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This document is confidential and intended for the sole use of Wind Prospect CWP Pty Ltd.  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.  Because of the sampling nature and other inherent limitations of what 
is presented for review or seen during an inspection, there is an unavoidable risk that some 
material or other irregularities may remain undiscovered. The report relates to specific operations 
only in the vicinity of the Crudine Ridge Wind Farm and may not reflect the position at other 
locations, on different operations, or at some other time in the future. Notwithstanding anything 
contained in this Report, HART Aviation is not liable for any loss, damage or injury caused by or 
as a result of activities of or the negligence of a third party claiming to be relying on this Report.  
This Report shall not be disclosed to or used by any third party without first obtaining Wind 

Prospect CWP’s and HART Aviation’s written permission.  Revision: 2005-09-29 
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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 (DoPI), 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: - 
 

 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: - 
 

 The assessment must cover the worst case and representative impact for all key issues; 
 

 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. 
 

 With respect to the transmission line: 

o A considered overview of the impacts along the length of the line; 

o Identify 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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Additional Agency Requirements/Response: -  

 Airservices Australia input (refer to Appendix 6.4); 

 CASA input (refer to Appendix 6.3); 

 Dept of Defence input (refer to Appendix 6.5); 

 Aerial Agricultural Association of Australia input (refer to Appendix 6.6); 

 Response to Airservices Australia consultation (refer to Appendix 6.4); 

 Response to Dept of Defence consultation. 

Minimum requirements 

 Identify 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; 

 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; 

 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; 

 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; 

 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 In relation 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. 

 Assess and advise on applicable Civil Aviation Regulations in regard to notification of tall 

structures that may present obstacles and hazards to aviation activities;  

 Assess the potential cumulative impact of the construction of other approved and constructed 

wind farms in the region (location data to be provided); 

 Assess the obstacle lighting requirements for the proposed wind farm development; 
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 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); 

 Document any limitations associated with the aeronautical impact and obstacle marking and 

lighting assessment; 

 Assess and discuss any other relevant matter; 

 Provide recommendations to manage, mitigate or avoid any identified risks; 

 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 PRDs) 

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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2. Identifying 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
th
 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) A review 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. 

  
3.2 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. 

 
 
3.3 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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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

2
).  

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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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. 

 
 
3.4 SPECIFIC ISSUES 
 
3.4.1 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 

(GNSS) 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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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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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. 

 
3.4.2 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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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). 
 

 
3.4.3 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

st
 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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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: -  
 

 30 m above ground level, that are within 30 km of an aerodrome; and 

 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 Aviation 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.  
 
 

3.4.5 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 Aviation 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: 

 

 The nominal maximum turbine tip height 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; 
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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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. 

 
 

b) 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 AIS 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.  

 
c) Department of Defence & RAAF AIS. 

 
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 Aviation 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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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 Aviation 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. 
 

3.4.6 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.    
 
 

3.4.7 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: - 
 

 safety of the aircraft and pilot; and 

 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 Aviation’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) 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.    
 

b) 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. 
 

 
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.   

 

    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.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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
th

 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:  

 AC 139-08(0) “Reporting of Tall Structures” April 2005; and 

 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

th
 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
st
 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

th
 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. 
 
 
 
 
 
 
 
HART Aviation supports this view. 
 
Guidelines Para 17. 
 
 
 
 
HART Aviation supports this view. 
 
Guidelines Paras 22 to 24. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HART Aviation strongly supports these comments. 
 
Guidelines Para 25. 
 
 
 
 
 
 
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. 
 
 
 
 
 
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. 
 
 
 
 
 
 
 
 
 
 
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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 Aviation 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: - 

 

 Airfields in the vicinity. 
 

o 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; 

o 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; 

o 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; 

o 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.  

   

 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; 

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

 

 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; 

o 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; 

 It 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. 

o 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.  
 

 Reference towers for meteorological monitoring. 
 

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

o Traditionally, such wind monitoring masts are difficult to see; 
o 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);  

o 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. 
    

 Airspace considerations. 
 

o General 
 

 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.  
 

o CASA. 
 

 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 Aviation 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. 

  
o 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 AIS and the RAAF AIS; 

 HART Aviation did not discover any NOTAMs 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. 
 

 

 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. 

 
 

 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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 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. 

 

 Contingency procedures and engine inoperative flight paths. 
 

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

 

 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.  

 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.  

 

 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. 

 
 

 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. 
 

 
----------0---------- 
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 5 ABBREVIATIONS USED IN THIS REPORT 

 
 

AAAA 
Aerial Agricultural Association of 
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 
Aircraft Owners and Pilots 
Association of Australia 

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 
Civil Aviation Safety Authority 
(Australia) 

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 & 
Infrastructure 

RAAF Royal Australian Air Force 

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 
Organisation 

VNC Visual Navigation Chart 

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 

    

Approx position 
of Crudine Ridge 

Wind Farm. 
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6.2        CRUDINE RIDGE WIND FARM – PROJECT DESIGN WITH TWO LAYOUTS 
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6.3        CASA RESPONSE RE PROPOSED CRUDINE RIDGE WIND FARM 
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Aviation Assessment. CRUDINE RIDGE WIND FARM 

 

 

REF: MD –WIND PROSPECT CWP – CRUDINE RIDGE WIND FARM – PN 10-0373                                                   Page 35 of 59 
    11

th
 August 2011                                                                                                                                                   www.hardaviation.com    www.hartaviation.com.au  

EXCERPT FROM CASA MANUAL OF STANDARDS Part 139 re Obstacle Lighting for Wind Farms  
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6.4 SUMMARY OF EXCHANGES WITH AIRSERVICES AUSTRALIA RE PROPOSED CRUDINE 
RIDGE WIND FARM 
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Map 1  
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Map 2 
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Map 3 
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Copy of email advice received by Mel Dunn, HART Aviation, from Airservices Australia, 10
th

 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. 

 

 
 
Please find below the updated assessment or this proposal: 
 
------------------------------------------------------------------------------------------------------------------------------------ 
I 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   02 6268 4891  |  Mob 0409 319 139  |  Email steve.tattam@airservicesaustralia.com  

mailto:steve.tattam@airservicesaustralia.com
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6.5        DEPARTMENT OF DEFENCE RESPONSE TO PROPOSED CRUDINE RIDGE WIND FARM 
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6.6 AERIAL AGRICULTURAL ASSOCIATION OF AUSTRALIA WIND FARM POLICY  
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6.7 PROXIMITY OF UUNGULA WIND FARM TO CRUDINE RIDGE WIND FARM 

Uungula 
Wind 

Farm site. 

Crudine 
Ridge Wind 

farm site. 
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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. 
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6.9 EXCERPT FROM ICAO ANNEX 14 RE WIND FARM LIGHTING 

   



Aviation Assessment. CRUDINE RIDGE WIND FARM 

 

 

REF: MD –WIND PROSPECT CWP – CRUDINE RIDGE WIND FARM – PN 10-0373                                                   Page 58 of 59 
    11

th
 August 2011                                                                                                                                                   www.hardaviation.com    www.hartaviation.com.au  

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

2. Aviation Plan in respect to the interaction between wind turbines and aviation interests. UK Govt. 

URN 09/545; 30 September 2005. 

3. CAA UK Civil Aviation Publication CAP 764 “CAA Policy and Guidelines on Wind Turbines” 

February 2009. 

4. CASA Advisory Circular AC 139-08(0) “Reporting of Tall Structures” April 2005. 

5. CASA draft Advisory Circular AC 139-18(0) “Obstacle Marking and Lighting of Wind Farms” 

December 2005. 

6. Civil Aviation Advisory Publication (CAAP) No. 92 – 1(1) “Guidelines for Aeroplane Landing 

Areas”, July 1992. 

7. Development of Obstruction Lighting Standards for Wind Turbine Farms. DOT/FAA/AR-TN05/50. 

James R Patterson November 2005. 

8. European Experience and Practice- Wind Turbines and Aviation Interests -. 

ETSUW/14/00624/REP. DTI PUB URN No. 03/515. 2002. 

9. FAA AC 70/7460-1K “Obstruction Marking and Lighting” January 2007. 

10. FOI Memorandum 979 – “Obstacle Markings on Wind Turbines for Safe Aviation and Marine 

Navigation” Swedish Defence Research Institute – August 2004. 

11. German general Administrative Regulation for the Marking and Lighting of Obstacles to Air 

Navigation. NfL l 143 / 07. 

12. Guidelines for Land Use Planners to Manage the Risk of Wind Turbine Farms as Physical 

Obstacles to Air Navigation. (Draft) National Airports Safeguarding Advisory Group. July 2011. 

13. Lighting and Marking of Wind Farm Turbines CAA NZ 8 May 2006. 

14. Memorandum of Understanding – “Aviation Radar and Wind Turbines (Mitigation Issues) EU. 11
th
 

June 2008. 

15. National Wind Farm Development Guidelines (Draft) - July 2010. 

16. Transport Canada Obstruction Light Requirements. Notice of Proposed Amendment (NPA 2003-

312). 

17. Wind Energy and Aviation Interests. Interim Guidelines.UK DTO October 2002. 

18. Wind Farm Safety in Australia. AusWEA. May 2004. 

19. Wind Farms Impact on Radar Aviation Interests – Final Report. QinetiQ. September 2003. 

 

 

 
 
 
 
  





 

  www.hartaviation.com.au  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

HART Aviation 
Australia, Canada,  

South Africa, UK, USA, Venezuela 
  

Head Office Tel. +61 (0) 3 9347 5444 
http://www.hartaviation.com 

 
 

 
 

http://www.hartaviation.com/

