+ 60 MHz).
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Figure 11 - High Duty Cycle Sum HPA Module Function
Attenuation
The Sum attenuation function enables to:

= Process the attenuation code received from the Interface Driver module and generates the
control transmitted to the attenuation function,

= Adjust the RF Level for testing of the module.

Built-In Test

Some internal tests are done in the module and for any failure detection, a failure signal is sent
to Interface Driver module and a LED indicates the failure presence. These failure signals are
related to:

= Ambient temperature,

= RF modulation overload,

Version : V1.2

File: 8) Secondary Surveillance Radar RSM970S

Page 52 of 112




Technical Description T H A L E s

Secondary Surveillance Radar RSM 970S

Reflected output power,
Output power,

Power supply,

Module presence.

A red LED on the front panel gives the state of the module: it is lighting (with 1 sec. delay)
when an internal failure is detected, otherwise it doesn't light.

Ambient Temperature

A temperature sensor measures the ambient temperature in the module to detect if the
temperature exceeds 70°C (estimated maximum ambient temperature in the module). In this
case, a failure report is sent to Interface Driver module and written into the BITE report.

RF Modulation Overload

In order to protect the RF a device is used to detect Modulation overload.

Warning and alarm signals are generated towards Interface Driver module and are written
into the BITE report.

In order to protect RF transistors against Modulation overload, when an alarm signal is
generated, the Interface Driver module stops the RF Modulation for a fixed time.

Reflected Output Power

The output circulator on the Sum combiner card allows to measure the reflected power with a
detector. If the detected power exceeds a fixed value, an error signal is generated to module
interface Driver and a failure report is written in the BITE report. In order to protect the RF
transistors, the Interface Driver module stops the RF modulation for a fixed time.

Output Power

The output power is measured by a detector on the Sum combiner card. The resulting level is
compared to reference levels according to the attenuation command and the nominal power
PO (for O dB attenuation).

When for a given attenuation, the output power is outside the reference range, an error signal
is generated towards Interface Driver module and is taken into account by the BITE.

Power Supply
The presence of the + 28V and + 50/55V input voltages is tested and in case of failure, an

error signal is sent towards Interface Driver module and a failure report is written in the BITE
report.

Module Presence

The power supply 5V is returned to Interface Driver module.
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2.2.3.3 Control HPA Module Functions
The Control HPA module enables:
= High power amplification to the Control channel from the RF signal stemming from Interface
Driver module (the same module is also used for the Sum channel in the MSSR version),
= Qutput power attenuation from 0 dB up to 12 dB according to a command from Interface
Driver module,
= |ISLS attenuation from 0 dB up to 6 dB,
= BITE functions.
The Control HPA module function is divided into five sub-functions:
= Driving,
» Dividing,
= Control amplification,
= Control combination/attenuation,
= Control Built-In Test.
2.2.3.3.1 Driving
This function enables the pre-amplification and the pulse shaping of the RF input signal.
2.2.3.3.2 Dividing
Preamplified RF signals are divided by a 4-way divider.
2.2.3.3.3 Amplification
The Control amplification function is performed by RF transistors, fed from the 4-ways of the
Control dividing function.
2.2.3.3.4 Combination
The C_:ontrol combination function enables the combination of the power stemming from the 4 RF
transistors.
The output circulator protects the module against a too high VSWR.
The output power is measured via a detector. The measurement is used in the BITE function in
order to check if the output power is greater than a minimal value.
The reflected power is also detected and the measurement is sent to the BITE function.
A low pass filter reduces the harmonic and spurious levels.
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2.2.3.3.5 Control Attenuation Function
The Control attenuation function enables to:

» Process the attenuation codes (Cont. and IISLS) received from Interface Driver module and
generates the control to the combination function.
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Figure 12 - Control HPA Module Function
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2.2.3.3.6  Built-In Test
Some internal tests are done in the module and for any failure detection, a failure signal is sent
to Interface Driver module and a LED indicates the failure presence. These failure signals are
related to:
= Ambient temperature,
= Reflected output power,
=  Qutput power,
=  Power supply,
= Module presence.
= A red LED on the front panel gives the state of the module: it is lighting (with a 1 s delay)

when an internal failure is detected, otherwise it doesn't light.

Ambient Temperature
A temperature sensor measures the ambient temperature in the module to detect if the
temperature exceeds 70°C (estimated maximum value). In this case, a failure report is sent to
Interface Driver module and is written into the BITE report.
Reflected Output Power
The output circulator on the Control combiner card allows to measure the reflected power with a
detector. If the detected power exceeds a fixed value, the signal is generated to Interface Driver
module and a failure report is written in the BITE report.
Output Power
The output power is measured by a detector on the Control combiner. The result is compared to
reference levels according to the attenuation command and the nominal power PO (for O dB
attenuation).
When for a given attenuation, the output power is outside the reference range, the error signal is
generated towards Interface Driver module and is taken into account by the BITE.
Power Supply
The presence of the + 28V and + 50/55V input voltages is tested and in case of failure, an error
signal is sent towards Interface Driver module and a failure report is written in the BITE report.
Module Presence
The power supply 5V is returned to the Interface Driver module.
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224 Key Features

The following values are typical:

= Operational frequency: 1030 + 0.01 MHz,

= QOutput power: 64.1 dBm on Sum and Control channels,

» Mode S version peak duty cycle 63.7% during 2.4 ms on Sum channel. The STX 2000
Mode S duty is compatible with full Data link operation, as defined for the EUROCONTROL
POEMS programme,

» Mode S version mean duty cycle: 5% long term. The STX 2000 Mode S duty cycle is
compatible with full Data link operation, as defined for the EUROCONTROL POEMS
programme,

» RF pulses compliant with ICAO standard,

= |ISLS operation on Control channel,

= Qutput power attenuation from 0 dB up to 12 dB by step of 2 dB (independently on Sum &
Cont.).
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2.3.

231

MONOPULSE DIGITAL RECEIVER (MDR)

Introduction

The receiver of the RSM 970S radar system performs the digital processing of the signals
received from the antenna over the X (sum), A (difference) and Q (control) channels in order to
deliver the following data needed for the operation of the extractor (part which processes the
video data):

= QRSLS: Quantized video generated from the log X, log Q and log A videos.

= OBA f(AX): Off-Boresight Angle used in Monopulse operation. It defines the angular
position of a target detected in the main Sum channel beam.

= Video Log: Log X and Log A.

The receiver sends the master oscillator frequency signal (1030 MHz) to the transmitter. The
master frequency generator is also permanently tested. It is checked using a comparison with
the master oscillator frequency generated by the adjacent channel. In the event the frequency of
any radar channel exceeds ICAO limits (1030 MHz + 0.01), a warning is reported at RCMS.

The receiver also contains test circuitry. Internal stimuli are generated from an oscillator at the
same frequency as the signals received from the antenna (1090 MHz), via couplers located at
the £, A and Q RF inputs, these stimuli simulate the various functions of the receiver and
detection circuits on the video outputs of the receiver.

Figure 13 - View of MDR Digital Receiver

Version : V1.2

File: 8) Secondary Surveillance Radar RSM970S

\ Page 58 of 112




Technical Description T H A L E s

Secondary Surveillance Radar RSM 970S

o ;
s @ /

g

Figure 14 - View of MDR Open Case
2.3.2 Interfaces
The receiver (channel 1 or 2) interfaces with:

= The Interrogator/Receiver cabinet from which it receives DC power supplies and RF signals
(Zy Av Q)v

= The transmitter which receives the Local Oscillator from the receiver,

= The processor/control unit :
- which receives the digital videos and the BITE results from the receiver,
- which sends operating controls to the receiver,

= The IBIS radar maintenance display in order to display digital videos from either receiver (1 or
2).
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Figure 15 - Associated Equipment

2.3.3 Description
2331 General
Signals generated by the receiver are the following:
» thelog X and log A signals are obtained from digital processing.
= the signal QRSLS is determined by digitally comparing the logarithmic video signals:
- log X~ and log Q,
- log Z and log A.
The X - Q comparison allows to suppress signals received within secondary lobes.

The X - A comparison allows to narrow the received lobe;

SA
= the angle error signal f(A/X) represents the function tan™ [ > J .
z

A reduced noise factor is obtained on the three channels by low-noise pre-amplification at the
reception frequency.
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Filtering is performed upon reception at the RF frequency (1090 MHz) and also at the
intermediate frequency (110 MHz) and in digital Amplitude Phase Detection (APD) unit .

The RF signal at 1090 MHz is translated to 110 MHz by mixing with the 1200 MHz Local
Oscillator (LO). The LO signal at 1200 MHz is generated by a VCO driven at a crystal oscillator
frequency. The signal for the transmitter 1030 MHz is also generated by a VCO.

A bus controls exchanges between the processor unit and the receiver:

= to trigger the receiver BITE tests and to collect BITE reports,

= to set the RSLS thresholds applied in the receiver,

= to set the RSLS validation states in the receiver.

2.3.3.2 Functional description
The receiver can be divided into three sub-functions:
= Analog to digital stages which converts the RF signals coming from transponders after
analog amplification, filtering and demodulation into digital signals,
= Local frequency generation which generates the frequency used for down conversion and
sent to the transmitter,
= Signal processing which generates the signals intended for the associated equipment and
manages the BITE.
Version : V1.2
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23.3.2.1

Analog to Digital Stages

Analog to digital stages consist of 3 identical linear channels of reception X, A and Q. Each one
is encoded by two Analog to Digital Converters respectively called MSB chain and LSB chain.

The analog stages function consists of:
» Filtering the 1090 MHz received signal by RF filters.

These filters are fitted on the side panel of the receiver on the %, A and Q channels, at the
beginning of the demodulation chain. They enable the receiving frequency to be selected at
1090 MHz and they reject the transmitting frequency at 1030 MHz.

The 1090 MHz RF signals from the antenna pass directly to the filters in the X, A and Q
channels.

= Signals test input:

- The first signal of test at -20 dBm (generated by Local Frequency Generation) is injected
by the first switch, just after the 1090 MHz RF filter, enables the receiver to be tested. The
signal of test undergoes all the high dynamic analog chain called MSB (except RF filter);

- The second signal of test at -53 dBm (also generated by Local Frequency Generation) is
injected every second through the switch after the LNA and is going to test all the low
dynamic analog chain called LSB (except RF filter and 1st ampli LNA);

- These signals of test validate also the local frequency generation;
=  Preamplifier-mixers and IF filters.

The first stage preamplifier-mixer receives the LO signal (1200 MHz) from the Local Frequency
Generation, divided so as to give identical levels on the X, A and Q channels. The second stage
preamplifier-mixer receives the LO signal (120 MHz) from the Local Frequency Generation. The
function of the Preamplifier-Mixer is to perform low-noise amplification, to convert the received
signal into 10 MHz IF signals, and to filter them before they are processed in the Angle Error
Measurement - Log Amplifier function by the signal processing function.

= Analog to Digital Conversion.

In each reception channel X, A and Q, two 14 bits Analog Digital Converters interface the analog
chain to the digital chain.
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Figure 17 - Analog to Digital Stages
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2.3.3.2.2 Local Frequency Generation
The Local Frequency Generation ensures several functions:
= it delivers the LO signal (local oscillator at 1030 MHZz) to transmitter,
= it generates the ADC_CLK 40 MHz signal clock for the Analog to Digital Converters,
= it delivers two LO signals (LO 1200 MHz and LO 120 MHz) which when mixed successively
with the signal received from the antenna (1090 MHz) and then with the first IF (110 MHz)
gives the second IF signal (10 MHz),

= it enables the receiver to be tested by delivering a 1090 MHz signal to the input switches.

The LO 1030 MHz signal is generated by a Voltage Control Oscillator (VCO1) controlled on the
40 MHz source by a phase locked loop PLL1.

The source 40 MHz (TCXO) is a quartz oscillator, compensated in temperature, which delivered
also the clock signal ADC_CLK for the Analog to Digital Converter.

The LO 1200 MHz signal is generated by a Voltage Control Oscillator (VCO2) controlled on the
40 MHz source by a phase locked loop PLL2.

The LO 120 MHz signal is generated by multiplying the signal of the TCXO by 3.

LO 1090 MHz signal for test is generated by mixing LO 1030 MHz signal with the LO 120 MHz
divided by 2.
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Figure 18 - Local Frequency Generation
2.3.3.2.3 Signal Processing
The purpose of this function is to deliver to the processor unit:

» video QRSLS output. These signals indicate whether the video has been detected on the
main lobe of the antenna,

= Log 2 and Log A videos,

= Angle error measurement f(A/Y).

It also manages the BITE of the receiver unit.

The processor unit (master) controls all information exchanged between the processor unit and
the receiver via a bus. The receiver (slave) executes operations according to processor unit
request.

The main functions of the digital chain are:

= Switching between ADC (MSB) and ADC (LSB),
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= Amplitude Phase Detection,

» Video signals generation,

* Angle error measurement,

= LOG Conversion,

= Calibrations during operation,

= BITE,

= Digital to Analog Conversion (for maintenance).

Except Digital to Analog Conversions, the other major functions are built in a FPGA circuit.
VIDEO SIGNALS GENERATION

The signal log Q is assigned a coefficient K1, adjustable between 0 to +10 dB, by step of 1 dB.

The signal log A is assigned a coefficient K2, adjustable between -10 dB to +10 dB, by step of 1
dB.

K1 and K2 received on the receiver interface bus is converted in analog signals before
assignation to log Q and log A.

The result of comparing log ~ and log Q + K1 indicates reception on the main (or secondary)
lobe. The result of comparing log X and log A + K2 refines the reception on the main lobe.

Combining these two results gives the video signal QRSLS (%).

This system eliminates noise and spurious pulses coming in particular from the area near the
secondary radar.

The QRSLS, Log 2., Log A and f(A/Y). videos are sent to the radar processing unit (for decoding
of replies) in digital form (LVDS type).
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Figure 19 - Signal Processing Function
Version : V1.2 Page 68 of 112

File: 8) Secondary Surveillance Radar RSM970S




Technical Description T H A L E s

Secondary Surveillance Radar RSM 970S

2.3.3.3 BITE (Built-In Test Equipment)
General
The BITE allows to test the correct operation of the MDR.

A set of tests is made, some of them are performed continuously others upon periodic signals
injection.

The main functions BITE are:

» Video test signals,

= Qutputs analog and digital LVDS,

= Analog Digital Converters,

= Switches (calibration, injection),

= Local oscillator signals,

= Power supplies.

The BITE report is sent to the processor control/unit via the receiver bus QRSLS/BITE interface.
The Processor/Control unit sends the overall BITE report to the Remote and Control Monitoring

System.

Angle Error Measurement

The f(A/Z) video is compared to thresholds for 3 A/X values (-1, 0, +1). The test result is
formatted to be sent to the processing unit on the receiver interface bus.

Noise Sensitivity

Each of the signals log Z, log A and log Q is compared to thresholds so as to check a noise test,
a test in the middle of the dynamic range and a test in the high of the dynamic range. The test
result is formatted to be sent to the processing unit on the receiver interface bus.

Reception Test Controls

The Controls and Tests function transmits an end-of-range sync signal. From this signal, the
Signal Processing function generates the test oscillator control signal and the various
attenuation and phase-shift control signals needed by the X, A and Q test signals. The test result
is formatted to be sent to the processing unit on the receiver interface bus.
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234 Key Features

The following values are typical:

Received signal frequency:
Intermediate frequency:
Efficient dynamic range:

Pass band at -3 dB:

Input impedance on all 3 channels:

Local oscillator frequency:

Sensitivity:

1090 MHz + 3 MHz

10 and 110 MHz

From -20 dBm to -85 dBm

> 8 MHz

50 Q

1030 MHz + 10 kHz

<-88 dBm
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2.4,

241

MONOPULSE MODULATOR AND EXTRACTOR (MMXC)

Introduction

In an RSM 970 S radar channel, the MMXC performs SSR and Mode S radar processing in
conjunction with the MSSR Radar Processor (MRP).

The MMXC performs real time processing. Its operational purpose is, according to controls sent
by the MRP, to schedule aircraft interrogations and associated listening windows in a succession
of all-call periods (for the acquisition of Mode S aircraft and surveillance of aircraft equipped with
SSR-only transponders) and roll-call periods (for the surveillance and enhanced surveillance of
Mode S aircraft, including data link exchanges in the ATN), in order to:

= generate SSR and Mode S interrogation modulation controls as well as attenuation controls
to the transmitter,

= generate RSLS controls to the receiver,

= compute SSR and Mode S replies from the digital videos provided by the receiver, and send
the detected replies to the MRP for further processing.

In the dual I/R channel architecture of the Mode S radar, the MMXC of the "to antenna" (i.e.”ON-
LINE”) channel processes operational radar data, the MMXC of the "to load" (i.e. “standby”)
channel processes test data.

The MMXC controls the switches of the RFU, once it has received an I/R channel switchover
control from its associated DPC (MRP part).

For maintenance purpose, the MMXC manages the real time processing of the BITE information
gathered from itself and other radar equipment.

The MMXC is housed in a case which is attached to the Monopulse Digital Receiver. The
grouping of the MDR and the MMXC is called MDRP (Monopulse Digital Receiver and
Processor) and constitutes a single LRU.
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Figure 20 - MDRP configuration

MDRP - Receiver side MDRP - MMXC side

Figure 21 - MDRP view
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2.4.2 Interfaces
The MMXC manages the following interfaces:
»= Transmit data:

- to the RFU: RF switch controls,
- to the transmitter: attenuation and modulation controls,
- tothe receiver; RSLS controls and receiver test synchronization control,

- to the IBIS radar maintenance display: synchronization pulse, pulse presence signals and
reply presence signals, digital videos,

- to the antenna control cabinet: transmission inhibition report
= Receive data:

- from the RFU: RF switch statuses,
- from the transmitter: BITE reports,
- from the receiver: digital videos, QRSLS signal and BITE reports,

- from the I/R cabinet ancillaries: DC supply, DCS BITE report, fan BITE reports, thermal
sensor BITE reports,

- from the optical encoder: antenna azimuth,
- from the antenna control cabinet: transmission inhibition control

2.4.3 Description

2.4.3.1 Architecture
The MMXC performs 6 functions distributed on 2 functional blocks :
= Front End Processing (one FPGA + one DSP)

-  MMXC - Cabinet Interface

- Space Time Management (STM)
- Video Pulse Processing

-SSR Reply Processing

- Mode S Reply Processing

= Ethernet Interface Processing (one FPGA)

- MMXC - MRP Interface
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Figure 22 - MMXC functional architecture

2.4.3.2 Front-End functions

2.4.3.2.1 Cabinet interface

The purpose of this function is to convert all the external signals (LVDS digital video, dry contact,
...) into standard digital data.

2.4.3.2.2 Space and time management
This function performs:

= the real time management of the All-Call/Roll-Call pattern,

= the processing of the antenna azimuth and Azimuth Distribution,

= the generation of SSR and mode S interrogation to the transmitter,

= the control and monitoring of the transmitter and the receiver.

= the management of the RF Unit

= the management of the Video and Reply Processing functions.

= the monitoring of the cabinet ancillaries (power supplies, cooling fans...)
= the monitoring of the MMXC Thermal Sensor
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2.4.3.2.3 Video pulse processing
This function:

» analyses the shape of video signals sent by RX to detect secondary pulses (SSR or mode S),
= generates TVBC values function of range according to current TVBC law number

= validates pulses according to TVBC values,

= eliminates pulses belonging to Mode S message for SSR Reply Processing,

= computes the characteristics of each detected pulse,

» generates, during test period, test target digital videos.

2.4.3.2.4 SSR reply processing
This function:

= detects SSR replies,
= computes the characteristics of the replies,
= generates an SSR reply message for each validated reply,

= generates an SSR interrogation acknowledgement message for each All-Call SSR
interrogation,

= reports the results of the analysis performed during the test period (to the “Space and Time
Management” function).

2.4.3.2.5 Mode S reply processing
This function:

= detects Mode S replies:
- in the range coverage during All-Call period,
- in each listening window during Roll-Call period

= computes the characteristics of each validated reply,
= detects and corrects, when possible, errors in the data field of the Mode S message,
» generates a Mode S reply message for each listening window,

» generates a Mode S interrogation acknowledgement message for each All-Call or Roll-Call
Mode S interrogation

= reports the results of the analysis performed during the test period (to the “Space and Time
Management” function).

2.4.3.3 Ethernet interface
This function:

* manages the physical link between MRP and MMXC (Gigabit Ethernet),
» routes the messages between MMXC functions and MRP.
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3.1.

3.1.1

DATA PROCESSOR
DATA PROCESSING COMPUTER (DPC)

Introduction

The Data Processor (DPC) is composed of a Personal Computer (PC) installed in the radar
cabinets (one Data Processor per MSSR/Mode S channel).

The online DPC transmits controls to the associated MMXC, in order to schedule SSR, Mode S
All-Call and Mode S Roll-Call interrogations. In return, it receives MSSR and Mode S replies
elaborated by the MMXC.

In a PSR + MSSR/Mode S configuration, the online DPC also receives PSR plots and weather
maps from both PSR radar processors. According to the status of the PSR processors, it selects
one of them for processing.

The DPC performs the PSR/IMSSR/Mode S plot combination and scan-to-scan correlation (i.e.
tracking). Tracks or filtered plots are then transmitted to the ATC Centre via two LINES devices.
Eight ATC Center data flows are available with ASTERIX or AIRCAT (Tracks only) formats.

MMXC channel 1 MMXC channel 2

! !

PSR processor PSR processor
TMR channel A TMR channel B DG et e L DPC channel 2

> switch <—> switch

LINES 1 LINES 2

W

TO ATC CENTRE

Figure 23 - DPC Environment
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3.1.2 Hardware
The Data Processor is composed of a PC (Personal Computer) supporting the GNU/Linux
operating system. It is composed of a basic frame and several options, which allow to achieve
main requirements.

The chassis is installed horizontally in a standard 19" cabinet, and has a height of 4U
(4x44.4 mm).

It is equipped with two front handles in order to be easily extracted from the cabinet.
It is equipped with:

= One 3,5" SATA hard disk drive, with a minimum capacity of 160 GB,

= One IDE DVD drive,

= One 3,5" Floppy disk drive,

= Two Network Interface boards

= One PCle graphic board ,

» One watchdog PCI board.
3.1.3 Description
The DPC hardware supports two CSCls:
» MSSR/Mode S Radar Processing (MRP)
= MSSR/Mode S Radar Communications (MRC)
3.1.31 MSSR/Mode S Radar Processing (MRP)
The MRP CSCI consists of the following functions:
= Mode S Beam Management (MRP_SBM): this function programs All Call and Roll Call
periods, schedules Roll Call interrogations and listening windows for Mode S aircraft within
the current beam, processes Roll Call replies and extracts SSR and All Call Mode S plots.
» Scheduling Management (MRP_SM): this function prepares for each 1/64th scan, the list of
Mode S and SSR aircraft to be processed by the MRP_SBM function. For each Mode S
aircraft, it selects the data link request(s) to be performed. It receives once per sector the
aircraft information processed by MRP_SBM and dispatches the detection information to
tracking (MRP_TRM) and the data link related information to the data link management

function (MRP_DLM). This function also transmits detection information to other MRP
channel.
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Tracks Management (MRP_TRM): this function manages aircraft tracking, and transmits
appropriate tracks and plots to the MRC CSCI, and to Local Display.

Datalink Management (MRP_DLM): this function manages the data link requests and results.
It prepares data link activity to be performed for each aircraft according to the requests
received from internal clients and external clients of MRC CSCI. It transmits appropriate
reports and responses to these clients. It transmits data link information to Local Display.

Channel Bite Management (MRP_CBM): this function manages Built In Tests, Modes,
States, Status and Parameters, and monitors the DPC behaviour with RCMS and CBP.

TO/FROM MMXC
ETHERNET GIGABIT

FAILURES,
OPERATOR MEASURES,
CONTROLS, RFU_STATUS
PARAMETERS, T BITE
MAINTENANCE REPORTS AIRCRAFT
TO/FROM DATA FROM MMXC MODE S BEAM FROM MRC
SDPT/CBP MANAGEMENT MESSAGE
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RFU CONTROL
OPERATOR
CONTROLS,
MAINTENANCE PREDICTED SSR AND
TOIFROM DATA CHANNEL SECTOR AIRCRAFT VODE S
. BITE CROSSING AND
MANAGEMENT FRAMES PLOTS
UTC TIME
FROM
MONITORING FAILURES, BITE NTP SERVER
TO/FROM MESSAGES TIME STAMPING BITH & REPORT (OPTIONAL)
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Figure 24 - MRP functions
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3.13.11

3.1.3.1.2

MSSR/Mode S beam management

The MRP_SBM function manages all activities that must be performed within the main beam of
the antenna and regulates the use of the RF channel. Its main functions are the followings:

= it prepares all information necessary to process All-Call and Roll-Call periods,
= it processes all SSR and Mode S replies received during All-Call periods,

* it manages the real-time scheduling of Mode S surveillance and data link transactions within
the Roll-Call periods.

The MRP_SBM function is composed of the following sub-functions:

= Mode S Modulator and eXtractor Control (SBM_MMXC), which manages the interface
between MRP CSCI and MMXC,

= Roll Call Period Processing (SBM_RCPP), which manages activities within the Roll Call
periods,

= Mode S All Call Period Processing (SBM_MACPP), which manages Mode S activities within
the All Call periods,

= SSR All Call Period Processing (SBM_SACPP), which manages SSR activities within the All
Call periods. It includes the defruitor function.

Scheduling management

The MRP_SM function manages the synchronisation of the CSCI.

The MRP_SM function prepares the information to be processed by the MRP_SBM function. For

each 1/64th sector, it selects all the Mode S and SSR aircraft of the sector and the data link

associated to the Mode S tracks and sends the information to MRP_SBM.

At the end of each 1/64th sector the MRP_SBM sends to MRP_SM the Roll-Call and All-Call

information which were processed during the sector. On reception of these released data,

MRP_SM dispatches the received information to the concerned users:

= the plot report to the MRP_TRM function, and to the other MRP.

= the data link report to the data link servers (MRP_DLM function),

= the reply report to LD.

The MRP_SM function is composed of the following sub-functions:

» Waiting Aircraft Selection (SM_WAS), which requests aircraft, their surveillance and data link
from MRP_TRM and MRP_DLM functions, memorizes them, and places them at MRP_SBM

function disposal,

= Aircraft Release Management (SM_ARM), which dispatches the data released by MRP_SBM
to MRP_TRM, MRP_DLM, the other MRP and LD.
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3.1.3.1.3

31314

Tracks management

The MRP_TRM function is broken down into 5 sub-functions:
= Plot Input (TRM_PIP),

= Tracking (TRM_TRK),

= Data Output (TRM_DOP).

= Reflector Identification (TRM_RFI)

= External Track Correlation (TRM_ETC)

The Plot Input sub-function manages the acquisition of primary and secondary information and
associates the primary plots with the secondary plots (SSR + Mode S).

The Tracking sub-function establish the aerial situation. It initialises and maintains tracks. It also
computes track windows for Mode S interrogations and SSR detection enhancement.

The Data Output sub-function adds information to the track, sends the tracks to MRC CSCI,
sends the tracks and the plots to the Local display.

The Reflector Identification sub-function identifies the dynamic reflectors and sends the static
and dynamic reflectors to the Tracking sub-function.

The External Track Correlation sub-function correlates external tracks received from the MRC
CSCI with tracks maintained by the radar. According to the result of this correlation, it sends to
the Tracking sub-function, commands to create new tracks or to update existing tracks.

Datalink management

The Datalink Management function manages all data link activities. This function is a server
achieving the data link service and will be referred to as the data link server. It can also be seen
as a group of servers, each one dedicated to a specific type of Mode S data: broadcast server,
GICB server, packet server.

The data link server works for clients which have subscribed to the data link service. Each client
declares itself to the data link server. Once known by the data link server, a client can send
uplink data link and GICB extraction request to the server. During the subscription, the client
indicates to the data link server which downlink data it is interested in: downlink broadcast,
downlink packet. The downlink data are only sent to the clients which have requested their
transmission.

The data link server collects data link requests from its clients. These request are stored in the
DATALINK_DB database. On request from the MRP_SM function, it decides which requests
imply a data link exchange with aircraft and sends them to MRP_SM.

Upon reception of data link reports from MRP_SM, uplink data link transmission reports and
extracted GICB are sent to the clients which requested it, downlink broadcast and downlink
packet are sent to the clients which subscribed to this type of information. The DATALINK_DB is
updated according to the data link reports.
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This function is composed of the following sub-functions:
» Broadcast Server (DLM_BCSTYS),
= GICB Server (DLM_GICBS),
= Packet Server (DLM_PKTS).
3.1.3.1.5 Channel BITE management

The purpose of the Channel Bite Management is to evaluate the ability of the radar channel to
perform its mission. The specific functions are:

» to co-ordinate the start-up and initialisation of the DPC,

= to manage the on-line and off-line Built In Tests of the radar channel equipment and establish
the operability of component for RCMS Operator,

= to synthesize the states of the radar channel, and decide the switching between To Antenna
and To Load channel,

= to co-ordinate the parameters updating, dialoguing with SDPT terminal (CBP CSCI).

On-line BITE testing is defined as BITE tests performed while the radar channel is in the
OPERATIONAL or MAINTENANCE operating mode. Such tests are conducted with normal
operating signals or internally injected stimuli that do not interfere with normal operation.

Off-line BITE tests are tests conducted while the system is in the maintenance mode using
internal test checks and routines. The Off-line tests managed by the CSCI concern the Data
Processing Computer. They are performed by rebooting the Computer.

This function is composed of the following sub-functions:

= Data Processing Monitoring (CBM_DPM),

= Built In Test (CBM_BIT),

= States and Modes Management (CBM_SMM),

= Control Management (CBM_CM),

= Monitoring Interface (CBM_MI).
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3.1.3.2

3.1.3.21

MSSR/Mode S Radar Communications (MRC)
The MRC CSCI consists of the following functions:
= Site Monitor Management (SMM): this function tests the system using site monitors.

= Enhanced Surveillance Management local application (ESM): this function programs the
automatic extractions of GICBs in order to enhance the data transmitted to the ATCC.

= Air Traffic Control Centre Interface (ATCC_INT): this function relays MRP tracks and tracked
plots to the ATCC. It manages up to eight independent logical links to the ATCC.

= Primary Surveillance Radar Interface (PSR_INT): this function relays PSR data to the MRP
CSCI. It manages two independent logical links.

= Ground Data Link Processor and Local User Interface (GDLP_LU_INT): this function
manages the communications between the MRC CSCI, the GDLP and the Local User. It
manages two independent logical links for GDLP and one for LU.

= Surveillance Coordination Network Interface function (SCN_INT): this function manages two
independent physical lines and up to five independent logical links on the same physical line.

Site Monitor Management

The purposes of this function are:

= to carry out on-line tests using site monitors located in the vicinity of the Mode S station,
= to compute and report to the MRP CSCI the corresponding BITE information

These tests may be performed simultaneously on two site monitors, as follows:

First site monitor : Dual channel SMS

The SMS is the Mode S (level 2) site monitor which may be delivered in option with the
RSM970S.

The SMS has a dual channel architecture which allows the test of the Mode S station through
the following main tests: checks of the SMS position, codes, etc. on each SMS track received.

The BITE status of each SMS channel is gathered by the radar through:

= the extraction of a dedicated BDS E1 register, in Mode S scheduling, or

» the 4 LSBs of the Mode C replies, in SSR (A,C) scheduling.

In Mode S scheduling, additional tests (called “long loop tests”) can be performed. These tests
are periodically triggered by the transmission of specific short form MSP packets from the

RSM970S to the SMS.

The following table shows type of each test and the associated action performed by the SMS:
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Test name Action of the SMS
[I/SI codes delivery Report the 1l codes being set.
Alert bit Temporarily change its Mode A code from standard to test

value, which triggers the alert bit.

Downlink capability report | Temporarily change its BDS 10 from standard to test value,
which triggers downlink broadcast.

Flight identity change Temporarily change its BDS 20 from standard to test value,
which triggers downlink broadcast.

Unlocking This test does not correspond to any specific action from the
SMS, but to a track unlocking performed by the MRP CSCI.

Second site monitor : Generic SSR / Generic Mode S

The following types of legacy site monitors are supported by the RSM970S:
= SME974: SSR (A, C) dual channel, with BITE status reporting,
= Generic SSR (A, C), single or dual channel,
= Generic Mode S (level 1 or above), single or dual channel.
3.1.3.2.2 Enhanced Surveillance Management

The purpose of this function is to extract GICB registers for all tracks, in order to enhance the
information transmitted to the ATCC.

Whenever the MRP CSCI signals a track entry, the functions capability sends back GICB
requests for the extraction of the registers:

= which are necessary for Mode S elementary surveillance: Aircraft capabilities and Call-Sign
(BDS 10, 17 and 20),

= which are defined by the user (through an operational parameter) for Mode S enhanced
surveillance (up to five additional registers may be extracted this way).
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3.1.3.2.3 Air Traffic Control Centre Interface
The purposes of this function are:
= to format tracks in the Asterix or Aircat-500 format and to output them to the ATCC logical
links
» to detect output overloads on any of the ATCC logical links
» to suppress some data on the overloaded ATCC logical links
3.1.3.2.4 Primary Surveillance Radar Interface
The purpose of this function is to relay primary radar detection data received from a Primary
Surveillance Radar (PSR) to the MRP CSCI.
The Weather data received from PSR are directly provided to the ATCC interface function.
The PSR information may be received through a serial line, or from the TMR processor
connected on the radar communication LAN.
The function manages an active and a standby logical link. While the messages received on the
active link are relayed to the MRP CSCI, the messages received on the standby link are
discarded.
3.1.3.2.5 Ground Data Link Processor and Local User Interface
The purposes of this function are the following:
» to establish, maintain and monitor connections with the GDLP,
= to establish, maintain and monitor connections with the LU,
= to relay the GDLP and LU messages to the MRP CSCI
= to relay the MRP CSCI messages to the GDLP and LU
3.1.3.2.6 Surveillance Coordination Network Interface
The purpose of this function is to enable the mode S station to be coordinated with up to six
other mode S stations with which it is connected into a cluster. This coordination is used in order
to reduce FRUIT and cater for the limited number of Il codes available within mode S, since it
enables all mode S stations from a given cluster to share the same Il code.
The function is in charge of three protocols: NMP, TASP and NNCOP.
= NMP is the Network Monitoring Protocol, it enables the mode S station to determine the
network topology, i.e. the list of mode S stations from the cluster which operate network-
aided, and the cluster mode (distributed mode or central mode, depending on the presence
of a cluster controller within the network topology).
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= TASP is the Track Acquisition and Support Protocol, it enables the mode S station to acquire
tracks locked by other mode S stations from the cluster and located in the station
surveillance coverage. It also enables the mode S station to request track support from the
cluster mode S stations in case of miss. TASP is only active when the cluster operates in
distributed mode.

= NNCOP is the New Node and Change-Over Protocol, it enables a mode S station to prevent
useless exchanges of messages by TASP by sending to the other mode S stations in the
cluster the list of unique mode S addresses it knows. This is done either when entering a
cluster or when executing a channel switch-over. NNCOP is only active when the cluster
operates in distributed mode.
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3.2. INTERFACE MANAGEMENT (LINES)

3.2.1 Introduction

The RSM970S is equipped with two external devices (“LINES”) in charge of external interfaces
(ATC centres, Mode S Datalink, Mode S Surveillance Coordination...)

According to user’s needs, two additional LINES devices may be delivered in option.

At a given time, each LINES device performs data routing between the active radar channel and
the output lines. All lines carry the same data (i.e. target reports processed by the active
channel).

Switch-over between radar channels (i.e. Interrogator and reply processors) is transparent for
the ATC centres, i.e. the physical and logical (at protocol level) connections are maintained. This
event may influence track numbering.

CHANNEL 1 CHANNEL 2
Data Data
Processor Processor
Computer Computer
1 2
5 5

A4
] « o i
A A
\ 4 Y
LINES 1 LINES 2

LAN_|| AAA. an | e

ATCC SCN GDLP

Figure 25 - Interface Architecture
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3.2.2 Hardware

The pLINES-E4 box is equipped with:

3 Ethernet ports (one for internal use)

- 10/100bT Ethernet interfaces

- Auto-negotiation, auto-sensing, half or full duplex mode

4 Serial ports

- DTE multiprotocol (Async/Sync)

- RS232/422/485/EIA530A/X21 ports, speed up to 250 kbps,
Processor

- MPC8250 master CPU & communication processor at 200 MHz (280 MIPS)
Memory

- 32 Mbytes of DRAM

- 8 Mbytes of FLASH EEPROM

- 128 Kbytes SRAM

Backlight screen and keyboard

Figure 26 - pLINES-E Internal View
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3.2.3 Description
In addition to the delivery of operational data (target reports) to the ATC centres, the external
interfaces of a Mode S station may include Datalink (from/to a GDLP — ground Data Link
Processor — and/or a local user) and Surveillance Coordination (from/to a Cluster Controller or
neighbouring Mode S stations).
Each possible logical link can be mapped onto a physical link, according to the following table:
External . .
Number of logical links Protocol
Interface
ATCC Target reports 8 (simultaneously) HDLC-UI Asterix CAT1,2,8
HDLC LAP-B .
Weather maps X25.3-88 Asterix CAT 48, 34, 8
Aircat-500 Aircat-500 tracks
TCP/IP(**)
UDP/IP (***)
PSR (*) PSR plots 2 (one active, one stand-by) | HDLC-UI Asterix CAT1,2,8
HDLC LAP-B Asterix CAT 48, 34, 8
SCN Surveillance upto 6 X25.3-88 Asterix CAT 17
coordination
GDLP Mode S Datalink | 2 (one active, one stand-by) | HDLC LAP-B Asterix CAT 18
X25.3-88
LU Mode S Datalink | 2 (one active, one stand-by) | HDLC LAP-B Asterix CAT 18
X25.3-88
(*) These interfaces are used for interfacing legacy PSRs only. THALES radars with TMR processors
(e.g. STAR2000) use a LAN for exchanging data with the DPCs, without routing through the LINES.
(**) Client or Server; Complies with IP V4 and IP V6.
(***) Unicast or multicast; Complies with IP V4 and IP V6.
3.3. TIME STAMPING
The time stamping is constituted by two NTP servers.
Each server includes:
= one GPS receiver providing an accurate UTC time source,
= one internal clock,
= one Ethernet interface for exchanging time information with external equipment.
Each server is connected to the 1/O LAN of the radar (also used for exchanges between the
DPC and the LINES and for PSR plots acquisition).
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The protocol used is NTP (Network Time Protocol) which allows the automatic synchronization
of the DPC, thanks to the built-in service of the GNU/Linux operating system.

In case of a missing GPS signal (e.g. due to too few visible satellites), the internal clock of the
NTP server maintains the time information until the recovery of GPS signal. The maximum drift
of the NTP internal clock is 20 ms per month.

Additionally to the time messages, the DPC gathers the status of the NTP server in order to
compute the availability of the Time stamping function.

Furthermore, the DPCs exchange their time information in order to make a consistency check
between both NTP servers.

ANTENNA/CONVERTER ANTENNA/CONVERTER

NTPS CH1 NTPS CH2

LAN SWITCH 1 LAN SWITCH 2

1/0 Ethernet Network

PLINES 2

Figure 27 - Time stamping block diagram
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4. MAINTENANCE EQUIPMENT
4.1. SITE DEPENDENT PARAMETERS TOOL

41.1 General
The Site Dependent Parameter Tool (SDPT) software (called CBP for Cabinet Parameters tool)
enables the operator to display and change all the operational parameters of each radar channel
(setting up purpose) when it is in local control. The operational parameters are all parameters of
the radar channel which are software adjustable for installation, operation and maintenance of
the system.

The CSCI CBP runs either on the RCMS local terminal (as a separate application) or on an
optional dedicated PC.

The purpose of this CSCl is to:

= set up or display operational parameters of the radar channel,

= display measurements and other variables (states, failure codes) within the radar channel,
» send local operator commands.

The programming from SDPT requires the equipment to be switched to the local mode (called
"SDPT control"), inhibiting the RCMS orders.

£ CBP RSMI705 Bertem_1.gbl Bertem_1.cop Bertem_1.rps e _1=] x|

Ele Edt Display Command Mode ew Help

S cheduling paramelers =l H Operabilityl Operating | Cantig | Madle | Contral |ModeSevai| G\oba\LLTlDeferreMnnll Fopl Site ”

Desciiption [ Value | Unit [ Step | Min [ Ma | Typical
W EE IRF man

PP Acquisiion pattem

(= PR Number of scans for initial acquisition

I Yalue 0 scan 1 1] 10 H
= PR Number of scans for stand-alone acquisition
Ly vale 5 scan 1 il 10 5
= PR |/R map selection [Key paramster)
1/R map selection 1 1
= PP=3 Operational pattarn
Humber of scans for Mods interlacing 1 1 1 3 1
. PP Humber of azimuthal areas 1 1 1 5 1
| B3 Scheduling pattems
23 scheduling pattem in area (1) —
~Pp  Stat sectar 00 degres 56 i} 3544 00
=23 AL litening window
; Listening window beginning 033 Hm 013 0.00 16.02 000
M End 55R AC litening window 14012 Hm 013 3212 300.05 150,22
PP EndMS AL listening window 14012 K 013 3212 300.05 150.22
~Pp  Computed IRF 75 Hz 1 1 500 150
~Mp R duration 340,04 Hm 013 8084 161875 33864
<P AC duration 14012 Hm 013 8054 161875 20085
~Mp  Flduation 80,94 Hm 013 2094 40463 8094
WP Number of period 4 1 1 12 4

(=13 Motif operstar
(=424 interragation in period (1)
Pk Kind All Call AllCall
i =iy AC interragation
(= iy AC irterrogation far scan (1)

First P1P2PELIFI1 P1PZPELIFI
P Second PIPIP4SHa P1P3P4SH2A
‘PP Reply probabilty Probatilty of 1 div 2 Probabiity of 1

[+ ] AC irterrogation far scan (2]

+[_] AL interragation for scan (3)
[=-2y interragation in period (2)
Por Kind Rall Call FRoll Call
H 1 AC interrogation
(=44 interragation in periad (3)
[ Kind Al Call Al Call
{259 AL interragation Al

[Config. v8.3-2 [Lhambrea |user 2

For Help, press F1

Figure 28 - Example of CBP Display
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4.1.2 CBP functions

The CBP CSCI performs the following functions:

management of the CBP mode of operation,

edition of MSSR/Mode S parameter sets in SDPT (creation, display, modification, copy of
parameter set content),

generation of coverage map files in MRP (local cartesian cells) format, conversion of
coverage map files from Eurocontrol format to MRP format,

creation and sending of commands to one MSSR/Mode S channel (operator command,
direct parameter read/write command),

management of the parameter set transfer from/to one I/R cabinet channel (parameter set
sending to one MSSR/Mode S channel, parameter set reading from one I/R cabinet channel),

real-time display of monitoring data from one MSSR/Mode S channel (measurements, states
and failure codes),

comparison of parameter sets stored on SDPT disk,

transmission of coverage map files to the IBIS maintenance display.

41.3 Controls

The following controls are available for each radar channel, from the SDPT:

Failure code reset

Off line test activation

SDPT control release/request
Operational operating state

Maintenance operating state

Stand alone / Network aided mode (SCF)
I/R channel switchover

Transmission on/off

I/R map selection, allowing to select the map 1 or map 2 for TVBC law divided into sectors,
ISLS / lISLS, transmitted power attenuation

PSR channel selection (if present).
Site monitor presence.

These controls are also available from the RCMS, when the equipment is switched to the remote
mode (called “RCMS control”).
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414 Parameters

The SDPT allows the setting of the following operational parameters:

Antenna scan duration

RSLS control and attenuation values
I/R map 1 and map 2 definition
Defruiter correlation choice

Extraction criteria

TVBC laws (up to 8 user programmable laws)
Operational interrogation mode pattern
Staggering

Off Boresight Angle (OBA) table
PSR/SSR bias adjustment

Anti reflection parameters

Optional Mode S Site Monitor parameters.

4.2. IBIS MAINTENANCE DISPLAY

4.2.1 Introduction

The proposed Indicator of Radar Information System (IBIS) is a display equipment, featuring

radar picture, used for the maintenance operation.

The maintenance display is used for display of plots on tracks and of geographical maps. It also
provides windowing of the radar video.

Plots/tracks are superimposed on the radar video, with a geographical maps background. IBIS

also enables the display of radar adjustment patterns (OBA).

IBIS can display up to-1000 tracks and 1000 plots simultaneously.

4.2.2 Radar Interfacing

The purpose of the IBIS display is to provide engineers with the means to assess the operational

performance and serviceability of the radar system.
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The following different types of data can be displayed (if present):

Digital PSR Video (aircraft and maintenance video), for co-mounted radars
Digital Log SUM secondary Video.

Digital Log DELTA secondary Video.

Digital f(DELTA/SUM) secondary Video

Digital SSR and Mode S pulse presence video

Digital SSR and Mode S reply presence video

PSR / MSSR / Combined plots and tracks (ASTERIX Category 1, 48).
System status (ASTERIX Category 2, 34).

Weather data, for co-mounted radars with weather channel (ASTERIX Category 8)
Specific processing areas (ASTERIX category 245)

Mode A/C and Mode S Reply-report Data (ASTERIX category 242)

Datalink information (ASTERIX category 243)

Surveillance Co-ordination Network data (ASTERIX category 244 if present)
Coverage maps

List of Mode S aircraft currently surveyed

Anomalous data (plots flagged as anomalies)

Geographical map

User-defined graphical items

Range and Bearing lines

The tracks and plots are available on an ETHERNET LAN, the “SUPERVISION" LAN. The video
is distributed on a dedicated ETHERNET LAN, the “VIDEO" LAN. The operator has selection
devices on IBIS screen to choose the displayed data and the sensor data channel. The status of
the selected lines is displayed using a colour code.

The IBIS is designed such that the various categories of data are presented in a manner which
allows the data to be viewed simultaneously. For example, the analogue video signals are
presented as a backdrop to the target symbols which in turn have labels attached to them
containing further track data. This data is refreshed every radar scan.
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Figure 29 - Example of IBIS Display

4.2.3 Recording and replay
The IBIS features a function to record the received radar data and to replay them afterwards.

The replay can be performed on the same IBIS display or on another IBIS (option). The replay
function allows to select a timeframe within the recording and the speed of playback.

All real-time presentation preferences and filtering are also available during play back.

4.3. REMOTE CONTROL AND MONITORING SYSTEM (RCMS)

4.3.1 Basic Principles
The Remote Control and Monitoring System (RCMS) enables the operator, through graphical
synoptics and text pages to assess the status of the equipment and identify faults quickly. It also
enables the monitoring or the control of a restricted set of operational parameters (supervision
and maintenance purpose).

The RCMS is monitoring all the functions of the radar system and provides means for controlling
major system elements (on/off, rotation, etc...)

Whereas, the following functions are performed at the level of the BITE of each equipment:

= Acquisition of digital and analogue status,
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= Processing of this information to verify the correct operation or, in the event of failure, the
determination of the faulty unit,

= Management of front panel indicators,
= Continuous monitoring of the configuration status,
= Management of controls from/to remote control function,

Equipment test and control information is transmitted to/from the Data Regrouping Unit function
(DRU) of RCMS via a Local Area Network (LAN) carrying the following information:

= Correct operation codes,
» |In case of a failure, code corresponding to the faulty function,
= Command and acknowledgement of remote control orders,

= Any equipment status or parameter requested through the local or remote monitoring
position.

The DRU function interfaces ancillary units such as mains and antenna control cabinets and
possibly, air cooling system, UPS and other safety devices using opto-couplers and relays.

The RCMS uses basically two consoles, one local, the other remote.

Either console can be declared master or slave. The same information is displayable on both the
local and the remote station consoles.

The system hard disk is used for log files storage. The files are in standard text format and list
all the monitoring and control action previously done. The files download can be done either on
the local position or on the remote position.

Note:

The availability of radar surveillance data is monitored through the monitoring of the data
distribution function of the radar data processors. Due to the fact that the RCMS data link is
separated from the radar data link(s), in case of failure of radar data links, the monitoring of the
radar system, and of the radar data distribution, is still possible.
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Figure 30 - RCMS Architecture
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Figure 31 - Example of RCMS Display for a co-mounted version
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4.3.2 RCMS Operation
RCMS provides its functions:
= at station level during system optimisation and preventive / corrective maintenance;
= at Remote Maintenance Room level for the remote system control and monitoring.
The corresponding control and monitoring consoles are provided with a multi-function keyboard
and a mouse.

43.2.1 Monitoring
A synopsis of the station status is presented, in the form of a block diagram. The selection of
any system element is possible from the block diagram using pull out menus for presentation of
more detailed status monitoring.
The console provides:
= a graphic coloured indication of the status of a designated equipment element, particularly

faults, unavailability,
= pull out menus showing functions and parameters monitored, where appropriate indicating
the actual value,

= the indication of a system status as mentioned above.

4.3.2.2 Control
The operator position has the possibility, by selection of a special operating mode, of controlling
all major system elements. This is done by means of keyboard and mouse.
This remote control facility will only be operational if the equipment in question, for control, is set
to the "remote control' mode of operation. Selection of "local control' on the equipment will
inhibit all remote control actions from all remote control consoles. It will not inhibit the feasibility
to monitor system status. All control actions are recorded.

43.2.3 Description of the RCMS windows
Configuration and remote control windows
The configuration signals are binary data that refer to the operational state of a system or
equipment (for example: operational/maintenance, on-line/stand-by, equipment ON/OFF, etc.).
The state of the configuration signals generally results from an automatic action of the system or
equipment or from a locally or remotely controlled action.
There is one window of text for each equipment or system comprising a title (name of equipment
or system). Each configuration is defined with a name and a text corresponding to a binary value
(such as true/false). Controls will be issued from this window through direct selection on the
screen.
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Parameter and Remote Control Window

This window contains discrete or numerical values which may define:
= Nominal settings (frequency of operation),

» Threshold limits (warning, alarms limits),

= Operation modes (channel in use for a receiver).

The parameters may be locally or remotely controlled. Each parameter is identified by a name
and its value.

Parameter entry may be selected. A new value may then be entered using the entry window that
is presented. This entry window contains a list of valid selections or the limits and a default value
for the parameter.

Status and measures windows

These windows can be selected for the display of data that cannot be classified as configuration
or parameter data but is relevant to operational or maintenance use.

The status information displayed indicates the current state of equipment and cannot be
remotely controlled (e.g. breaker ON/OFF, equipment FAULT/OK, etc.).

The measurements are numerical information generally used for the system's maintenance.
Each window contains a title and the list of status or measures. Each status item is defined with
a name and an indication such as "yes" or "no". Each measure is provided with a title, its value,

and its unit of measure.

Special control window

Unlike configuration and parameter, which are modifiable data, this window allows the operator
to execute other controls.

Alert Window

This window displays information regarding currently active alerts, i.e. those not discarded by the
operator.

Failure window

This window groups all the current failures of a given equipment item, and identifies when
possible the faulty unit and the failure identification in the functional unit.

Help window

Help indications are displayed at the level of each useful window, and provide the user with
information on the use of the RCMS functions.
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4324 Screen and Peripheral Management Commands

The following commands are available to an operator:

Designation capability by means of the keyboard or the mouse,
Block diagram call,

Upstream - downstream window,

Return to the highest level window of the group,

Window management: Scrolling, Sizing, Windowing,
Enable/Disable printer (if any),

Audible alarm ON/OFF,

Pop-up display ON/OFF.

4.3.2.5 Alert Logging and Display

When an alert condition is detected on a supervised equipment, the DRU or its equivalent
sends, if relevant, the corresponding information to the operator position(s) that supervise this
equipment. Depending on the alarm and the operator