
UNITED UNDER THE COMMON GOAL OF ACHIEVING THE HIGHEST LEVELS OF AVIATION SAFETY

Dear Minister Stokes

Our organisations collectively write to you to express our deep concern about the risk that the conditionally 
approved Tallawarra B project poses to the safety of aviation at Shellharbour Airport.

Energy Australia have been working towards building an Open Cycle Gas Turbine (OCGT) power plant at 
Tallawarra since 2010. One of the main complexities associated with this proposal is that it poses a risk to 
aviation safety at the Shellharbour airport.

The Civil Aviation Safety Authority (CASA) recommended modelling has shown that every OCGT unit studied 
in the period since 2010 would pose a significant risk to the safety of aviation. Energy Australia are now seek-
ing full approval for an OCGT unit with the addition of a mechanical diffuser on the stack in order to reduce 
the impact to airport users.  

The following is relevant in understanding the level of concern we collectively have regarding the risk this 
proposal might pose to the safety of aviation at Shellharbour Airport:

•	 The assessment consultant that the proponent used for all assessments since 2010 confirmed to En-
ergy Australia in writing that a mechanical diffuser on the stack will not sufficiently reduce the plume 
velocity because the primary driver of vertical velocity is thermal, which the mechanical diffuser does 
not address. Energy Australia subsequently changed plume modelling consultants.

•	 Every plume rise assessment completed for Tallawarra till recently has been fully transparently docu-
mented and shared with NSW Department Infrastructure, Energy and Environment, CASA and Shellhar-
bour City Council. The parties were able to consult sufficiently to demonstrate that each unit assessed 
posed a significant risk to the safety of aviation. No data at all on the proposed mechanical solution has 
been shared with anybody in the aviation community, with the airport owners or the local community 
that will be affected by this despite requests from Shellharbour City Council and the Aircraft Owners 
and Pilots Association of Australia (AOPA). We call upon yourself to intervene to ensure the transpar-
ency demonstrated previously is honoured in relation to the assessment of the proposed mechanical 
solution.  

Under Civil Aviation Safety Regulation 139.180 (1)(b) CASA may determine in writing that a proposed object, 
such as an OCGT, may pose a hazard to aircraft operations. 

Based on earlier CASA advice, Energy Australia needed to ensure that the Critical Plume Velocity (CPV) was 

11 June 2021: 
Sent electronically via email

The Hon. Rob Stokes, MP
52 Martin Place
SYDNEY NSW 2000

Page 1 of 22

Risk to the Safety of Aviation at Shellharbour Airport



UNITED UNDER THE COMMON GOAL OF ACHIEVING THE HIGHEST LEVELS OF AVIATION SAFETY

no greater than 6.1m/s at 700ft. CASA has now advised your department on 29 March 2021 that they are 
unable to determine:

•	 Whether the condition of CPV 6.1m/s at 700ft is met as CASA intended, and;
•	 Based on the modelling, whether the proposal will cause a risk to the safety of aviation. 

The unique nature of this new proposal is defined by proposing to build an OCGT in the vicinity of, and within 
the circuit of an aerodrome. As such, this calls for the use of engineering solutions to effectively control the 
vertical velocity of the plume to enable the CASA determined criteria of a CPV of 6.1m/s at 700ft to be met. 

CASA’s existing guidance material on plume rise assessments does not consider the modelling required for 
this proposal as previous developments of this nature have not needed engineering controls to manage the 
vertical plume velocity as they were generally located sufficiently outside of the circuit area of an aerodrome. 

CASA has recommended to the Department that an independent modelling assessment be undertaken. Our 
organisation’s support and encourage this independent assessment. We further encourage the sharing of all 
data associated with independent assessment. 

Furthermore, should the project proceed, due to the possible significant risk to aviation, and the fact that this 
novel approach requires use of alternate modelling, we recommend that the plume characteristics be actual-
ly measured as part of the commissioning process. We are aware of an independent international company 
competent to conduct such activity and are able to supply these details should you require them.
 
Our organisations are concerned that there is a very strong chance of a fatal accident occurring in the circuit 
of Shellharbour Airport should this project proceed without an appropriate independent assessment to en-
sure to the best of our collective ability that the project does not pose a risk to the safety of aviation.

We commend the above actions to you.

Yours Sincerely

_______________
Benjamin Morgan
CEO
Aircraft Owners and 
Pilots Association

_______________
Matt Bouttell
CEO
Recreational Aviation 
Australia

_______________
Grahame Hill
President
Air Sport Australia 
Confederation 

_______________
Tony White
President
Sports Aircraft Association 
of Australia 
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Attachment A - Organisation Introductions

The Aircraft Owners and Pilots Association of Australia (AOPA) are the largest general aviation member-based organisation in 

Australia. We speak as the unified voice for general aviation, representing thousands of members from each state and territory 

of Australia. The AOPA team exists to protect and grow the general aviation industry through education, training and advocation.

RAAus is Australia’s largest Civil Aviation Safety Authority (CASA) Approved Self-administering Aviation Organisation (ASAO) and 

is responsible for administering ultralight, recreational and Light Sport Aircraft (LSA) operations. With more than 10,000 members, 

we train and certify pilots, flying instructors and maintainers, register a fleet of over 3,200 aircraft, oversee the operations of 194 

Flight Training Schools around the country and support almost 50 Aero Clubs.

The Air Sport Australia Confederation (ASAC) is the peak national body of Australia’s national air sport organisations. ASAC 

member organizations membership averages over 83,000 active air sport members and operate aircraft numbering in the 

hundreds, from regional airports.

The SAAA is a community of approximately 1100 aviation enthusiasts, assisting each other to build, maintain and operate sport 

aircraft safely.
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4 Parramatta Square, 12 Darcy St | Locked Bag 5022 | PARRAMATTA NSW 2124 | dpie.nsw.gov.au | 1 

Mr Julian Turecek 
Tallawarra B Project Director  
EnergyAustralia 
 
By email: Julian.Turecek@energyaustralia.com.au  
 
2 April 2020 
 

Dear Mr Turecek 

Tallawarra B Power Station Project - Aviation Impact Assessment 
I refer to your report, titled Tallawarra B OCGT Aviation Impact Assessment, dated 13 February 2020 (the 
report), which was prepared to satisfy condition 1.6 of the Tallawarra B Power Station project (the project) 
approval to demonstrate that operation of an open cycle gas turbine (OCGT) plant would not have an adverse 
impact on aviation safety. This is within a risk-based context such that an acceptable level of aviation safety 
risk can be achieved.   
 
The Department notes that you have consulted with Shellharbour City Council and Civil Aviation Safety 
Authority (CASA) in preparing the report, as required by condition 1.6 of the project approval, as well as with 
the Aircraft Owners and Pilots Association of Australia (AOPA Australia). 
 
The Department has received advice from CASA on the report advising that the aviation risks could be 
managed to an acceptable level if (see attached): 
 the final critical plume velocity (CPV) is no more than 6.1 metres/second at or below 700 feet above 

mean sea level (AMSL); and 
 all mitigation measures and the inclusion of a plume symbol on aeronautical charts are implemented, 

as listed in Section 10 of the report.  
 
The Department has carefully considered the report, the advice from CASA, submissions from Shellharbour 
City Council and AOPA Australia, and is satisfied that an OCGT plant could be operated such that there would 
be an acceptable level of aviation safety risk. Accordingly, the Secretary has approved the report subject to:  
 prior to construction, Energy Australia providing a report to the satisfaction of the Planning Secretary, 

confirming that the final design of the OCGT would meet a CPV of no more than 6.1 metres/second at 
or below 700 feet AMSL; and 

 prior to operations, Energy Australia providing a report to the satisfaction of the Planning Secretary 
confirming that all the mitigation measures and the inclusion of a plume symbol on aeronautical charts 
have been or would be implemented (noting that some measures can only be implemented after 
operations have commenced), as listed in Section 10 of the report.   
 

If you wish to discuss the matter, please contact Steve O’Donoghue, Director Resource Assessments on 0477 
345 626. 

Yours sincerely 

 

 
 
Mike Young 
Executive Director - Energy, Resources & Compliance 
as delegate for the Planning Secretary 
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 Memorandum 
 
Level 7, 177 Pacific Highway 
North Sydney NSW 2060 Australia 
PO Box 632 North Sydney 
NSW 2059 Australia 
T +61 2 9928 2100 

 

 
Jacobs Australia Pty Limited 
  

    
Subject Plume Rise and Options to Reduce GT Exhaust Velocity 

and Temperature 
  

Attention Bill Smith, Justin Courmadias   

From Matt Davies, Ian Fletcher    

Date 31 August 2018   

Copies to Shane Lakmaker, Eamonn Morrissey 

    

1. Background 

Energy Australia (EA) is proposing adding a further open cycle class gas turbine unit(s) (OCGT) at the 
Tallawarra Power Station site.  The additional units are referred to as Tallawarra (B). The unit(s) are 
planned initially as an open cycle peaker, allowing for future conversion to a combined cycle gas 
turbine (CCGT) plant.  

Tallawarra is located near the Illawarra Regional Airport, which caters for light aircraft, as well as 
ultralights/microlights.  

EA has two preferred development scenarios as follows: 

 Scenario 1 – a single 300 MW F-class GT, for example a GE 9F.05 

 Scenario 2 – two 150 MW E-class GTs, for example 2 x GE 9E.04   

Plume rise modelling has been undertaken for these scenarios including consultation with CASA, 
AsA, Shellharbour City Council and the Illawarra Regional Airport. The results of plume rise modelling 
and the consultation is detailed in the Jacobs report Plume Rise Assessment Report – Tallawarra B 
OCGT dated 6 July 2018.  This report presented plume rise modelling results for the above scenarios, 
which are reproduced in Table 1. 

Table 1 – Scenario 1 and 2 Plume Rise Modelling Results 

 
Height at which plume vertical 

velocity falls below 6.1 m/s (m AHD) 
Height at which plume vertical 

velocity falls below 10.6 m/s (m AHD) 

Scenario Maximum (99.9th percentile) Maximum (99.9th percentile) 

1) 1 x GE9F.05 387m 1270ft 112m 367ft 

2) 2 x GE9E.04 395m 1296ft 121m 397ft 

CASA originally approved this plume rise with the establishment of a Danger Area (DA) above the GT 
stack(s) for management of any aviation impacts when considering both instrument flight rules (IFR) 
where the benchmark critical plume velocity (CPV) was 6.1 m/s and visual flight rules (VFR) where 
the benchmark CPV was 10.6 m/s.   

Then in a letter to EA dated 23 July 2018 CASA advise they have revised their previous advice and 
that the plume should be managed through an engineering solution (diffuser, plenum, larger diameter 
stack) to ensure plumes reduce to below 6.1 m/s by 1031 ft AMSL. For reference the 99.9th percentile 
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plume velocity at 1031ft AMSL for Scenario 1 is 6.9 m/s and for Scenario 2 is 7.0 m/s.  These 
velocities are achieved for the reference design of the GTs without any engineering controls to reduce 
plume velocity. 

CASA do not offer the reason for changing their advice, other than saying a plume velocity of 6.1 m/s 
should be used when determining potential plume rise turbulence impact on aircraft, and that this 
velocity generates moderate turbulence for aircraft and is considered hazardous to the safety of 
aviation. 

CASA have previously advised they are revising their plume rise assessment procedures as set out in 
AC 139-5(1) - Plume Rise Assessments (CASA, 2012), with critical plume velocities (CPVs) to be 
informed by the Bureau of Meteorology (BoM).    The Bureau of Meteorology document, ‘Hazardous 
weather phenomena – Turbulence’, defines turbulence intensity according to the perceived effect on 
aircraft and occupants, as outlined in Table 2. 

Table 2 – BoM Turbulence Classifications 

Turbulence 
Intensity 

Vertical gusts Aircraft Reaction 

Light 5-19 ft/s 1.5–5.8 m/s 
Momentary slight erratic changes in attitude and/or altitude. 
Rhythmic bumpiness. 

Moderate 20-35 ft/s 6.1–10.7 m/s 
Appreciable changes in attitude and/or altitude. Pilot remains in 
control at all times. Rapid bumps or jolts. 

Severe 36-49 ft/s 11.0–14.9 m/s 
Large abrupt changes in attitude and/or altitude. Momentary loss 
of control. 

Extreme > 50 ft/s >15.2 m/s Very difficult to control aircraft. May cause structural damage. 

It can be seen that a velocity of 6.1 m/s is the low end of moderate turbulence and the definition of the 
aircraft reaction states that the pilot remains in control at all times.  Given this definition it is unclear 
why CASA think this equates to being hazardous to the safety of aviation.   

It is also noted that the 99.9th percentile plume velocity at 1031ft AMSL for Scenario 1 being 6.9 m/s 
and for Scenario 2 being 7.0 m/s are also at the lower end of the moderate turbulence range, where 
there is no pilot loss of control.       

2. Plume Rise Influencing Factors 
Plume rise is determined by two factors: 

 Momentum flux (i.e. flow/velocity), and 

 Buoyancy flux (i.e. temperature) 

Plume rise modelling for this project has indicated that, after a distance of several diameters from the 
stack, buoyancy is the dominant factor.  This is consistent with plume rise theory.    
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3. Engineering Options to Reduce Plume Rise 

3.1 Overview 

This section discusses options to reduce the velocity and temperature of the exhaust discharge from 
an F class OCGT. 

3.2 Temperature Reduction 

The exhaust temperature of the GT can be reduced by: 

 Dilution of the exhaust with air 

 Dilution of the exhaust with water 

 Firing the gas turbine at a lower temperature 

These are discussed in detail below: 

3.2.1 Dilution of the exhaust with air 

For the GE9F.05 dilution with fresh air to bring the temperature down by 150 deg C to 494 deg C 
would increase the stack volumetric flow, so while the fresh air reduces the stack exhaust 
temperature, the additional mass flow means the volumetric flow and stack velocity increases (for a 
7.5 m diameter stack the velocity increases from 39.4 to 44.4 m/s). 

Plume rise modelling for a lower exhaust temperature has been undertaken and the 99.9th percentile 
plume velocity at 1031 ft AMSL is 6.8 m/s, reduction of only 0.1 m/s compared to the base case 
scenario without any controls.   

3.2.2 Dilution of the exhaust with water 

Spraying water into the exhaust will reduce both the stack temperature, and velocity. The challenge 
with this option is to ensure the spray-water is fine enough to fully evaporate prior to discharge from 
the stack (less than 1 second residence time). This will require very high pressure sprays to obtain 
ultra-fine droplets (<10µm) to evaporate before discharge to atmosphere, and possibly a higher stack 
to ensure evaporation is complete before dispersion to atmosphere.  

Any increase in stack height would counter reduced plume rise and as such this option is not 
considered any further. Additionally, this option would require between 80 and 160 tonnes per hour of 
fresh water to be injected into the exhaust.  This is not considered a sustainable use of water.  

3.2.3 Firing the gas turbine at a lower temperature  

This will reduce the output and efficiency of the gas turbine, and less output will affect the overall 
project economics as EA will have less installed capacity to draw on for the same capital cost.  

No reliable exhaust flow data could be sourced for this option and given its impact on project 
economics is not considered any further. 
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3.3 Velocity Reduction 

Reducing initial plume velocity is often considered a relatively simple means of reducing plume rise as 
this can be done by increasing the stack diameter.  It is noted, however, that reducing the velocity 
without reducing the flow will not change the overall plume momentum which is driver for overall 
plume rise. 

CASA advised that a diffuser or plenum could be used.  With an exhaust flow greater than 1700 m3/s 
a diffuser would be unrealistically oversized and as stated above would not reduce overall plume 
momentum. 

To confirm the impact of reduced velocity from an increasing stack diameter, this is considered as 
follows. 

3.3.1 Increasing the stack diameter 

Increasing the stack diameter from 7.5 m to an arbitrary 20 m diameter stack would reduce the stack 
tip velocity from 40 m/s to 5.5 m/s. A downside to this option is that the stack height will likely need to 
be increased to reduce flow stratification, and will require an induced pressure drop to ensure this 
occurs. Despite this it will be difficult to ensure an even velocity profile at the stack exit. 

With a low exit velocity and higher stack height, the EPA would require that NOx impacts to be 
reassessed to assure that impacts are no greater than originally assessed and approved. A higher 
stack would somewhat offset any increased air quality impacts from a lower velocity, but as stated 
above increasing the stack height will counter the aim of lower plume rise to some degree. 
Additionally, the silencer would have to be located in a horizontal section of duct prior to the stack.  

Increasing the stack diameter will result in a highly customised stack design without precedent, and it 
may be difficult to find a designer / contractor willing to take on such a project.  

Plume rise modelling for the GE 9F.05 has been undertaken with a 20 m diameter stack, with the 
stack height remaining at 40 m.  The modelling gives a 99.9th percentile plume velocity of 6.8 m/s at 
1031 ft AMSL a reduction of only 0.1 m/s compared to the base case scenario without any controls. 
This confirms the influence of buoyancy and momentum flux which are the same for both scenarios. 
Given this is an increase in velocity compared to the velocity at the stack tip, the result is not 
particularly intuitive. 

A review of the plume rise model (TAPM) explains: 

 

Attachment F - Jacobs Technical Memorandum

Page 21 of 22



 Memorandum 
 Plume Rise and Options to Reduce GT 
Exhaust Velocity and Temperature 
  

 

 
  
  5 

This suggests vertical velocity can change / increase with perturbations due to ambient turbulence 
and plume rise effects.   

3.4 Alternative GT Options 

Another possible alternative is to choose a different gas turbine model that meets EAs requirements 
but has lower plume rise, e.g. as may be achieved by lower exhaust flow and temperature. A possible 
alternative is the GE 9F.04. This has a slightly lower output than the 9F.05 and exhaust temperature 
and flow are each reduced by approximately 10%. 

Plume rise modelling has been undertaken for the 9F.04 and it has a 99.9th percentile plume velocity 
of 6.7m/s at 1031 ft AMSL.  This is a reduction of only 0.2 m/s compared to the base case scenario 
without any controls. 

4. Summary  

This technical memo has investigated possible means of reducing plume rise by engineering options 
and GT alternatives. 

The engineering options have targeted reducing plume temperate and flow, the key operational 
parameters that influence plume rise drivers of buoyancy and momentum flux. 

Based on the plume rise modelling undertaken as part of the initial assessment and for the options 
considered here, it is estimated that to achieve a plume velocity of 6.1 m/s at 1031 ft AMS an exhaust 
temperature of 400-430 deg C at an approximate stack flow of 1300 m3/s would be needed.  None of 
the potential engineering solutions of GT alternatives outlined here can achieve these exhausts 
temperatures and flows. 
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