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Executive Summary

Cyrrus Limited has been engaged by Carter Group Limited to undertake a technical safeguarding
assessment of the potential impacts that the proposed Ryans Road Industrial Development may have on
air navigation equipment located &hristchurcraerodrome

The objective of the assessment is to evaluate and ensure that the proposed Ryans Road Industrial
Development will not adversely affect the safe operation of air navigation equipraepporting
operations at Christchurch aerodrora@dsupporting Airways &lv Zealandda Yy I A 2y.6 A RS & S NI

The proposed development infringes, or is in close proximity toptb&ection surfaces for théollowing
air navigatiorfacilities

Instrument Landing System (ILS) Localiser Runway 02;

ILS Localiser Runway 20;

ILS Glidepath Runway 02;

ILS Distance Measuring Equipment (DME) Runway 02;

Doppler VHF Omyirectional Range (DVOR)/DME; and

Primary Surveillance Radar (PSR)/Secondary Surveillance Radar (SSR).

= =4 -8 -4 -8 -9

Given the above hte methodologyadopted in this assessmeapplies a staged, modélsed analysis to
identify and quantify potential impactsfrom the development on navigation and radar systemusg
where appropriate, indicatemitigations to ensue compliance with international standards arid
support continuedaviation safety.

The methodology foassessing thR S @ S 2 lihp&cyisis@inarised as follows:

T ILS analysis and safeguarding follows a staged process: first, acasestomputer simulation
is conductedmodellingthe development as highly reflective surfaces to assess maximum
potential impact on ILS signal parameters; if results are acceptable, no further action is needed.
If not, the model is refined to better represent actual building characteristics, andéssary,
mitigation options such as adjusting building heights, orientations, or materials are explored,
with the goal of ensuring the owing safe operation of the ILS while allowing controlled
development.

1 DME analysisnvolves assessing the potential effects of large structures on DME signals,
focusing on two main riskseflections that can cause multipath interference and incorrect
distance measurements, and lhod-sight (LoS) shadowing that can block DME transmissions.
The analysis uses ray optics andrBBdellingto determine the direction and magnitude of
signal reflections, as well ase@raphicinformation Systemtools to evaluate LoS coverage,
ensuring that any impacts are understood ahdequiredcan be mityatedr such as through
equipment features like Short Distance Echo Suppression (SDES).

1 DVOR analysis involves using computer simulation tools to model the effects of large metallic
structures on DVOR radio signals, focusing on two main; risksctions, which can cause
bearing and range errors, and shadowing, which may reduce signal strength and coverage in
certain sectors. The analysis includes simulating the illuminated faces of the development,
calculating potential bearing errors, andimg 3D radio propagatiomodellingto assess the
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extent of signal shadowing, ensuring that any impacts are identified and evaluated against
international standards.

9 For radar analysisthis assessment evaluatd®e potential effects of large structures on both
PSR and SSR by considering three main; figksn forming (how nearby structures might
affect the formation of the radar beam), shadowing (physical obstructions causing radar
shadows and potential loss of detection in certain airspace volumes), and reflections (which
can increase ground clutter, gerate false targets, or corrupt data). The analysis assesses the
proximity and height of proposed buildings relatieeradar antennas, models the likely paths
of reflected signals, and considers mitigation strategies such as configuring radar beams or
using internal reflector files to minimize adverse effects.

The main findings of the assessment are summarised below:
ILS Localiser Runway 02

Worstcase modelling indicates that the proposed development will have a very tanar
acceptablé@mpact on Localiser 02 performance. The actual effects are expected to be less than
those predicted by the worstase model.

ILS Localiser Runway 20

Worstcase modelling indicates that the proposed development will have a negtigibl®
acceptablé@mpact on Localiser 20 performance. The actual effects are expected to be less than
those predicted by the worstase model.

ILS Glidepath Runway 02

Initial worstcase modelling indicatethat the proposed developmenwould have a noticeabfe
impact on Glidepath 02 performanciElowever, byrotating the 20m high buildings within sites

121 and 122 counterclockwise by 2°, the simulated Glidepath disturbance is reduced so that the
development has only a minband acceptablémpact on Glidepath 02 performance. The actual
effects are expected to be less than those predicted by the waasemodel,and it is noted that

the development has been modified to rotate the buildings on sites 121 and 122
counterclockwise by 2h response to the modelling results

ILS DME Runway 02

Reflections of DME 02 signals from the closest proposed 10m high biddihgt 123Wwill cross

the runway 02 extended centreline which may cause a temporary loss of range information for
FANONF FO0 YIFETAY3 FLILNRIFOKSad ¢KAa akKz2dZ R o6S Y
YSY2ZNEQ Y2RS YR Ay | y@& Vvorathé& hanlthkodgd b Fren ofg A f f
potential multipath interference.

!Seeparagraph6.2.5F 2 NJ RSTFAYAGA2ya 2F WySIEtAIA6ESQE WOHSNE YAy2N
of ILS modelling.
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Airways New Zealand has confirmed that the DME 02 ground transponder is configured with
Short Distance Echo Suppression (SDES) enauden, effects are anticipated from building
reflections.

Potential Line of Sight (LoS) shadowing of DME signals will be confined to areas south of the
Airport and will not occur within the required area of operational coverage.

DVOR/DME

Worstcase modelling of the proposed development indicates some disturbance to the DVOR
azimuth angle between radials 088 and 163 and between radials 243 and 003; however, the
magnitude of the disturbance will be well within the international standard remiee (i.e.
acceptable)and the proposed development will have no impact on aircraft flying VOR approach
procedures.

DME reflections from the proposed development may result in multipath interference at ranges
up to 1.78 Nautical Miles (NM) from the facility; however, upward reflections will be at shallow
angles of elevatiorandthey will have no impact on aircraft flying runway approaches.

Although Airways New Zealand has advised 8R2ES isot currentlyenabled on the DME ground
transponder,configuring the DME with SDES, if required, provide immunityrom building
reflections.

Potential LoS shadowing of DVOR/DME signals will be confined to areas east of the Airport. This
will have no impact on aircraft flying VOR/DME approach procedures to runways 02 and 20
sotherefore will have o effect on airport operations

Radar

The proposed development will have no impact on correct PSR/SSR beam formiation
0OKSNBEF2NE &aK2dZA R y20 | RSNASte& |FFSOLG GKS t {
Traffic Management surveillance system performance requirem@®ASSP v1.3)

The maximum elevation of the proposed development is below the PSR/SSR antennas so
shadowing and obscuration of radar signals will not affect airborne targets.

Reflected radar energy from vertical building surfaces will be directed towards the ground where
it will be scattered and absorbeahd so will have no effect on surveillance system performance

Reflections of radar energy from horizontal building roofs can potentially result in PSR target
fading or SSR data corruption. Any reflections from rooéle of flat surfacesvithin the
proposed developmentvould be at shallow angles and, at a range of 20NM from the radar site,
will only illuminate or be detected by aircraft at or below altitudes of circa 1,000 feet.
Discontinuities on building roof areas will scatter the radar reflections, reducing the likeldiood
adverse effects.

The 3D pencil beams of the Indra PSR can be configured to avoid radar illumination of the

proposed development and the SSR builds up its own internal reflector file so that it will ignore
reflections from known receptor3.herefore, these reflections are assessed as being acceptable.
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Full details of the assessment and findings are presented within the body of this report.
Conclusion
In conclusion, this technical safeguarding assessment modelling:

1. Confirms that the effects on air navigation equipment from development of the Ryans Road
land are manageable to an acceptable standard

2. Has modelled a worsease scenario. The actual effects are expected to be less than those
predicted by the worstase model.

3. Confirms that effects on air navigation equipment from development of the Ryans Road land
will be of an acceptable standard, provided that:

a. Development occurs in accordance with the modelled parameters of the development
as detailed in paragraph.2.10f the report; or

b. Development is of no greater height or width than the modelled parameters of the
development as detailed in paragra@t®.1of thisreport; or

c. Alternative development is renodelled and assessed to confirm it has acceptable effects
on air navigation equipment.
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Abbreviations

AGL Above Ground Level

AMSL Above Mean Sea Level

ANE Air Navigation Equipment

ATM Air Traffic Management

BBP Beam Bend Potential

BRA Building Restricted Area

DME Distance Measuring Equipment
DOC Designated Operational Coverage

DVOR Doppler VHF Omydirectional Range

ESASSP  Eurocontrol Specification for ATM Surveillance System Performance

GIS Geographic Information System
ICAO International Civil Aviation Organization
ILS Instrument Landing System

ILS Point A A point on the extended runway centreline in the approach direction 4 Nautical |
from threshold.

ILS Point B A point on the extended runway centreline in the approach direction 3,500 feet f
threshold.

ILS Point C A point through which the ILS glidepath passes at 100 feet above the horizontal pl
the threshold.

ILS Point D A point 12 feet above the runway centreline and 3,000 feet from the threshold ir
direction of the localiser

ILS Point E A point 12 feet above the runway centreline and 2,000 feet from the stop end o
runway in the direction of the threshaold

ILS Zone 2 Between ILS Point A and ILS Point B.

ILS Zone 3 Between ILS Point B and Threshold.

ILS Zone 4 Between Threshold and ILS Point D.

ILS Zone 5 Between ILS Point D and ILS Point E

LoS Line of Sight

NM Nautical Miles

OUNPPM Ohio University Navaid Performance Prediction Model

PSR Primary Surveillance Radar
RCS Radar Cross Section

RF Radio Frequency

RSS Root Sum Squared
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SDES Short Distance Echo Suppression
SSR Secondary Surveillance Radar
VHF Very High Frequency
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1. Introduction
1.1. Background
1.1.1. A new development, Ryans Road Industrial Development, is proposed at a site to the south

of Christchurchaerodrome The site boundary is approximately 180m south of the main
02/20 runway at its closest point.

1.1.2. Carter Group Limited, the Client, has engaged Cyrrus Limited to undeata&ehnical
safeguarding assessment of the potential impacts the development may have on Air
Navigation Equipment¥NF located at the aerodrome

1.2. General

1.2.1. 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 tidE

1.2.2. For example, the Instrument Landing System (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, appraac landing may be
carried 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.

1.2.3. Site modelling of ILS performance allows the potential impact of a new development to be
assessed. This may support the developmast proposed,or otherwise recommend
changes which would make the development acceptable in terms of navigation aid
performance and, hence, user safety.

1.3. Rationale

1.3.1. The methodology for the evaluation is detailed in the following paragraphs. Each study is
unique, but the steps taken are similar.

1.3.2. The first stage is to evaluate the proposed development. This includes building details,
position, and the local environment.

1.3.3. A detailed examination of flight inspection data follows, with due regard to equipment type
and configuration. This gives an overview of the existing system performance and is also
used later to validate the computer model.

1.3.4. A survey may be carried out to determine the building posgiand to record the local
topography. The visibility of the development from tABIEunder investigation is assessed;
terrain or existing buildings may mask part odithe proposed development. This is a data
gathering exercise for computer modelling later.

1.3.5. The development is assessed using a software modelling @hilp University Navaid

Performance Prediction Model (OUNPRM) simulate the possible effects of the
RSOPSt2LIYSyid 2y (KS | A NLindidda Rande {DVOR) Rciliges. LILX S
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G GKA&a adrasSop BOS9y2NR& Y2RSE Aa aSi dzJ A«
provide maximum reflection and hence potential disruption to the navigational aid
performance.

1.3.6. The Beam Bend Potential (BBP) is evaluated from this was&t model. If the subsequent
degradation is substantial, iteration to a more representative model is taken, and
significantly more data is entered. If the BBP is within acceptable limits, thewihibe
reported to AirwaysNew Zealandas the air navigation service provider féew Zealand

1.3.7. Often, the modelling tool can be used to mitigate the effects of new developments, by using

I WgKIG AFQ aOSYyFNAR2 (G2 @OFNEB odAfRAYIT aAAGA
the performance of the radio navigation aid in the presence of the devedoy.
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2.1

2.1.1.

2.2.

2.2.1.

2.3.

2.3.1.

Evaluation Tools and Data

Software

The following software packages were used while undertaking the assessments:

1
1
1

OUNPPM v1989a.2023;
Global Mapper v26.1; and
ZWCAD 2022 SP2.2 Professional Edition.

Data provided by the Client

The parameters of the proposed development upon which this assessment is based are
detailed in thefollowingdocumentssuppliedby thedient:

1 2024_052_Carter Group_104 Ryans Road Building Height Magwé; 1

1 1252 Scheme Plan WGS84 251006.6g; and

f 2024 _051 Carter Group 104 Ryans ReaBuilding Heights5 o0y 2 Ay 3 @S NA A
a4 dzLJS NB SRS R QUi KR2 QAISYNSyA(Z y2 NdhdHnitiglly rhotieledia azrel Jt A S R
to adopt the recommended rotation dfuildings on sites 121 and 128unterclockwise
by 2°in response to thénitial modelling results

Other data

Other data sources used for the assessment are listed below:

)l

CHILS 02 GP CAD3 APR 2025Watermarkedpdf¢ ILS Glidepath 02 Flight Inspection
?Jall-ﬁi_s 02 LOC CADBAPR 2025Watermarkedpdf¢ ILS Localiser 02 Flight Inspection
dCall—ﬁi_S 20 LOC CADBAPR 2026 Watermarkedpdf¢ ILS Localiser 20 Flight Inspection
gT:I[a\,/OR & DMBED4 SEP 2028 Watermarkedpdf ¢ VOR/DME Flight Inspection data;
f\lInZdCH_ADadf ¢ Christchurch Airport details in the New Zealand Aeronautical
Information Publication.
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3. Development
3.1. Location
3.1.1. The location of the proposed development site is showRigurel.

Figurel: Development site location

3.1.2. The building layout and height scheme used for the assessment is depidtgplira2.
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LEGEND
P
[ 16m buiicing height
15m buiiding height
12m buiiding height
10m buiding height
B +.5m nigh storage
3.5m high storage
Z—= RePA
Non buildable area mﬁﬁmﬂseﬂgegg;nkow
(DVOR Restrictions)
pE
I
Figure2: Building layout and height scheme
3.2. ANE under consideration at Christchurch aerodrome
3.2.1. TheANEunder consideration at Christchuraerodromeconsists of ILS Localiser, Glidepath

and Distance Measuring Equipment (DME) facilities serving runways 02 and 20, a combined
DVOR/DME facility and a -tmcated Primary Surveillance Radar (PSR) and Secondary
Surveillance Radar (SSR) system.

3.2.2. The ILS ocaliserprovides lateralguidance to approaching aircradind the ILS Glidepath
providesvertical guidance. ThikS.ocaliser and Glidepafhcilities installed at Christchurch
currently providea Category | service but are beingaintained to Category Ill standards and
between themaretherefore capable of guiding aircraft to the thresholds of runways 02 and
20 at Christchurcherodromewithout the pilot having a visual reference.

3.2.3. The DME provides the pilot of an aircraft with direct and continuous visual indication of the
distance between the DME antenna and the aircratt.

3.2.4. The DVOR provides suitably equipped aircraft with theagnetic azimutlrelative to the
DVOR
3.2.5. The PSR transmits short pulses of high energy radio signals and detects the radio signals

when they are reflected back from aircraft targets. The time interval between transmission

YR NBOSLIiAZ2Y RSGSNX¥YAYSA (GKS | Aalemdaithed NI Y
time gives bearing information. The aircraft returns are plotted on Air Traffic Control radar
display equipment, enabling controllers to see the aircraft positions.

3.2.6. The SSR transmits a coded interrogation pulse train which is detected by aircraft

transponders. The transponders reply to the interrogation with a pulse train encoded with
aircraft identification, flight level and other discretionary information.
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The development relative to th&NEat Christchurctaerodromeis shown irFigure3.

LOC RWY 02
°

GPRWY 20 ¢
L ]
DME RWY 20

nnnnnnnnnnn
.......

S

PSR/SSR
® -
GP RWY 02
®

DME RWY 02

e
/
¥

250 m 750 m 1250 m

Figure3: Development relative toANE

Safeguarding of ANE

In order to protectANEsignals, safeguarded areas are established around the facility sites.
The purpose of the safeguarded area is to identify obstacles with the potential for causing
unacceptable interference to the signals. Structures that infringe the safeguarded area must
undergo technical assessments to determine the degree of potential interference, if any,
and whether the interference will be acceptable.

The International Civil Aviation Organization (ICAO) has defined minimum safeguarded areas
for ANEin the document ICAO EUR DOC?0The document defines Building Restricted
Area (BRA) shapes for both directional and edirectional facilities.

Figure4 shows an example of the BRA shape for directional facilities such as ILS Localisers
and Glidepaths, as depicted in ICAO EUR 015 Figures 3.1, 3.2, 3.3 daWote3 #hat the
shapes are applicable from ground terrain upwards.

2|CAO EUR DOC 015 European Guidance Material on Managing Building Restricted Areas, Third Edition
November2015
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3.3.4.

Figure 3.1 Figure 3.2
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Figure 3.4 - Directional facilities perspective

Figure4: ICAO EUR DOC 015 Figures334k BRA shape for directional facilities

The dimensions to be applied for the various directional facilities are shotigume5.

A b

. e r D H L i

Boe of maviguiion faciites L | T e | | e | e | 9
ISILZE Dhstance to

. - . 300 T0 a+6000 500 10 2300 30
{madium aperture single frequency) thresheold
OSILZ Dhstance to

(madium dnal ) threchold 500 T =+6000 500 0 1500 20

ILE GP M-Type {dual frequancy) 800 50 T 6000 250 5 325 10
Dhstance to

MIS AZ thre<hold 20 T a+6000 600 20 1500 40

MLS EL 300 20 T 6000 200 20 1500 40
. Dhstance to

DME (directional amtanmasz) brechold 20 T a+6000 600 0 1500 40

Figure5: EUR DOC 015 Table Blarmonised guidance figures for directional facilities
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3.3.5. The safeguarded areas for Localiser 02 (magenta) and Localiser 20 (red) are illustrated in
Figure6.

Figure6: Localiser 02/20 safeguarded areas

3.3.6. Buildings at the proposed development site \ifringe both safeguarded areas, therefore
they must be modelled to determine potential impacts on Localisers 02 and 20.

3.3.7. The safeguarded areas for Glidepath 02 (magenta) and Glidepath 20 (red) are illustrated in
Figure7 and a zoomed view of the Glidepath 02 safeguarded area is shokigLire8.
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Figure7: Glidepath 02/20 safeguarded areas

N

;

Figure8: Glidepath 02 safeguarded areg@zoomed
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3.3.8. The proposed development site does not infringe the Glidepath 20 safeguarded area. A
technical assessment of this facility is therefore not required.

3.3.9. Figure8 shows that the site is within the Glidepath 02 safeguarded area; however, none of
the buildings in the layout under assessment will infringe the safeguarded surfaces. Given
the scale of the development and its proximity to the Glidepath 02 safeguardey] irig
O2y&aARSNBR LINHARSY(d (2 Y2RSt GKS o0dzAf RAy3aQ

3.3.10. Figure9 shows an example of the BRA shape for an eaimeictional facility, as depicted in
ICAO EUR DOC 015 Figures 2.1 and 2.2.

Figure 2.1: Omni - Directional BRA Shape (three dimensional representation)

i

Second cylinder

Parameters:

Origin of cone P | 1 (radius of first cylinder)
Ve I < r ; R (radius of cone)
g | a (angle of cone)
-

s I J (radius of second cylinder)
: h (height of second cylinder)

Figure 2.2: Omni - Directional BRA Shape (side elevation view)

Second
cylinder Cone

e

First cylinder

[.

—

A
Y

A
Y

Figure9: ICAO EUR DOC 015 Figures 2.1 and BRA shape for omriirectional facilities

3.3.11. Applicable dimensions to be applied for DVOR and DME -diredtional facilities are
reproduced from EUR DOC 015-igurel0.
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Radius Radius Height of Chigin of cone
Tipe of fr— ha : (i — Cylinder) cylinder j and axis of
navigarion | O)linder) | Ao | Clade i) (h-height) tm) |  cylinders
facilities {m) © (im) Wind turbineiz) | Wind turbinefs)
only only
Base of
DMEN 300 1.0 3000 Wa WA antenna at
ground level
Centre of
CTOR &00 10 3000 15000 52 antenna system
at ground level
Centre of
DVOR 600 1.0 3000 10000 52 antenna system
at ground level

Figure10: EUR DOC 015 Table Harmonised guidance figures for omdirectional facilities

3.3.12. ILS DME 02 and ILS DME 20 have @ainedctional antennas. The safeguarded areas for
DMEO2 (magenta) and DME 20 (red) are illustrate&igurell. Heights shown are relative
to ground leved at the base of the antenng®ME 02: 35ni\bove Mean Sea LevélNISD,

DME 20: 29nAMSI).
20 m \

W

Figurell: DME 02/20 safeguarded areas

3.3.13. The proposed development site is clear of the DME 20 safeguarded area, so a technical
assessment of this facility is not required.

3.3.14. Buildings at the site will infringe the DME 02 safeguarded surface, therefore a technical
assessment of this facility is required.
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3.3.15. Thesafeguarded area for the DVOR/DME facility is showfigare12. Heights shown are
relative to the ground level at the base of the DVOR antenna, A9I8L

52.37. m -
45 m
40 m
4
35m /
30 m /

Figure1l2: DVOR/DME safeguarded area

3.3.16. Buildings at the proposed development site will infringe the DVOR/DME safeguarded area,
therefore a technical assessment of this facility is required.

3.3.17. The safeguarded area for the PSR/SSR facility is shofigure13. Heights shown are
relative to the ground level at the base of the PSR/SSR anterrasi\IdSL
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125 m

10m

7.5m

Figurel3: PSR/SSBRafeguarded area

3.3.18. Buildings at the proposed development site will infringe 8R/SSRafeguarded area,
therefore a technical assessment of this facility is required.

3.3.19. In summary, technical assessment of the proposed development is required for the following
facilities:

ILS Localiser 02;
ILS Localiser 20;
ILS Glidepath 02;
ILS DME 02;
DVOR/DME; and
PSR/SSR.

= =4 —a -8 A -
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4, ANE Specifications
4.1. ILS Localiser Runway 02
1 Equipment Type Indra Normarc 7014B3 20 element dual frequency;
1 Localiser Frequenayl109.9MHz;
1 Localiser Position S43 28 2.09,E172 33 04Q;
9 Localiser Antenna Height3m Above Ground Level (AGL)
1 Facility Performance Category lll tolerances applied;
1 The equipment is assumed to be of standard configuration of feeder distribution and
signal ratios.
4.2. ILS Localiser Runway 20
1 Equipment Type Indra Normarc 7014B3 20 element dual frequency;
9 Localiser Frequenay110.3MHz;
9 Localiser Positioq S43 30 045,E172 31 04.1;
9 Localiser Antenna Height3m AGL
1 Facility Performance Category lll tolerances applied;
1 The equipment is assumed to be of standard configuration of feeder distribution and
signal ratios.
4.3. ILS Glidepath Runway 02
1 EquipmentTypec Indra Normarc 7034B3 M Array
1 GlidepathFrequency 3338MHz;
1 GlidepathPositiong S43 29 40.13, E172 31 2G.9
1 Glidepath Antenna Heigltt14mAGL
1 Facility Performance Categotytblerances applied,;
1 The equipment is assumed to be of standard configuration of feeder distribution and
signal ratios.
4.4, ILS DME Runway 02
1 Equipment Type IndraLDB 102
1 DME Frequencyg 997MHz CH36X;
1 DME Positiorg S43 29 40.04172 31 26.02
1 DME Antenna Heiglg 7m AGL

4.5. DVOR/DME

Equipment Type DVOR Indra VREBD, DME Indra/Interscan LDB102;
DVOR Frequenayl115.3MHz;

DME Frequency 1187MHz CH100X;

DVOR Positiog S43 30 14.77, E172 30 52.74;

DME Positiorr S43 30 15.12, E172 30 52.89;

Magnetic Variatiorg 24.53°E

=a =4 -4 -8 _a 9
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1 DVOR Antenna Heightd. 7mAGL.
1 DME Antenna Heiglg 7.5mAGL

4.6. PSR/SSR

Equipment Type Indra PSR3D/MSSR;

PSR Frequengy1290.50MHz, 1274.96MHz, 1277.96MHz;
SSR Frequencyl030MHz;

PSR/SSR Positiqi$43 29 33.25, E172 31 19.80;

PSR Antenna Centre Heigi23.4mAGL.

SSR Antenna Centre Heigt5.5mAGL

= =4 -8 a8 - -
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5.1.

5.1.1.

5.1.2.

5.1.3.

ILS Technical Safeguarding Process

Steps

The primary objective of ILS Safeguarding is to ensure thgping safe operation of the ILS.
The secondary objective is to allow development in a controlled manner whilst ensuring that
the primary objective continues to be met.

If a development falls within the safeguarded area of an ILS, the technical assessment
process for a proposed development in the presence of that specific ILS can normally be
considered in three stages:

T Worstcase model;
1 Refined model;
1 Explore mitigation options.

Whilst the process is illustrated ifrigure14, overleaf, a brief explanation of the staged
process which is normally applied to ILS safeguarding is as follows:

1 A worstcase computer simulation is made outlining the development as a series of
perfectly reflecting smooth metal sheets. If the results of the waeste model show
acceptable degradation to the ILS signal parameters, therfiurther investigation is
required,and the development is accepted. If the effects are unacceptable, then the
safeguarding process moves on to stage 2;

1 The worstcase computer simulation is how refined to more accurately represent the
proposed development. This includes using actual proposed building dimensions,
orientations and better representation of the construction materials proposed. If the
results show acceptable degradation to the ILS signal parameters, then no further
investigation isrequired, and the development is accepted. If the effects are
unacceptable, then the safeguarding process moves on to stage 3;

1 The third stage is to identify possible mitigations in the design of the proposed
development. These may include reducing building heights, changing the orientation of
buildings, change of building materials, change of building layout, modifications to
building shapes or the addition of screening or shadowing structures. If the results show
acceptable degradation to the ILS signal parameters, then no further investigation is
required,and the development is accepted.

9 Itis possible to optimise the ILS signal to some extent by electrical and/or mechanical
modifications to the ILS equipment and antennas. The degree of optimisation available
depends on the configuration of the systeihshould be noted thabptimisation is not
always possible. Generally, ILS can only be optimised to deal with one specific problem
and cannot be adapted for multiple developments. dfter optimisation,the results
show acceptable degradation to the ILS signal parameters, then no furthestigation
isrequired,and the development is accepted.

1 A more radical step may be to consider upgrading the ILS equipment to a configuration
that is unaffected by the proposed development, or even relocation of the equipment.

1 If all other mitigation measures fail to safeguard the ILS performance, then downgrading
of the ILS facility performance category may be considered as the only option for the
development to proceed. Although such aecisionwould not to be taken lightly,
Airways New Zealandas the air navigation service provideray, for example,in
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consultation with the users (airlines), Airport operator and the regulatosl(@viation
Authority of New Zealand and possibly also the Ministry of Transpoetauthorisedto

sacrifice ILS performance for the sake of building a new terminal following a cost benefit

analysis.

Cl:6216RPT002 V1.0
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Figurel4: Nominal ILS technical assessment process
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6. ILS Localiser and Glidepath Analysis
6.1. Behaviour characteristics of the modelling tools
6.1.1. ILS signals will be reflected and diffracted by any objects that are illuminated by the Radio

Frequency (RF) radiation from the ILS antennas. If the antenna is considered as a light bulb,
light will be reflected from objects that the light falls on. Simijlaif an object is not
illuminated by the ILS, it will not reflect the RF energy which causes distortions to the ILS
pattern. Therefore, when modelling a development, only those faces illuminated by the ILS
are considered.

6.1.2. The beam guidance structure of the ILS will be the vector sum of the directly radiated signal
and signals that are reflected from other objects illuminated by the ILS antennas. In the case
of Christchurch Airport, signals will be reflected from the grouhd existing buildings, plus
moving vehicles. It is not possible to accurately simulate all of these variables and therefore
necessary to consider the effects of the development in isolation. The additional disturbance
predicted may then be compared witthe existing disturbance determined by flight
measurement.

6.1.3. The modelling software, OUNPPM, considers the height and width of an obstacle, its
distance from the Localiser or Glidepath and offset from the Localiser or Glidepath
centreline, its angle in relation to the runway centreline and tilt relative to the vakti

6.2. ILS Localiser and Glidepath tolerances

6.2.1. Ideally, the ILS Localiser or Glidepath beam would be a straight line. Reflections from terrain
and objects illuminated by the Localiser or Glidepath signal will distort the beam, introducing
disturbances. The limits of these disturbances are defined ieAdd by ICAO.

6.2.2. The Christchurch ILS facilities are promulgated as Category | but are maintained to operate
within Category Il tolerances, therefore the more demanddagegorylii tolerances will be
used for the assessment.

6.2.3. The Localise€Category Il toleranctr course bends is £30yA from the edge of Designated
Operational Coverage (DOC) to ILS Point A (4 Nautical WM} from the runway
threshold), reducing linearly ta5HA at ILS Point B (3,500 feet from the runwagshold),
then remaining at BpA tothe ILSeference datumFrom ILS reference datum to ILS Point D
(3,000 feet from the threshold in the direction of the Localiser) the tolerance remains at
+5UA, then increases linearly to £10pA at ILS Point E (2,00@rdeethe stop end of the
runway in the direction of the threshold).

6.2.4. The Glidepath Categorfli 2 f SN} y OS F2NJ O2dzZNES 0SyRa A& po.
Point A, reducing linearly to +20pA at ILS Point B, then remaining at +20pA to the ILS
reference datum.

3ICAO Annex 10 Aeronautical Telecommunications Volume 1 Radio Navigation Aids, Eighth Edition, July 2023
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6.2.5. For the purposes of the ILS modelling detailed in this section the following definitions of
impact have been used:

Negligible: The predicted ILS disturbance will not change the existing disturbance.

Very minor: The predicted ILS disturbance will increase the existing disturbance by less

than +0.5pA.

1 Minor: The predicted ILS disturbance will increase the existing disturbance by between
+0.5yA and +1.0pA.

1 Noticeable The predicted ILS disturbance will increase the existing disturbance by more

than £1.0pA.

1
1

6.2.6. All of the above impacts can be considered to be acceptable provided the overall ILS
disturbance remains within the defined Category Il tolerances for course bends; however,
disturbances of magnitude +4uA or more may have an adverse effect on the tfjyabain
ILS and are therefore undesirable.

6.3. ILS Localiser Runway 02 modelling

6.3.1. OUNPPM configuration

6.3.1.1. The configuration of the modelling software used for the assessment is shdviguirel5.

Facility Parameters Modeling Parameters
‘11: x Array Type: NM72204 e e Most Recently Applied Airport Navaid Datasheet
Center Frequency (MHz): 109.9 i # %

CLR Frequency (MHz): |109.896 MHz Mo Localizer Applied Record, Select from JCCBI Window,

Runway Heading: |0.0 deg

Runway Length: |3288.0m
Rurmway Width: 45.0m
Fields to Model: Automatic i

ISPt C.t |304.8m
Indude Random DU Errors

Approximate Mutual Coupling (incomplete)

Array Parameters

Course Array: Clearance Array: Dioppler Modelling
2§  EementType: LPD v| & LPD ~ © Full signal [] improved Doppler (experimental)
Main Setback: 3620 m ", 362.0m O Signal sans Doppler
Main Offset: |0.0m 3] 0.0m © Doppler Only
Main Height: |3.0m ", 3.0m
Array Rotation: |0.0 deg I"lg 0.0 deg
Antenna Rotation: |0.0 deg "'!u 0.0 deg
Elevation: |0.0m 0.0m

Default Clearance Width: |2.1deg

Default CLR. / CRS Separation: |-22.0 dB

B Use Course Params as Clearance Params

Figurel5: Localiser Runway 02 modelling configuration

6.3.1.2. The default antenna height is adjusted to 3m to align with the actual height of the installed
facility.
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6.3.1.3. Initial modelling is undertaken with no reflecting objects introduced into the model. This
establishes a baseline, the results of which are showigarel6 andFigurel?.

Christchurch Localizer 02 Low Approach
Localizer - Category Il
Baseline
.50 - . . e
Zone 5 Zone 4 Zone 3 Zone 2 Jone
-40
-30
-20 .
“—— Category Il
-10
Y tolerances
3 S/
— 0
(]
L]
10
20
a0 Zone 1 has no values.
Z 0.0 uA (0.0%) @40
w0 Align =0.0uf Z 0.0 uA (0.0%) @0.58
Z 0.0 uA (0.0%) @0.0
50 Zone 5 0.0 uA (0.0%) @0.49
-1.5 -1 0.5 a 05 1 1.5 2 25 3 a5 4
Distance from Threshold (Mautical Miles)
Figurel6: Localiser Runway 02 approach course structure basetime scatter objects
Christchurch Localizer 02 Clearance Orbit
Baseline
=400
T
=
540 S35 =30 -25 ' -20 -15 -10 -5 & 10 15 20 25 ao a5 40
Clearance 100
signal tolerance 200

Angle =0.0 150Hz= 274.87uA @ 30.0°

Width = 3.31 90H=z= 274.87uf @-30.0
=500

Azimuth Angle (degrees)

Figurel?: Localiser Runway 02 orbit baselimeno scatter objects
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6.3.2. Simulation analysis

6.3.2.1. The model is configured with scatter objects which are representative of the buildings that
are in view of the Localiser. Only the areas which will be illuminated by the Localiser need to
be considered for the simulation.

6.3.2.2. The buildings illuminated by Localiser 02 are depictdeignrel8.

. LocaliselRwy 02

LEGEND

| =+ = Site Boundary

I 20m buiding height
16m building height
15m building height
12m building height

Rwy 02 Threshold 10m buikding height

Bl 4.5m high storage
3.5m high storage

Figurel8: Buildings illuminated by Localiser 02

6.3.2.3. A plan view of the scatter objects used in the model scenario is shokigunel9.

LocaliselRwyOZ

{

/

Rwy 02 Threshold

Figurel9: Plan view of Localiser 02 scatter objects
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6.3.2.4.

6.3.2.5.

6.3.2.6.

A 3D view ofhe scatter objects is shown irigure20.

Rwy 02 Threshold

=

Figure20: 3D view ofLocaliser 0Z%catter objects

The buildings are represented as a series of vertical rectangular plates. Each scatter object
is worstcase modelled as having a steel surface for maximum reflectivity.

The results of the simulation of the proposed development are showigime21 andFigure
22.

Christchurch Localizer 02 Low Approach

Localizer - Category Il

Ryans Road Industrial Development
-50 | |
Zone 5 Zone 4 Zone 3 Zone 2 Zoa:e

-30

-20

“=—— Category IIi

-10 |
tolerances |
V4 |

N

CDI (uA)

10

20

30 Zone 1 has no values,
Zone 2 -0.46 uA (7.97 %) @0 .68
Align =0.0uA Zane 3-0.79 uA (15.89%) @0.01

Zone 40.71 uA (14.23%) @0.25

Zone 50,03 uA (0.50%) @055 |
15 = 0.5 ] 05 1 15 2 25 3 a5 4
Distance from Threshold (Mautical Miles)

S0

Figure21: Localiser Runway 02 approach course structgieuilding scatter objects
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6.3.2.7.

6.3.2.8.

6.3.2.9.

6.3.2.10.

6.3.2.11.

6.3.2.12.

Christchurch Localizer 02 Clearance Orbit
Ryans Road Industrial Development
-400
. —— -300
[ N
/ -2ho
! Y
'l II
lII II
I 1od|I
T \
Ey !
540 35 -2;0 -2;5 , -2;0 -15 -‘IIIZI 5 \ 5 10 15 20 25 a0 35 40
100 I".
Clearance _ | /
. |I L I.'I
signal tolerance 200 *.,\ /
\
N~ L /
Angle =00 150H== 274.85uA @ 30.0° \
Width =3.31 80H== 274.75uA @-29.5 \.,
Symmetry = 50.05
Azimuth Angle (degrees)

Figure22: Localiser Runway 02 orbitbuilding scatter objects

Figure21 shows that the maximum simulated course disturbance in ILS Zone 2 (ILS Point A
to ILS Point B) #8.46pA, in Zone 3 (ILS Point B to Threshol@) 79uA, in Zone 4 (Threshold
to ILS Point D) i9.71pA and in Zone 5 (ILS Point D to ILS Point E) i80.03pu

Examination of the existing disturbance, as measured by flight inspection, indicates typical
errors of +1.4pA in Zone 2, £1.4pA in Zone 3, +0.6pA in Zone 4, and £0.8pA in Zone 5.

To find the potential impact of the simulated disturbance, the existing measured disturbance
is combined with the predicted simulated disturbance using Root Sum Squared (RSS) vector
addition to give overall results oflbpA in Zone 2, :6pA in Zone 3, £OpA in Zone 4, and
+08pA in Zone 5.

This shows that the additional simulated disturbance hasrgminor impact on the existing
disturbance in Zones 2, 3 and 4, with a maximum increase in error ofAhZone 4. The
increase in error will be imperceptibte pilots flying ILS approaches to runwag.

Comparing the orbit simulation éfigurel7 with Figure22 shows virtually no impact on the
Localiser clearance signal.

The results of the worstase modelling indicate that the proposed development will have a
very minor impact on Localiser 02 performance. The actual effects are expected to be less
than those predicted by the worstase model.
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6.4. ILS Localiser Runway 20 modelling

6.4.1. OUNPPM configuration

6.4.1.1. The configuration of the modelling software used for the assessment is shdviguire23.

Facility Parameters Modeling Parameters
T, x Array Type: NM7220A — [ Most Recently Applied Airport Navaid Datasheet
Center Frequency (MHz): 110.3 w ¥ ®
CLR Frequency (MHz): | 110,296 MHz Mo Localizer Applied Record. Select from JCCBI Window.

Runway Heading: 0.0 deg

Runway Length: |3288.0 m
Runway Width: |45.0m
Fields to Model: Automatic e

ILS Pt C.t |304.8m
Indude Random DU Errors

Approximate Mutual Coupling (incomplete)

Array Parameters

Course Array: Clearance Array: Doppler Modelling
x Element Type:  LPD ~| fa) LFD e O Full Signal [ Improved Doppler {experimental)
Main Setback: 337.0m ", 397.0m ) Signal sans Doppler
Main Offset: [0.0m T, 0.0m © Doppler Only
Main Height: |3.0m (2] 3.0m
Array Rotation: |0.0 deg "'!1, 0.0 deg
Antenna Rotation: |0.0deg I"lg 0.0 deg
Elevation: |0.0m 0.0m

Default Clearance Width: |2.1deg

Default CLR / CRS Separation: |-22.0 dB

B Use Course Params as Clearance Params

Figure23: Localiser Runway 20 modelling configuration

6.4.1.2. The default antenna height is adjusted to 3m to align with the actual height of the installed
facility.
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6.4.1.3. Initial modelling is undertaken with no reflecting objects introduced into the model. This
establishes a baseline, the results of which are showigare24 and Figure25.

Christchurch Localizer 20 Low Approach
Localizer - Category il
Baseline
-50 T . .
Zone 5 Zone 4 | Zone 3 Zone 2 Zone
40 :
-30
-20 2
$—— Category ll|
-10
z tolerances
=2 Y
— o
(]
L]
10
20
30 ane 1 has no values,
| 0.0 uA (0.0%) @40
a [ Align = D.0uA 0.0 u (0.0%) @0.58
| 0.0 uA (0.0%) @0.0
. | one 5 0.0 uA (0.0%) @0.40
-1.5 -1 0.5 n] 0.5 1 1.5 &4 25 3 35 4
Distance from Threshold (Mautical Miles)
Figure24: Localiser Runwag0 approach course structure baselingno scatter objects
Christchurch Localizer 20 Clearance Orbit
Baseline
=400
/\___,-—____u -300
=200
-10
=3
2
gcm -35 -30 -25 , -20 -15 -10 -5 ] 10 15 20 25 30 35 40
Clearance 100
signal tolerance 200
BOUA @ 30.0° e i
B8uA @ -30.0
Azimuth gle (degrees)

Figure25: Localiser Runwag0 orbit baseline¢ no scatter objects

6.4.2. Simulation analysis
6.4.2.1.  The model is configured with scatter objects which are representative of the buildings that

are in view of the Localiser. Only the areas which will be illuminated by the Localiser need to
be considered for the simulation.
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6.4.2.2. The buildings illuminated by Localigfrare depicted irFigure26.

LEGEND
= + = Site Boundary
I 20m buiding height
I 16m building height
15m building height
12m building height
10m building height

- 4.5m high storage
3.5m high stcrage

LocaliseiRwy 20
Rwy 02 Threshold

Figure26: Buildings illuminated by Localis&0

6.4.2.3. A plan view of the scatter objects used in the model scenario is shokigune27.
LocaliseiRwy 20

Ewyzo Threshold

Figure27: Plan view of Localise20 scatter objects

6.4.2.4. A 3D view of.ocaliser 20 anthe scatter objects is shown Figure28.
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Figure28: 3D view ofLocaliser 2Gcatter objects

6.4.2.5. The buildings are represented as a series of vertical rectangular plates. Each scatter object
is worstcase modelled as having a steel surface for maximum reflectivity.

6.4.2.6. The results of the simulation of the proposed development are showigimre29andFigure

30.
Christchurch Localizer 20 Low Approach
Localizer - Category Il
Ryans Road Industrial Development
50 T T
Zone 5 Zone 4 Zone 3 Zone 2 Z_oue
.40 |
-30
20
—— Category |
-10 |
z tolerances |
2, - |
o
= I I I
0 /
20
30 Zone 1 has no values.
Zone 2 0.09 uA (1.37%) @075
a0 Align = 0.0uA Zone 3 -0.1 uA (1.98%) @0.2
Zone 4 0.16 uA (3.18%) @0.27
0 Zone 50.15 uA (2.37%) @0.73 |
15 = 05 0 05 1 15 2 25 3 35 4
Distance from Threshold (Nautical Miles)

Figure29: Localiser Runwag0 approach course structure building scatter objects
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6.4.2.7.

6.4.2.8.

6.4.2.9.

6.4.2.10.

6.4.2.11.

6.4.2.12.

Christchurch Localizer 20 Clearance Orbit
Ryans Road Indusgjigl Development

CDI {uA)
r—
B

40 35 30 -2.5 , -éD 15 -‘I‘D il \ ] 10 15 20 25 30 jtal 40
100 IIII
Clearance \ R | /
signal:tolerance 200 | f
\ |
]
Angle = 0.0 150Hz= 274.02uf @ 28.5° |
Width = 3.27 80H=z= 274.82uA @ -28.0

Symmet =5ﬂ._[_1.1.
Azimuth Angle {(degrees)

Figure30: Localiser Runwag0 orbit ¢ building scatter objects

Figure29 shows that the maximum simulated course disturbance in ILS Zone®Bjig\)in
Zone 3 is0.10uA, in Zone 4 is D6UA and in Zone 5 isTBUA.

Examination of the existing disturbance, as measured by flight inspection, indicates typical
errors of H.8UA in Zone 2, +3UA in Zone 3, £8uA in Zone 4, and #UA in Zone 5.

To find the potential impact of the simulated disturbance, the existing measured disturbance
is combined with the predicted simulated disturbance using RSS vector addition to give
overall results of &8uA in Zone 2, +3uA in Zone 3, +BuA in Zone 4, and HUA in Zones.

This shows that the additional simulated disturbamnel have a negligiblénpact on the
existingLocalisedisturbance.

Comparing the orbit simulation #igure25with Figure30 showssomemarginaldisturbance
to the Localiser clearance signal the left of the extended runway centrelin€lhe
disturbance will not be noticed by users of the facility.

The results of the worstase modelling indicate that the proposed development will have a
negligibleimpact on Localise?0 performance. The actual effects are expected to be less
than those predicted by the worstase model.
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6.5. ILS Glidepath Runway 02 modelling

6.5.1. OUNPPM configuration

6.5.1.1. The configuration of the modelling software used for the assessment is shdviguire31.

Facility Parameters Modeling Parameters
x Array Type: M_ARRAY w Most Recently Applied Airport Navaid Datasheet
Course Freguency (MHz): 333.8 ~ - %
CLR Frequency (MHz): 333, 706 MHz Mo Glideslope Applied Record. Selectfrom JCCBI
Window.

IL5Pt C: |304.8m

Runway Heading |0.0 deg
] =5 om Fields to Model: Automatic w

Runway Width [45.0 m
[T Indude Random DU Errors

Array Parameters Array Auto-Adjust
X EementType: KTH2000 v Giide Path Angle: |3.0 deg
Main Setback: |362.0 m Antenna Height Ratio: |2.0

Main Offset: -120.0 m
Ags Calculate heights based on current glide-path angle
Array Rotation: |0.0 deg
Clearance Width: 0.7 deg Adjust  Adjust setback to achieve |55.0 ft | TCH at desired angle

CLR,fCRS Separation: | 1.0 dB B Automatically Update Glideslope Positions on Offset Change

Lower: |4.29m Middle: |8.58 m Upper: |12.88 m

Figure31: Glidepath Runway 02 modelling configuration

6.5.1.2. The OUNPPM software assumes a perfectly flat terrain, so the appropriate default antenna
heights for a flat beam forming area have been used for the simulations.
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6.5.1.3. Initial modelling is undertaken with no reflecting objects introduced into the model. This
establishes a baseline, the result of which is showfigire32.

Christchurch Glide Slope 02 Low Approach
Glideslope - Category Il

Baseline
50
Zane 3 Zane 2 Zone

-30

20 | ™~ Category !

-10
tolerances
pa

10

CDI (uA)

21 |/

30

a0

Distance from Threshold (Nautical Miles)

Figure32: Glidepath Runway 02 approach course structure baselime scatter objects

6.5.2. Simulation analysis

6.5.2.1. The model is configured with scatter objects which are representative of the buildings that
are in view of the Glidepath. Only the areas which will be illuminated by the Glidepath need
to be considered for the simulation.

6.5.2.2. The buildings illuminated by Glidepath 02 are depicteBigure33.
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R W
LEGEND ‘\‘“\“\\h:‘f’ \ “‘\‘ \‘\‘\‘\" At
- P ot 2t
16m building height “ ' “5 ‘ ‘

15m building height ‘ ‘\ l‘ ("

12m building haight ‘_‘“‘“ 5
10m building height O ‘)ga

- 4.5m high storage \—/

3.5m high storage

/V\"/ Rwy 02 Threshold

Glidepath Rwy 02

Figure33: Buildings illuminated by Glidepath 02

6.5.2.3. A plan view of the scatter objects used in the model scenario is shokigune34.

Rwy 02 Threshold

GlidepathRwy02

Figure34: Plan view of Glidepath 02 scatter objects

6.5.2.4. A 3D view ofslidepath 02 andhe scatter objects is shown Figure35.
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Rwy 02 Threshold

<«— GlidepathRwy 02

Figure35: 3D view of Glidepath 02 scatter objects

6.5.2.5. The buildings are represented as a series of vertical rectangular plates. Each scatter object
is worstcase modelled as having a steel surface for maximum reflectivity.

6.5.2.6. The result of the simulation of the proposed development is showrigare36.

Christchurch Glide Slope 02 Low Approach

Glideslope - Category Il
Ryans Road Industrial Development

50 T
Zane 3 Zane 2 Zpne

-30

20 ~— Category Il

10 tolerances

CDI (uA)

10

20

a0

Zone 1 has no values.
Align = 1.27uA Zone 2 -5.77 ul (24.85%) @3.06
Zone 3 27.15 uA (44.07 %) @0.01 |
o 0.5 1 15 2 25 3 35 4
Distance from Threshold (Mautical Miles)

S0

Figure36: Glidepath Runway 02 approach course structuybuilding scatter objects

6.5.2.7. Figure36 shows some impact on the Glidepath approach course structure. The maximum
simulated course disturbande ILS Zone 2 i$#4pA and in ILS Zone 3 B2uA.

6.5.2.8. Examination of the existing disturbance, as measured by flight inspection, indicates
maximum errors of +1.6pA in Zone 2 and £2.8pA in Zone 3.
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6.5.2.10.

6.5.2.11.

6.5.2.12.

6.5.2.13.

6.5.2.14.

To find the potential impact of the simulated disturbance, the existing measured disturbance
is combined with the predicted simulated disturbance using RSS vector addition to give
overall results of .6pA in Zone 2 and28uA in Zone 3.

The magnitude of the predicted disturbance is considered significant and will have a
noticeable impact on the existing Glidepath disturbance.

The results of the worstase modelling indicate that thgroposed developmenwill have a
noticeable impact on Glidepath 02 performance. The actual effects are expected to be less
than those predicted by the worstase modelWhile the range of the disturbance remains
within Category Il glidepattourse bendolerances, the disturbance is such that the aircraft
would not fly a steady glide angle and so the guidance may not be flyable in practice.

To mitigate the impact on Glidepath 02 changes to the design of the proposed development
can be made.

The first mitigation option under consideration is to reduce building heights. The 20m high
buildings within sites 121 and 122 (as labelle&igure?) are likely to be a major source of
multipath reflections, so the model can be reconfigured with their heights reduced to 10m.
Note that this exposes more buildings beyond these sites to illumination by the Glidepath,
as shown irFigure37.

e
L Anuitiy
Mz gt
AT LT A
LEGEND . :L‘“‘ ‘:_ \\\\‘\‘“‘\\
= + = Site Boundary ) _‘\.\"\\-\‘% “ ‘ \‘\‘
- 20m building height \ b “‘\‘ “ - “‘ ‘\
ol gl«» "\
16m building height ‘\‘\ f’ L“!
15m building height \l i, 7 ‘
12m building height . l ) Q
10m building height \1\ ﬁ%ﬂ“” }»ﬁ(ﬁ "‘f : ;
B 4 5m high storage — K,v " . .
3.5m high storage Z
Ag\ N ¥
. i Rwy 02 Threshold
Glidepath Rwy 02

Figure37: Buildings illuminated by Glidepath 02building heights reduced

The result of the simulation of the proposed developmuiith building heights reduceis$
shown inFigure38.
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Christchurch Glide Slope 02 Low Approach

Glideslope - Category lll
Ryans Road Industrial Development - 2 buildings reduced by 10m

-50 I
Zone 3 Zone 2 Zone

-30

20 i Category I

L tolerances

CDI (uA)

10

20

30
Zone 1 has no values.
Align = 1.3uA Zone 2 -6.71 uA (22 .38%) [@2.47
Zone 3 27.15 uA (44.00%) @0 .01 |
1} 05 1 15 2 25 3 a5 4
Distance from Threshold (Nautical Miles)

a0

Figure38: Glidepath Runway 02 approach course structureuilding heights reduced

6.5.2.15. Figure38 shows some impact on the Glidepath approach course structure. The maximum
simulated course disturbande ILS Zone 2 igt4pA and in ILS Zone 3 is {0A.

6.5.2.16. Reducing the heights of the buildings within sites 121 and 122rizaginally improvedhe
Glidepath course structurdgut the magnitude of disturbance is still considered significant
so further mitigations must be explored.

6.5.2.17. The closest buildings to Glidepath 02 are likely to have the greatest impact, so the buildings
at sites 121, 122 and 123 are removed from the model, as shoWwigime39.
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LEGEND
= +» = Site Boundary
I 20m buiding height
I 16m building height
15m building height
12m building height
10m building height
- 4.5m high storage
3.5m high storage

— g\ N ¥

\V
+~ GlidepathRwy 02

Rwy 021Threshold

Figure39: Buildings illuminated by Glidepath 02buildings removed

6.5.2.18. The result of the simulation of the proposed development with buildings removed is shown

in Figure4O.
Christchurch Glide Slope 02 Low Approach
Glideslope - Category lll
Ryans Road Industrial Development - 3 buildings removed
=0 Zone 3 . Zone 2 Zone
-40

-30

0 | : =~ categony/lll

-10 : tolerances

CDI (uA)

10

20

30
Zone 1 has no values.
Align = 1.28uf Zq 08 uA (20.24%) @2.31
15 uA (44.07 %) @0.01
o 0.5 1 15 2 25 3 35 4
Distance from Threshold (Mautical Miles)

S0

Figure40: Glidepath Runway 02 approach course structuybuildings removed

6.5.2.19. Figure40 shows some impact on the Glidepath approach course structure. The maximum
simulated course disturbande ILS Zone 2 iSBUA and in ILS Zone 3 is H0A.

6.5.2.20. Removing the buildings within sites 121, 122 and 123dgsn marginallymproved the
Glidepath course structureut the magnitude of disturbance is still considered significant
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6.5.2.21. Reducing the heights of the closest buildings to Glidepath 02 or removing them altogether
has marginallyimproved the Glidepath structurebut there is stillsignificant disturbance
because more of the buildings beyond are now exposed to illumination by Glidepath signals,
generating further multipath interference. A further mitigation option is to change the
orientation of buildings.

6.5.2.22. InFigure41the 20m high buildings in sites 121 and 122 have been rotated counterclockwise
by 2°.

LEGEND
=+ = Site Boundary
I 20 buiding height
[ 16m building height
15m building height
12m building height
10m building height

B 4 5m igh storage
3.5m high storage

Rwy 02 Threshold

i

\‘/\ Glidepath Rwy 02

Figure41: : Buildings illuminated by Glidepath 02buildings rotated

6.5.2.23. The result of the simulation of the proposed development with two buildings rotated
counterclockwise by 2° is shownhkigure42.
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6.5.2.24.

6.5.2.25.

6.5.2.26.

6.5.2.27.

6.5.2.28.

Christchurch Glide Slope 02 Low Approach

Glideslope - Category lll
Ryans Road Industrial Development - 2 buildings rotated 2° CCW

-50 T
Zone 3 Zone 2 Zone

-30

20 —— Category I

-10 tolerances

CDI (uA)

10 Vi
20 /

a0

Zone 1 has no values,
Align = 1.3uA Zone 2-3.12 uA (10.83%) @3.50

Zone 3 27.15 uA (44.06%) @0.01
] 0.5 1 15 2 25 3 a5 4
Distance from Threshold (Mautical Miles)

S0

Figure42: Glidepath Runway 02 approach course structuybuildings rotated

Figure42 shows some impact on the Glidepath approach course structure. The maximum
simulated course disturbande ILS Zone 2 id6pA and in ILS Zone 3 is {0A.

As previously noted, the existing disturbance, as measured by flight inspection, indicates
maximum errors of £1.6pyA in Zone 2 and £2.8pA in Zone 3.

To find the potential impact of the simulated disturbance, the existing measured disturbance
is combined with the predicted simulated disturbance using RSS vector addition to give
overall results of £2.3pA in Zone 2 and +2.8pA in Zone 3.

This shows that the additional simulated disturbance has a minor impact on the existing
disturbance in Zone 2, with an increase in error of +0.74A. The increase in error will be
imperceptible to pilots flying ILS approaches to runway 02.

The results of the worstase modelling with two buildings rotated counterclockwise by 2°
indicate that the proposed development will have a minor impact on Glidepath 02
performance. The actual effects are expected to be less than those predicted by the wo
case model. Accounting for these findings, th@ient has modified theirdevelopment
proposal, so as tootate the buildings on sites 121 and 122 counterclockwise byaghow
AK26Yy Ay 204$ 05R Gdrter Srgup 1048 Ryans RoRdilding Haghts5 Q &
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7.1.

7.1.1.

7.1.2.

7.1.3.

7.1.4.

7.2

7.2.1.

7.2.2.

ILS DME Analysis

Effects of structures on DME
Large structures can have two potential effects on DME:

1 DME signals can be reflected from large objects, causing multipath interference and
measured distances to be incorrect;

i They can block the line of sight of DME transmissions, creating a shadow area behind
the structure preventing reception of the DME signal.

The aircraft DME interrogator transmits a pair of pulses. These are received by the
transponder on the ground, which retransmits the pulses after a specified time delay. The
aircraft measures the time delay between transmission and reception of the palsg, p
which corresponds to the range.

If the DME pulse pairs are reflected from a building or object, the DME will receive 2 pulse
pairs separated by a time proportional to the path difference between the direct and
reflected signals. The reflected signals will always be delayed comparee dirdict signal.

l 5a9 Lz asS KIa | 2 VYIAR|{KRANIZIASR yaRiEel o dpd
interrogator and transponder will reject the pulse. This occurs when the path length
difference is small, typically between 150m and 1,000m. This results in the aircraft not
NEOSAGAY3I NIy3IS AYyTF2NNIGA2Yy ® ¢ K2SOAIARNIONS YF2INE.
mode for a period of 10 20s before ceasing to provide the pilot with range information.

ILS DME Runway 02 reflections

To analyse the potential effects of the proposed development on the DMIEis necessary

to establish the direction of the DME signal reflections, and also the likely area affected. The
direction of DME reflections from a vertical plane surface can be established from a CAD
drawing using the theory afyoptics.

The most significant sources of DME reflections will be from the-feestg elevations of

the proposed buildings as reflections will be towards the runway 02 extended centreline and
could impact aircraft as they approach to land. The areas of potenti& Bflections, and
hence multipath interference, will be confined to the green hatched are&igiare43.
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7.2.3.

7.2.4.

7.2.5.

7.2.6.

7.2.7.

DMERwy02 -

Figure43: DME 02 reflections from proposed development

In Figure43it can be seen that DME reflections from the building at site 123 will cross the
extended runway centreline. At 10m high, the buildingharginallytaller than the DME 02
antenna elevatior(7m AGL), hence reflections could be directed upwards towards aircraft
making approaches to runway 02.

Further analysis of the reflections can be carried out to determine their magnitude and
hence the range at which they may cause undesirable effects.

The range for possible effects can be estimated by calculation:

1 The closest point of the reflecting surface$®8mfrom the DME

1 Assuming a 150W transmitter, then the effective radiated power of the DME is in the
region of+51.8dBm (ILS/DME)

1 The free space path loss to the reflecting surfac€8dB.

1 Thus, the effective signal power at the reflecting surfac862dBm.

The amount of DME signal-radiated is a function of the Radar Cross Section (RCS) gain.

The reflecting surface cannot be considered in its entirety for the RCS calculation as it is
representing a plane structure. For a flat plane perpendicular to the direction of radiation,
the reflective area cannot exceed the aperture of the largest antefiha aircraft antenna
aperture is about 5cm. The ground DME antenna is typically circa 2m x 0.2m in physical
aperture. Hence, for the purposes of this evaluation, a 2m section of the reflecting surface
is being considered.
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7.2.8. In reality, the signal may be reflected from several smaller parts of various buildings. The
signal received at the aircraft would be the vector sum of all of these smaller components,
the value of which is likely to be much less than the idealised ctitmulearried out here.

7.2.9. The RCS for a 2m x 0.2m plate, perpendicular to the source, is2#.8me DME frequency.
Note: The forward reflection would be less than the perpendicular reflection calculation
carried out here to represent worstse.

The effective gain for 22.3hRCS i$34.9dB at the DME frequency
The equivalent signal powersadiated from the building is:
o0 Equivalent Signal Power fRadiated =36.2dBm + 34.9dB-%.3dBm
I The DME receiver at the aircraft requires a sigr@daBm. The minimum path loss to
drop the reflected signal below the detection threshold is therefore:
0 Minimum Path Loss Drop-80dBmg (-1.3dBm) =88.7dB.
9 Distance until desired path loss droGiE2m or 0.35NM.

1
1

7.2.10. The range for possible multipath effects will reduce for DME reflections from parts of the
development that are further away from the DME 02 antentathe above calculation
process is repeated for other parts of the proposed development, then the extents of the
areas for potential DME multipath can be reduced to represent the ranges of the desired
path loss drops, as shown by the green hatchingignire44.

DMERwy02 ~

)

Rwy 02 Threshol

Figure44: Maximum range of potential DME 02 multipath effects

7.2.11. InFigure44it can be seen that the reflection area from the site 123 building still crosses the
extended runway centreline. The reflection area covers 163m along the centreline. If an
approach speed of 100 knots assumedthen it would take an aircraft approximately 3
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7.2.12.

7.3.

7.3.1.

7.3.2.

7.3.3.

7.3.4.

seconds to pass through the ardga reflected signal causes a brief loss of range information

an aircraftDME interrogatog A t £ O2y G Ay dzS G2 2dzildzi NI} y3aS R
In any case, upward reflections from the 10m high building will be at shallow angles and
aircraft are more likely to be flying above rather than through the area of potential multipath
interference.Signals reflected from the 10m high building will be at no more than 13m above

the ground as they cross the centreline, whaseaircraft descending on a 3° approach will

be at heights of between 40 and 50m in the same amreaummary, DME reflections will not

have any impact on approaching aircraft.

The ground DME transponder has an inbuilt immunity to local signal reflections by a
mechanism called Short Distance Echo Suppression (SDES), which rejects reflected pulses
within 12us of a valid pulse decode to help filter out reflections from nearby clesta
Airways New Zealand has confirmed that DME 02 is configured with é3iaB®d so no

effects are anticipated as a result of the development.

ILS DME Runway 02 shadowing

Assessment of the relative locations of DME 02 and the proposed development indicates
that any potential shadowing of DME 02 will be confined to areas south of the Airport.

DME 02, as an associated aid with the ILS, is required to have the same coverage as Localiser
NH® 05 NIRAZ2 LINRLIIAFGAZ2Y Y2RStftAy3a OFly 65 d
coverage.

The outlines of the proposed buildings are imported i@eographic Information System
(GIS) software(Global Mapper) and heights applied to create a 3D model of the
development. Terrain is created using 1m LIDAR data from Land Information New Zealand,
supplemented by Shuttle Radar Topography Mission worldwide elevation data.

The 3D model is shown Figure45.
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“*—— DMERwy02

Figure45: Proposed development 3D model

7.3.5. Line of Sight (LoS) coverage, in a sector encompassing the development, at 1,000 feet above
aerodrome level to a range of 25NM from DME 02 is shov#igare46. The solid red outline
indicates the required area of operational coverage for Localiser 02.

lﬂ DME Rwy 02

0.0 km 7.5 km 15.0 km

Figure46. DME 02 LoS coverage at 1,000 feet above aerodrome level

Cl:6216RPT002 V1.0 Cyrrus Limited 530f 70



Commercial in Confidence
( CY RR U S Technical Safeguarding Assessment of Air Navigation Equipment

7.3.6. In Figure46the yellow shading shows where LoS coverage to an aircraft at 1,000 feet above
the aerodrome may be impacted by the proposed development. No shadowing of the DME
02 signal will occur within the required area of operational coverage.

7.3.7. LoS shadowing does not mean that no sigmillbe received. The DME sigmaill refract
around the development (Huyget@NB Ay St t NAYOALX SO YR WFACS
However, a reduction in signal strength could be experienced in the area idenfietlies
outside the required operational coverage area this will have no impact on DME 02 users.
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8.1.

8.1.1.

8.1.2.

8.1.3.

8.2.

8.2.1.

8.2.1.1.

8.2.2.

8.2.3.

DVOR/DME Analysis

General

The DVOR provides suitably equipped aircraft with their azimuth relative to the DVOR
antenna. The DME provides suitably equipped aircraft with their distance to the facility. The
combination of DVOR and DME enables the aircraft to establish its positramge and
azimuth from the facility.

Large metallic structures close to a DVOR/DME have two effects on the radio signal:

1 Reflections; reflections from the surfaces of the structure may cause bearing and range
errors;

1 Shadowingg the structure may cause shadowing, resulting in reduced signal level and

poor coverage in the sector obscured.

The effect of reflections is modelled using computer simulation of the system performance
and the effect of shadowing is shown by 3D radio propagation modelling.

DVOR reflections

The impact of reflections from the proposed development on DVOR performance can be
modelled using the OUNPPM software simulation tool.

The configuration of the modelling software used for the assessment is shdviguire47.

Facility Parameters Modeling Parameters
VOR Type:  Doppler W Most Recently Applied Airport Navaid Datasheet
Frequency (MHz): 1153 w & ®

i il w
Pasition North: |0.0m Mo VOR Applied Record. Select from JCCEI Window.

Position East: |0.0m

Ground Elevation: (0.0 m

Antenna Height: [1.2m

Counterpoise Height: |3.5m
Counterpoise Radius: |27.0m

Magnetic Variation: |24.53 deg

Positive values are westerly variations.

Figure47: DVOR modelling configuration

Only those faces of the development that are illuminated by the DVOR signal will cause
reflections and readiation of the navigation facility signals.

For the initial worstcase DVOR modelling, it is assumed that the DVOR has full visibility of
the development. IrFigure48, the illuminated faces of the development that are modelled
in the simulation software are highlighted in green.
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LEGEND
= + = Site Boundary
Il 20m building height
[ 16m building height
15m building height
12m building height
10m building height
B 4.5 high storage
3.5m high storage

Figure48: Proposeddevelopmentilluminated by DVOR

8.2.4. A plan view of the scatter objects used in the model scenario is shokigune49.
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Figure49: Plan view of DVOR scatter objects

8.2.5. A 3D view of the DVOR and the scatter objects is shoWwigire50.
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Figure50: 3D view ofDVORSscatter objects

8.2.6. The software calculates potential DVOR bearing errors introduced by the development. The
effect on a simulated orbital flight at 6NM from the DVOR at an altitude @ff04feet, as
flown for the DVOR flight inspection, is showrrigure51.

Christchurch VOR Orbital Pattern

6NM Orbit 4,000t AMSL
4
35
3
25
2

e +3.5° bearing

1 error tolerance
05
o e e /
05
-1

Brg Error (deg)

15
-2
25
=]
35
-4

0 20 40 B0 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Azimuth Angle (deq)

— Bearing Error

Figure51: Effect ofdevelopment on DVORNM/4,000 feetAMSLorbital pattern

8.2.7. Predicted disturbance to the DVOR azimuth angle occurs chiefly is¢ators between
radials 088 and 149, and between radials 280 and 330. Maximum bearing errors in these
sectors occur at radial 099(®n px 0 | Y R-aldi y MORDA I1¢K So i¥d EG Y dzY
error is approximately 3% of the bearing error tolerance of +31#d anlikely to be
detectable by users of the facility.
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8.2.8.

8.2.9.

8.2.10.

8.2.11.

8.2.12.

Examination of the existing disturbance, as measured by flight inspection, indicates
maximum errors of £0.5° and +0.1° respectively in the two impacted sectors. Combining the
existing and predicted errors using RSS vector addition gives overall res@tSoand +0.1°

and thus showso impact on the existing DVOR disturbance.

The DVOR supports approach procedures at Christchurch Airport where inbound legs are
flown from ranges of up to 14.3NM from the facility at an altitude of 2,000 feet. To
encompass this range and altitude a second simulleer angleorbit flight at 15NM from

the DVOR at an altitude of 2,000 feet is showRigure52.

Christchurch VOR Orbital Pattern

05 U
-1

15NM Orbit 2,000t AMSL
35
k|
S
21
[ ° .
151 +3.5°bearing
5 error tolerance
= 05 |
'é o I'|||.\|I| I..»J'IAVL."@.'\..*-_,—'A---H-- / e e, ,.‘*ﬂ'\..hll'u'\hlf‘.l,r\\r.w._,.—-—_.
T
=
om

-1.51:
.2:
25
-3
35
-4 1
o 20 40 B0 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
Azimuth Angle (ded)

— Bearing Error

Figure52: Effect of development on DVOR 15NM/2,000 feSLorbital pattern

Again, pedicted disturbance to the DVOR azimuth angle occurs chiefly in two areas,
between radials 088 andB, and between radials48 and003. Maximum bearing errors in
these sectors occur at radial Dg+0.63x) and at radial 39 (+0.23X). The maximum induced
bearing error isvell within the international standard tolerance, beiagproximately18%

of the bearing error tolerance of £3.5°.

Further investigation can be carried out by simulating flights along the inbound ratiés
and 016,used for the VOR approach procedures to runways 02 and 20 at Christchurch
Airport.

Figure53 shows that the proposed development will have no effect on a simulated flight
along radial 196 descending from 2,000 feet altitude between ranges of 11.5NM and 0.1NM
from the DVOR, as used for the VOR approach to runway 02.
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Christchurch VOR Radial Pattern
VOR Rwy 02 - Radial 196
4
a5
3
25
2 ° .
is +3.5°bearing
5 error tolerance
= 05
g o /
i
@
-1.8
-2
25
-3
38
-4
a 1 2 3 4 5 3] T a8 a 10 11 12
Distance (Mautical Miles)
— Bearing Error
Figure53: VOR Approach Runway 02 (Radial 196)
8.2.13. Figure54 shows that the proposed development will have no effect on a simulated flight

along radial 016 descending from 2,000 feet altitude between ranges of 14.3NM and 0.1NM
from the DVOR, as used for the VOR approach to runway 20.

Christchurch VOR Radial Pattern
OR Rwy 20 - Radial 016

a5

25

15 +3.5° bearing
! error tolerance
05

1 /

-05

Brg Error (deg)

-1.8

2.5

35

] 1 2 3 4 5 g8 7 ] ] 10 11 12 13 14 15
Distance (Mautical Miles)

— Bearing Error

Figure54: VOR Approach Runway 20 (Radial 016)

8.2.14. The maximum bend tolerance for the DVOR is £3.5°. The predicted disturbance during the
simulatedflight inspectiororbit isnegligible ands still well within standard tolerance during
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8.3.

8.3.1.

8.3.2.

8.3.3.

8.3.4.

8.3.5.

8.3.6.

the lower angle orbit at greater rangehd& proposed development will have no impact on
the DVOR approach procedures.

DME reflections

The proposed development presents large flat reflecting surfaces to signals from the DME
associated with the DVOR. Multipath interference from DME reflections can result in false
ranges or loss of range information to the aircraft.

The faces of the development can be considered to be a mirror of the DME signal. The areas
where potential multipath may be experienced are determined by ray optics.

The areas of potential DME multipath due to the proposed development are indicated by
the green hatching ifrigure55.

Rwy 021 Threshold

Figure55: Areas of potential DME multipath interference

Westfacing elevations of the proposed buildings will reflect DME signals across the
extended runway 02 centreline and could impact aircraft as they approach to land. The main
area of impact is in the final 0.5NM before the runway 02 threshold.

Further analysis of the vertical reflections can be carried out to determine their magnitude
and hence the range at which they may cause undesirable effects.

The range for possible effects can be estimated by calculation:

I The closest point of the development3®4dm from the DME.
i The DME has an effective radiated power of 1,000\W600Bm
1 The free space path loss to the reflecting surfac83%dB.
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8.3.7.

8.3.8.

8.3.9.

8.3.10.

8.3.11.

1 Thus, the effective signal power at the reflecting surfac23dBm.
The amount of DME signal-radiated is a function of the RCS gain.

The reflecting surface cannot be considered in its entirety for the RCS calculation as it is
representing a plane structure. For a flat plane perpendicular to the direction of radiation,
the reflective area cannot exceed the aperture of the largest antefiha aircraft antenna
aperture is about 5cm. The ground DME antenna is circa 2m x 0.2m in physical aperture.
Hence, for the purposes of this evaluation, a 2m section of the reflecting surface is being
considered.

In reality, the signal may be reflected from several smaller parts of the development. The
signal received at an aircraft would be the vector sum of all these smaller components, the
value of which is likely to be much less than the idealised calculaaizied out here.

The RCS for a 2m x 0.2m plate, perpendicular to the sourdesim?at the DME frequency.

The effective gain forB85m? RCS i$37.9dB at the DME frequency.
The equivalent signal powersadiated from the hangar is:
o Equivalent Signal Power Radiated =23.6dBm + 3.9dB =+14.3dBm
1 The DME receiver at the aircraft requires a sigr@daBm. The minimum path loss to
drop the reflected signal below the detection threshold is therefore:
0 Minimum Path Loss Drop-80dBmg 14.3dBm) =104.3dBm
9 Distance until desired path loss droBi800m or 1.78NM.

1
1

The range for possible multipath effects will be reduced for DME reflections from parts of
the development that are further away from the DME antenna. If the above calculations are
repeated for other parts of the proposed development, then the extentshefareas for
potential DME multipath can be reduced to represent the ranges of the desired path loss
drops, as shown by the green hatchingrigure56.
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8.3.12.

8.3.13.

8.4.

8.4.1.

8.4.2.

NN

\%\\‘\\s\\‘\‘\
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Figure56: Maximum range of potential DME multipath effects

It can be seen ifrigure56 that reflections from the proposed development still cross the
extended runway centreline. In theogn aircraft flying at 100 knots could lose DME range
information for up to 18 seconds in the final 0.5NM of the approach; but, in a similar way to
L[{ 5a9 nuxX W@PSt20A0e YSY2NRQ Y2RS g2dA R
the proposed buildingwill be at shallow angles, so aircraft are more likely to be flying above
rather than through the areas of potential multipath interference, and in any case pilots
flying the VOR/DME Runway 02 approach procedure will not be relying on DME range
information between the DVOR/DME site and runway 02 threshold once they have flown
through the DVOR/DME overhedd.summary, DME reflections will not have any impact on
approaching aircraft.

Ground DME transpondsrcanuse SDES to help filter out reflections from nearby obstacles.
AlthoughAirways New Zealand has advised tB&IES isot currentlyenabled on the DME
equipment, configuring the DME with SDES wifl required, provide immunity from
reflections emanating fronthe development.

DVOR/DME shadowing

The proposed development will form an obstruction to DVOR/DME signals which could
reduce signal strength and lead to a potential loss of range and bearing information in the
shadowed area.

The relative locations of the DVOR/DME and the proposed development indicates that any
potential shadowing will be confined to areas to the east of Christchurch Airport.
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8.4.3.

8.4.4.

8.4.5.

Using Global Mapper GIS software, LoS coverage in a sector encompassing the development
can be determined. The range and altitude modelled for the lower angle DVOR orbit flight
are used, i.e. 15NM at an altitude of 2,000 feet. The coverage result is shéugure57.

Figure57: DVOR/DME LoS coverage at 2,000 fabtSL

In Figure57 the yellow shading shows where LoS coverage to an aircraft at an altitude of
2,000 feet may be impacted by the proposed development. Aircraft flying the VOR/DME
approach procedures to runways 02 and 20 at Christchurch Airport will not be within the
yellowareas.

LoS shadowing does not mean that no sigmall be received. Th® VORDME signalwill
refract 2 NJ W ar8uyicRtkle development YR WTAff AyQ GKS &Kl R2g
reduction in signal strength could be experienced in the area identified.
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