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Appendix A Consistency with the Airports 
Act 1996 

Table 1: Section 89 triggers for Major Airport Development and how they apply to the Project

Major Airport Development triggers
(section 89 of the Airports Act 1996)

PolAir Project Comment

(a) constructing a new runway Not applicable

(b) extending the length of a runway Not applicable

(ba) altering a runway (other than in the course of maintenance works) in any 
way that significantly changes:

(i) flight paths; or
(ii) the patterns or levels of aircraft noise

Not applicable - no alteration of runways are 
proposed

(c) constructing a new building wholly or principally for use as a passenger 
terminal, where the building’s gross floor space is greater than 500 square 
metres

Not applicable – the building will not be used as a 
passenger terminal

(d) extending a building that is wholly or principally for use as a passenger 
terminal, where the extension increases the building’s gross floor space by 
more than 10%

Not applicable – the building will not be used as a 
passenger terminal

(e) constructing a new building, where:
(i) the building is not wholly or principally for use as a passenger terminal; and
(ii) the cost of construction exceeds $20 million or such higher amount as is 
prescribed

Yes - Value of building will exceed $20 million

(f) constructing a new taxiway, where:
(i) the construction significantly increases the capacity of the airport to 
handle movements of passengers, freight or aircraft; and
(ii) the cost of construction exceeds $20 million or such higher amount as is 
prescribed

New taxiways are proposed, however, the cost of 
construction is unlikely to exceed $20 million

(g) extending a taxiway, where:
(i) the extension significantly increases the capacity of the airport to handle 
movements of passengers, freight or aircraft; and
(ii) the cost of construction exceeds $20 million or such higher amount as is 
prescribed

New taxiways are proposed, however, the cost of 
construction is unlikely to exceed $20 million

(h) constructing a new road or new vehicular access facility, where:
(i) the construction significantly increases the capacity of the airport to 
handle movements of passengers, freight or aircraft; and
(ii) the cost of construction exceeds $20 million or such higher amount as is 
prescribed

Project unlikely to result in significant changes to 
road network

( j) extending a road or vehicular access facility, where:
(i) the extension significantly increases the capacity of the airport to handle 
movements of passengers, freight or aircraft; and
(ii) the cost of construction exceeds $20 million or such higher amount as is 
prescribed

Project unlikely to result in significant changes to 
road network

Major Airport Development triggers
(section 89 of the Airports Act 1996)

PolAir Project Comment

(k) constructing a new railway or new rail handling facility, where:
(i) the construction significantly increases the capacity of the airport to 
handle movements of passengers, freight or aircraft 
(ii) the cost of construction exceeds $20 million or such higher amount as is 
prescribed

Not applicable

(l) extending a railway or rail handling facility, where:
(i) the extension significantly increases the capacity of the airport to handle 
movements of passengers, freight or aircraft; and
(ii) the cost of construction exceeds $20 million or such higher amount as is 
prescribed

Not applicable

(m) a development of a kind that is likely to have significant environmental or 
ecological impact

The Project will not likely have any significant 
environmental or ecological impact

(n) a development which affects an area identified as environmentally 
significant in the environment strategy

The Project will not affect an area which is identified 
as environmentally significant

(na) a development of a kind that is likely to have a significant impact on the 
local or regional community

The Project is likely to have a positive impact on 
the local and regional community, improving the 
capability of PolAir

(nb) a development in relation to which the Minister has given an approval under 
section 89A Not applicable

(o) a development of a kind specified in the regulations Not applicable



Appendix A Consistency with the Airports 
Act 1996 

Table 2: Section 91(1) Contents of a major development plan

Major Development Plan contents
(section 91(1) of the Airports Act 1996)

PolAir Project Comment

(a)  the airport lessee company’s objectives for the development; and Refer to Chapter 4 Description of the Development

(b)  the airport lessee company’s assessment of the extent to which the future 
needs of civil aviation users of the airport, and other users of the airport, will 
be met by the development; and

Refer to Chapter 3 Need and Justification

(c)  a detailed outline of the development; and Refer to Chapter 4 Description of the Development

(ca)  whether or not the development is consistent with the airport lease for 
the airport; and

Not applicable

(d)  if a final master plan for the airport is in force—whether or not the 
development is consistent with the final master plan; and Refer to Chapter 7 Consistency with Master Plan

(e)  if the development could affect noise exposure levels at the airport—the 
effect that the development will be likely to have on those levels; and Refer to Chapter 6 Impact on Airport Operations

(ea)  if the development could affect flight paths at the airport—the effect that 
the development will be likely to have on those flight paths; and Refer to Chapter 6 Impact on Airport Operations

(f)  the airport lessee company’s plans, developed following consultations with 
the airlines that use the airport, local government bodies in the vicinity of the 
airport and—if the airport is a joint user airport—the Defence Department, for 
managing aircraft noise intrusion in areas forecast to be subject to exposure 
above the significant ANEF levels; and

Refer to Chapter 6 Impact on Airport Operations

(g)  an outline of the approvals that the airport lessee company, or any other 
person, has sought, is seeking or proposes to seek under Division 5 or Part 12 
in respect of elements of the development; and

Refer to Section 2.5 Major Development Plan 
Approvals Process

Major Development Plan contents
(section 91(1) of the Airports Act 1996)

PolAir Project Comment

(ga)  the likely effect of the proposed developments that are set out in the 
major development plan, or the draft of the major development plan, on:

(i)  traffic flows at the airport and surrounding the airport; and
(ii)  employment levels at the airport; and
(iii)  the local and regional economy and community, including an analysis of 
how the proposed developments fit within the local planning schemes for 
commercial and retail development in the adjacent area; and

Refer to Section 3.5 Socioeconomic and Chapter 8 
Ground Transport Plan

(h)  the airport lessee company’s assessment of the environmental impacts 
that might reasonably be expected to be associated with the development; 
and

Refer to Chapter 9 Environmental Assessment

 ( j)  the airport lessee company’s plans for dealing with the environmental 
impacts mentioned in paragraph (h) (including plans for ameliorating or 
preventing environmental impacts); and Refer to Chapter 9 Environmental Assessment

(k)  if the plan relates to a sensitive development—the exceptional 
circumstances that the airport lessee company claims will justify the 
development of the sensitive development at the airport; and

Not applicable
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17 May, 2017
Our File Ref: B17115AL001
Contact: Nick Borley

Bankstown Airport Limited
c/- Altis Property Partners
Level 14, 60 Castlereagh Street
SYDNEY, NSW  2000

Attention: Mark Crudden

RE: BANKSTOWN AIRPORT PROPOSED POLAIR FACILITY MDP
AVIATION ASSESSMENT

1. INTRODUCTION
REHBEIN Airport Consulting was engaged by Bankstown Airport Limited to assess the
potential impacts a proposed PolAir facility may have on airport operations. The
assessment outcomes will inform and support a Major Development Plan (MDP) for the
proposed development.

This letter sets out our preliminary findings with regard to the relevant safeguarding
considerations. These include:

• Operational airspace comprising existing and future Obstacle Limitation Surfaces
(OLS) and PANS-OPS protection surfaces;

• Existing and future Communication, Navigation and Surveillance (CNS) facilities
including;
− Runway precision approach path indicator (PAPI) lighting;
− Wind indicator;
− Airservices Australia and Bureau of Meteorology anemometers;
− Compass swing bays; and
− Ground based navigation aids;

• Impacts on helicopter operations including flight frequency as a result of the
development;

• Impacts on helicopter flight paths as described in the current approved
Bankstown Airport Master Plan; and

• Other Aspects of the National Airports Safeguarding Framework (NASF)
guidelines and Public Safety Zones.

These matters are discussed in the following sections of this letter.
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2. OPERATIONAL AIRSPACE
The Airports (Protection of Airspace) Regulations 1996 prescribe airspace around
federal leased airports, to ensure the protection of existing and future operational
airspace from intrusion by obstacles. This prescribed airspace consists of the airspace
defined by the airport’s Obstacle Limitation Surfaces (OLS) and the PANS-OPS
protection surfaces and includes those surfaces planned to accommodate future
expansion or new procedures at the airport.

2.1 Obstacle Limitation Surfaces (OLS)
The existing and future OLS for Bankstown Airport in relation to the proposed
development site are shown in Figure 1 and Figure 2 respectively.

Based on the proposed design information as supplied by Crawford Architects
Pty Ltd (attached) the development will not penetrate any existing or future OLS
surface.

2.2 PANS-OPS Surfaces
Airspace associated with aircraft instrument approach and departure procedures
is defined by the Procedures for Air Navigation Services – Aircraft Operations
(PANS-OPS) protection surfaces for an aerodrome. These surfaces are
ascertained in accordance with the criteria in the International Civil Aviation
Organisation (ICAO) Procedures for Air Navigation Services – Aircraft Operations
(Doc 8168, PANS-OPS).

The existing and future PANS-OPS surfaces for Bankstown Airport over the
proposed site are shown in Figure 3 and Figure 4 respectively.

The most critical existing PANS-OPS surface overlying the proposed
development site is that associated with the current published Runway 11C
Standard Instrument Departure (SID). The elevation of this surface is estimated
to be 67.2m AHD. With a proposed development maximum elevation of 22.1m
AHD the development will not penetrate any existing PANS-OPS surface.

However, formal verification will be provided by Airservices (or the relevant
instrument procedure designer) that the proposed development does not impact
on any existing procedure.

Assessment of the future PANS-OPS surfaces in relation to the proposed
development indicates that the most critical surface will be the Basic ILS Surface
associated with a future Instrument Landing System (ILS) approach to Runway
11C. This surface is estimated to be at an elevation of approximately 27.6m AHD
over the proposed development. With a proposed development elevation of
22.1m AHD this future PANS-OPS surface will not be penetrated.
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2.3 Sydney Radar Terrain Clearance Chart (RTCC)
Air traffic controllers rely on the use of radar to facilitate the separation and flow
of air traffic. Radar signals are susceptible to interference from obstacles such as
terrain and buildings as they operate on a line-of-sight principle. Airservices
publishes a Radar Terrain Clearance Chart (RTCC) which indicates the lowest
altitude that radar information can accurately be used for air traffic purposes.

The proposed development has been assessed against the currently published
Sydney RTCC1 which forms part of the Sydney Airport prescribed airspace. The
assessment indicated that the building will not be of sufficient elevation to exceed
the RTCC protection surfaces and therefore should not interfere with the
performance of the radar.

3. COMMUNICATION, NAVIGATION AND SURVEILLANCE FACILITIES
3.1 Precision Approach Path Indicator
Bankstown Airport has a single sided Precision Approach Path Indicator (PAPI)
lighting system installed at each end of Runway 11C and 29C. The proposed
development site is outside the lateral extent of the PAPI Obstacle Assessment
Surface (OAS) as shown on Figure 5. The PAPI will therefore not be impacted
by the development.

3.2 Wind Indicator and Anemometers
The proposed PolAir facility has been assessed against the clearances required
in relation to wind indicators and wind speed and direction measuring equipment
(Anemometer) as provided by the Bureau of Metrology (BOM). Generally, the
clearance required around these facilities consists of a 100 metre radius which is
free of obstacles and structures.

Figure 5 illustrates the position of these facilities and clearances that will be
impacted by the development. These include:

− Primary Wind Indicator (WI) (and signal area);
− Airservices Australia Anemometer; and
− Bureau of Meteorology (BOM) Anemometer.

Since the identified facilities may require relocating should the POLAIR facility be
constructed as a result of these clearances being infringed, alternative sites have
been suggested for consideration in Figure 6. However, these alternative sites
would require further technical analysis and endorsement from the responsible
parties (i.e. Airservices and Bureau of Meteorology and CASA in relation to the
wind indicator) in order to confirm their suitability and compliance with all relevant
regulations.

1 https://www.experiencesyd.com.au/corporate/planning-and-projects/airspace-protection-tile
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3.3 Compass Swing Bay
Aircraft magnetic compasses periodically require calibrating to a known azimuth
source in order to ensure their functionality for accurate navigation. Airports
generally provide a compass swing bay in which this calibration task may be
undertaken. CASA Advisory Circular (AC) AC139-15(0) recommends a radius of
at least 200 metres free from all sources of magnetic interference as such steel
hangers and high voltage powerlines.

Bankstown Airport’s compass swing bay is located north of Taxiway A. The
proposed POLAIR development will be outside of the recommended 200 metre
radius and therefore should not interfere with the use of the swing bay.

3.4 Ground Based Navigation Aids
Ground based navigation aids generate radio signals which are interrogated by
airborne aircraft and used to assist with their navigation. As these aids are radio
based, protection of the signal is required to ensure signal integrity is maintained.
Bankstown Airport currently has one ground based navigation aid – the Non-
Directional Beacon (NDB) – which is located in a clear area of the airport south of
the runway infrastructure.

The proposed development site would be outside the published Building
Restricted Areas advised in relation to NDBs (per CASA MOS Part 139 and
NASF Guideline G) and would not be expected to impact the performance of the
NDB.

4. HELICOPTER OPERATIONS AND FLIGHT PATH IMPACTS
The proposed development is in close proximity to the main HLS (north of Taxiway A)
and the western HLS (northwest precinct of the Airport).

The Aviation Related Planning Principles in the 2014 Bankstown Airport Master Plan
(2014 MP) (Table 11) include for the management of rotary operations as follows:

The 2005 Master Plan principle of separating fixed and rotary wing operations
was amended in the 2008 Minor Variation. Given that rotary operations currently
account for 13.9% of all flight activity and that the MP forecasts that this level of
activity is expected to be maintained, in May 2013 BAL commissioned a safety
review of rotary operations on the Airport which extended to all aspects of rotary
operations. The review established that current operations meet the requirements
of the regulator.

Sections 5.4.7 and 5.4.8 of the 2014 MP address the helipad facilities and the helicopter
movement area respectively. In summary the 2014 MP:

• Incorporates the retention of the designated Helicopter Landing Site (HLS) on the 
northern side of the airfield as approved in the 2008 Minor Variation. The HLS will
continue to meet the needs of the existing helicopter operators based at the
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Airport and there will be no need for new operational arrangements and flight
paths to be defined in association with Airservices Australia. Larger helicopter
arrival and departure can also take place from the runways.

• Recognises that an area in the northwest precinct of the Airport is currently used
for low altitude helicopter training and manoeuvres will be retained  for aviation
use; and

• Current helicopter facilities and infrastructure can manage demand for the
duration of the planning period.

4.1 Helicopter Operations
BAL has advised that the proposed POLAIR development is not expected to
increase traffic to the existing HLS, as the NSW police and emergency services
currently operate only from Bankstown so these movements are already
incorporated within the forecasts adopted for the endorsed ANEF.

Helicopters are expected to use the main HLS or the runways at night. Whilst
there will be helicopter parking stands adjacent the new facility, helicopters will
transit to the designated HLS to take off or land. There may be some ground
based noise in the vicinity of the facility as a result of helicopters. However, such
ground based noise already occurs as a result of general fixed and rotary wing
movements around the aerodrome movement area. Such ground based noise is
not incorporated within the ANEF so the development of the facility would not
alter the ANF contours.

4.2 Helicopter Flight Paths
Both Helicopter Landing Sites utilise flight paths that are orientated to be in
general alignment with the runways, so as not to create conflicts between fixed
wing and rotary wing operations. The airspace associated with helicopter landing
sites (HLS) on airport has not been prescribed in the Master Plan, however
CASA expects that helicopter operations will be conducted on airport in
accordance with the relevant standards and guidance.

4.2.1 Main HLS

The OLS associated with the western flight path for the main HLS applicable to
Performance Class 1 (PC1) Category A helicopter operations by typical
aeromedical transport helicopters (AW139) has been constructed based on the
information contained in CASA guidance material Civil Aviation Advisory
Publication CAAP 92-2(2) Guidelines for the establishment and operation of
onshore Helicopter Landing Sites (February 2014) and are illustrated in Figure 7.

Assessment of these surfaces indicated that the proposed development will have
no impact on helicopter operations operating PC1/Category A along these flight
paths. Although the current flight path will overfly the proposed development site
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the elevation of the OLS is higher than the current concept design height of the
facility by approximately 16m.

4.2.2 Western HLS

The primary function the western HLS is to accommodate training operations
including hover and winch/rapelling activity. The airport operator has indicated
that in general, departures and arrivals from this western HLS are mainly to the
north and west. Therefore, it is considered unlikely that helicopters would require
to operate in PC1 / Category A over the proposed development site.

The OLS associated with the southern flight path for the western HLS applicable
to Performance Class 2 (PC2) Category B helicopter operations based on CASA
CAAP 92-2(2) guidance material is illustrated in Figure 8.

The proposed development at 22.1m will penetrate the OLS associated with
performance PC2 / Category B operations by up to 5.8m. (The impact on the
OLS associated with PC / Category A operations would be even greater).

If the impact on PC2 / Category B operations to the western HLS is
unacceptable, there may be potential to adjust the location of the FATO slightly.
Figure 9 illustrates a brief desktop analysis of the adjustment required
(approximately 50m north-north-east) whilst still maintaining the current flightpath
directions. The analysis is by no means exhaustive and relies purely on providing
adequate clearance between the proposed buildings and the OLS surface.

Other planning and regulatory requirements may impact on this location and
confirmation would be needed as to whether a minor adjustment would trigger the
need for any variation to the current approved Master Plan. This option would
therefore need to be subject to a more extensive assessment, if it is deemed to
be operationally necessary.

Other options which have been identified for consideration in addressing the
impact of the proposed development on the western HLS are:

• Limit the approach and departure flight paths to operations only to the
north-west. This would be a BAL management decision and subject to
consultation with stakeholders. All south easterly departure / approaches
would be conducted from the main HLS north of taxiway A or the runway.

• Alter the approach and departure paths of helicopters utilising the HLS in
the north-west precinct so that such helicopters would depart to the south,
before following the alignment of the runways to the south-east (and vice-
versa for arrivals). This option has potential to create significant conflicts
with fixed wing traffic.

• Rotate the south-easterly flight path to the north by a magnitude sufficient
to provide relief of the OLS surface and the proposed PolAir development.
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This would need to be verified against the other hangar development in
this area (existing and proposed).

• Decommission the western HLS and direct all helicopter operations to the
main central HLS or utilise the runways for approach and departure paths
for large helicopters. This would be a BAL management decision and
subject to consultation with stakeholders

5. NATIONAL AIRPORTS SAFEGUARDING FRAMEWORK
The National Airports Safeguarding Framework (NASF) is a national land use planning
framework that aims to:

• Improve community amenity by minimising aircraft noise-sensitive developments
near airports including through the use of additional noise metrics and improved
noise-disclosure mechanisms; and

• Improve safety outcomes by ensuring aviation safety requirements are
recognised in and use planning decisions through guidelines being adopted by
jurisdictions on various safety related issues.

All Guidelines can be found at www.infrastructure.gov.au .

NASF currently consists of a set of seven guidelines, as follows. Each has been
summarised for its relevance to the proposed development.

5.1 Guideline A – Measures for Managing Impacts of Aircraft Noise
NASF Guideline A can be used in the assessment of new development
applications for noise sensitive uses. While the ANEF system is recognised by a
number of jurisdictions in land use planning decisions the 20 and 25 ANEF zones
The proposed development straddles the currently published ANEF 30 contour,
and therefore aircraft noise impacts from will need to be considered. Australian
Standard AS2021-2015 provides building site acceptability based on ANEF
zones. As such, commercial buildings can be conditionally accepted within the 25 
to 35 ANEF. For ‘conditionally acceptable’ land uses, consideration of aircraft
noise attenuation is required in accordance with AS2021-2015.

Given the location of the site in close proximity to two HLSs and runways, and it’s
proposed use, the proponent will need to consider the acoustic treatment of the
proposed building to ensure it is fit for the use of the intended occupants.

5.2 Guideline B – Managing the Risk of Building Generated Windshear
and Turbulence at Airports

The purpose of this Guideline is to assist land use planners and airport operators
in their planning and development processes to reduce the risk of building
generated windshear and turbulence at airports near runways.
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Applicability of this guideline is initially determined by the location of the building
relative to defined assessment envelopes around the runway, which cover the
areas:

• 1200m or closer perpendicular to the runway centreline; or
• 900m or closer in front of runway threshold; or
• 500m or closer from the runway threshold along the runway.

The PolAir development site is approximately 300m to the north of the Runway
11C / 29 C centreline and within the building generated windshear assessment
envelope for Runways 11L/29R, 11C/29C and 11R/29L.

In line with the guidance provided in NASF Guideline B, Bankstown Airport
Limited referred the proposed PolAir facilities design to Synergetics
Environmental Engineering (Synergetics) for further modelling and assessment of
windshear impacts.

The findings of the assessment are provided in Synergetics Draft report: PolAir
building wind shear and turbulence impact assessment prepared for Bansktown
Airport Ltd 28 April 2017.

5.1 Guideline C - Managing the Risk of Wildlife Strikes in the Vicinity of
Airports

The purpose of Guideline C is to inform the land use planning decisions and the
way in which existing land use is managed in the vicinity of airports with respect
to the attraction of wildlife, particularly birds.

NASF Guideline C should be considered with any development on the site such
as landscaping and waste management.

5.2 Guideline D: Managing the Risk to Aviation Safety of Wind Turbine
Installations (Wind Farms)/Wind Monitoring Towers

NASF Guideline D provides general information and advice in relation to wind
farms and turbines and their hazards to aviation. Guideline D is not relevant to
the proposed development.

5.3 Guideline E – Managing the Risk of Distractions to Pilots from
Lighting in the Vicinity of Airports.

NASF Guideline E provides guidance on the risk of distractions to pilots of aircraft
from lighting and light fixtures near airports.

The CASA Manual of Standards Part 139 Aerodromes Section 9.21: Lighting in
the Vicinity of Aerodromes sets out the restrictions and degree of interference
ground lights can cause as a pilot approaches and provides advice to lighting
suppliers on the general requirements, fittings coloured lights and information
and correspondence. The proposed development is within the light control zone
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A as illustrated in Figure 10. Lighting associated with the development should
therefore meet the restrictions associated with Zone A, with a maximum intensity
of light sources above 3 degrees above the horizontal of 0 cd.

The design of lighting for the development should also take into consideration
NASF Guideline E to ensure there is no conflict from light fittings, coloured lights
or glare cause by reflective surfaces and/or mitigations measures to be put in
place. The lighting designer will need to ensure that the lights meet the
requirements prescribed in the CASA Manual of Standards Part 139
Aerodromes.

It should be noted that solar panel installation is a particular consideration in
relation to glare/reflectivity affecting aircraft in various stages of flight as well as
ATC operations. If any solar panels are proposed (such as a roof-mounted panel
array), whether as part of the initial construction or subsequently, the proponent
may need to complete a solar glare hazard analysis to satisfy CASA that the
safety of aircraft and ATC operations will not be affected.

5.4 Guideline F – Managing the Risk of Intrusions into the Protected
Airspace of Airports

NASF Guideline F is designed to address the issue of intrusions into the
operational airspace of airports by tall structures, such as buildings and cranes
as well as trees in the vicinity of airports. The Guideline also addresses activities
that could cause air turbulence that could affect the normal flight of aircraft
operating in the prescribed airspace and/or emissions of steam, other gas,
smoke, dust or other particulate matter that could affect the prescribed airspace
in accordance with Visual Flight Rules (VFR).

This Guideline has been considered in this assessment of the proposed
development throughout Section 2.

Any associated structures, such as roof-mounted antennae and light poles, will
need to be designed to ensure they remain below all existing and future
operational airspace.

With more detailed plans for the development NASF Guideline F and the
attendance prescribed airspace should be considered for activities that relate to
construction (such as cranes), or which could cause air turbulence and/or
emissions of dust or other particulate matter (including gaseous plumes). These
activities should be subject to a separate controlled activity application in
accordance with the Airports (Protection of Airspace) Regulations 1996.

5.5 Guideline G: Protecting Aviation Facilities – Communication,
Navigation and Surveillance (CNS)

NASF Guideline G provides land use planning guidance for the protection of CNS
facilities which support the systems and processes in place by Airservices, the
Department of Defence or other agencies under contract with the Australian
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Government, to safely manage the flow of aircraft into, out of and across
Australian airspace.

This Guideline has been considered in the assessment of the proposed
development throughout Section 3 and in particular with respect to the NDB as
discussed in Section 3.4.

6. CONCLUSION
This assessment makes the following conclusions;

• The proposed POLAIR development will not penetrate the existing or future
Obstacle Limitation Surfaces associated with Bankstown Airport;

• The proposed POLAIR development will not penetrate the existing or future
PANS-OPS surfaces associated with Bankstown Airport (however, formal
verification would be required by Airservices);

• The development will not impact on PC1 or PC2 helicopter operations from the
main Helicopter Landing Site located north of taxiway alpha;

• The development will have an impact on the south eastern flightpath for both
PC1 and PC2 helicopter operations to/from the north western HLS however, PC1
operations are unlikely to be conducted from this site. If the impact on PC2
operations is not acceptable, there appears to be scope for a minor adjustment of
the FATO location to address this. This (and other options for mitigating the
impact) would be subject to further analysis if required;

• The primary Wind Indicator and signal area will be impacted by the proposed
development and will be required to be relocated to an alternative site;

• Both the Airservices and the Bureau of Meteorology anemometers will require
relocating as a result of the proposed development;

• No other CNS facility or prescribed airspace will be impacted as a result of the
proposed development;

• The proponent should consider the use of suitable acoustic materials in design
and construction in order to protect personnel from potential noise exposure;

• Modelling and assessment of windshear and turbulence impacts have been
undertaken by other parties; and

• External lighting and building design aspects in relation to the attraction of wild
life should be considered in the design phase in accordance with NASF
guidelines C and E.

For further information in relation to this matter please contact the undersigned.
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Yours faithfully
For and on behalf of
LAMBERT & REHBEIN (SEQ) PTY LTD

N.J BORLEY
PRINCIPAL AVIATION CONSULTANT

Enc: Figures 1 – 10
Crawford Architects Pty Ltd Drgs
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Executive summary 

Bankstown Airport have proposed the construction of a new building, referred to as the PolAir 
building, on a site approximately 250m north of the northern end of runway 11L/29R.  

This building falls within the region that requires a wind shear and turbulence assessment as per 
paragraph 10 in National Airports Safeguarding Framework, Guideline B (NASF Guideline B) - 
Managing the risk of building generated windshear and turbulence at airports. Bankstown 
Airport have requested that Synergetics assess the proposed building, in accordance with the:  

 existing NASF Guideline B wind shear assessment criterion (DIRD, 2012); and 
 proposed draft NASF Guideline B wind shear and turbulence assessment criteria (DIRD, 

2016). 

Computational Fluid Dynamics (CFD) simulations of building induced wind shear and turbulence 
were conducted for the proposed PolAir building at Bankstown Airport. Results were assessed 
against both the existing and proposed draft assessment criteria referenced above.  

The existing guideline does not specify where the assessment should take place, while the draft 
guideline guidance notes state that the assessment should be conducted along the runway 
centreline. To resolve potential impacts or both typical and atypical aircraft trajectories, wind 
shear and turbulence were assessed along the runway centrelines, and along an offset plane 
located between the PolAir building and runway 11L/29R. 

Wind impacts were found to be low, with very high crosswind speeds of 47 knots required to 
exceed the existing criterion, and 42 knots for the proposed criteria, on the closest runway 
centreline. Results on the offset plane demonstrated that crosswind speeds of 27 knots were 
required to exceed the existing criterion and 23 knots for the proposed criteria. 

An examination of historical Bureau of Meteorology (BoM) wind data from the site suggests that 
these very high crosswind speeds are rare events, with >=23 knot crosswind gusts expected to 
occur during approximately three hours per year, and >=27 knot crosswind gusts expected to 
occur for less than one hour per year.  
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1 Introduction 

Bankstown Airport have proposed the construction of a new building, referred to as the PolAir 
building, on a site approximately 250m north of the northern end of runway 11L/29R, as shown 
in Figure 1 and Figure 2. 

 
Figure 1 - Plan view Bankstown Airport showing the location of existing buildings and the 
proposed PolAir building. Reproduced from plans provided by Crawford Architects. 
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Figure 2 - Rendered image of the proposed building. Reproduced from plans provided by 
Crawford Architects. 

Buildings that are proposed to be located within the regions defined by Paragraph 10 in National 
Airports Safeguarding Framework, Guideline B (NASF Guideline B) - Managing the risk of building 
generated windshear and turbulence at airports (DIRD, 2012), as shown in Figure 2, require an 
assessment in accordance with NASF B. This assessment is required to ensure that building 
induced wind shear and turbulence in the wake of a proposed building do not cause unsafe 
impacts on aircraft. 

 
Figure 3 - Extract from Paragraph 10 in NASF Guideline B (DIRD 2012). 

NASF Guideline B is currently under review, and a draft update to NASF Guideline B was released 
for comment in 2016 by the Department of Infrastructure and Regional Development (DIRD). 
The draft update to NASF Guideline B includes proposed changes to both the wind shear and 
turbulence assessment criteria. At the time of writing, DIRD are yet to determine whether the 
proposed changes will be adopted in the next version of NASF Guideline B. Considering the 
uncertain nature of the future NASF Guideline B assessment criteria, Bankstown Airport have 
requested that Synergetics assess the proposed building against both the current NASF 
Guideline B assessment criteria and the proposed draft assessment criteria. 
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2 Site description 

2.1 Building design and location 

The proposed PolAir building consists of a hanger and associated offices, located near the north 
western end of the runways at Bankstown Airport, as shown in Figure 4. The building will be 
surrounded with a hardstand on three of its four sides, and fitted with large louvres in several 
locations, including the south east corner, as shown in Figure 5 

 
Figure 4 - Location of the proposed PolAir building (yellow). North is orientated to the top of 
the page, and the hardstand and runways are shown in grey. Nearby buildings are coloured 
blue. Aerial image reproduced from Nearmap 2017. 

N 
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Figure 5 - A close up rendered image of the proposed PolAir geometry, as modelled, showing 
the louvres and barrier wall on the northern side of the hardstand. The contours on the ground 
show the slight elevation changes. 

2.2 Meteorology 

The Bankstown Airport site is subject to moderate winds, with winds parallel to the runway more 
common than those normal to the runway, as shown in Appendix A. For this study, three wind 
directions were considered that are expected to generate the most significant wind impacts for 
aircraft landing or taking off. These directions are: 

 Wind direction 1 (WD1), normal to the proposed building, approximately northerly; 
 Wind direction 2 (WD2), normal to the runways, approximately north northeasterly; and 
 Wind direction 3 (WD3), at a 45˚ angle to the proposed building, approximately 

northeasterly. 

The existing anemometer at Bankstown Airport is in close proximity to the PolAir building. 
Synergetics were advised that the anemometer will be relocated to the southern side of the 
runways as part of the PolAir building development. As such, wind speeds reported in this study 
are based on a likely relocated anemometer location outside the building wakes, shown in Figure 
4. 
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Figure 6 - Aerial image of the PolAir site, with the three assessed wind directions marked in 
red. 
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3 Assessment criteria 

This report includes an assessment against both the currently active version of NASF Guideline 
B (DIRD, 2012) and the proposed version (DIRD, 2016) currently undergoing review. The 2016 
draft is a major overhaul, with new and different assessment criteria, and therefore requires a 
different assessment methodology. 

3.1 Existing NASF Guideline B (2012) assessment criterion 

Guidelines for assessment of the effects of a building generated windshear and turbulence at 
airports is addressed by “National Airports Safeguarding Framework, Guideline B, Managing the 
risk of building generated windshear and turbulence at airports, 2012” (DIRD 2012), commonly 
referred to as NASF Guideline B. The assessment criterion included in this guideline is as follows: 
 

34. The variation in mean wind speed due to wind disturbing structures must remain 
below 7 knots along the aircraft trajectory at heights below 200ft. The speed deficit 
change of 7 knots must take place over a distance of at least 100m 

35. This criterion will apply in Australia. 

The guidelines provide a range of assessment methodologies described as Cases A, B1 and B2, 
as shown in Table 1. For the proposed PolAir building, the relevant methodology is described by  
Case C. 

In accordance with the methodology associated with Case C, the approval of a building design 
requires that the 7-knot deficit guideline is either: 

 never exceeded; or  
 is only exceeded several times per year and a Building Wake Management Plan is 

implemented to prevent planes being affected by these exceedances. 
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Table 1 - NASF Guideline B (2012) assessment methodologies (DIRD, 2012). 
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3.2 Proposed NASF Guideline B (2016) assessment criteria 

The draft update to NASF Guideline B includes changes to the wind shear criteria, as well as an 
additional turbulence criterion, as follows: 

45. The variation in mean wind speed due to wind disturbing structures must remain below: 
 7 knots along the aircraft trajectory at heights below 200ft. The speed deficit change of 

7 knots must take place over a distance of at least 100m. 
 6 knots across the aircraft trajectory at heights below 200ft. The speed deficit change of 

6 knots must take place over a distance of at least 100m. 

46. The standard deviation of wind speed must remain below 4 knots at heights below 200ft. 

The standard deviation criteria is based on the 4 knot RMS turbulence recommendation by the 
Netherlands Aerospace Centre (NLR, 2010). However, the NLR (2010) recommendation explicitly 
applies to the horizontal component of turbulent velocity fluctuations. As such, the turbulent 
velocity results reported in this report are computed based on the horizontal component of 
velocity fluctuations. 

The supporting guidance notes for (DIRD, 2016) are in an early draft format, however they 
recommend that the wind speed fluctuations should be resolved to include all fluctuations with 
a period of at least one or two seconds. 
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4 Methodology 

Computational fluid dynamics (CFD) is listed as an approved assessment methodology in NASF 
Guideline B (2012 & 2016) and was employed for this assessment. 

To resolve the turbulent velocity fluctuations assessed under (DIRD, 2016) an unsteady solver is 
required. For this study, the Spalart-Allmaras formulation of the detached eddy simulation (DES) 
was selected. This formulation is widely used for flow around buildings, and is well validated for 
such flows (Dadioti & Rees, 2016). 

For the wind conditions addressed in this report, the airport is more than 3 km downstream 
from the ocean and the associated coastal meteorology, with the upwind land covered with 
stand-alone residential buildings typical of urban suburbs. For these reasons an urban wind 
profile was considered the most appropriate selection for the vertical wind speed profile. The 
vertical wind speed profile was set using a logarithmic law profile, given by: 

𝑢𝑢(𝑧𝑧) = 𝑢𝑢∗
𝜅𝜅 ln(𝑧𝑧+𝑧𝑧0𝑧𝑧0

), 

where 𝑢𝑢(𝑧𝑧) is the velocity at height 𝑧𝑧 above the ground, 𝑢𝑢∗ is the friction velocity, 𝜅𝜅 is the von 
Karman constant, and 𝑧𝑧0 is the surface roughness. This log-law is widely used in atmospheric 
fluid dynamics as it provides good agreement with measured velocity profiles. The land for 
several kilometres to the north and east of the airport is predominantly residential with some 
1-2 storey mixed landuse. A representative surface roughness of 1.0 m was adopted to represent 
this upwind fetch. The combination of an appropriate inlet profile, together with the modelling 
of the surrounding features and roughness, provides a representative wind exposure for the 
target buildings, and ensures appropriate boundary layer propagation, as shown in Appendix B.  

Inlet turbulence was specified using turbulent viscosity, 𝜇𝜇𝑡𝑡 , given by: 

𝜇𝜇𝑡𝑡 = 0.09 𝜌𝜌𝑘𝑘2
𝜀𝜀 , 

where  𝜌𝜌 is fluid density and turbulence kinetic energy, k, and turbulence dissipation rate, ε were 
set based on equations from (Richards & Hoxey, 1993): 

𝑘𝑘(𝑧𝑧) = 𝑢𝑢∗2
√0.09, 

𝜀𝜀(𝑧𝑧) = 𝑢𝑢∗3

𝜅𝜅(𝑧𝑧+𝑧𝑧0)
.  

Surface roughness was set to a “sand grain” value of 10 mm, for the ground on the runways, and 
surrounding grassy areas, which is a mathematical representation of surface roughness 
appropriate for well-kept grassy areas such as the land surrounding the runway.  

To minimise any potential blockage issues, a large domain was used, with a width of 1500 m, an 
upstream fetch of 1000 m and extending 1400 m downstream. The domain height was set to 
approximately 1250 m to mitigate blockage errors due to the topography. 

Unstructured polyhedral cells were used to create an efficient mesh with high resolution near 
the building, throughout the upstream fetch and in the building wake. Mesh coarsening was 
applied in the far field for computational efficiency without compromising modelling accuracy. 
Prism layers were added over the building and ground surfaces around the runways, with the 
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prism layer height set such that the non-dimensionalised wall normal distance, y+, was less than 
300. The final mesh density was selected following a mesh independence study, outlined in 
Appendix C. The surface mesh around the PolAir building is shown in Figure 7. 

 
Figure 7 - Surface mesh on the surface of the PolAir building, and surrounding surfaces. 

Unsteady simulations were run until transient fluctuations had reached a periodic state, and 
then were run for a period of 300 s of simulated time, with the results sampled every 0.2 
seconds. More rapid sampling times were investigated, but had no significant impact on the 
results. The 300 s sampling period allows sufficient time for the oscillations in the flow field to 
be smoothed out and to resolve any transient flow structures that are small enough to present 
themselves as turbulent fluctuations during landing. The data was processed to remove any high 
frequency noise with a period of less than one second using a 6th order Butterworth filter with a 
cut-off frequency of 1 Hz. 

For each wind direction, simulations were run for: 
 the baseline case, i.e., without the new development and nearby buildings; and  
 the completed PolAir development. 

Mean wind speed deficits were calculated by subtracting the mean wind speeds for the PolAir 
building simulations from the baseline results in accordance with the assessment criteria 
outlined in Section 3: 

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑤𝑤𝑤𝑤𝑠𝑠𝑑𝑑𝑤𝑤𝑑𝑑𝑤𝑤𝑑𝑑 = 𝑏𝑏𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏𝑤𝑤𝑤𝑤𝑠𝑠𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑤𝑤 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑤𝑤. 

Turbulence was measured by computing the standard deviation of the turbulent velocity 
fluctuations over the 300 s sampling window. 

Results were extracted along a series of vertical measurement planes aligned with the runway 
centreline, as shown in Figure 8 and Figure 9. The planes extend along the centreline of each 
runway and extending beyond the threshold with a glide slope of 3˚, as recommended in the 
guidance notes for (DIRD, 2016). An additional offset measurement plane was included to assure 
conservative results by resolving impacts for aircraft deviating away from runway 11L/29R 
toward the PolAir building. This plane was based on the obstacle limitation surface (OLS) for the 
nearest runway (11L/29R) and extends vertically from the inner edge of the transitional surface 
up to the start of the take-off climb surface (TOCS). From the take-off climb surface the plane 
turns to follow the northern most edge of the TOCS, climbing with a glide slope of 3˚. The 
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measurement planes for wind direction 1 are shown in Figure 9, and the measurement planes 
for the other wind directions are included in Appendix D. 

 
Figure 8 - Plan view schematic showing location of runway centreline measurement planes 
relative to the building. The length of the measurement plane is 3x the building width (with a 
minimum length of 500 m). 

 

 
Figure 9 - Measurement planes for wind direction 1. The worst case offset measurement plane 
is located between runway 11L/29R and the PolAir building and follows the inner edge of the 
transitional surface and the northern edge of the TOCS. 
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5 Results 

5.1 NASF Guideline B (2012) assessment 

Wind speed deficits based on the criteria of (DIRD, 2012) for the three assessed wind directions 
are shown in Figure 10, Figure 11 and Figure 12, with the results tabulated in Table 2 and Table 
3.  

 
Figure 10 - Velocity deficit magnitude on the measurement planes for winds blowing from 
wind direction 1 with a 20 knot crosswind component. 
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Figure 11 - Velocity deficit magnitude on the measurement for winds blowing from wind 
direction 2 with a 20 knot crosswind component. 

 

 
Figure 12 - Velocity deficit magnitude on the measurement for winds blowing from wind 
direction 3 with a 20 knot crosswind component. 
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Table 2 – Peak wind shear deficit (knots) with a 20 knot crosswind. 

 Measurement plane 
Wind direction Runway 

11L/29R 
Runway 
11C/29C 

Runway 
11R/29L 

Offset  

Wind direction 1 1.6 2.2 3.0 5.0 
Wind direction 2 1.4 2.3 2.7 5.2 
Wind direction 3 1.4 1.7 1.9 3.8 

 
 
Table 3 - Wind speed (knots) required to reach (DIRD, 2012) wind shear criteria. Value in 
brackets is the crosswind component of the wind speed. 

 Measurement plane 
Wind direction Runway 

11L/29R 
Runway 
11C/29C 

Runway 
11R/29L 

Offset  

Wind direction 1 94(89) 68(64) 50(47) 29(28) 
Wind direction 2 99(99) 60(60) 52(52) 27(27) 
Wind direction 3 >100(98) 94(84) 82(74) 41 (37) 

 

5.2 Draft NASF Guideline B (2016) assessment 

Wind speed deficits based on the across track and along track criteria of (DIRD, 2016) for the 
three assessed wind directions are shown in Figure 13 to Figure 18 , with the results tabulated 
in Table 4, Table 5 and Table 6. 

The standard deviation of wind speed deficits based on the criteria of (DIRD, 2016) for the three 
assessed wind directions are shown in Figure 19, Figure 20 and Figure 21, with the results 
tabulated in Table 7 and Table 8. 
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Figure 13 – Across track wind speed deficit on the measurement planes for winds blowing 
from wind direction 1 with a 20 knot crosswind component. 

 

 
Figure 14 - Across track wind speed deficit on the measurement planes for winds blowing from 
wind direction 2 with a 20 knot crosswind component. 
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Figure 15 – Across track wind speed deficit on the measurement planes for winds blowing 
from wind direction 3 with a 20 knot crosswind component. 

 

 
Figure 16 - Along track wind speed deficit on the measurement planes for winds blowing from 
wind direction 1 with a 20 knot crosswind component. 
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Figure 17 - Along track wind speed deficit on the measurement planes for winds blowing from 
wind direction 2 with a 20 knot crosswind component. 

 

 
Figure 18 – Along track wind speed deficit on the measurement planes for winds blowing from 
wind direction 3 with a 20 knot crosswind component. 
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Table 4 - Peak across track wind shear deficit (knots) with a 20 knot crosswind. 

 Measurement plane 
Wind direction Runway 

11L/29R 
Runway 
11C/29C 

Runway 
11R/29L 

Offset 

Wind direction 1 1.5 2.1 2.8 4.7 
Wind direction 2 1.4 2.3 2.7 5.3 
Wind direction 3 1.3 1.5 1.7 3.4 

 
Table 5 - Peak along track wind shear deficit (knots) with a 20 knot crosswind. 

 Measurement plane 
Wind direction Runway 

11L/29R 
Runway 
11C/29C 

Runway 
11R/29L 

Offset 

Wind direction 1 0.51 0.75 1.00 1.7 
Wind direction 2 0.13 0.27 0.26 0.66 
Wind direction 3 0.40 0.57 0.85 1.8 

 
Table 6 - Wind speed (knots) required to reach (DIRD, 2016) wind shear criteria. Value in 
brackets is the crosswind component of the wind speed. 

 Measurement plane 
Wind direction Runway 

11L/29R 
Runway 
11C/29C 

Runway 
11R/29L 

Offset 

Wind direction 1 84(79) 61(58) 45(42) 27(25) 
Wind direction 2 85(85) 52(52) 45(45) 23(23) 
Wind direction 3 >100(95) 88(78) 78(70) 40(36) 

 
Figure 19 - Standard deviation of wind speed on the measurement planes for winds blowing 
from wind direction 1 with a 20 knot crosswind component. 
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Figure 20 - Standard deviation of wind speed on the measurement planes for winds blowing 
from wind direction 2 with a 20 knot crosswind component. 

 

 
Figure 21 - Standard deviation of wind speed on the measurement planes for winds blowing 
from wind direction 3 with a 20 knot crosswind component. 
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Table 7 - Maximum standard deviation of wind speed with a 20 knot crosswind component. 

 Measurement plane 
Criteria Runway 

11L/29R 
Runway 
11C/29C 

Runway 
11R/29L 

Offset 

Wind direction 1 0.08 0.17 0.19 0.44 
Wind direction 2 0.10 0.27 0.34 0.91 
Wind direction 3 0.06 0.14 0.16 0.65 

 
Table 8 - Wind speed (knots) required to reach (DIRD, 2016) standard deviation of wind speed 
criteria. Value in brackets is the crosswind component of the wind speed. 

  Measurement plane 
Criteria Runway 

11L/29R 
Runway 
11C/29C 

Runway 
11R/29L 

Offset 

Wind direction 1 >100(>100) >100(>100) >100(>100) >100(>100) 
Wind direction 2 >100(>100) >100(>100) >100(>100) 88(88) 
Wind direction 3 >100(>100) >100(>100) >100(>100) >100(>100) 

5.3 Frequency of exceeding NASF Guideline B criteria 

To assess the likelihood of occurrence of the wind speeds presented in Table 3, Table 6 and Table 
8, historical meteorological records for the Bankstown Airport Bureau of Meteorology station 
were examined.  

Wind gust speed records from a ten year period from 1 January 2005 to 31 December 2014 were 
assessed. From this analysis the average number of hours per year during which gusts will result 
in the NASF Guideline B wind criteria exceedance was estimated. These results are presented in 
Table 9, and indicate that exceedances will occur infrequently, particularly above the runway 
centrelines, where exceptionally strong winds will be required. 

 
Table 9 - Predicted average number of hours per year during which gusts will result in criteria 
being exceeded, based off historical wind records. 

 Measurement plane 
 
Criteria 

Runway 
11L/29R 

Runway 
11C/29C 

Runway 11R/29L Offset 

NASF Guideline B 
(2012) wind shear <1 <1 <1 <1 

NASF Guideline B 
(2016) wind shear <1 <1 <1 3 

NASF Guideline B 
(2016) standard 
deviation 

<1 <1 <1 <1 
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6 Conclusions 

CFD simulations of building induced wind shear and turbulence were conducted for the 
proposed PolAir building at Bankstown Airport. Results were assessed against both the existing 
NASF Guideline B (DIRD, 2012) assessment criterion and the proposed assessment criteria (DIRD, 
2016). 

Wind shear and turbulence were assessed along an offset plane located between the PolAir 
building and runway 11L/29R, in addition to the runway centrelines, to assure that the 
assessment is conservative. 

Wind impacts were found to be low, with very high crosswind speeds of 47 knots required to 
exceed the existing criterion, and 42 knots for the proposed criteria, on the closest runway 
centreline. Results on the offset plane demonstrated that crosswind speeds of 27 knots were 
required to exceed the existing criterion and 23 knots for the proposed criteria. 

An examination of historical Bureau of Meteorology (BoM) wind data from the site suggests that 
these very high crosswind speeds are rare events with >=23 knot crosswind gusts expected to 
occur during approximately three hours per year, and >=27 knot crosswind gusts expected to 
occur for less than one hour per year.  
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Appendix A.  Wind roses 
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Appendix B. Boundary layer propagation 

The propagation of the atmospheric boundary layer throughout the domain is shown in Figure 
22. 

 
Figure 22 - Velocity profiles for 4 different locations throughout the domain. 
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Appendix C. Mesh independence 

The mesh for a CFD simulation needs to be adequately fine so that it can resolve both the 
features of the geometry and the flow structures. Under-resolving flow features can lead to 
increased numerical dissipation and inaccurate results. Increasing mesh refinement will resolve 
flow features more accurately, but requires additional computation time and resources. 
Therefore, a mesh independence study has been conducted to optimally select a level of mesh 
refinement that accurately resolves flow features while minimising computational 
requirements. 

Three different meshes were considered, each with different levels of refinement. Each mesh 
was controlled with regions of refinement and coarsening applied to maximise the resolution in 
areas of interest and coarsen it in the far field. The thick atmospheric boundary layer resulted in 
acceptable boundary layer resolution, however prism layers over the ground and buildings were 
also implemented as a means to improve the result quality. Outside these prism layers the 
remaining cells were polyhedral elements.  A summary of each mesh is provided in Table 10. 

Results were assessed using two methods. Firstly, contours of average velocity magnitude were 
examined visually to confirm that flow structures matched expectations without significant 
dispersion. Secondly, the cross-sections the standard deviation of wind speed, on the offset 
measurement plane, were assessed. The mesh independence results presented here are 
focused on the standard deviation, as the mean wind speed has a significantly lower 
dependence on mesh refinement and averaging period. The results are shown in Table 10, and 
plotted in Figure 23, Figure 24 and Figure 25. The wind speed was assessed over an averaging 
window of 300 seconds. Based on this assessment it was determined that the medium mesh 
was sufficient to resolve the flow field at this site, provided that a sufficiently long averaging 
period of 300 seconds was adopted. 

 
Table 10 – Mesh independence results. 

Mesh  Number of cells Peak standard 
deviation (knots) 

Coarse 4,470,000 0.51 
Medium 7,240,000 0.44 
Fine 12,900,000 0.47 

The mesh independence study was conducted for the northerly wind direction, for the other 
wind directions mesh sizes are similar. 
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Figure 28 - Measurement planes for wind direction 3. 
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Appendix D. Measurement planes 

 
Figure 26 - Measurement planes for wind direction 1. 

 
Figure 27 - Measurement planes for wind direction 2. 
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