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Aviation Assessment. CRUDINE RIDGE WIND FARM

1. TERMS OF REFERENCE

The objective of the Aviation Assessment is to undertake a detailed assessment of the potential
aviation impacts of the proposed Crudine Ridge Wind Farm development and, where potential impacts
are identified, propose options for mitigation.

The outcomes of this assessment are intended to form part of the Crudine Ridge wind farm
Environmental Assessment (EA). The detailed Aviation Assessment should, therefore, meet the
requirements of the Department of Planning & Infrastructure (DoPl), and Director General

Requirements (DGR), additional agency requirements and be undertaken with consideration of
guidelines relevant to New South Wales wind farm developments.

2. SCOPE OF CONSIDERATIONS

The Assessment Scope was defined as follows: -
Principal considerations: -
e An assessment of the potential impacts on aviation safety considering in particular: -
o Aviation hazard lighting;
o Nearby aerodromes and aircraft landing areas;
o Defined air traffic routes;
o Aircraft operating heights;
o Approach and departure procedures;
o Radar interference, communication systems and navigation aids;
o Aerodromes within 30 km of the turbines and impacts on obstacle limitation surfaces.
General Requirements: -
e The assessment must cover the worst case and representative impact for all key issues;
e Consideration of any cumulative impacts as relevant,
o Taking note of proposed wind farms in the locality including the proposed Uungula
Wind Farm, located east of Wellington and west of Mudgee and comprising
approximately 330 turbines.
e With respect to the transmission line:
o A considered overview of the impacts along the length of the line;
o ldentify areas of potential significant impact, for further more detailed assessment;

o In addition to detailed assessment of areas of potentially significant impact, other
areas along the length of the line should be addressed in a more general manner, with
a particular focus on the development of frameworks for mitigation, management and
monitoring of more minor and generic environmental issues.
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Aviation Assessment. CRUDINE RIDGE WIND FARM

Additional Agency Requirements/Response: -
e Airservices Australia input (refer to Appendix 6.4);
e CASA input (refer to Appendix 6.3);
o Dept of Defence input (refer to Appendix 6.5);
e Aerial Agricultural Association of Australia input (refer to Appendix 6.6);
e Response to Airservices Australia consultation (refer to Appendix 6.4);
e Response to Dept of Defence consultation.

Minimum requirements

e |dentify the nearest registered aerodromes and other airfields to the proposed wind farm site,
including those located within thirty kilometres (or other relevant distance) of the proposed
wind farm site and assess the risks the proposed wind farm could pose to activities at these
airfields;

e Identify and assess any applicable CASA and other relevant Civil Aviation Regulations and, in
particular, any regulations that relate to wind farms, obstacles and aerodromes;

e Assess the potential risks the proposed wind farm could have on relevant instrument approach
procedures for the relevant region around the proposed wind farm site;

e Examine existing air routes in relation to the proposed wind farm development to determine if
there would be any influence on the Lowest Safe Altitudes published for these routes;

e Identify and assess any risks the proposed wind farm development could pose, including (but
not limited to):

o Aeronautical navigation aids;
o Air traffic services;
o Obstacle Limitation Surfaces;

o In consultation with RAAF, any military aircraft conducting low flying operations in the
area;

o The operation of civilian aircraft undertaking recognised low flying activities;

o Inrelation to any aerial fire fighting activities that may be undertaken in the region;

o Any rural air ambulance activities that may be undertaken in the region;

o Any aerial agricultural and agricultural activities that may be undertaken in the region;
o Contingency procedures and engine inoperative flight paths.

e Assess and advise on applicable Civil Aviation Regulations in regard to notification of tall
structures that may present obstacles and hazards to aviation activities;

e Assess the potential cumulative impact of the construction of other approved and constructed
wind farms in the region (location data to be provided);

e Assess the obstacle lighting requirements for the proposed wind farm development;
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Aviation Assessment. CRUDINE RIDGE WIND FARM

e Assess and outline any changes that would occur to the aeronautical impact and obstacle
marking and lighting assessment if the tip height of the turbines were to exceed 152 metres (or
any other relevant mandatory standard);

e Document any limitations associated with the aeronautical impact and obstacle marking and
lighting assessment;

e Assess and discuss any other relevant matter;
e Provide recommendations to manage, mitigate or avoid any identified risks;

e Provide conclusions.

3. REVIEW OF PROPOSED CRUDINE RIDGE WIND FARM

3.1 METHODOLOGY
Consistent with the Assessment Scope as detailed above, HART Aviation approached the tasks
using the following methodology: -
1) Communication with the Head of Development, Wind Prospect CWP in Newcastle to: -

a. discuss the aviation assessment process / methodology;

b. to collect all the background information and materials; and

c. to arrange a mutually suitable time to visit the proposed wind farm site.

2) Undertook an assessment investigating aircraft movements and airfields in the surrounding area,
including both civil and military operations.

a. In addressing this element of the Assessment Scope, HART Aviation identified the extent to
which aviation activities in the proposed wind farm area may or may not be an issue for
concern, which included, inter alia: -

i. Review of Crudine Ridge Wind Farm detailed layout, taking particular note of:-
1. map of area;
2. surrounding terrain;
3. site plan;
4. number of wind turbines, position, and heights.
ii. Review of relevant aviation charts for the area concerned, including: -
1. relevant World Aeronautical Chart (WAC);
2. designated airspace (including Prohibited, Restricted, Danger Areas PRDSs)
and other airspace considerations;
3. relevant En Route Charts (ERC);
4. departure & arrival procedures for any aerodromes in the vicinity;
5. relevant Visual Terminal Charts (VTC), Terminal Area Charts (TAC) and
Visual Navigation Charts (VNC) if any, for the area;
6. available airfield and airstrip guides / directories for the area; and
7. any other matter considered relevant.
iii. Visit to proposed wind farm site and surrounding areas to assess issues, including: -
1. identifying any nearby aviation related sites / airfields / Aircraft Landing Areas
(ALA), etc, which may be, or may not be, evident on available maps; and
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Aviation Assessment. CRUDINE RIDGE WIND FARM

3.2

3.3

2. ldentifying and assessing whether any risks the proposed wind farm
development could pose on any aviation related matter, including those
particular issues identified by Wind Prospect CWP in the Project Brief as
detailed in Section 2 above.

3) Reviewed relevant aviation legislation, including: -

a. CASA’s current position: -

i. recognising the withdrawal of its Advisory Circular AC 139-18(0); and
ii. the implications of Advisory Circular AC 139-08(0) dealing with the Reporting of Tall
Structures.

b. Including consideration of the following guidelines: -

i. Auswind (2006) Best Practice Guidelines for Implementation of Wind Energy Projects
in Australia;
ii. National Wind Farm Development Guidelines (Draft) — July 2010; and
iii. Draft Guidelines for Land Use Planners to Manage the Risk of Wind Turbine Farms as
Physical Obstacles to Air Navigation — issued by The Department of Infrastructure and
Transport National Airports Safeguarding Advisory Group on 26" July 2011.

4) Consultation with relevant stakeholders was to be undertaken if necessary but, after discussion
with Wind Prospect CWP, this proved to be unnecessary.

5) Areview and update of Australian and International literature regarding wind farm projects, aviation
safety and aircraft safety.

6) An assessment of the potential cumulative impact of the construction of approved wind farms in the
region using data provided by Wind Prospect CWP.

7) Based on the above, determine the requirements for obstacle marking and / or aviation safety
lights at the proposed Crudine Ridge Wind Farm was determined and is reported later within this
document.

ASSUMPTIONS, LIMITATIONS & EXCLUSIONS
No specific assumptions, limitations and exclusions exist.

The information and any assessments contained within are based on the information provided by Wind
Prospect CWP, observations made during a visit to the proposed Crudine Ridge Wind Farm site and
independent research.

OVERVIEW OF PROPOSED WIND FARM

The proposed Crudine Ridge Wind Farm is situated approximately 50 km south of Mudgee and 45 km
north of Bathurst, New South Wales (NSW). The ridge line is of moderate-to-high elevation (890 m to
1,000 m above sea level, Australian Height Datum [AHD]). The nearest locality is Pyramul, which is
located approximately 5 km to the North West along Aarons Pass and Pyramul roads.

The area concerned is a mix of heavily wooded areas, including on the ridge itself, and open properties
largely used for sheep and cattle grazing with very little evidence of crop farming.
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Aviation Assessment. CRUDINE RIDGE WIND FARM

Typical terrain in the Crudine Ridge area.

The Project will comprise one of two potential design layouts; one consisting of up to 106 wind turbines
and the other up to 77 wind turbines and ancillary structures, both spread over 17 different properties
within the project site in the Pyramul area between Mudgee and Bathurst, with a maximum blade tip
height of 160 m.

One or a combination of these layouts will be used in the construction of the project, to be determined
following final turbine selection post-consent.

Consideration is also given to a 100 m micrositing allowance and 5 m turbine height allowance, to
accommodate post-consent layout changes and turbine selection.

The project will have an installed capacity of approximately 165 MW, which is dependent on the turbine
model and layout selected, and in addition to the wind turbines will consist of the following associated
infrastructure:

o Six metre access tracks, passing bays and hardstand areas suitable for cranes;
o Overhead and underground electrical cabling;

o Substations (a main collector substation on site, and if necessary, a switching substation near to
the point of connection);

o Wind measuring masts;
o Storage compounds; and,
o Operations buildings.

In addition, an external overhead electrical interconnection lines (up to 132 kV double circuit) and
associated communications cables will be installed between the main collector substation and the
switching station.

The project will connect to the TransGrid 132 kV overhead transmission line 15 km east of the Crudine
ridgeline.

Turbine Rotor

The turbines used for the project will be three-bladed, semi-variable speed, pitch regulated machines
with rotor diameters between 74 and 126 m and a swept area of 4,300 to 12,470 square metres (m?).
Typically turbines of this magnitude begin to generate energy at wind speeds in the order of 3.5 metres
per second (m/s) (12.6 kilometres per hour [kph]) and shut down (for safety reasons) in wind speeds
greater than 25 m/s (90 kph). Wind turbine blades are typically made from glass fibre reinforced with
epoxy or plastic attached to a steel hub, and include lightning rods for the entire length of the blade.
The blades typically rotate at about 12 revolutions per minute (rpm) at low wind speeds and up to
18 rpm at higher wind speeds.
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Towers

The supporting structure is comprised of a reducing cylindrical steel tower fitted with an internal ladder
or lift. The largest tower height under consideration is 101.5 m with an approximate diameter at the
base of 4.5 m and 2.5 m at the top. However, it is important to note that the rotor diameter suitable for
this wind turbine model is 101 m and, therefore, would fall within the maximum proposed blade tip
height of 160 m. Similarly, the longest blade length under consideration is 63 m but it is important to
note that the tower height suitable for this wind turbine is 94 m and, therefore, also falls within the
maximum proposed blade tip height of 160 m. Alternative tower heights between 80 and 100 m are
also under consideration but this is not exhaustive since new models and certified designs are
continuing entering the market place. The tower will typically be manufactured and transported to site
in three to five sections for on-site assembly.

Blade Tip

The blade tip will comprise the highest point of the wind turbine when in a vertical position. Given the
turbines under consideration, a blade tip height of 160 m is considered to be the maximum. As new
turbine models are regularly appearing on the market, blade tip height may vary by up to 5 m to
accommodate potential changes to tower heights and blade lengths of new machines.

Monitoring Masts

There are currently two temporary wind monitoring masts installed, one 60 m mast located in the
Pyramul Cluster and one 100 m mast located in the Sallys Flat Cluster, recording wind data for the
project development and planning.

Up to six permanent wind monitoring masts, up to 100 m high, are proposed to be installed on-site.
Locations for these masts are yet to be determined and will be influenced by the final wind turbine
selection, but may include the installations of the existing temporary monitoring masts. These
permanent masts will provide information for the performance monitoring of the wind turbines. The
wind monitoring masts would be of a guyed, narrow lattice or tubular steel design. The image below
shows both typical tubular and lattice wind monitoring mast designs.

Examples of Tubular (left) and lattice (right) wind monitoring masts.

Overhead and Underground Cables

The electrical cables from the Pyramul and Sallys Flat Clusters will comprise a mix of underground or
overground cabling. Only the overground cabling is of potential interest to aviation operations.

Where feasible, an internal overhead transmission line will be used to export power from the Sallys Flat
Cluster to the main collector substation. The image below shows a typical overhead line construction
that could be implemented in this project.
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3.4

34.1

Typical Double-circuit overhead 33 kV power line.

A double circuit 66 kV interconnection overhead transmission line may be constructed for connection
between a secondary collector substation and the main collector substation. This transmission line will
be up to 25 m in height comprising of two cross arms with insulators with an average span length of
200 m.

A single or double circuit 132 kV transmission line will be constructed for energy export into the grid.
The 132 kV overhead transmission line will be up to 30 m in height comprising of two cross arms with
insulators with an average span length of 250 m.

The location of the proposed wind farm is shown in Appendix 6.1, being an excerpt from the World
Aeronautical Chart (WAC 3456 - SYDNEY).

Appendix 6.2 shows the Crudine Ridge Wind Farm Project Design with the two layouts as proposed at
this stage.

SPECIFIC ISSUES

Airfields in the vicinity of the proposed Wind Farm.
Registered and / or Certified Aerodromes.

Bathurst Aerodrome.

The nearest Registered or Certified aerodrome is Bathurst Aerodrome, a Certified aerodrome which
is approximately 45 km to the south of the most southern edge of the proposed Crudine Ridge Wind
Farm site. This aerodrome is sufficiently far away from the proposed wind farm site such that obstacle
limitation surfaces for this aerodrome would not be penetrated by any wind turbine proposed for the
Crudine Ridge Wind Farm. Further, an assessment of GPS arrival procedures and NDB and RNAV
(enss) arrival and missed approach procedures has indicated that the existence of the wind farm would
not impact on those procedures in any way. (See Section 5 for list of Abbreviations used in this report.)

Mudgee Aerodrome.

The next nearest Registered or Certified aerodrome is Mudgee Aerodrome, a Certified aerodrome
which is approximately 50 km to the north of the most northern edge of the proposed Crudine Ridge
Wind Farm site. This aerodrome is sufficiently far away from the proposed wind farm site such that
obstacle limitation surfaces for this aerodrome would not be penetrated by any wind turbine proposed
for the Crudine Ridge Wind Farm. An assessment of GPS arrival procedures and associated missed
approach procedures has indicated that the existence of the wind farm will not affect any instrument
sector or circling altitude, nor any instrument approach or departure procedures at Mudgee aerodrome.
Earlier advice (see Appendix 6.4) indicated to the contrary but this was subsequently reconsidered by
Airservices Australia.
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Other aerodromes and / or airfields.

A comprehensive search of all available documentation on airfields (including the En Route
Supplement Australia [ERSA], the Aircraft Owners and Pilots Association [AOPA] National Airfield
Directory and FightAce® Country Airstrip Guide) identified the following airstrips in the vicinity of the
proposed Crudine Ridge Wind Farm site.

These aerodromes / airfields have been listed in approximate order of distance from the proposed
Crudine Ridge Wind Farm site.

Dabee Station.
Dabee Station is a private unlicensed airfield owned by the Fernside Pastoral Company.

The airfield is situated approximately 34 km east of the northern edge of the proposed Crudine Ridge
Wind Farm site and approximately 20 km east of the existing high tension power lines into which the
electrical output from the Crudine Ridge Wind Farm will be connected.

The airfield has two unsealed grass strips of 900 m and 1,100 m length oriented 09-27 and 15-33
respectively. Permission is required prior to use.

Operations from this airfield will not be affected by the presence of the Crudine Ridge Wind Farm.
Rylstone Aerodrome.
This aerodrome is unlicensed; the owner / operator being Rylstone Air Park.

The aerodrome is situated approximately 35 km east of the northern edge of the proposed Crudine
Ridge Wind Farm site and approximately 20 km east of the existing high tension power lines into which
the electrical output from the Crudine Ridge Wind Farm will be connected.

The airfield has two unsealed grass/dirt strips of 750 m length oriented 09-27 and 17-35. Permission is
required prior to use.

Operations from this aerodrome are largely private. There is a microlight (gyroplane) club operating
from this aerodrome.

Microlight (gyrocopters) and Clubhouse at Rylstone Aerodrome.

Operations from this airfield will not be affected by the presence of the Crudine Ridge Wind Farm.
Capertee (Bernina) and Capertee (Longridge).

These airstrips are situated approximately 36 km and 42 km south east of the Crudine Ridge Wind
Farm site. Both strips are no longer maintained and are considered closed.
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Aviation Assessment. CRUDINE RIDGE WIND FARM

The only other aerodromes / airstrips identified anywhere near the proposed Crudine Ridge Wind Farm
site are: -

Amyville — an unlicensed private airfield, approximately 54 km to the northwest.

Orange — a Certified Aerodrome, approximately 54 km to the southwest.

Molong — an unlicensed private airstrip, approximately 65 km to the west.

Gamboola Station - an unlicensed private airfield, approximately 69 km to the northwest.

Catombal - an unlicensed private airfield, approximately 76 km to the northwest.

Yeoval (Fairview) - an unlicensed private airfield, approximately 79 km to the northwest.

Operations from these airfields will not be affected by the presence of the Crudine Ridge Wind Farm.

In addition to the above, during the physical inspection of the site a property was identified on the
eastern side of the Turondale - Crudine Road on the south eastern edge of the proposed wind farm
construction area with the entrance gate identifying an “Air Strip”. See photos below.

Property entrance gate. Sign on gate.

Despite a comprehensive external visual search of the property concerned, no evidence could be
found of any airstrip in the vicinity or any signs of wind socks. Further, an extensive search of current
Google Earth maps showed no evidence of such an airstrip. It is considered that, if indeed such an
airstrip exists, it would be for private ad hoc use only and operations from such an airstrip would not be
affected by the presence of the Crudine Ridge Wind Farm, provided the presence of the wind farm was
clearly published on aviation charts.

Subsequent to the physical inspection, a review of topographical maps of the project identified seven
marked landing grounds and orientation as will be seen from the following figure.
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3.4.2

Identified airstrips within the vicinity of the proposed Crudine Ridge Wind Farm.

The airstrip identified as No 6 is assessed as that on the property as identified above. It is estimated
that the nearest wind turbine in the landing and take off direction of that strip would be approximately
1.3 km distant and, as such, operations from that airstrip would not be affected. This judgement has
been made using the “Guidelines for Aeroplane Landing Areas” expressed in the Civil Aviation
Advisory Publication (CAAP) No. 92 — 1(1) of July 1992.

All the other airstrips identified are potentially less affected by the presence of the wind farm using the
same guidelines as the basis of that assessment. All are further away from the wind farm by
comparison. Again, it is essential that the presence of the wind farm be clearly published on aviation
charts in due course.

Apart form the above mentioned airstrips and aerodromes, HART Aviation found no evidence of any
other airfield or airstrip within the confines of the proposed Crudine Ridge Wind Farm, or on the fringes
of a wind farm.

Aviation operations — general.
Overflying air routes.

The following defined air routes have been identified as overflying in the vicinity of the Crudine Ridge
wind Farm: -

V 295 — Sydney to Dubbo. Lowest Safe Altitude (LSALT) established is 5,600 ft.
W 731 — Katoomba to Dubbo. LSALT established is 5,600 ft.
W 575 — Bathurst to Mudgee. LSALT established is 5,600 ft.

W 604 — Katoomba to Mudgee. LSALT established is 5,500 and 5,600 depending on the particular
route segment.

The Civil Aviation Regulations require that, unless it is necessary for takeoff and landing, an instrument
flight rules (IFR) or a Night VFR aircraft must not be flown at a height less than 1,000 ft above the
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3.4.3

highest obstacle within a 10 nm radius of the aircraft in flight. This defines the Lowest Safe Altitude
(LSALT) for any such operation and is relevant to that LSALT quoted for the above-mentioned routes.

The highest wind turbine proposed for the Crudine Ridge Wind Farm is 1,160 m (3,806 ft) AHD. This
would mean that the presence of the wind farm will have no effect on the overflying air routes.

It should be noted that any aviation operations from those smaller aerodromes / airstrips identified as in
the vicinity of the proposed Crudine Ridge Wind Farm site would all be under visual flight rules (VFR).
Night operations and IFR operations will occur from Mudgee, Bathurst and Orange Aerodromes but
these aerodromes are too far away for such operations to be adversely affected by the presence of the
proposed Crudine Ridge Wind Farm.

It should be further noted that under the Civil Aviation Regulations, VFR operations, except during take
off and landing, are required to maintain a minimum height above ground level (AGL) of 500 ft outside
of built up areas and 1,000 ft over built up areas. In this respect, wind turbines higher than 500 ft AGL
(i.e. ~ 152 m) need to be specially considered. This matter is addressed later in Section 3.4.5 a).

High voltage transmission lines.

An assessment of the proposed Crudine Ridge Wind Farm site identified the presence of 132 kV high
voltage transmission lines running northwest — southeast about 15 km east of the proposed site. These
are clearly shown in Appendices 6.1 and 6.2. It is understood that it is these lines which will be used to
accept the output from the Crudine Ridge Wind Farm. Since these transmission lines are already
appropriately identified on aviation charts they do not present any increased risk to aviation operations
as a direct result of the establishment of the Crudine Ridge Wind Farm.

As noted in Section 3.3 above, transmission lines up to 25 m in height will be included within the wind
farm complex for the transfer of electricity. Further, a single or double circuit 132 kV transmission line
will be constructed for energy export into the grid. This latter line will be up to 30 m in height. With the
possible exception of special low level operations (such as for aerial agricultural purposes — see
Section 3.4.7 later) the presence of these lines will have no adverse effect on any aircraft operations
that might occur in the area.

Prima facie, there is also no need to report the presence of these lines under current requirements.
However, bearing in mind the Crudine Ridge Wind Farm will be within the Danger Area 538A
(Williamtown Military Flying Training) it would be advisable to inform the Department of Defence in this
respect, regardless. See also comments in Section 3.4.5 c) later.

It should be noted that some electricity providers use helicopters for live line maintenance and insulator
washing and this possibility may arise for those power lines proposed to be installed associated with
the proposed Crudine Ridge Wind Farm development.

For such operations the minimum clearance usually required when working between circuits is 25 m
from the outside wire of one circuit to the outside wire of another circuit. This advice is based on
operator experience when positioning a helicopter safely between circuits with the lines energised. It
would seem appropriate for these requirements to be recognised during the design of the power line
structures associated with the proposed Crudine Ridge Wind Farm.

Whilst it is understood that there is no formally established minimum setback for the wind turbines from
the power lines, it would seem wise to adopt a setback figure in excess of the maximum wind turbine
height to blade tips (say, 10% more) for those wind turbines close to the transmission lines. This would
nominally protect against the unlikely worst case scenario should the turbine fall. Prima facie, also,
such a set back as suggested above would enable helicopter live line washing operations to be
undertaken, but not without the necessary due care, of course.
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Washing insulators using a MD 500 helicopter.
3.4.4 Reference towers for meteorological monitoring.

There are currently two temporary wind monitoring masts installed, one 60 m mast located in the
Pyramul Cluster and one 100 m mast located in the Sallys Flat Cluster, recording wind data for the
project development and planning. The 60 m mast was identified during the familiarisation visit to the
site as shown below.

60 m temporary wind monitoring mast as viewed from the Crudine Road.
(Note that it is difficult to see.)

The 100 m mast had not been installed at the time of the site inspection — it was due to be installed
during the week of 1% August 2011. However, the location was identified.

As indicated in Section 3.3, up to six permanent wind monitoring masts, up to 100 m high, are
proposed to be installed on-site. Locations for these masts are yet to be determined and will be
influenced by the final wind turbine selection, but may include the installations of the existing temporary
monitoring masts.

As will be observed from the photo above, reference towers can be quite difficult to see. Indeed, the 60
m temporary mast could only be identified in the first instance using binoculars. For this reason, these
towers are of particular concern to any local aerial agricultural operators, if indeed there would be in
the area concerned as no evidence was found of such during this assessment. Nevertheless, it is very
important that advice as to the presence of these towers is readily available.

The heights of the temporary and permanent reference towers are such that these are not required to
be reported to the Civil Aviation Safety Authority (CASA) under CASR 139.365, which requires CASA
to be informed of structures 110m or more above ground level.
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3.4.5

However, the Civil Aviation Advisory Publication (CAAP) 89W-2(0) “Reporting of Tall Structures” refers
to Regulations requiring the reporting of tall structures defined as those structures, the top of which is
above: -

e 30 m above ground level, that are within 30 km of an aerodrome; and
e 45 m above ground level elsewhere.

Note that the relevant Regulations listed in CAAP 89W-2(0), viz: 89W, X Y & Z, have since been
withdrawn yet the CAAP remains active. In this circumstance, the legal basis of the CAAP is perhaps
currently in question, even though the advice within, and the reasons for that advice, are sound. On
querying CASA, HART Aviation was advised that resolution of this matter is part of a Regulatory
update work programme but, since CAAP 89W-2(0) is an advisory document, the priority is
unfortunately low. HART Auviation holds the view that the principles of the referenced CAAP should be
upheld in the meantime. Refer also to additional comments Section 3.4.5 c) following.

HART Aviation has been advised that Airservices Australia, the Department of Defence, CASA, the
Aerial Agriculture Association of Australia (AAAA), the Rural Fire Service, The Department of Heritage
and local councils are all notified of such masts prior to installation and, once installed, Wind Prospect
CWP engineers complete the online RAAF report for Vertical Obstructions. This is appropriate and
commendable.

It should be noted that no evidence could be found of any collisions by aircraft with any wind turbine
anywhere in the world. However, there is one recorded case of a collision of an aerial agricultural
aircraft with a 197 ft (60 m) wind monitoring mast which occurred in the USA in January 2011. The pilot
was killed.

Airspace considerations.

In assessing the potential impact on aviation operations the En Route Charts (ERC), Visual Terminal
Charts (VTC), Visual Navigation Charts (VNC) and Terminal Area Charts (TAC) potentially relevant to
the area concerned were studied in depth.

In addition, the Designated Airspace Handbook and the relevant World Aeronautical Chart (WAC 3456
SYDNEY) were studied for any issues of concern.

The proposed site for the Crudine Ridge Wind Farm is outside of the Sydney Airport Control Zone, the
Richmond and Williamtown Aerodrome Military Control Zones and there are no other nearby control
zones which are relevant in this context.

Further, the defined operating height of aircraft on designated routes over the area is such that the
presence of the Crudine Ridge Wind Farm would have no effect at all. There are no aircraft traffic
control issues nor is there any potential influence on any instrument approach procedures or
aeronautical navigation aids.

No Prohibited or Restricted areas have been identified in the area. However, the proposed Crudine
Ridge Wind Farm falls within the entire designated Danger Area D 538A set aside for Williamtown
Military Flying Training. This is a risk element but probably not a critical issue and the matter is further
expanded in Section 3.4.5 c) below.

No active Notices to Airmen (NOTAM), which might impact on the development of the Crudine Ridge
Wind Farm were found.

HART Auviation is also of the view that the presence of the Crudine Ridge Wind Farm would be very
unlikely to impact on any radar or communication links within the vicinity.

Although, with the exception of Danger Area D 538A (addressed later), no issues of concern were
discovered, it is considered that there is still a continued need for consultation with CASA, Airservices
and the Department of Defence and it is clear that some has already occurred. Particular comments on
this follow.
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a) CASA.

CASA has already been advised of the proposed Crudine Ridge Wind Farm and a copy of its
response is at Appendix 6.3.

As will be seen, CASA has indicated that it has no specific authority for the obstacle marking
and lighting of tall structures, including wind farms, located away from aerodromes. However,
CASA has recommended that owners of structures have a duty of care to aviators and should
undertake an assessment of the hazards to aviation because of the proposed development
and also consult Airservices Australia and the Aerial Agricultural Association of Australia as
part of the process. HART Aviation considers that Wind Prospect CWP had met its duty of care
in the above respects as demonstrated by the comments within this report.

It is noted in CASA’s response that reference is made to the fact that “aircraft are generally
permitted to fly as low as 500 ft (152 m) above ground level, and certain operations are
permitted to fly below this height.” It is noted that the wind turbines proposed for use in the
Crudine Ridge Wind Farm will possibly be up to 160 m in height and CASA has indicated that
“this height could be a hazard to aircraft traversing the area” and recommends “that the
proponent takes this into consideration when assessing their duty of care in deciding whether
or not the wind farm should be obstacle lit or otherwise marked”.

HART Aviation holds a similar view to that of CASA.

Whilst it is considered that the overall risk to aviation operations in the vicinity of the proposed
Crudine Ridge Wind Farm is low, there are two areas where the risk to aviation operations is
slightly higher than normal; viz:

e The nominal maximum turbine tip height is such that the wind turbines would extend into
navigable airspace by some 25 ft; and
o Low level military jet operations may occur in the region;
o This issue is addressed further in Section 3.4.5 c) below.

The proposed (nominal) maximum tip height for the wind turbines in the Crudine Ridge Wind
Farm is 160 m (~525 ft) above ground level (AGL) i.e. more than 500 ft AGL. As such, the wind
turbines would extend into navigable airspace if this maximum tip height is constructed. Note
that in Section 3.3 it is noted that consideration is also given to a 100 m micrositing allowance
and 5 m turbine height allowance, to accommodate post-consent layout changes and turbine
selection. This means that the maximum tip height could be up to 165 m.

What is meant by “navigable airspace”?

Under the Civil Aviation Regulations, aircraft undertaking VFR operations, except during take
off and landing, are required to maintain a minimum height above ground level (AGL) of 500 ft
outside of built up areas and 1,000 ft over built up areas. Any aircraft undertaking VFR
operations outside controlled airspace is, therefore, legally entitled to operate as low as 500
feet above ground level (AGL).

The Civil Aviation Regulations further require that, unless it is necessary for takeoff and
landing, an instrument flight rules (IFR) or a Night VFR aircraft operation must not be flown at a
height less than 1,000 ft above the highest obstacle within a 10 nm radius of the aircraft in
flight. This defines the Lowest Safe Altitude (LSALT) for any such operation which, by
definition, would be higher than any wind turbine in the proposed Crudine Ridge Wind Farm
development.

In principle, therefore, this defines “navigable airspace”.

As mentioned, the proposed maximum tip height of the wind turbines within the proposed
Crudine Ridge Wind Farm is 160 m (i.e. ~525 ft). Consequently, the risk profile for aviation
operations would increase, albeit only slightly. This latter view is based on the fact that, as
previously mentioned, with the exception of possible low level military jet operations, only
limited civil aircraft operations are likely to occur in the vicinity of the proposed wind farm.
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b)

c)

Nevertheless, the risk would be higher, principally because obstacles above 500 ft (~152
metres) start to penetrate navigable airspace and some aircraft operations can potentially
occur in the vicinity of the wind farm. For this reason, HART Aviation is of the view that such
obstacles could be adjudged as a hazard to aviation and require obstacle lighting to be
installed and activated in low visibility and night conditions.

It is further considered that the installation of such obstacle lights should conform with the
CASA Manual of Standards Part 139, paragraph 9.4.3A — a copy of which is attached to the
CASA letter at Appendix 6.3.

It will be seen that the CASA requirements for obstacle lighting of wind farms are closely
aligned to the Recommendations of the International Civil Aviation Organisation (ICAO) as
detailed in Annex 14. A copy of the relevant excerpt is at Appendix 6.9 of this report.

Airservices Australia.

Whilst Airservices Australia works closely with CASA in respect of airspace considerations and
other matters, there is value in advising them separately both in respect of the proposed Wind
Farm development and the temporary reference towers. Sometimes Airservices Australia
chooses, in consultation with CASA, to issue a Notice to Airmen (NOTAM) advising of
associated hazards. There is also a close link between Airservices AlS and the RAAF AIS.

As indicated earlier, HART Aviation undertook a search of the Airservices Australia web site
and did not discover any NOTAMs relevant to the site.

It is clear that there have already been significant exchanges of correspondence between
Airservices Australia and Wind Prospect CWP regarding the proposed Crudine Ridge Wind
Farm development — a copy of the principal elements of which are included at Appendix 6.4.

Airservices Australia has confirmed that the proposed Crudine Ridge Wind Farm will not
impact on the performance of Precision and Non-Precision Navigational Aids, HF / VHF
Communications, A-Surface Movement Guidance and Control Systems (SMGCS), Radar,
Precision Runway Monitoring (PRM) or Satellite / Links.

In addition, Airservices Australia has confirmed that the proposed wind farm will not affect any
instrument sector or circling altitude, nor any instrument approach or departure procedures at
Mudgee, Bathurst or Orange Aerodromes. This recent advice is contrary to that previously
advised after closer consideration of the matter by Airservices Australia. See Appendix 6.4.

Department of Defence & RAAF AlIS.

Among other things, the RAAF Aeronautical Information Service (AIS) issues aviation charts
defining low level operational routes used by the RAAF aircraft. These often cover low level jet
aircraft operations.

HART Auviation has noted that Wind Prospect CWP has already been in communication with
the Department of Defence in respect of the proposed establishment of the Crudine Ridge
Wind Farm and its response is at Appendix 6.5.

The Department of Defence has indicated that “the proposed development will be outside any
areas affected by Defence (Areas Control) Regulations (DCAR)”. There is, therefore, little
concern in this respect.

Certainly, HART Aviation has not identified any adverse effects on primary radar (civil or
military) or secondary surveillance radar which would arise as a result of the establishment of
the Crudine Ridge Wind Farm.

However, the Department of Defence has confirmed the location of the wind farm will be sited
wholly within Danger Area D538A, which is used for Williamtown Military Flying Training. This
Danger Area was previously mentioned in Section 3.4.5 discovered during the HART Aviation
independent assessment.
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3.4.6

3.4.7

Danger Area D538A is not always active. When it becomes active, the aviation fraternity is
advised via an Airservices Australia issued NOTAM, the operational details being provided by
the Department of Defence. The vertical limits of this Danger Area are from surface to 7,500 ft
— hence low level flying is potentially involved. The existence of this Danger Area does not
preclude the construction of the Crudine Ridge Wind Farm, but it is essential that the details of
the positions and heights of each wind turbine within the wind farm, and the wind monitoring
masts (both temporary and permanent) are advised to the Department of Defence so
appropriate flight planning can be made to avoid these. The Department of Defence has
emphasised this in its response.

Consequently, HART Auviation is of the view that there will be no adverse Defence-related
operational issues which will impact adversely on the development of the Crudine Ridge Wind
Farm.

Note that it is the RAAF AIS which keeps and manages a central aeronautical data base of tall
structures, including those reported in accordance with the requirements detailed within the
CAAP 89W-2(0), mentioned in Section 3.4.4 above. This data base is made available for use
by other mapping agencies and the RAAF AIS liaises closely with Airservices’ AIS in this
respect.

Aerial fire fighting activities

Some concern is often raised about the potential adverse impact on the possible need for aerial fire
fighting services, should such be needed in the vicinity of wind farms.

Aerial fire fighting activities can be separated into two elements — those using helicopters and those
using fixed wing aircraft.

HART Aviation is of the opinion that any operations of fixed wing aircraft for fire fighting purposes
within the confines of the proposed Crudine Ridge Wind Farm would be hazardous and are not
recommended. This is a position held in respect of all wind farms. Indeed, the area on which the
Crudine Ridge Wind Farm is planned to be located has few open spaces making it not conducive to
fixed wing aircraft operations anyway.

The operation of helicopters within the confines of the Crudine Ridge Wind Farm is perhaps possible.

It is also possible that aerial fire fighting could be undertaken above the level of the wind turbines (i.e.,
above 500 ft), but dropping water or retardant from this height would reduce the fire fighting
effectiveness. This is a matter for the expert fire fighting operators to assess.

The position in respect of the proposed Crudine Ridge Wind Farm is no different from any other wind
farm.

Helicopter or fixed wing aircraft operations within the confines of any wind farm and below the top of
the wind turbines are potentially hazardous and not recommended.

Aerial agricultural operations

As indicated earlier, the area concerned is a mix of heavily wooded areas, including on the ridge itself,
and open properties largely used for sheep and cattle grazing with very little evidence crop farming.

HART Aviation considers that the likelihood of any aerial agricultural operations occurring in this region
is remote, but such cannot be completely discounted.

Whilst it is not unusual for temporary aerial agricultural airstrips to appear overnight and be established
on existing farm land, it was observed that there are only limited available flat areas suitable for such
temporary airstrips and little if any apparent need for aerial agricultural operations in the area.

The Aerial Agricultural Association of Australia (AAAA) holds the view that wind farms and their pre-
construction wind monitoring towers are a direct threat to aviation safety and especially aerial
application. A copy of the AAAA policy with respect to wind farms is attached at Appendix 6.6.
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It should be noted that aerial application includes not only spraying but also seeding and the spreading
of fertilisers.

From the perspective of the AAAA, there are two quite distinct issues arising from Wind Farms that
affect aerial application: -

o safety of the aircraft and pilot; and
e economic impact on aerial applications.

Aerial agricultural operations generally occur between 20 — 30 m from the ground. There is no doubt,
therefore, that any objects that penetrate the airspace above 20 — 30 m will impact on aerial
agricultural operations and will need to be taken into account in planning to undertake such operations.

HART Aviation agrees that the presence of wind turbines will adversely impact the ability of aerial
agricultural operators to safely undertake aerial spraying, seeding or fertilising within the confines of a
wind farm. As it is for fire fighting activities, this position in respect of the proposed Crudine Ridge Wind
Farm is no different from that for any other wind farm.

However, the safety issue can be addressed by “seeing and avoiding” the wind turbines or, preferably
in HART Auviation’s view, not undertaking any aerial agricultural operations within the confines of a wind
farm and amongst the wind turbines. The latter action would address any concerns with respect to the
safety of the operation. It needs to be recognised, though, that any aerial agricultural operations
undertaken within the confines of a wind farm would be constrained to ensure avoidance of the wind
turbines and any cessation of any such operations would have the potential to decrease the
productivity of, not only the agricultural operator, but also the land owner. A cessation of any aerial
agricultural spraying, seeding or fertilising would mean the land owner would need to resort to such
action by ground operational modes, which no doubt could be as effective but probably be more time
consuming and perhaps even more expensive. It will certainly reduce the revenue for the aerial
agricultural operators and, in HART Aviation’s view this is a prime reason for the AAAA’s opposition to
wind farms in general — the issues being largely “commercial’ as opposed to “safety” per se.

In summary, aerial spraying, seeding or fertilising operations be they by helicopter or fixed wing
aircraft, within the confines of any wind farm and below the top of the wind turbines are potentially
hazardous and not recommended. In any event, such operations within the precincts of the Crudine
Ridge Wind Farm development are considered unlikely to be an issue.

3.4.8 Rural air ambulance services
It has been suggested that the presence of wind farms may impact on the ability for rural air
ambulance services to operate in the region.
Certainly, the existence of wind turbines has the potential to limit the flexibility of operations of
helicopter ambulance services within the confines of a wind farm and there is little that can be done
about that. This is a common factor for all wind farms.
For fixed wing air ambulance operations it is an issue which is not considered relevant to the proposed
Crudine Ridge Wind Farm. Such services do not exist within the confines of the proposed wind farm
site now and the presence of the wind farm will not change that position. In the event that an air
ambulance operation is required, it is probable that Bathurst or Mudgee Aerodromes would be used
and the transfer of any patients arranged either via helicopter of road transport to and from there. This
option is available now and will not change with the construction of the Crudine Ridge Wind Farm.
3.4.9 Contingency procedures and engine inoperative flight paths
These issues are not considered relevant in respect of the proposed Crudine Ridge Wind Farm.
In the event of an engine failure, aerial agricultural aircraft and any other single engine aircraft would
force land in the nearest suitable field. This is standard practice.
Helicopters would auto-rotate down to the nearest available field. This is also standard practice.
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No twin engine aircraft are likely to be operated in the vicinity of the proposed Crudine Ridge Wind
Farm site at all.

In the event of an engine failure occurring to any twin engine aircraft which operate to and from, such
as, Bathurst or Mudgee Aerodromes, a return to the particular aerodrome would be the most likely
action. The presence of the Crudine Ridge Wind Farm would not place any constraints on such
operations.

3.4.10 Wind Farm layout issues

a)

b)

Effect of variable wind turbine positions

HART Aviation has noted that Wind Prospect CWP is considering at least two alternatives for the
position of wind turbines within the confines of the proposed Crudine Ridge Wind Farm site. See
Appendix 6.2.

HART Aviation is of the view that the actual positions of the wind turbines within the proposed
Crudine Ridge Wind Farm site boundaries will have little, if any, effect on the low risk profile
associated with aviation operations in the vicinity.

Cumulative impact of Wind Farms in region

There is a proposed Uungula Wind Farm to be developed north of the Crudine Ridge Wind Farm
site between the townships of Mudgee and Wellington. See Appendix 6.7.

The Uungula Wind Farm is a larger development, believed to be for up to 330 wind turbines.

Whilst clearly the Uungula Wind Farm needs to be assessed in its own right from an aviation risk
perspective to ensure that no special aspects are present, HART Aviation is of the view that the
cumulative effect of the presence of Uungula Wind Farm and the Crudine Ridge Wind Farm would
have little, if any, effect on the overall risk profile to aviation operations in the area concerned. The
Uungula Wind farm is sufficiently remote from the Crudine Ridge Wind Farm site for its existence
to be irrelevant in the context of the aviation risks.

Prima facie, it is considered likely that the Uungula Wind Farm has a greater potential for impact on
operations from Mudgee Aerodrome and, perhaps Wellington and Gulgong Airstrips also.
However, these are matters which can be considered in isolation from the Crudine Ridge Wind
Farm assessment.

Whilst the two wind farms are some 40 km apart, there is a possibility that the very large number of
wind turbines (estimated as 450+) which may very well end up being present in the wider area
may very well have the reverse effect.

It is an essential risk mitigation requirement that all wind farms be identified on all aeronautical
maps. The very size of the overall development in the area may very well increase the overall
awareness of the presence of the wind farms / wind turbines reducing the risk of operators not
knowing of the existence of the developments.
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3.4.11 Comment on current State and National guidelines

In the context of this study, HART Aviation considered the implications of existing State and National
guidelines, in particular the following: -

a) Auswind (2006) Best Practice Guidelines for Implementation of Wind Energy Projects to
Australia.

These are considered excellent, quite comprehensive general planning guidelines.

The clauses relevant to aviation are quoted below, with associated comments.

3.1.2.7 Aircraft safety

Fropenents should assess potential for aircraft safety issues by noting the proximity of the site to any major airperts, asrodromes
or landing strips. Proponents should contact the Civil Aviation Safety Authority (CASA), Air Services Australia and the authorities
responsible for the operation of such facilities in the vicinity of the proposed site. Advice should be sought on contacting
agricultural aviators who may operate in the area.

In addition, proponents should obtain advice from landowners on any farming related uses of aircraft such as asrial spraying or
rmustering. In such cases, the district asrcdrome supervisor should be contacted for advics on the potential impact of a wind
energy development on these activities.

3.1.2.8 Restricted areas

Research should be carrisd cut to detemmine whether any restrictions may apply to the development of a wind farm in the
proximity of sscurity arsas, such as military installations and telecormmunications installations.

This is good general advice and is endorsed. An associated Appendix 5 deals in more depth with
Aircraft Safety issues, which are largely replicated within this report. HART Aviation has no
fundamental disagreement with the above principles and those within the referenced Appendix 5.
However, elements of the Appendix 5 are subject to change as CASA establishes its formal policy in
respect of Wind Farms and the need or otherwise for obstacle lighting.

3.2.1.4 Other agencies

The Royal Australian Air Fores (RAAF) maintains a database of tall structures for structures over 20 metres in height. Proponents
should provide the Royal Australian Air Force Asrcnautical Information Service with the timing, description and location details of
any monitoring masts exceeding 20 metres.

Structurss such az wind monitoring masts in the vicinity of an airfield or flight area may cause a safety hazard. It is
recommendsd that the proponent contact the Civil Aviation Safety Authority (CASA) to maximise aircraft safety. Whers structures
excead 110 metres above ground level, proponents are required to consult with CASA irrespective of location. The proponent
should consult with CASA again once the wind farm desian details are finalised. Further dizcussion of CASA consulting
requirermnents is provided in = Appendix B, Air Services Australia also undertake assessments, often following referral from
CASA and require specific details from propenents to conduct those assessments. Proponents should contact Air Services
Australia for further information wwawairservicesaustralia.com.

Consultation should continus with the rural fire service, both regional and local, throughout the feasibility stages to work towards
agreed fire response actions and kesp the group informed of proposed lecations for the wind development. Further discussion
regarding consultation with the rural fire service i contained in [ Appendic 10

The above is consistent with the HART Aviation advice within this report.
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b) National Wind Farm Development Guidelines (Draft) - July 2010.

These quite comprehensive guidelines (208 pages) place considerable emphasis on the planning
processes and have much detail on specific environmental and ecological issues.

The area covering aircraft safety (copied below) will be seen as rather shallow.

3.7 Aircraft safety
The issue

Wind farms inherently involve the construction of fall structures [towers plus blades) that
have pofential to impact on the safety of low flyving commercial, privaie and defence
aircraft, In this respect, wind farms are similor to fall buildings, communications fowers and
other tall engineered structures. They differ by virfue that they are generally located in
areas remofe from other fall structures, and are generally deployed along ridgelines
(further exacerbating the potential impacts) and they involve components moving
through shared airspace. Thus, the primary impact of a wind farm is the potential safety risk
it may pose to aircraff operating at low levels (below 350 metfres above ground level] in
vicinity of the wind farm.

The movement of the turbine blades and the materials and size of the furbines may also
interfere with radio communications and aircraft and metecrological radar. These
potential impacts would need to be considered when selecting a site and in designing a
ayout for the site.

The reference to aircraft operating at low levels (below 350 metres above ground level) is noted.
As indicated elsewhere in this report, outside of built up areas, aircraft can legally operate down as
low as 152 m (i.e., 500 ft) AGL.

Guidance notes

The physical intrusion of towers and blades into the aispace used by aircraft is addressed
by the Civil Aviation Safety Authority [CASA) guidelings, which are currently under review.
The CASA guidelines, once finalised, may indicate that night lighting should be installed on
some or all turbines within the wind farm. This, in turmn, may pose a visual impact that will
need to be considered in the landscape assessment and in the birds and bats assessment.
The proponent should also ensure that key aviation bodies are consulted with during the
planning and development of the project, particularly CASA, Alr Services Australia and the
Department of Defence.

Alrcraft safety related assessmenfs are particulary important where major aQirports,
aerodromes or landing sirips are nearby, or if farmers in the area utilise aircraft for crop-
dusting, mustering or other purposes. There is alse a need fo ensure that structures are
reported so that they may be depicted on aeronautical charts, CASA Advisory Circular
AC 139-08(0) - Reportfing of Tall Structures provides details of when and how this is fo be
done.

The above mentioned authorities should be contacted in the project feasibility stage.

The potential to affect radic communications and radar services is addressed as part of
the assessment of electromagnetic inferference (see Section 3.4). Sectfion 4 and
Appendices C and G show at what stage during the planning process aircraft safety
(including night lighting) should be addressed.

HART Aviation has no disagreement with the guidance notes above. The need for consultation
with the relevant parties is clear. This is consistent with the HART Aviation advice within this report.
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c) Draft Guidelines for Land Use Planners to Manage the Risk of Wind Turbine Farms as
Physical Obstacles to Air Navigation — issued by The Department of Infrastructure and
Transport National Airports Safeguarding Advisory Group on 26" July 2011.

Before commenting on the above guidelines it is thought necessary to summarise the background
to the current regulatory position in Australia and to the development of these guidelines.

The Civil Aviation Safety Authority (CASA) powers in respect of the control of obstacles in and
around aerodromes flow from the Civil Aviation Regulations 1988 (CAR), Part 9, Subpart 95, which
provides for the marking or removal of hazardous objects within the obstacle limitation surfaces
(OLS) of any aerodrome.

Civil Aviation Safety Regulation 1998 (CASR) Subpart 139.E covers the specific definitions of
hazardous objects and the reporting requirements.

In summary, CASR 139.E requires: -

1. Aerodrome operators to monitor the surrounding airspace for any object that might infringe
the OLS and to notify CASA,

2. Any person who proposes to construct any structure which will be 110 m or more AGL to
inform CASA; and

3. CASA may determine whether the proposed structure(s) will be a hazardous object
because of its location, height or lack of marking or lighting.

Detailed aerodrome design requirements are within the CASA Manual of Standards Part 139 —
Aerodromes. Chapter 7 covers the detailed requirements for Obstacle Restriction and Limitation.

In support of the above regulations, CASA issued two Advisory Circulars; viz:
e AC 139-08(0) “Reporting of Tall Structures” April 2005; and
e AC 139-18(0) “Obstacle Marking and Lighting of Wind Farms” December 2005.

There is no doubt that CASA has the necessary regulatory powers to control the marking and
removal of hazardous objects in and around aerodromes and for the reporting of tall structures.
However, there is some question as to CASA’s powers to insist on marking and / or lighting of
obstacles outside the immediate area of an aerodrome. Further, the approach by CASA expressed
within the AC 139-18(0) raised concerns amongst the Wind Farm industry. This was particularly
raised in those cases where independent expert aviation advice recommended that marking and
lighting was not needed because of low risks, yet CASA recommended to the contrary and noted
that failure to follow the CASA advice would mean that the proponent of the Wind Farm would be
“responsible for creating the hazard to aircraft safety and may be liable for their actions”.

As a consequence, in mid 2008, CASA withdrew Advisory Circular AC139-18(0) and initiated an
internal review process to look at how Wind Farms located near aerodromes are assessed and
regulated. CASA selected a consultant to undertake this review, which was initiated in late July
2009. The aims were to undertake an appropriate safety study into the risk to aviation posed by
wind farms and for the outcome of that study to be used as a basis for developing a new set of
guidelines. This review process is understood to have included appropriate consultation with the
aviation industry and other stakeholders. Further, the review was to look at all obstacles, including
wind turbines and included a review of the latest regulatory position amongst other authorities
throughout the world, including the UK CAA, EASA, USA FAA, Transport Canada and CAA NZ.
The ICAO position was also to be part of considerations.

HART Aviation understands that the CASA review was completed in late 2009, but the outcome
was withheld pending the issue of the Australian Government’s National Aviation Policy White
Paper. This White Paper was released on 16" December 2009 but nothing further was
immediately forthcoming.

Instead, in July 2006 CASA established a rule change Project AS 06/07 titled “Assessment of
windfarms and plumes”, subsequently changed in August 2006 to “Assessment of obstacles
including wind turbines and exhaust plumes”. The only apparent outcome from this Project was a
change to the Manual of Standards MOS 139 to include a reference that any obstacle lights for
wind farms should conform with paragraph 9.4.3A — previously mentioned and a copy of which is
attached at Appendix 6.3.
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Project AS 06/07 was officially closed by CASA on 1* March 2011, indicating that it had been
“overtaken by events” and referring to the fact that the Department of Infrastructure and Transport
(the policy-making Department oversighting the functions of CASA) was addressing the impact of
wind farms on aviation which they raised in the paper "Safeguards for Airports and the
Communities around them". Following this, on 26" July 2011, the Department of Infrastructure and
Transport issued for comment draft “Guidelines for Land Use Planners to Manage the Risk of Wind
Turbines as Physical Obstacles to Air Navigation”. A copy of these guidelines is attached at
Appendix 6.8.

In reviewing these draft guidelines it is apparent that little new advice is forthcoming. Much of the
guidelines are a repeat of the current regulatory position held by CASA in respect to its ability to
control obstacles outside the immediate vicinity of an aerodrome. It also confirms the current
reporting requirements in respect of obstacles. All of these issues are covered elsewhere in this
report.

However, there are certain features within the guidelines which bear emphasising and commenting
upon. In particular: -

Background Information Para 21.

21. Airerafl operating en route fo and from acrodromes will be unlikely to be st an altitode
which would necessitate obstacle lighting, excep! in the cases of structures which are
oaly marginally clear of serodrome Obstacle Limitstion Surfuces (OLS), laterally or
vertically. CASA has a peneral policy of discouraging tall structures within or clase to an
aerodrome OLS,

HART Aviation supports this view.

Guidelines Para 17.

17 Experience has shown that the white colour universally adopted for wind turbines installed so
far in Australia, satisfies the requirements for daytime visibility,

HART Auviation supports this view.

Guidelines Paras 22 to 24.

23, CASA strongly discourages the siting of wind I!u:b]_ﬁﬁs'inthc wicinity of an serodrome, as
these tall stroctures can pose serious hazards I:d],.&_ig'liiﬁ'ﬁ 1uhn§":‘_n§m landing .

23. Whete a propased wind turbine bas to be Ideaied such that it Will,penetrate the OLS of an
aw.hd:ch, and it Is determined by E!ﬁSr‘:i&){! it will require rﬁiﬁ%}igﬁlinﬁ. the top lights
arc required to be arranged 5o 8% to mark thehighest point “bauthe rotating blades,
The need to mark the highest point is nmsaujﬂa;\mmfﬂ'ﬁm’ﬂ conditir i the take-off and

e

landing phases of flight will beblose to the groufid iod providing cbstasls lights at only
approximately 213 of the maxinim hight of the mirbine could lead pilots imto a false scnse
of vertical =cparation, e THE, G

or ]

24, As it is nodt p-mctic-ahl_u_tf-_;int:tall obsigle lig i ; at ghe tip c}lFﬁlb,c hlades, thess lights may bhe
bocated on & mm;g}?‘_;_s;_!'pﬂur_ﬁng stricfiire aui'iﬁ@i’;{q_m wihd turbine, at & height that
correspands to the Highest Py of the mtgyrgéf_éée oFthgurbine.

HART Aviation strongly supports these comments.
Guidelines Para 25.

LA e tmmmmoeme g P
Loy e
i

e R Ty TLET 5 v
25. kaﬁﬁﬁﬁm acceplihig constraction of wind firkines or wind farms that are not in the vicinity

Ufﬂ@“:“‘h pmﬂt}hd they'do not pose & hizard o aviation, or where the risk to aircraf
safiety higs been minimise@ by the privision of approved lighting snd/or marking,

HART Aviation agrees that approved lighting and/or marking will reduce the risk hazard to aviation
operations where such is deemed necessary.
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Guidelines Para 32.

32. Obstacle lights should operate at night, and at times of reduced visibility. All obstacle lights
on 8 wind farm should be turned on simultaneously and off simultaneously.

HART Aviation agrees that where obstacle lights are deemed to be necessary to reduce the risk to
aviation operations, then such should not only operate at night but also in cases of reduced
visibility.

Guidelines Para 34.

34. Before developing a wind farm, it iz common ﬁjiﬁﬂu or towers to be erected for
anemometers and other meteorological sensing dAStRumenEs. to evaluate the suitability o
otherwise of a site. Even where these structureture below the i ory notification height
of 110m, they arc difficult to see from the air due to their sleider construction and guy
wires. Ihis is a particular problem for iédal agriculture. ‘i'i’Eg( farm proponents arne
encouraged to tuke appropriate steps to minifnize such hazards, paEui_:Eg;r]y in areas whers

aerial agriculiure is lkely to occur, s, aikin

AR i

HART Aviation strongly supports this view. Experience has confirmed that monitoring masts are
very difficult to see and it is essential that aviation operators, particularly those within the aerial
agriculture industry, are informed of the existence and position of such masts.

Guidelines Para 39.

39 CASA’s regulatory regime for obstacle lighting provides an sppropriste level of safety for
normal aircraft operations, Certain flying operations, by their nature, involve lower than
normal flying, for cxample aerial agricultoral speaying, serial mustering, power line
inspection, helicopter aperations including search and rescue, some sports sviation, and some
military training. Pilots conducting such operations require special training and are required
to take obstacles into aecount when planning and conducting low flying operations. Wind
farm operators should check if proposed wind turbines will be located near areas where low

ﬂri_ug_npnminnﬁ are likely to be conducted, and if so, consider their duty of care to such
activities,

HART Aviation considers that Wind Prospect CWP has clearly recognised its duty of care in
seeking an independent assessment of the aviation issues in respect of the proposed Crudine
Ridge Wind Farm.

General comments: -

Whilst the Guidelines issued are largely a re-statement of the current regulatory scene, HART
Aviation considers that these are a good summary of the situation as it exists today and provides
adequate guidelines for wind farm developers.

Whilst to a large degree the responsibility for decision making regarding the need or otherwise for
obstacle lighting outside the immediate vicinity of aerodromes is placed on the wind farm developer
using the somewhat ill defined “duty of care” tag, HART Auviation feels that there is sufficient
guidance existing to enable a wind farm developer to substantiate that such duty of care has been
discharged appropriately.

Further, HART Aviation considers that in all elements of the design of the Crudine Ridge Wind
Farm, Wind Prospect CWP has met, and is meeting, its duty of care obligations not only in
informing and seeking advice from CASA, Airservices Australia and the Department of Defence,
but also in seeking an independent assessment of the aviation risk issues relevant to the site.

Nothing to date has been seen which is inconsistent with any of the elements of the afore-
mentioned standards and guidelines.
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3.4.12 Obstacle lighting needs

In assessing the proposed Crudine Ridge Wind Farm, HART Aviation is of the view that, if wind
turbines with a tip height of 160 m (~525 ft) are proposed to be used, then obstacle lights are
necessary to minimise the risk to aviation operators in the region. Further, such lights should be
medium density lights installed in a manner consistent with the requirements of the CASA Manual of
Standards 139 as mentioned in Section 3.4.5 a) above.

If the tip height of the wind turbines were to be limited to no more than 152 m (~499 ft), then HART
Aviation considers that the risk to aviation operations in the vicinity of the Crudine Ridge Wind Farm is
sufficiently low such that obstacle lights are not required for the wind turbines.

4  SUMMARY COMMENTS

The following comments and recommendations are made, issues considered of particular
importance being highlighted in bold italics: -

o Airfields in the vicinity.

@)

The nearest Registered or Certified aerodrome is Bathurst Aerodrome, a Certified
aerodrome which is approximately 45 km to the south of the most southern edge of the
proposed Crudine Ridge Wind Farm site. Operations from this airfield will not be
affected by the presence of the Wind Farm;

The next nearest Registered or Certified aerodrome is Mudgee Aerodrome, a
Certified aerodrome which is approximately 50 km to the north of the most northern
edge of the proposed Crudine Ridge Wind Farm site. Operations from this airfield will
not be affected by the presence of the Wind Farm;

There is one private unlicensed airstrip (Dabee Station) and one unlicensed
aerodrome (Rylstone) respectively 34 km and 35 km to the east of the Crudine Ridge
Wind Farm site. Operations from these airfields will not be affected by the presence of
the Wind Farm;

All other identified airfields are over 54 km distant from the Crudine Ridge Wind Farm
site and operations from these airfields will not be affected by the presence of the
Wind Farm.

e Aviation operations — general.

o

No defined air routes over the Crudine Ridge Wind Farm site will be affected by the
presence of the wind farm;

All night VFR and IFR operations should be clear of any wind turbines;

Wind turbines which have a tip height greater than 152 m (~500 ft) may impact
on VFR operations in the vicinity and require special consideration regarding
the risk.

e High voltage transmission lines.

o

High voltage transmission lines exist some 15 km east of the proposed site. These
transmission lines are already appropriately identified on aviation charts they do not
present any increased risk to aviation operations as a direct result of the establishment
of the Crudine Ridge Wind Farm,;
25 m and 30 m high transmission lines are proposed to be installed within the
boundaries of the wind farm site and for connection to the existing 132 kV grid. With
the possible exception of special low level operations (such as for aerial agricultural
purposes) the presence of these lines will have no adverse effect on any aircraft
operations that might occur in the area;
= |t would seem wise to adopt a set back figure in excess of the maximum wind
turbine height to blade tips (say, 10% more) for those wind turbines close to
the transmission lines.
If required, helicopter live line maintenance and insulator washing programmes for the
high voltage transmission lines may be subject to constraints where the transmission
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lines cross the wind farm site. However, whether or not such operations could be
undertaken would be an operational decision for the particular operator.

e Reference towers for meteorological monitoring.

o

There are currently two temporary wind monitoring masts installed and up to six
permanent wind monitoring masts proposed;

Traditionally, such wind monitoring masts are difficult to see;

The height of the temporary and permanent reference towers are such that these are
not required to be reported to the Civil Aviation Safety Authority (CASA) under CASR
139.365. However, reporting is advisable in accordance with the Civil Aviation
Advisory Publication (CAAP) 89W-2(0);

It is understood that Wind Prospect CWP has advised the RAAF AIS of the existence
of the temporary reference towers in accordance with the procedures mentioned in the
referenced CAAP.

Such reporting should continue in respect of any future masts.

e Airspace considerations.

@)

@)

o

General

CASA.

The proposed site for the Crudine Ridge Wind Farm does not impact on any
airport control zone;

Further, the defined operating height of aircraft on designated routes over the
area is such that the presence of the Wind Farm would have no effect at all;
No Prohibited or Restricted areas have been identified in the area. However,
the proposed Crudine Ridge Wind Farm falls within the entire designated
Danger Area D 538A set aside for Williamtown Military Flying Training;
No active Notices to Airmen (NOTAM), which might impact on the
development of the Wind Farm, were found;

The presence of the Crudine Ridge Wind Farm is very unlikely to impact on
any radar or communication links within the vicinity;

There is a continued need for consultation with CASA, Airservices and
the Department of Defence and it is clear that some has already occurred.

CASA has no specific authority for the obstacle marking and lighting of tall
structures, including wind farms, located away from aerodromes;
CASA has recommended that owners of structures have a duty of care to
aviators and should undertake an assessment of the hazards to aviation
because of the proposed development and also consult Airservices Australia
and the Aerial Agricultural Association of Australia as part of the process.
HART Auviation considers that Wind Prospect CWP had met its duty of care in
the above respects;
Whilst it is considered that the overall risk to aviation operations in the vicinity
of the proposed Crudine Ridge Wind Farm is low; there are two areas where
the risk to aviation operations is slightly higher than normal; viz:

» The nominal maximum turbine tip height proposed is such that

the wind turbines would extend into navigable airspace by some
25 ft, and

» Low level military jet operations may occur in the region.
HART Aviation is of the view that such obstacles could be adjudged as a
hazard to aviation and require obstacle lighting to be installed and
activated in low visibility and night conditions;
Obstacle lights should conform with the CASA Manual of Standards Part
139, paragraph 9.4.3A.

Airservices.

Whilst Airservices Australia works closely with CASA in respect of airspace
considerations and other matters, there is value in advising Airservices
Australia separately both in respect of the proposed Wind Farm
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development and the temporary reference towers in the event they wish
to issue a Notice to Airmen (NOTAM) advising of associated hazards.
There is also a close link between Airservices AlS and the RAAF AIS;

= HART Aviation did not discover any NOTAMSs relevant to the site;

= The proposed Crudine Ridge Wind Farm will not impact on the performance of
Precision and Non-Precision Navigational Aids, HF / VHF Communications, A-
Surface Movement Guidance and Control Systems (SMGCS), Radar,
Precision Runway Monitoring (PRM) or Satellite / Links;

= The proposed wind farm will not affect any instrument sector or circling
altitude, nor any instrument approach or departure procedures at Mudgee,
Bathurst or Orange Aerodromes.

o Department of Defence & RAAF AIS.

= The proposed development will be outside any areas affected by Defence
(Areas Control) Regulations (DCAR);

=  Primary radar (civil or military) or secondary surveillance radar will not be
affected as a result of the establishment of the Crudine Ridge Wind Farm;

= The location of the Wind Farm will be sited wholly within Danger Area
D538A, which is used for Williamtown Military Flying Training;

» Danger Area D538A is not always active.

» When it becomes active, the aviation fraternity is advised via an
Airservices Australia issued NOTAM.

» The vertical limits of this Danger Area are from surface to 7,500 ft —
hence low level flying is potentially involved.

» The existence of this Danger Area does not preclude the construction
of the Crudine Ridge Wind Farm, but it is essential that the details
of the positions and heights of each wind turbine within the wind
farm, and the wind monitoring masts (both temporary and
permanent) are advised to the Department of Defence so
appropriate flight planning can be made to avoid these.

= The RAAF AIS should also be advised on the proposed Crudine Ridge
wind Farm development in addition to the presence of and the
temporary wind monitoring mast.

o Aerial fire fighting activities.

o Helicopter or fixed wing aircraft operations within the confines of any wind farm and below
the top of the wind turbines are potentially hazardous and not recommended;

o The position in respect of the proposed Crudine Ridge Wind Farm is no different from any
other wind farm. Helicopter or fixed wing aircraft operations within the confines of any wind
farm and below the top of the wind turbines are potentially hazardous and not
recommended;

o It is possible that aerial fire fighting could be undertaken above the level of the wind
turbines, but dropping water or retardant from this height would reduce the effectiveness.
This is a matter for the expert fire fighting operators.

e Aerial agricultural operations.

o The likelihood of any aerial agricultural operations occurring in the region of the proposed
Crudine Ridge Wind Farm is remote, but such cannot be completely discounted;

o Aerial spraying, seeding or fertilising operations, be they by helicopter or fixed wing
aircraft, within the confines of any wind farm and below the top of the wind turbines are
potentially hazardous and not recommended;

o The situation in respect of the proposed Crudine Ridge Wind Farm is no different from that
for any other Wind Farm.
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e Rural air ambulance services.

o The existence of wind turbines has the potential to limit the flexibility of operations of
helicopter ambulance services within the confines of the Crudine Ridge Wind Farm and
there is little that can be done about that. This is a common factor for all wind farms;

o Otherwise, the proposed Crudine Ridge Wind Farm will have little effect on the provision of
rural air services currently available in the region.

e Contingency procedures and engine inoperative flight paths.

o Any such procedures will not be affected by the presence of the Crudine Ridge Wind
Farm.

e Wind Farm layout issues.
o Effect of variable wind turbine positions.

= The actual positions of the wind turbines within the proposed Crudine Ridge Wind
Farm site boundaries will have little, if any, effect on the low risk profile associated
with aviation operations in the vicinity.

o Cumulative impact of Wind Farms in region.

= The cumulative effect of the presence of Uungula Wind Farm and the Crudine
Ridge Wind Farm would have little, if any, effect on the overall risk profile to
aviation operations in the area concerned.
e The Uungula Wind farm is sufficiently remote from the Crudine Ridge
wind Farm site for its existence to be irrelevant in the context of the
aviation risks.

e Comment on current State and National guidelines.

o The assessed standards / guidelines, in principle, cover the aviation related issues and the
development of the Crudine Ridge Wind Farm has been quite consistent with those
standards / guidelines.

e Obstacle lighting needs.

o If wind turbines with a tip height of 160 m (~525 ft) are proposed to be used, then
obstacle lights are considered to be necessary to minimise the risk to aviation
operators in the region;

o Any such lights should be medium density lights installed in a manner
consistent with the requirements of the CASA Manual of Standards 139.

o If the tip height of the wind turbines were to be limited to no more than 152 m (~499
ft), then the risk to aviation operations in the vicinity of the Crudine Ridge Wind
Farm is considered to be sufficiently low such that obstacle lights are not required
for the wind turbines.
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5 ABBREVIATIONS USED IN THIS REPORT

Aerial Agricultural Association of

AAAA Australia kph Kilometres per hour

AC Advisory Circular kv Kilovolts

AGL Above Ground Level LSALT Lowest Safe Altitude

AHD Australian Height Datum m Metre

AIS Aeronautical Information Services m/s Metres per second

ALA Authorised Landing Area MD McDonnell Douglas

AOPA ﬁgggi?agg\rl]n;{ iﬁgg;gms MOS Manual of Standards

CAA Civil Aviation Authority MW Mega Watt

CAAP Civil Aviation Advisory Publication NDB Non Directional Radio Beacon
CAR Civil Aviation Regulation nm Nautical Mile

CASA (CA'\\S;? :illig[)ion Safety Authority NOTAM Notice to Airmen

CASR Civil Aviation Safety Regulation NZ New Zealand

CWP Continental Wind Partners OLS Obstacle Limitation Surfaces

DCAR Defence (Areas Control) Regulations | PRD Prohibited, Restricted, Danger

areas

DGR Director General Requirements PRM Precision Runway Monitor[ing]

DoPI Department of Planning & RAAF Royal Australian Air Force

Infrastructure

EA Environmental Assessment RNAV Area Navigation

EASA European Aviation Safety Agency rpm Revolutions per minute

ERC En Route Chart SMGCS Surface Movement Guidance and
Control System

ERSA En Route Supplement Australia TAC Terminal Area Chart

FAA Federal Aviation Administration UK United Kingdom

ft Feet USA United States of America

GNSS Global Navigation Satellite System VFR Visual Flight Rules

GPS Global Positioning System VHF Very High Frequency

ICAO International Civil Aviation VNC Visual Navigation Chart
Organisation

IFR Instrument Flight Rules VTC Visual Terminal Chart
HF High Frequency WAC World Aeronautical Chart
km Kilometre
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6 APPENDICES

6.1 EXCERPT FROM WAC 3456 — SYDNEY
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6.2

CRUDINE RIDGE WIND FARM — PROJECT DESIGN WITH TWO LAYOUTS

LEGEND
L

Layout A - up to 106 Turbines
Layout A - Internal Roads
® Layoul B -upto 77 Turbines
Layoul B - Internal Roads
@l Collector Substation Options
[ | Swilching Station Options
EE Site Compound Options
Bl Rock Crushing &
Batching Plant Options
w e Internal Overhead Transmission Line
w wee External Overhead Transmission Line
w132 kV Transmission Line
——==11kV Distribution Line
| Project Involved Lots
= Buildings: Occupied
B Buildings: Uncccupied
®  Buildings: Occupancy Unknown
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CRUDINE RIDGE WIND FARM PTY LTD
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6.3 CASA RESPONSE RE PROPOSED CRUDINE RIDGE WIND FARM

Australian Government
Civil Aviation Safety Authority

AIRSPACE AND AERODROME REGULATION
File Rai: GITW322
PC

1

uoz21a
1 April 2011
Manager - Energy 5 S
Infrastructure Projects Deparimen O Fianning
Department of Flanning Faraivei
GPO Box 39 -
| § AR

SYDNEY NSW 2001 | § &FR TN

Scanning Room

Attention; Ms Anna Timbrell

Dear Ms Timbrell

Crudine Ridge Wind Farm, between Bathurst and Mudgee - Environmental
Assessment

Thank you for your letter addressed to our Mr Jones dated 18 February 2011
concerning the propoesed Crudine Ridge Wind Farm,

CASA notes that avialion safety issuss have not been dealt with in the Crudine Ridge
Wind Farm Preliminary Environmental Assessment dated February 2011 and that
consuitation on aircraft safety will be incorporated into the planning stages of the
development.

At this time, CASA has no specific authority to require action for the obstacle marking
and lighting of tall structures, including Wind Farms, located away from aerodromes.
CASA can not impose a requirement for the provision of obstacle lights, nor can we
comment on the location or design of tall structures that are located away from the
vicinity of an aerodrome,

Notwithstanding CASA’s regulatory autherity, owners of structures which could be
hazardous to aviation have a duty of care to aviators, The proponent should undertake,
at least, the following consultation to assess the potential hazard posed to aviation by
the proposed development.

1. Identify any asrodrome within 30 km of the boundaries of the proposed wind farm
and consult with the asrcdrome operator to determing any impact on Obstacle
Limitation Surfaces at such aerodromes. Penetration of these surfaces is likely to
pose a hazard fo normal aviation operations at the aerodrome.

GPD Box 2005 Canberra ACT 2601  Telephone 131 76T
Canbarra, Brisbang, Darwin, Caims, Townsville, Tamworth, Bankstown, Mascol, Moorsbbin, Melbourme, Adslside, Parth
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2. Consult with Airservices Australia to have them assess any potential impact on
instrument approach procedures at aesrodromes, navigational aids,
communications facilities or surveillance facilities.

3. Contact the Aerial Agriculture Association of Australia (02 6241 2100 - Mr Phil
Hurst) to advise him of the proposal and gain comment on the potential hazards
to aerial application and related operations in the area.

Aircraft are generally permitted to fly as low as 500 ft, (152 m) above ground level, and
certain operations are permitted to fly below this height. The Preliminary Environmental
Assessment indicated that the proposed turbines could exceed this height, with rotor
diameters up to 120 m, and hub heights up to 100 m, resulting in maximum blade tip
heights of approximately 160 m above ground. Turbines of this height could be a hazard
to aircraft traversing the area. It is recommended that the proponent take this into
consideration when assessing their duty of care in deciding whether or not the wind farm
should be obstacle lit or other wise marked.

If the proponent chooses to provide obstacle lighting to indicate the presence of this
Wind Farm at night, to ensure consistency and avoid any confusion to pilots, the
obstacle lighting installation should conform with our Manual Of Standards Part 139,
paragraph 9.4.3.4A. Our Manual of Standards is available on our Web Site,
http:/icasa.gov.au/wcmswr/_assets/main/rules/1998casr/139/139mfull. pdf

Any requirements placed on developers by planning authorities, insurers, or financiers,
are beyond CASA's control.

Thank you for the opportunity to provide comment on the aviation safety aspects of this
proposed project.

Yours sincerely

AL

Malcolm regor
Manager, Airways and Aerodromes
Airspace and Aerodromes Regulation
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EXCERPT FROM CASA MANUAL OF STANDARDS Part 139 re Obstacle Lighting for Wind Farms

24344 Inthe case of 3 wind farm whose wind turbines must have obstacle lighting,
rmedium intensity lights are to be installed as follows:

(a) if any part of the wind turbine, including the rotating blades, penetrates
the obstacle limitation surface (OLS) of an asrodrome, top hghts must

mark the highest point reached by the rotating blades;

Mate: Because it = not practicable to install abstacle lights at the tip
of the blades, these lights may be located on a separats
structure, adjacent fo the wind turbine, at a height that
comesponds to the highest point of the rotating lade of the
turbine.

(b} if the rotating blades do not penetrate the OLS, the top lights must be
placed on top of the generator housing;

(e} aobstacle lights must be provided on a sufficient number of individual
wind turbines to indicate the general definition and extent of the wind
farm, with infervals between it furbines not exceeding 800 m;

(d} all of the obstacle lights on a wind farm must be synchronised to flash
simultanecusly;

(2] the downward component of obstacle ighting may be shielded to the
exient mentioned in either or both of the following sub-subparagraphs:

i} =0 that no more than 5% of the nominal light intensity is emitted at
or below 57 below horizontal;

{iy so that no light is emitted at or below 10° below horizontal;

(fl 1o prevent obstacle light shielding by the rotating blades, 2 lights must
be provided on fop of the generator housing in a way that allows at least

1 of the lights {0 be seen from every angle in azimuth.
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6.4 SUMMARY OF EXCHANGES WITH AIRSERVICES AUSTRALIA RE PROPOSED CRUDINE
RIDGE WIND FARM

From: Tattzm, Steve DAIEEY
Sent: Thursday, 26 -'-'l.|:||1| I'Dli 4:41 PM
To: Ed Mounssy

Subject: Crudine Ridge Wind Farm - (Arsarvices assessment refz NSW-WF-023)
Cear Ed,

| refer to your reguest for Airservices Australia to assess the proposed development of the Crudine Ridge Wind Famn
(Arservices assessment ref: NSWAAWF-D235)

At 3 masimurn height of 1.180m (3806 FT) AHD, select turbines proposed a1 this wing famm il affect the SECTOR A
GPS ARRIVAL and SECTOR B GPS ARFIWAL procedures 3t Mudpee asrodroms.

At 3 marmumn height of 1158m (37885 T) AHD twrbines located a1 the proposed vend famn will not affect any
procadures a1 Mudgee, Bathurst or Crange asnodromes.

I apeolicabis 1o the aiport. no assessment was conducted in relation o any other procedures made avalable by
another Part 173 Cerified Designer.

This proposed wind farm will not ct the performance of Precision™on-Precision Nav Alds, HFAWHF Comims, &-
SI'.1C-P|-I:I Radar, PRM or Saxdlnema

Regards,
Steve Tattam

Amport Relations & Developmernt Manager
Airseniices Australia
E-miall: steve ladamiisirsenvicesausira 5 com

From: Ed Moursey i

Sant: Thursday, 26 Aprl 1'1]11 507 PM

To: Tattam, Steve

Subject: RE: Crudine Ridge Wind Farm - (Airsenvices assessment ref: MSW-WF-023)

Steve

Refer to the atached. Only owo wrbine locatons within each byout exceed the 1,156 AHD lim | thersfore see no issue with
defining this as a ceiling height beyond which no part of 2 wind wrbine will prorude in the Saement of Commitmernts — would
you consider this an accepahle concusion?

Further to this. Map | below shows the loation of these teo turbine locations (highlighted by a yeliow boundary) at the

southern end of the sice. Fap 2 provides the deance of these twrbines to the Mudges Aerodrome as ower 50km and Map 3
shows Bathwurse Asrodrome to be over 43km
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Map 1
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Map 3
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From: Tattarn, Steve [stevelattamEhbirservices Australia com’
Lent: Monday, 2 May 2011 4:04 PM
T Ed Mounsey
Subject: RE: Crudine Ridge Wind Famm - (firservices assessment ref: NSW-WE-023)
Hi Ed,

| o ponsider this miatter o be an acceplable conclusion (assessment completed) as long as no turbine blads fip &t
the wop of rotation exceeds 1158m AHD within the bounded area you provided Airservices Australia for assessment

as part the Crudine Ridge Wind Famm proposal

Steve Tafttam

fwiation Relations Manager
Airseniices Ausiralia ]
E-miil: sheve tataméi sirservicesawsira s oom
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Copy of email advice received by Mel Dunn, HART Aviation, from Airservices Australia, 10" August 2011.

As we just discussed on the phone, the following advice is Airservices Australia’s (Airservices) updated assessment
for Crudine Ridge Wind Farm — (Airservices Assessment Reference NSW-WF-023)

Airservices originally assessed this wind farm proposal using broad data (i.e. a single maximum height and the
perimeter of the whole wind farm area) which identified an impact on the GPS arrivals for Mudgee Aerodrome. As an
impact was identified, Airservices has since received specific coordinates and heights and have found that two
turbines are just outside the protection areas and do not have any effect on these GPS arrival procedures after a more
accurate assessment.

For your background information, the design criteria that are required to follow for DME or GPS arrival procedures
(YMDG GPS ARRIVAL SECTOR C and SECTOR D) is written in the CASA Manual of Standards Part 173 (MOS
173). The criteria require that the GPS arrival procedure protection area includes a navigation fix tolerance. The
navigation fix tolerance applicable to these procedures at or beyond 25nm is 2nm. Thus, the total protection area is
actually 27nm from the navigation aid for the GPS arrival procedures. The majority of the wind farm is within 27nm, so
Airservices initial advice based on the previously mentioned perimeter of the wind farm and the ceiling of 1158m AHD
(3799ft) is still correct for the majority of the wind farm.

The YMDG 25nm MSA is not affected because it is covered by different criteria, being ICAO PANS-OPS. However,
the protection area extends out to 30nm from MDG VOR or MDG NDB with the critical altitude being 1163m (3816ft)
AHD, thus the entire wind farm is contained within the MSA protection area.

Upon review the two turbines exceeding 1158m AHD are outside the GPS arrival assessment areas by approximately
144m. So they are positioned greater than 27nm from either MDG VOR or MDG NDB. Provided that the final location
of these turbines is not at or within 27nm of MDG VOR or MDG NDB than at their current height AHD they will not
affect these GPS arrival procedures.

These are the two turbines that are now ok and do not affect our procedures.

MGA 94 Zone 55

max turbine max
X Y AHD (m) height height
743287 6343698 1000 160 1160

743869 6343744 999.9 160 11599

Please find below the updated assessment or this proposal:

| refer to the application for “Crudine Ridge Wind Farm” proposal. With respect to ICAO PANS-OPS procedures
promulgated by Airservices, at a height of 1158m (3799ft) AHD the proposed wind farm will not affect any instrument
sector or circling altitude, nor any instrument approach or departure procedures at Mudgee aerodrome.

The two turbines located at 1 (Easting 743287, Northing 6343698, 1160m (3806ft) AHD) and 2 (Easting 743869,
Northing 6343744, 1159.9m (3806ft) AHD) with respect to ICAO PANS-OPS procedures promulgated by Airservices,
will not affect any instrument sector or circling altitude, nor any instrument approach or departure procedures at
Mudgee aerodrome.

This assessment is only based on the most recent data received and may be rendered null and void should any
variation occur to the turbine layout.

Regards,
Steve Tattam

Aviation Relations Manager
Corporate & International Affairs | Airservices Australia
Ph 026268 4891 | Mob 0409 319 139 | Email steve.tattam@airservicesaustralia.com
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6.5 DEPARTMENT OF DEFENCE RESPONSE TO PROPOSED CRUDINE RIDGE WIND FARM

Department of Defemce
Defence Suppart Group

200S 104416007
LPSIOUT/TT/2011

Mr Ed Mounsey

Wind Prospect CWEP

PO Box 1708
NEWCASTLE NSW 2306

Dear Mr Mownsey
FROPOSED CRUDINE RIDGE WIND FARM NSW

Thank vou for vour emuil dated 21 March 20011 advising that Wind Prospect CWP is
proposing o construct @ wind farm fo be locatied approximately 45km o the south of Mudgee
and 45km to the north of Bathurst in NSW. There are two potential layouats ranging from 77
to 106 wind turbines, The maximum wind turbine blade tip height will be up to 160m above
prouimd lewvel (AGL),

The winef farm will be connected into the existing electricity transmission lines via a new
cascment approx 12km long in which a 132KV power line will need to be constructed. The
wind turbines will extend over a 16km span along the Crudine Ridge, The individual tarbine
positions are located on land with above mean gea level (AMSL) elevations ranging from
approx #90m AMSL to 1000m AMSL. Defence notes that Wind Monitoring Masts mav have
already been installed on the site or may be installed in the fotare, The guyed wind
monitoring masts are tall wath o small horizontal protile making them difficult to see,

The Department of Defence has assessed the proposal for any possible impact on the safety of
military flving operations and possible interference to Defence commuonications and radars.

The Department advises the proposed development will be outside any arcas affected by the
Defence (Areas Control) Repulations (DACR). The DACR control the height of objects (both
man-rmade structures and vegetaion} and to an extent the purpose for which they may be used
within approximately 15km radius of Defence airficlds.

However, the location of the wind farm will be sited wholly within Danger Area D538A
which 15 wsed for Williamtown Military Flying Training.  For reference, the published
military flving training areas which may include low level flving are depicted as Danger arca
amd Restricted area wrspace on aeronautical charts published by Adrservices Australia (AsA)

There is an ongoing need 10 obtain and maintain accurate information about tall stroctures.
The risk posed by a tall structare 1o girerafi safety can be minimised if information on the fall
structure 15 conveyed (o pilots so that they can flv at a safe margn above the structure. The
RAAF Aeronautical Information Service (RAAF AlS) in Melbourne is responsible for
recording the location and height of tall structures. The information is held in a central
databasze managed by RAAF ALS and relates to the erection, extension or dismantling of tall
structures the top of which is;
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a. 30 metres or more shove ground level - within 30 kilometres of an aerodrome,
or

[ 43 metres o more above ground level elsewhens,

The proposed wind farm, wind monitorng masts and the electncaty tansmission line towers
will meet the above defirition of tall structire. RAAF ATS has requested that the proponent
supply them with location and height details once finel design positions are known and before
construction commences, Afier construchion is complete, the Department of Defence requests
that Wind Prospect CWP provide BAAF ATS with "as constrected” details. RAAF AlS has a
weh site with a Vertical Obstruction Report Form at www. raafais, gov,ou/obstr_form. m
which can be used to enter the location and hetght details of tall struciures,

Defence has assessed the wind farm project and advises of no obpection to the proposal. My
point of contact for this matter is Mr Gary Lee on felephone ((2) 6266 8187,

¥ours sincerely

qfrﬁgﬁhmﬁ

John Kerwan

Drirector External Land Planning
BF3-1-AD52

Department of Defence
CANBERRA ACT 2600

! Snday 2011

For Information:

Regional Director DS Norhem NSW
EAAF Base Williamtown ABXO
RAAF Base Williamtown BEM
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6.6 AERIAL AGRICULTURAL ASSOCIATION OF AUSTRALIA WIND FARM POLICY

Aerial Agricultural

Association of Australia

Windfarm Policy

V.

MEFA_ ARSI
ASSOCTION OF METRALLL

JF Fr iy R

March 2011
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AbAA has developed this policy io ad b iaform regulabers, asiet developers and openaton elike ol
ke need for aclia an Thkeir part to MG ther duly of care be Austalia®i acsial applicalan

AAAA Windfarm FPolicy
Ag arevcl of e everwkelming sfely sad eco-
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Economic Impacts
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6.7 PROXIMITY OF UUNGULA WIND FARM TO CRUDINE RIDGE WIND FARM
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6.8 DRAFT GUIDELINES FOR LAND USE PLANNERS TO MANAGE THE RISK OF WIND
TURBINE FARMS AS PHYSICAL OBSTACLES TO AIR NAVIGATION.

MATIONAL AIRPORTS
SAFEGUARDING ADVISORY GROLUP

GUIDELINES FOR LAND USE PLANNERS TO MANAGE THE RISK OF
WIND TURBINE FARMS AS PHYSICAL OBSTACLES TO AIR
NAVIGATION

BACKGROUND INFORMATION FOR USERS OF THE GUIDELINES

OBIECTIVE

1. These guidelines are designed to assist siste and local governments, airport operators and
developers of wind turhine farm operations o jointly address the risk to civil aviation
urising from the development, presence and nse of wind turbine farms,

2. The guidelines are intended to provide certainty 1o proponents of wind farms and
plarming sutherities about the acceptability of proposed wind turbine installations from
an aviation perspective. While the Commuemwenlth leased airports are already protected
from risk posed by wind turbine farms in the vicinity hy the provisions of the Airparts
Act 1996 and the dirports (Protection of Airspace) Regulations 1994, smaller airports
currently do not have sitmlar levels of protection,

3. Implementation of the guidelines will have the additional benefit of being applicable in
arcas away from airports to address the risk posed by wind turbine farms o gir navigation
in these areas.

4. Adoption of the guidelines will help ensure that &vialion safety agencies are provided
with an opportunity to examine and address at the planning stage the sk 1o avintion
safety that proposed wind turbine farms may pose. This will enable the use of wind
energy to continwe fo grow, while protecting aviation safety,

5. These guidelines will complement the propesed Natiorsl Wind Fasm Development
Guidelines, This docurnent has been drafied by the Council of Australian Government
(COAG) Environment and Fleritage Protection Council to address the inconsistent
approaches between jurisdictions towards the assessment of wind farm developments.

GENERAL

6. There has boen a rapid growth in the number of wind turbines farms in Australia, This
trend is kely to continwe given the pressure to move to sustamabls CTETEY BOUICES.
Wind turhine farms are among the most cost effective of renewahle energy options and
can produce electrizity st costs comparahle to traditional coal fired power stations if
externalities are taken inte account

7. From the aviation perspective, wind turbine fanns can:
+  bea physical obstacle to flight aperations; and

# affect the performance of communications, navigation and surveillance equipment
operated by Defence and Airservices Australia (Ajrzervices). .

DRAFT
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Wind turbine farms

& Tall man-made structures, such as wind turbine farms and meteorological towers, have
the potential to be obstructions to flight operations, Govemments recognize the
importance of mitigating the risks of low flying airerafi colliding with tall, man-made
giractures.

9. Adrcraft at risk would include agricultural aviation sircraft, other general aviation aircraft
and Dielence aircrafi conducting Jow-level flying manouwevres,

10 Apart from fight safety issues, the risk of collision raises other possibilities such as:
*  injury or loss of life;
*  disruption to wtility services, such as production of electricity;

= replacement and repair costs of wind torbines/sssociated equipment affected by a
collizion; and

* liahility issues for the wind trbine firm operator and for regulatory authorities.

11,1t is important that wind turbine farms are assessed for their potential to be an obstacle to
Right operations and that necessary mitigation measures are implemented.

1Z. Concerns have been raised about the potential for wind turbine farms 1o affect the
integrity of communications, navigation and surveillance equipment (CNS) such as radar
and navigation sids, including instrament landing systems. There are two issues that give
mise to these concerms: the structors of the wind turbine jtseIf and the rotation of the wind
turbine blades. Al tall structures, including fall buildings have the potential to create
clectromagnetic interference. The rotation of the blades of wind turbine farms
exacerbates the potential for electromagnetic interference.

13. There iz therefore a noed for wind turbine firms to be assessed for potential impacts on
CHS equipment operated by Defence and Afrservices, Currently, Airservicss assesses
wind farm proposals for potential impact on its CNS equipment and on approach,
departure and en-route procedures, Airservices will develop guidanee materinl for
determining whether the plysical presence of B building (including wind farms) may
have an adverse effect on the availability or quality of CMNS signals.

14, These guidelines will address the infringement of critical and sensitive surfaces and
unacceplithle interference to facility performance, When the guidance iz finalized, it will
be added to the drall guidelincs.

REGULATORY FROVISIONS RELATING TO WIND TURRINES AND WIND FARMS

15, Leased federal alrports are protested from tall stractures in the vicinity of airports hased
on standerds established by the Trternational Civil Aviation Organization (1CAQ). This
legisiation, the Airports (Protection of Airspace) Regulations 1996, made under the
Airports et 199, ¢an be used o0 ensure wind farms hazardous to aviation are not erected
in the vicinity of lessed federal airports, This legislation is administered by the Australian
Giovernment Department of Infrastructure and Transpodt,

1. The ICAD standards form the hasis of *prescribed airspace’ legislation whereby eirspece
surrounding an airport is regulated to ensure that obstacles to safe air transpor are not
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Wind turkine farms

built. However, this legislation is by definition only applicable to preseribed sirspace in
the vicinity of federal airports,

17. The Aeronautical Information Service of the Royal Australian Air Force (RAAF AIS)
alse has a requirement that all tall structures meeting the following criteria should be
reported (o it

* 30 metres or more above ground level for structures within 30km of an serodrome:
1]y

* 45 metnes or more above ground leve] for structures located elzewhere,

18. Until quite recently wind turbines have been treated as any other obstacle by HCAQ. In
2009, 1CAD issued an smendment to Annex 14 (Acrodromes) specifically dealing with
the marking and lighting of wind turbines. In sumrmary, [CAO has recommended the
noed for lighting of wind turbines i determined to be an obstacle,

19, 1CAD Contracting States which are signatories to the Convention on International Civil
Aviation are obliged o implement [CAO Standards unless they lodge a formal
difference.

20, .."Lmr:x_H {Aerodromes) includes a provision for an neronautical study as to the nesd, or
otherwise, for marking and'or lighting. This is consistent with provisions in Austrelia for
risk-based assessments of potential hazards (o aviation safety.

2L, Aircraft operating en rowte to and from aerodromes will be unlikely to be at an altinde
which would necessitate obstacle lighting, except in the cases of structures which are
nu[}: marginally clear of serodrome Obstacle Limitation Surfeces (018), laterally or
vertically. CASA has o general policy of discouraging tall structures within o close to an
aerodrome OLE.
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MNATIONAL AIRPORTS
SAFEGUARDNNG ADVISORY GROUF

GUIDELINES FOR LAND USE PLANNERS TO MANAGE THE
RISK OF WIND TURBINE FARMS AS PHYSICAL OBSTACLES
TO AIR NAVIGATION

THE GUIDELINES

INTRODUCTION

I. Wind turbine farms can be hazardous to aviation s they are tall structures, They can also
affect the performance of Commumications, Navigation and Surveillance equipment operated
by Adrservices Australin and Defence.

2. These puidelines provide peneral information and advice to-

(8) proponents of wind farms (including single wind turbines); and
(b} planning awthorities with jurisdiction over the approval of such structures.

3. These guidelines also provide specific advice on measurcs to reduce the hazard, and how to
implement them.

GENERAL

4. The guidslines apply to:
(8) a single wind turbine, or
(b} & group of wind turkines, referred to as a wind farm, which may be spread over a

relatively large area,

3. The height of a wind turbine is defined as the maximum height reached by the tip of the
turbine blades at their highest point ebove ground Jevel,

6. Wind rurbinos pose o partieulor practical problem in that thelr liglest puinl is not o fixed
structure ¢ which obstacle lights can be attached. The highest fixed part of the turkine

where lights can conveniently be located is the iop of the generator housing, also known as
the macelle, and this is typically of the order of 203 of the maximum height of the tarbine.

7. The marking and lighting described in this document addresses aviation requirements only,
For offshore wind farms, in addition to these requircments, scparate lighting and marking
may be required for the safety of marine navigation.

NOTIFYING CASA OF A WIND FARM PROPOSAL

#. Frior to approaching the local planning awthority for approvel of a proposal to construct a
wind turbine or wind turbine farm, the proponent should notify the Civil Aviation Safety
Authority (CASA). However, this requircment does not apply if the top of the sirecture
{including the turbine blade) is less than 110 metres above ground level.

3. Proponents and local planning authorities should note that airport operators are required o
notify CASA if an operator becomes aware of any development or proposed construction

DRAFT
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Wind turbine farms

near the acredrome that is likely to create an ohstacle to aviation, of if an object will infrings
the ohstacle limitation surfaces (OLS) of an serodrome.

Note: Obstacke Wmiation surfaces are & complex of viual surfaces associaled with an
asrodrome.  They vary depending on number and ariantation of nanways, and the
inglrurnsnt-approach type of fhe runway(s). Some sufaces can extend fo 15 km from an
aerodrame. Asrodrome aperalors can provide detals for their parficufar serndroms,

10. Any individual wind turbine, or a wind farm where any tarbine in the group will be 112
medres or more ghove ground level should be notified to CASA.

11. Where a proposed wind turbine or & wind farm is to be located in the vicinity of aa
acrodrome (within 1 5km), the proponent of the project should contact the relevant serodroms
eperator in the first instance, to ascertain whether the propgsal will infringe the nerodrome’s
OLS. If the proposed height of the wind turbines will ate the OLS and the proponernt
still wishes to pursue the wind farm project at the sels
is required to notify CASA of this proposal.

12. Where the height of a proposed wind turbine, of Fiar going to bz 110m or mors
above the ground level, the proponent of il - fy CASA, This shoold he
done through the nearest CASA Regioms i, and contact details of
CASA Aerodrome Inspectors may be obtat 51757,

13. CASA may determine that a proposed
location, height or lack of marking or li
advise the proponent whether t '
(a) & hazardous object, bt that

of approved lighti
(b) & hazardous obj
the height pa

metrates an LS, andfor exceeds 110m abowa
i %ﬁnmnumi gppropriale obstacle lighting and
by

3 g sufficiently conspicunus due to their shape and size,

thi 1 contrasting colour to the backgroumsd,

_ aur of the turbine is likely to blend in with the background, the
icle marking colours andlor patterns, detailed in the Manual of Standard;

for Part 139 of the Civildvittion Safery Regulations {(MOS Part 139), are not required,

1% I-jx]:lmricnm hias shown that the white colour universally adopted for wind turbines installed so

far in Australia, satisfies the requirements for daytime visibility,
1B. A relatively small arca on the back of each blade near the rotor hub may be treated with a

different ealour or surface treatment, to reduce reflection from the blades of light from the
obstacle lights, without compromising the daytime visibility of the overall turbine.
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LIGHTING OF WIND TURBINES

19, The normal standard for ohstacle lighting requires lights to be Jocated as close as practicahle
to the top of the objects, and at other Jocations so as to indicate the general definition and
extent of the ohjects,

20. For & wind turbine, the highest point is the tip of & rotsting blade, presenting a practical
problem with placement of lights and meeting the standard. The highest fixed part of the
turhine where lights can conveniently be located is the top of the genesator housing.

21. In Balancing the risks and providing a practical solution, CASA has adopted a measured
approach by treating the turbines differently, depending on whether they are located close to
an aerodrome or some distancs avey.

LIGHTING OF WIND TURBINES IN THE v:cnn}%ﬁﬁn AERODROME
T

42, CASA strongly discourages the siting of wind tn ‘il the vicinity of an -
these tall stractures can pose serious hazards to B (ol e ¥ terodrome,

aerodrome, and it is determined by CASA fhal
arc required to be arranged %o #s 1o mark thahi
The need to mark the highest point is necessary.
landing phases of flight will beftlose to the @ 'F_: LA
approximately 213 of the maxi %;]1 of the turhing eould lead pilots into a false sense
of vertical scparation. B b

i '%Mm these lights may be
o, the turbine, &t a beight that

ines or wind farms that are not in the vicinity
1 pose & hazand to avistion, or where the rigk to aircraf
ision of approved lighting and/or marking.

i g
nn:lﬁucistcr located waay from the vicinity of an asrodrome, and

.

Ty nds that _nl:u' dcla lighting ia required, the shatacle lights should be placed on

27, In the case of a single wind turbine:

(a) two flashing red medium intensity obstacle lights should be provided;

{b} tha |Eﬂht fixtures should be mounted sufficiently above the surface of the nacelle so that
the lights are not obscured by the rotor hub, and at 2 horlzontal separation to ensure an
unobstructed view of at least one of the lights by & pilot approaching from any direction;

() both lights sheuld lash simultaneowsly; and

(d) the characteristics of the obstacle lights should be in accordance with the standards for
the Medinm Intensity Obstacle Lights published in MOS Part 139,

28, In the case of a wind farm, sulficient individual wind turbines should be lighted 10 indicate
the extent of the proup of turbines:
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Wind tushine farms

(#) the mterval between obsizcle lighted turhines should ot exceed $00m, which is the

current standard for an esxtensive object or o group of closely spaced objecis;

{b} n additlen, the most prominent {highest for the terain) turbine(s) should be Lighted, if

not included amongst the turbines lighted in secordance with (o) ahove: and

() the lighting of individual turbines should be in aceordance with 2.1 shove,

29. When CASA determines that a wind farm requires obstacle lighting, all turbines in the farm
should be included in the consideration as to which ones should be lighted. For example,
turbines that have a height of Tess than 11(m above ground level may in fact extend higher

into the sky than turbines that are greater than 110m in height, if the shorier turbines are
located an higher ground than the faller tucbines,

Note: A group of close spaced obstaces is effectively an exta

30. To minimise wnxuﬂ?.
provided it does not oo

ive obsfacle. i is accepled
MMMMEMMJHMMM i

Amammemmumm_-_
this fieid! of view, indicating the exfant of the'
manoeliee would be fo either Ty awer,

Gl be fnﬂybahwnm i
piot was fo My belwean two wid
tnamfmammmms i
harand o the
R,
ol

el i ¥ 2< asigned the abstscle ighting armangement to indicate
the géhdral definition &nd extent of the wind farm, thay shouwld submit 8 scaled map

shewing’ ‘ﬁmuﬂﬂ%h CARA, for sndarsemant.

on the environment, obstacle lights may be partially shielded,
mise their operational effectiveness.

L7

(2] Shiclding may be provided 10 restrict the downward component of light to either, or bath,

of the fiollowing;

(i} such that no more than 5% of the nominal intensity is emirted at or below 5° below
horizontal; and

{ii) such that no light is emitted at or below 107 below horizontal.

{b) Where two lights are mounted on a nacclle, dynamic shielding or light extinction of one

light et a time, for the perjod (et o blade is passing in font of the light, is permissible
provided that at all times at least ane light can be ssen, without intemeption, from every
angle in azimuth.

31. All obstacie light= on a wind furm should be synchronised so that they flash simuitansously.

4
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Yiind turbine farms

Note: Tha synehionization function can be sccompiished though varous means, such &, buf
not necessarily imied fo, radio frequency devices, hard-wired confrol cablas, or
independently mourted global posilioning syatem synchrontzer urils.

31 Obstacle lights should operate at night, and at times of reduced visibility. All ohstacle lights
on & wind ferm should be turned on simultaneousty and off simultaneously.

33. Where obstacle lighting is provided, proponents should establish a monitaring, reporting and
maintenance procedure fo ensure oulages, including loss of synchronisation, are detected,
tepun:-q and rectified. This would include making an arangement for & recognised
responsible person from the wind firm to notify the relevant CASA office, so that CASA can
advize pilots of light outages.

MARKING AND LIGHTING BEFORE AND DURING. €L
- LT

34. Before developing a wind farm, it is common ;-__!"F"‘
anememeters and other metearalogical sensing distr
D“'ﬁr“l'iﬁ-ﬂ of a zite, E"ﬂh]_“‘hmm bl||—_:.:!-_; Ca A
of 110m, they are difficult to see from the 3l due to their sleder construction and guy
wires. This iz a particular problem ﬁj?ﬁﬂﬂ agricalture.  Wirid., fa
encouraged to take appropriate steps to mﬁi@_im such hgzards, part
aerial agriculture is likely 1o oecur. ks e

TRUCTION

35. 1 wind turbines in a wind farm ir pcte sively, obstacle lighting should be
progressively instalied to indicate the et gity so far installed. This may require
the provision of temporary obstacle Jightingar inzs that will not require lighting in the
completed farm. ' T s

36, During constructiofi s
aviation, ']"]1.1'51:@1 I
e

s

" nes can also pose a hazard 1o
i THAN 110m IN HEIGHT

- fitified if a proposed wind turbine is less than 110
in serodrome. However, being tall structures,

i ]
5=

- g

] i
EN\’IR[!NR[EHTALEFNW WITH OBSTACLE LIGHTS ON WIND TURBINES

18, Comcems have hen't’iﬂ%ﬁg}ﬂm the obstacle lights may be visually unacceptable to humans,
I &l

[t should be noted that dbstacle lighting has been in use on buildings and structures for o very
long time, and has been accepeed in Avstralia and sround the world. It is possible that some
of the visual amenity criticism of obstacle lighting on wind turbines may stem from a
concern about the wind turbine ftself, mther than the lights. In any case, correct alignment,
end if necessary, appropriate shielding of the light fittings should minimise the visual impact
of the obstacle lighting on adjacent areas.
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Wind turbine farms

VOLUNTARY PROVISION OF OBSTACLE LIGHTS

39. CASAs regulatory regime for obstacle lighting provides an appropriste level of safety for
nommal aircraft operations. Certain flying operations, by their nature, involve lower than
normal ﬂymgl, for cxample aerial agricultural speaying, aerial mustering, power line
inspection, h:hunptar operations including search and rescue, some sports aviation, and some
military training. Pilots conducting such operations require special training and are required
to take obstacles into account when planning and conducting low flying operations. Wind
farm operators should check if proposed wind turbines will be Jocated near areas where low
flying operations an likely to be conducted, and if so, consider their duty of care to such
actvities,

40.1F a wind farm operator chooses to provide ohstacle lighting even though CASA has not
recommended lighting, it is recommended that the owner fi the standards for lighting
x:l-all:z in ﬂr.a:: guidelines. This will ensure pilotsiwill recognise and comectly interpret

vi warhi vided, and ide low flying® wi i i
o tmm:;m]::_m ed, prov ying 8 a]mmﬂfdﬂwmﬂmn

L

i R '
GaE e, B
: @{‘L.j'- %"’E.&ﬂ: g
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6.9 EXCERPT FROM ICAO ANNEX 14 RE WIND FARM LIGHTING

4.3 Objects outside the obstacle limitation surfaces
431 Recommendation— Arrangements should be made to enable the appropriate outhority fo be consulted
concerning propesed construction beyond the limits of the obstacle limitation surfaces that extend above a height established
by that authority, in order fo permit an aeronautical study of the effect of such comnstuction on the operation of asroplanes.
432 Recommendation.— In arsas bevond the limits of the obstacle limitation surfaces, at least those objects which
axtend to a height af 130 m or more above ground elevation should be regarded as obstacles, unless a special asrvenautical

study indicates that they do not constitute a hazard fo asroplanes.

Note— This study may have regard to the nature of operafions concerned and may distinguish between day and night
operaions.

6.4 Wind turbines
6.4.1 A wind turbine shall be marked and/or lighted if it is determined to be an cbstacle.

Note— See 4.3.1 and 4.3.2.

Markings

6.4.2 Recommendation.— The rofor blades, nacelle and upper 2/3 of the supporting mast of wind furbines should be
painted white, unless otherwize indicated by an aeronautical study.
Lighting

6.4.3 Recommendation.— When lighting iz deemed necessavy, medium-intensity obstacle lights should be used. In the
case gf a wind farm, i.e. a group of two or more wind turbines, it should be regarded as an extensive object and the lights should
be installed:

al to identify the pevimeter of the wind farm;

bl  respecting the maximum spacing, in accovdance with €.3.14, betwsen the lights along the perimerer, unless a
dedicated assessment shows that a graater spacing can be used;

¢} so that, where flashing lights ave used, they flash simultansously,; and

dl  so that, within a wind farm, any wind furbines of significantly higher elevation are also identified wherever they are
located.

644 Recommendation.— The obstacle lights should be installed on the nacelle in such a manner as fo provide an
unebstructed view for aiveraft appreaching from any divection.
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