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1 INTRODUCTION

Coillte CGA, care of Malachy Walsh and Partners, received a request for further information regarding
the Carrownagowan Wind Farm application from An Bord Pleandla in a letter dated 23™ February
2021. This report addresses the further information outlined in Item 3 of the letter.

1.1 CONTRIBUTORS TO THIS REPORT

This report has been completed by Helen Burman-Roy to outline the assessment required and
completed to address the submission made by Shannon Airport to An Bord Pleanala in respect of the
proposed development.

Cyrrus and FCSL were contracted by MWP on behalf of the applicant to address specific queries raised
by Shannon Airport and the Irish Aviation Authority. John Van Hoogstraten of Cyrrus and David Bartlett
of FCSL completed the required assessments.

John Van Hoogstraten (MBCI, CBCP, SIIRSM) is the Operations Director of Cyrrus. John has a wealth of
aviation experience over 30 years including experience from South Africa and the Middle East. John
specialises in aviation support to airports, airport developers, regulators and air navigation service
providers to help achieve regulatory compliance and implementation of future systems and
procedures in line with ICAO (and State) standards and recommended practices.

David Bartlett is the Director of Flight Calibration Serivces Ltd (FCSL) and specialises in the design,
specification, installation, licensing and operation of ground based and satellite navigation aids,
Aeronautical Ground Lighting (AGL) and ATC tower facilities as well as ATM planning and regulatory
issues.

Cyrrus and FCSL are both on the list of approved contractors from the Irish Aviation Authority (IAA).

The IAA were consulted through the process and issued a letter stating they are satisfied that the
issues highlighted can be appropriately managed. Refer to section 2.3 below and Appendix 4 for the
Letter from the Irish Aviation Authority.

1.2 ITEM 3 OF THE FURTHER INFORMATION REQUEST
Item 3 of the request for further information from An Bord Pleanala is as follows:

The submission received from Shannon Airport states the location of the proposed turbines may have
implications for instrument flight procedures. The applicant shall review the submission from Shannon
Airport and respond accordingly.

@ Malachy Walsh and Partners Appendix
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2 RESPONSE TO ITEM 3

Shannon Airport, in conjunction with the Irish Aviation Authority, required the following technical
assessments to be carried out with regards to the Carrownagowan Wind Farm.

e Assess the effect the proposed wind farm may have on flight inspection procedures and
profiles associated with the Shannon Airport Runway 24 Instrument Landing System (ILS).

e Technical Safeguarding Assessment to address the potential impact the proposed
development may have on the Shannon Airport Instrument Landing System (ILS) and the
Woodcock Hill Monopulse Secondary Surveillance Radar (MSSR).

e An Instrument Flight Procedure (IFP) Opinion is necessary (which may result in a full IFP
Assessment being required)

MWP received a list of approved contractors from the Irish Aviation Authority (I1AA) for the work and
consulted with both Shannon Airport and the IAA on the scope of the assessments. The scope of work
required by Shannon Airport and the IAA and completed by Cyrrus and Flight Calibration Services Ltd
(FSCL) was as follows;

Flight Calibration Services Ltd (FSCL)

FCSL performed an assessment 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).

Cyrrus Limited

Cyrrus was engaged to conduct a Technical Safeguarding Assessment for the proposed
Carrownagowan wind farm development. The study addressed the potential impact the proposed
development may have on the Shannon Airport Instrument Landing System (ILS) and the Woodcock
Hill Monopulse Secondary Surveillance Radar (MSSR). Cyrrus conducted the technical safeguarding
assessment on the proposed development under a worst-case scenario.

Cyrrus were also engaged to provide an IFP opinion, ie to review the Instrument Flight Procedures
(IFP) to determine if a full assessment is required. Cyrrus deemed a full IFP Assessment was necessary
and was thereafter engaged to conduct the full study to assess if any of the turbines infringe the
protection surfaces of the IFPs serving Shannon Airport.

2.1 RESULTS OF THE FCSL ASSESSMENT

FCSL notes that flight inspection aircraft flying centreline and part orbit flight profiles associated with
the Shannon Airport Runway 24 ILS will remain sufficiently clear of the proposed Carrownagowan
Wind Farm site. The proposed Carrownagowan Wind Farm will therefore have no adverse effect on
flight inspection procedures and profiles associated with the Runway 24 ILS.

FCSL note that their study does not include an assessment of Runway 24 Localiser guidance signal or
any impact the proposed wind farm may have on the integrity of the Runway 24 ILS guidance
signals. However, this was part of the Cyrrus technical assessment.

@ Malachy Walsh and Partners 2
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Refer to Appendix 1 for the FCSL Study: Carrownagowan Wind Farm Impact on ILS Flight Inspection

2.2 RESULTS OF THE CYRRUS ASSESSMENT

2.2.1 Technical Assessment
Cyrrus conducted the technical safeguarding assessment for the proposed development under a
worst-case scenario.

The main findings of this study with regard to ILS performance show that:
e The proposed wind farm lies outside all of the Airport Air Navigation Equipment (AANE)
Building Restricted Areas (BRA);
e The proposed wind farm will not pose a risk to aircraft approaching or departing from either
runway at Shannon Airport;
o No further modelling is deemed necessary.

Detailed radar modelling of the indicative layout against the MSSR at Woodcock Hill shows the
following:
e Radar Line of Sight exists between Woodcock Hill MSSR and the towers of turbines T1, T2,
T3, T4,T5 and T6;
e Bistatic reflections from these turbines will not result in false targets for Woodcock Hill
MSSR;
o Woodcock Hill MSSR shadow regions from the turbines are considered operationally
tolerable;
e No mitigation measures are considered necessary for Woodcock Hill MSSR.

Conclusions

e Modelling of the proposed windfarm shows that none of the wind turbines will penetrate
any of the AANE BRAs.

e The proposed wind farm will not pose a risk to aircraft approaching or departing from either
runway at Shannon Airport. No further modelling is deemed necessary.

e (Calculations have shown that false targets due to bistatic reflections from the turbine towers
will not occur for Woodcock Hill MSSR.

e The volumes of shadow regions from the turbines are relatively small for the MSSR and
considered operationally tolerable. No mitigation measures are considered necessary for
the Woodcock Hill MSSR.

Refer to Appendix 2 for the Cyrrus Technical Study: Technical Safeguarding Assessment

2.2.2 IFP Opinion and Assessment
Cyrrus reviewed the Instrument Flight Procedures for Shannon and determined a further study was
required. Therefore, a full IFP Assessment was carried out.

The study assessed if the wind farm impacted on IFPs serving the airport. Each IFP has different criteria
to consider in assessing any impact. Cyrrus assessed all IFPs and determined that the wind Farm has
no impact to the currently published IFPs for Shannon Airport.

@ Malachy Walsh and Partners 3
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Refer to Appendix 3 for the Cyrrus IFP Safeguarding Assessment

2.3 REVIEW OF RESULTS — STAKEHOLDER MEETING
A stakeholder meeting was held on the 19 of May 2021 to discuss the outcome of the various studies.
The following were in attendance;

e Cathal MacCriostail (IAA)

e Paul Hennessy (Shannon Airport)
e David Bartlett (FCSL)

e John Van Hoogstraten (Cyrrus)

e Charles Langley (Coillte)

e Helen Burman-Roy (MWP)

The studies and conclusions were discussed and in follow up correspondence, the IAA issued a letter
stating they are satisfied that the issues highlighted can be appropriately managed, if and when
planning permission is granted.

Refer to Appendix 4 for the Letter from the Irish Aviation Authority.

3 CONCLUSION

The reports addressing item 3 of the request for Further Information are all included as Appendices
to this report. A concluding statement is provided for each item below.

Flight inspection procedures - | The proposed Carrownagowan Wind Farm will therefore
check by Flight Calibration Services | have no adverse effect on flight inspection procedures and
Ltd profiles associated with the Runway 24 ILS.

Technical assessment The proposed wind farm lies outside all of the Airport Air

Navigation Equipment (AANE) Building Restricted Areas
(BRA). The proposed wind farm will not pose a risk to aircraft
approaching or departing from either runway at Shannon
Airport. No mitigation measures are considered necessary
for Woodcock Hill MSSR.

IFP Assessment Cyrrus assessed all IFPs and determined that the wind Farm
has no impact to the currently published IFPs for Shannon
Airport.

Overall statement by IAA MWP received a letter from the IAA concluding that the IAA

ANSP ‘has no objections in regard to the planning process for
the proposed Carrownagowan/Moylussa Clare East Wind
Farm’.

@ Malachy Walsh and Partners a
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Appendix 1
Carrownagowan Wind Farm Impact on ILS Flight
Inspection - FCSL
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ABBREVIATIONS

AIP Aeronautical Information Publication
AMSL Above Mean Sea Level
ARP Aerodrome Reference Point
DME Distance Measuring Equipment
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FIP Flight Inspection Procedure
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1 INTRODUCTION

Carrownagowan Wind Farm is a proposed renewable energy project located in
County Clare on the north western slopes of Slieve Bernagh mountain, approximately
15 NM north east of Shannon Airport.

The Irish Aviation Authority (IAA) 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 Carrownagowan Wind Farm comprises 19 wind turbines and
associated infrastructure including turbine foundations, access tracks, an electricity
substation, control building and meteorological mast located in an area of
approximately 750 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 and meteorological mast coordinates are shown in Table
2.1 below.

The maximum height of the proposed wind turbines (to blade tip) is 169 m (554 ft)
above ground level. Ground height at the highest turbine (T4) is 326 m (1,069 ft)
AMSL (see Figure 2.1 below).

The proposed meteorological mast will have a maximum height of 100 m above
ground level.
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urbine ITM Coordinates WGS-84 Coordinates Ground Level
X Y Latitude Longitude AMSL (m)
1 559385 675575 52.829598 -8.602697 245.56
2 559850 676030 52.833722 -8.595853 246.72
3 560484 675908 52.832672 -8.586430 300.12
4 561137 675897 52.832621 -8.576738 326.39
5 560394 676494 52.837932 -8.587836 243.44
6 561109 676437 52.837472 -8.577218 247.31
7 561881 676649 52.839432 -8.565785 244.75
8 562533 676815 52.840970 -8.556128 313.24
9 561098 676928 52.841884 -8.577440 225.49
10 561800 677115 52.843615 -8.567042 237.93
11 562539 677308 52.845401 -8.556095 277.48
12 563149 677146 52.843987 -8.547022 310.89
13 563650 677042 52.843086 -8.539574 314.38
14 563431 677641 52.848455 -8.542892 311.15
15 562982 677858 52.850375 -8.549582 278.45
16 562556 678103 52.852547 -8.555934 250.22
17 561903 677741 52.849248 -8.565586 220.58
18 561234 677472 52.846783 -8.575486 194.97
19 561435 678011 52.851641 -8.572566 188.93
Met mast 561144 677998 52.851503 -8.576884 172.65

Table 2.1 - Proposed Turbine and Meteorological Mast 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 radionavigation 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.

e 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 Carrownagowan 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).

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 Carrownagowan Wind Farm.

FCSL 0135 FOS, Page 8
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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.

ILS LOC RWY 110.95MHz 524129.4N Coverage restricted to 35°

0085649.6W either side of the course line.
¥ Signals received outside

4° W 2017 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 330.65MHz H24 524232.1N GP Angle 3° RDH 59ft
0085447.7W

ILS DME RWY CH46Y
24 (110.95 MHz)

524232.1N
0085447.7W

DME Zero ranged to THR 24.
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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«———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
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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.

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 approach and part orbit profiles are flown as defined in FCSL
Form 102 (Flight Profile Chart). Figures 5.1 and 5.2 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.
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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 |
Antenna

THRESHOLDT SNI\."IT

N.B.

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

Vertical 1
Profile

Logaliser
Centreline

Start Height gnd
Distance as ger
Crew Requept

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
EE
Localiser I( I R e Localiser .. | . . . __ i
Antenna | 10° Centreline
. |35°
Heights and 25NM
Distances as per |
Crew Request
6NM '/
17NM
Figure 5.2 — Part Orbit Flight Profile
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6 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 seven 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
0.7 NM laterally from the nearest wind turbine (T19) 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, 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
overhead and close to the proposed Carrownagowan Wind Farm site. The flight
inspection aircraft vertical clearance above the highest turbine (T4) can be estimated
as follows (see Figure 6.1):
Horizontal distance from 24 Glide Path antenna (on boresight) to Turbine T4
=26,379m
Assume ground height at 24 Glide Path Antenna = ARP height =46 ft =14 m
Clearance (h) above highest turbine (T4)
= (26,379 m x tan 3.0°) = (326 m — 14 m) — 169 m = 901 m = 2,956 ft
This height exceeds the minimum clearance required above terrain and obstacles in
IMC.

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 track of the 6 NM part orbit profile is 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 9.5 NM
from the nearest wind turbine at a point on the part orbit track closest to the wind farm
site.

FCSL 0135 P 15
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6.2.2

For a 17 NM part orbit flight profile, the flight inspection aircraft will pass directly
overhead the proposed wind farm.

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 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 (T4) can be estimated as:
Ground height + maximum turbine height = 326 m + 169 m = 495 m (1,624 ft).

For an orbit height of 2,745 ft AMSL, a flight inspection aircraft will therefore have a
clearance of 1,121 ft above the highest wind turbine. This height exceeds the
minimum clearance required above terrain and obstacles in IMC.
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Figure 6.3 — 17 NM Part Orbit Terrain Elevation Profile

7 CONCLUSIONS AND RECOMMENDATIONS

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

The proposed Carrownagowan Wind Farm will therefore have no adverse effect on
flight inspection procedures and profiles associated with the Runway 24 ILS.

As the proposed wind turbines are within 2.4° azimuth and 0.9° elevation of Localiser
antenna boresight, there is potential for the proposed wind farm to cause interference
to the Runway 24 Localiser guidance signal at ranges of between 15 NM and 25 NM
from the Localiser antenna. It is recommended that computer simulations be
performed to assess the levels of potential interference to the Runway 24 ILS
Localiser guidance signal.

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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Executive Summary

CyrrusLimited has been engaged by Malachy Walsh and Partners (the Client) to conduct a Technical
Safeguarding Assessment for a proposed wind farm development near Shannon Airport.

This studyaddresseghe potential impact the proposed development will havetbie Shannon Airport
Instrument Landing System (lla®8d the Woodcock Hill Monopulse Secondary Surveillance Radar (MSSR).

Cyrrus has conducted the technical safeguarding assessment on the propeseldpment under a
worst-case scenario.

The main findingsf this study with regard to ILS performance show that

X The proposed wind farm lies outside all of the Airport Air Navigation Equipment (AANE) Building
Restricted Areas (BRA);

X The proposed wind fan will not pose a risk to aircraft approaching or departfrgm either
runway at Shannon Airport;

x No further modelling is deemed necessary.

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

X Radar Lia of Sight exists between Woodcock Hill MSSR and the taf&rsbines T1, T2, T3, T4,
T5 and T6;
Bistatic reflections from these turbines will not result in false targets for Woodcock Hill MSSR;
Woodcock Hill MSSR shadow regions from the turbines arsidened operationally tolerable;
No mitigation measures amonsidered necessary for Woodcock Hill MSSR.

Cl:5614RPT003 V10 Cyrrus Limited 1of34
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Abbreviations

AANE
AGL
AIP
AMSL
ATCO
BRA
DME
DTM
DVOR
GIS
ICAO
ILS
MSSR
NDB
PD
PSR
RCS
RLoS
VHF
VPD

Airport Air Navigation Equipment
Above Ground Level

Aeronautical Information Publication
Above Mean Seeelel

Air Traffic Control Officer
BuildingRestricted Area

Distance Measuring Equipment

Digital Terrain Model

Doppler VHF Omsidirectional Range
Geographic Information System
International Civil Aviation Organisation
Instrument Landing System
MonopulseSecondary Surveillance Radar
Non-Directional Beacon

Probability of Detection

Primary Surveillance Radar

Radar Cross Section

Radar Line of Sight

Very High Frequency

Vertical Padr Diagram
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1. Introduction
1.1. Overview
1.1.1. Malachy Walsh and Partneis proposing to construct a new onshore windnfelocated in

County Clare in the Republic of Ireland.

1.1.2. The proposed development, Carrownagowan Wind Farrplaisned to comprise 19 wind
turbines with a maximum tip heigh of up to 169m Above Ground Level (AGL) and lies
approximately 26km east of Staon Arport and betweenl3.75kmand 1812kmnortheast
of Woodcock HilMonopulse Secondary Surveillance Radar (MSSR).

1.2. Technical Safeguarding Assessment

1.2.1. Cyrrushas been engaged by the cligat address the possible impact the Carrownagowan
Wind Farm may haverothe Woodcock Hill MSSR facility. The Radar Line of Sight (RLoS)
assessment will determine the degree of visibility of the proposed turbines to the radar.

1.2.2. An assessment is also conductaghinst the ILS for Runwa@6 and24 as well as the dh-
directiond Beacon (NDBand VHF Omndirectional RangeMOR facilities at Shannon
Airport.

1.2.3. Obstacles that are illuminated by signals from Airport Air Navigation Equipment (AANE) can

cause disturbv 3} §Z <]Pvo v Zv Z A v ]u% 3 yv S8Z +Ce+3 ufe

1.2.4. Technical safeguarding of the equipment ensures that any potential disturbance of the
Pul v ue ] ] v3](] V ee ee 3} vepE SZ <CeS u[e }VvS]v
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2. Evaluation Tool s Used

2.1. Software

X ICS Telecom EV V15.5.3 x64;
X Global MappeiGeographidnformation System (GIS) Software v21.1.1;
X ZWCAD+ 2015 SP2 Professional.

2.2. Terrain Data

x ATDI 25m Digital Terrain Model (DTM), 2015, ETRS89 projection.

2.3. Data Provided by Client

EINN_06_ILS_i®8-19 Apdf

EINN_06_ILS_313-20_Apdf

EINN_24_ILS_an0-20_ R(1)df

EINN_24_ILS_313-20_A(1)pdf

1. IAApdf

9. Shannon Airport Authoritpdf

Turbine Heights.pdf;

191075021-A.pdf t Typical Turbine, Foundation and Hardstand Details.

X X X X X X X X

2.4. Other D ata

x EI_AD_2 EINN_EN Shannon Airport details in Irish Aeronautical Information
Publication (AIP), effective date 10 SEP 2020.

Cl:5614RPT003 V10 Cyrrus Limited 80f34
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3. Development

3.1. Location

3.1.1. The indicative 19 turbine layout used for the modelling is showkigarel.

Inchal"ghOQE
WT19
< [wT1e
HWT17
WIS WT15
WT14
-
Wil WT12
“(WT2 — BIE WT13
W WT3
WT4
Figurel: Indicative turbine layout

3.2. Turbine Data

3.2.1. Each tubine has a planned tip height of 169m AGL and a rotor diameter of 136m. Turbine
blade length is thus 68m arfdub height is 101m AGL.

3.2.2. The locations of the 19 proposed turbines were supplied by the Client as Irish Transverse
Mercator (ITM) Eastings and Nontlys. These coordinates have been converte&1RRS89
decimal degrees and are presentedliable2.

Turbine ‘ ETRS8% atitude ‘ ETRS8% ongitude
WT1 52.82959768 N 8.6026967 W
WT2 52.83372169 N 8.59585281 W
WT3 52.8326721 N 8.5864296N
WT4 52.83262071 N 8.57673811 W
WT5 52.83793201 N 8.58783625 W
WT6 52.8374718 N 8.57721795 W
WT7 52.83943225 N 8.56578534 W
WT8 52.84096986 N 8.55612752 W
WT9 52.84188374 N 8.57743973 W

Cl:5614RPT003 V10 Cyrrus Limited 90f34
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Turbine ETRS8Q atitude ETRS8% ongitude
WT10 52.84361458 N 8.56704208 W
WT11 52.845401 N 8.5560950
WT12 52.84398713 N 8.547022 W
WT13 52.84308648 N 8.53957385 W
WT14 52.84845504 N 8.54289164 W
WT15 52.85037462 N 8.54958165 W
WT16 52.85254706 N 8.55593399 W
WT17 52.84924789 N 8.56558634 W
WT18 52.8467826 N 8.57548577 W
WT19 52.85164114 N 8.572%58 W

CL:5614RPT003 V10

Tablel: Turbine coordinates
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4.1.

4.1.1.

4.1.2.

4.1.3.

4.2.

4.2.1.

ILS Analysis

General

Prior to the construction of new developments on or near an airport, it is important to
consider the potential resultant effect on the performance of thgport Air Navigatia

Equipment AANB.

For example, the ILS provides both lateral and vertical guidance by means of radio signals to
enable aircraft to approach and land without visual reference to the ground in times of poor
visibility. By using this system, approach amiilag may be aaied out either automatically

or by suitable instrument guidance to the pilot. To ensure the safety and integrity of such
systems, it is necessary to provide a high level of safeguarding of the system performance.

Cyrrus can provide the gort operator with data and recommendationdyut the final

decisionon the response to a proposed development must remain the responsibility of the
airport operator once all factors affecting such a decision have been considered.

Site Location
The closestturbine within the proposed Windfarm lies approximately 26km from the

Aerodrome Reference Poirfthe locations of the nineteen wind turbines relative to Shannon
Airport are shown irFigure2.

) O

Eiasa) =
/ “Clarecastle
Q
\

|

~

\
$Sixmilebridge

Figure2 - Proposed Windfarm with respect to Shannon Airport
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4.3. Building restricted areas

4.3.1. The minimum safeguarded areas tbe AANE under consideration at Shannon Airpog
defined by the International Civil Aviation Organisation (ICAQO) in the document ICAO EUR
DOC 0% [1].

4.3.2. Figure3 and Figure4 show an example of the Building Restricted Area (BRA) shape for

directional facilities such as ILS Localisers, Glidepath®etance Measuring Egpment
(DME) as depicted inGAO EUR DOC 015 Figures 3.1, 3.2, 3.3 and 3.4.

Figure4 - BRA shape for directional facilities (side profile)
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4.3.3.

4.4.

4.4.1.

4.4.2.

Figureb indicates the applicable dimensions to be applied in order to generate safeguarded
zones for the varios directional navigation facilities. The purpose of these safeguarded
areas is to identify developments with the potential fousang unacceptable interference

to navigation facilities. Developments that infringe a safeguarded area must undergo
technicalassessments to determine the degree of interference, if any, and whether the
interference will be acceptable to the Airport opéoa

o e A b r D H L s
Tvpe of navigation facilities ) Iim - . ) L
Ype of navigation f m | | "™ | (m) (m) (m) (9
ILSILZ Distance to
500 70 +6000 500 10 2300 30
(medium aperture single frequency) threshold i
ILSILZ Distance to
(medium aperture dual frequency) threshold 300 0 a+6000 500 20 1500 20
ILS GP M=Type (dual frequency) 800 50 70 6000 250 5 325 10
Dastance to
MLS AZ threshold 20 70 a+6000 600 20 1500 40
MLS EL 300 20 70 6000 200 20 1500 40
DME (directional antennas) Distance fo| 70 a+6000 | 600 20 1500 40
threshold

Figure5 - Dimensions of safeguarded areas for directional navaids

Navaids under consideration  at Shannon Airport

The AANE under consideration at Shannon Airport consists of ILS Localisers and Glidepaths
serving Runways 06d 24, ILS DME facilities-lmzated with each Glidepath, and afipler

VHF Omnidirectional Range (V@R) celocated DME fality as well asa NonDirectional

Beacon (NDB)

The ILS, DMENDBand DVOR/DME safeguarded areas at Shannon Airport are shown in
Figure6.

frame]

Figure6 - AANE safeguarded areas at Shannon Airport
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4.4.3. The ILS, DMENDBand DVOR/DME safeguarded areas at Shannon Airplative to the
wind turbinesare illustrated inFigure7 and Table2.

Figure7 - AANE safeguarded areas with respect to wind turbines

Area Colour ‘ Description
Magenta Glidepath/DME 06
Orange Glidepath/DME 24
Cyan Localiser 06
Green Localiser 24
Blue DVOR/DME

Table2 - Safeguarded Areas Colour Reference
4.4.4, None of the AANE safeguarded areasiafiénged by the proposed windfarm development.

4.4.5. Since theproposed nineteen wind turbindge comfortablyoutside ofall AANE safeguided
areas modelling of the ILS performance is not required.

4.4.6. The proposed windfarm will not pose a riskatiocraft approaching or departing from either
Runway at Shannon Airpoithereforeno further investigation is deemed necessary.
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5.1.

5.1.1.

5.1.2.

5.1.3.

5.1.4.

Radar Assessment

Potential Impact of Wind Turbines on MSSR

Av DANZ Je v Z S]JA [ +C*3 uX /8 }% E &g a cdfed pulsesequ@EncgE veu]:
which is received and decoded by suitably equipped aircraft. The aircraft responds with a
coded pulse sequence on a diféet frequency which is received by the MSERe radar

detects the range and azimuth of an aircraft basednugiee difference in time between the
transmission of pulses to the aircraft and the receipt of energy from the airéaddlitional

information inthe coded reply allows the identification of a particular aircraft and its height.

Other data may also be madavailable 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 traemit and receive paths.

Bistatic reflection is where the signal transmitted¢ 32 & & ]+ Z(}EA E [ E (o
aircraft, and the aircraft naly is also reflected back to the radar. The effect of this is best
understood by considering the followingagrams.

MSSR

A

4 n
AR Aircraft

Turbine

Figure8: Direct interrogation and reply pulses

In Figure 8, the MSSR transmits antérrogation pulse sequence and the aircrafn
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 bearig of the aircraft is the physical bearing b&tradar antenna.

Cl:5614RPT003 V10 Cyrrus Limited 150f 34



Commercial in Confidence
C CY RR U S Technical Safeguarding Assessment

5.1.5.

5.1.6.

MSSR

Aircraft

Turbine U

False Target

Figure9: Reflected interrogation and reply pulse

InFigure9, the MSSR beam illuminates a wind turbine which reflects the interrogatian t
aircraft on a different bearing. The aircraft transponder replies, and this is received by the
radar via the tubine. The radar processes this as a false target on the bearing of the wind
turbine and at a distance proportional to the path length, whis slightly longer than the
direct path length.

Objects can produce a radar shadow in the area behind the objecta wind turbine is
narrow compared to the radar beam widtassuming the turbine is more than 2 km away
from the radar, the shadow will beslatively small, and will reduce with increasing distance
behind the turbine. Shadowing effects are likely to figignificant but, due to diffraction of
the beam around the turbine power, small azimuth angular errors may be introduced.
Aircraft targetsin this area can potentially be subject to track jitter causing the returns to
meander from side to side. This canlp occur when the turbine is in the dire&LoS
between the radar and the aircraft target.
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Woodcock Hill Radar

The radar at Woodcock Hi#l a Thales RSM 970 S MSSR and is housed in a polycarbonate

5.2.2.

5.2.3.

5.2.4.

Image © 2019 Google © 2018 Europa Technokgie
Figure10: Woodcock Hill MSSR

The MSSR &nna height is 10m AGL.

The location of Woodcock Hill MSSR is showkigorell.

The ETRS89 coordinates for the radar are: 52.72104722 N, 8.707438889 W.
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Figurell: Location of Woodcock MSSR
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5.2.5.

5.2.6.

5.3.

5.3.1.

5.3.2.

5.3.3.

5.3.4.

The relative locations of the proposed turbines and the Woodcock Hill MSSRoave is
Figurel2.
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Figurel2: Location of MSSR and proposed turbines

The proposed turbines lie betwee3 Z5m and 1812km from the Woodcock Hill MSSR.

Radar Line of Sight Modelling

RLoSis determined fron a radar propagation model (ATDI ICS telecom EV) using 3D DTM
data with a 25m horizontal resolution. Radar data is entered into the modeRam®Brom
the radar site to each turbine is then calculated.

Note that by using DTM no acauiis taken of possib further shielding of the turbines due
to the presence of structures or vegetation that may lie between the radars and the turbines.
Thus,RLoSssessments are worshse results.

In the case of MSSR, adverse effects are generated by the turbine t®wefs, the scope
of this study RL0Ss calculated for the maximum hub height of the turbines, i.e. 101m AGL.

The magenta shading Figurel3illustrates theRLoSoverage from Woodcock Hill MSSR to
the turbines with a maximum hubeight of 101m AGL.
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${Woodcock MSSR
: REALERA

-

Figurel3: Woodcock MSSR RLoS to 101m AGL

5.3.5. RLoSexists between the MSSRia several turbine towers in the indicative layout. The
zoomed view of the Carrownagowan Wind FarrRigurel4shows thaRLoS®xists between
the Woodcock Hill MSSR and the towers of turbines T1, T2, T3, T4, T5 and T6.
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Figurel4: Woodcock MSSR RLoS to 101m AGbomed
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5.4. Woodcock Hill MSSR Path Loss

54.1. Using the radar propagation model tlaetual path los between Woodcock Hill MSSR and
the tops of the Carrownagowan turbine towers can be determined.

5.4.2. An illustration of the path loss profile between Woodcock Hill MSSR and turbine T1 is shown
in Figue 15.

Figue 15: Path loss profile between Woodcock Hill MSSR and top of turbine tower T1

5.4.3. All ofthe path profiles between Woodcock Hill MSSR and the 19 Carrownagowan turbines
are shown in Annex A of this report.

5.4.4. As explained in Sectiob.1, multipath, or bistéic, reflections from turbine towers can
%}S v8] ooC e ZPZ}+e3[ 8§ EP §¢ }v DAZX dZ]e} pHE- AZ v
signal reflected from an obstruction; the radar attributes the responsédéodriginal signal
and outputs a false target ithe direction of the obstruction, which can lead to Air Traffic
Controller Officers (ATCO) deconflicting real traffic from targets that do not physically exist.

5.4.5. The likelihood of bistatic reflections can Hetermined by knowing the MSSR transmitter
power, antenna gain, path loss to the turbine towemadr Cross Section (RE@)n and
aircraft receiver sensitivity.

5.4.6. dzZz u}lpvs }( *]JPv o & (o § C SHE Jv 3}A & ]+ (mnv 8]}v }(
RCS value for a 100m steel tower of 8m diaméted,000,000rh However, a 0.5° taper of
the tower can reduce this figure from millions to hundreds of square metres.

5.4.7. EUROCONTROL Guidelii2Z¢secommend an RCS value of%@?2 or 35dBn? for a turbine
tower which equates tomRCS gain of 57dB at the MSSR uplink frequency of 1030MHz.

5.4.8. The following calculation can be used to determine the power of a radar signal reflected by
a wind turbine tower:
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Tx Power dBm
+ Antenna Gain dB
- Path Loss dB
+ RCS Gain dB (35dBra~ +57dB)
= Reflected Power dBm
5.4.9. 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.

5.4.10. The maximum range at which aflection can trigger a response is proportional to the
reflected power of the signal. From the above calculation it can be seen that reflected power
is greatest when the path loss between the MSSR and @b the least.

5.4.11. Using the radar propagation rdel the actual path loss betwedhe MSSR and the tops of
the Carrownagowan turbine towers can be determined.

5.4.12. The path loss results betweafoodcock HiIMSSR and the tops of tH® Carrownagowan
turbine towers are shown ifable3.

Turbine ‘ Path Loss dB
T1 115.6
T2 116
T3 116.2
T4 116.4
T5 116.4
T6 116.6
T7 165
T8 157.2
T9 134.7
T10 152.5
T11 160.2
T12 157.8
T13 161.6
T14 161.7
T15 155.7
T16 144.2
T17 148.1
T18 1466
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Turbine Path Loss dB

T19 150.5

Table3: Woodcock Hill MSSR path loss results

5.4.13. FromTable3 it can be seen that the woratase or smallest path log&s115.6 dBo turbine
T1.

5.4.14. The Tx Power for a Thales RSM 970 S MS®R3&IBmat the antenna inputThe MSSR
antenna gain varies with elevation angle, with peak gain of 27dB at an elevation of between
8° and 9° above the horizontal, as showirigurel®.
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Figurel6: Thales RSM70 SYPD

5.4.15. The vertical angle from the MSSR to the hubudbine T1 i9.1161f a mechanical tilof 0 6
is assumed, this means a reduction in g&irodB at this elevation.

5.4.16. Using these values results in a reflected powit9.665dBmfrom turbine T1.

5.4.17. If an aircraft receiver sensitivity e 7dBm 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+19.665=96.665 dB.

5.4.18. The Free Space Pathnggh for an MSSR frequency of 1088z and path loss &6.665dBm
is1579.1n. This means that aircraft beyond this distance from the turbine will not detect a
reflected signalReflected signals from oth€rarrownagowanurbines will only be detected
at ranges less tha1579n.

5.4.19. Annex D of hle EUROCONTROL Guidelines states that an airborne transponder will be
insensitive for 35us following reception of a radar interrogation. Thus, an aircraft closer than
5250m (half of the distance corresponding to 35ugh®source of a reflected interrogjian
will not reply to reflected interrogations because the path length between the direct and
reflected signals will always be smaller than 35us.
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5.4.20. Aircraft will not respond to reflected MSSR interrogations as they willlmmndetected when
the aircraft iswithin 5250m of the turbines.

5.4.21. 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.

_&PS — 6
&SN &PSaa¥ ksF ¥2.0 F s?
Dwr = depth of the shadow region.
Dtw = distance of turbines @L7518.12km)
, A A Ao vP§Z ~iXidue
S = diameter of support structures (6m)
PL = acceptable power loss (0.5/3dB as per guidelines)

X X X X X

5.4.22. The depth of the shadow regiobeyond each of theCarrownagowanturbines will vary
between1572m and 1617nfor Woodcock HilIMSSR.

5.4.23. The EUROCONTROL Guidelines also provide equations for calculating the width and height
of the shadow regions. FdvoodcockMSSR the shadow regions wilry between 44m and
45m wide and will vary in height betweed1ft and 1440ft Above Mean Sea Level (AMSL).

5.4.24. The volume of the WoodcockMSSR shadow regions beyond the proposed turbares
considered sufficiently small to be operationally tolerable.
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6.1.

6.2.

6.3.

6.4.

Conclusions

Modelling ofthe proposed windfarm shows that none of the wind turbines will penetrate
any of the AANE BRAs.

The proposed wind farm will not pose a risk to aircraft approaching or departing from either
runway at Shannon Airport. Narther modelling is deemed necessary

Calculations have shown that false targets due to bistatic reflections from the turbine towers
will not occur for Woodcock Hill MSSR.

The volumes of shadow regions from the turbines are relatively small for the M85R a
considered operationally tolerableNo mitigation measures are considered necessary for
the Woodcock Hill MSSR.
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A. Annex A 2Woodcock Hill MSSR Path Profiles

Al Turbine T1

A.2.
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A.3. Turbine T3

A4,

4
Unknown Point Feature
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A.5. Turbine T5

Unknown Point Feature

A.G.

Unknown Point Feature
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A.7. Turbine T7

A.8. Turbine T8
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A.9. Turbine T9

]
]

Unknown Point Feature

A.10. Turbine T10
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A.l11. Turbine T11

A.12. Turbine T12
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